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Summary

Recently there has been growing interest in the relationship between anaesthesia and
surgical oncology, particularly in its possible effects on cancer recurrence. Increasing
evidence shows that not only surgical intervention influences tumour growth and metastasis,
but that anaesthetics and anaesthetic techniques also might influence tumour development.
As we work in a hospital specially focused on the diagnosis and treatment of cancer we
designed a compendium. This compendium is founded on an extended search for literature
in which the relation between anaesthesia, surgical oncology and outcome was studied.
Based on these study results we have formulated suggestions and recommendations. As far
as possible, these recommendations have already been incorporated into our daily practice.
Periodical renewal of the literature will be needed to ensure that the recommendations
remain up to date, and will be modified when needed. In this way, we hope to contribute to
giving the most appropriate care in surgical oncology.
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I Introduction

As the population grows older, an evident increase in incidence of cancer is seen. Better
diagnostics have led to earlier treatment and better survival. Since it has been shown that
every tumour has its own unique identity, future treatment will focus on mutations in cancer
cell DNA, making specific and individual treatment possible. This will hopefully result in
converting more types of cancer into a chronic disease.
Despite this recent development, surgery still takes a leading part in the treatment of cancer.
Obviously, (major) surgery cannot be performed without anaesthesia. There is growing
appreciation that even a short-term event such as the perioperative period can have its
influence on the oncological process as a whole. Presently, effects on the so-called Minimal
Residual Disease, the role of inflammation and the various transitions are at the centre of
interest.

For more comprehensive background information on (surgical) oncology we refer to the
numerous textbooks available. Although many underlying mechanisms have been unveiled,
the exact interaction between the perioperative period and the following oncological process
has not been completely clarified yet. The following study results will illustrate that many
factors may be of influence.
For instance, it has been shown that immunity is significantly suppressed in the
perioperative period. This suppression is a result of both neuroendocrine and cytokine stress
response systems (1). Obviously, the suppression of immunity is a complex and
multifactorial process (2). Lewis et al demonstrated that pain itself is capable of promoting
tumour growth (3). In addition, Bar-Yosef and his colleagues have demonstrated that pain
can also lead to an increase in metastases (4).

The cellular immunosuppression evoked by surgical stress proves to last for several days in
case major surgery is involved (5). As demonstrated by Coffey and co-workers, humoral
immunity remains relatively intact, whilst peak levels in cellular immunosuppression are
encountered around the third day postoperatively (6). It appears that the level of
immunosuppression is also determined by the degree of tissue damage caused by the
surgical intervention. A laparoscopy proves to be less immunosuppressive than a
7

laparotomy (7). Animal research in mice has shown that increased surgical stress leads to an
increase in metastases (8), and decreased survival through suppression of tumour-specific
CD8+ T cells (9).

Many events in the treatment of cancer fall outside the scope of the anaesthesiologist.
However, within the perioperative period the anaesthesiologist has the potential to play a
pivotal role. The aim of this compendium is to offer an overview of results from scientific
literature, focusing specifically on the relationship between the perioperative process and its
influence on growth and recurrence of cancer. By doing so, we hope to offer a guideline
through which a justified choice can be made for specific anaesthesia techniques and
anaesthetics in oncological surgery.

In the Netherlands Cancer Institute - Antoni van Leeuwenhoek Hospital in Amsterdam,
emphasis is placed on diagnostics and treatment of most (solid) tumours. Overall, one could
say that the major difference between the male and female patient population lies in the
incidence of the most commonly encountered tumour: breast cancer in female patients and
cancer of the prostate in male patients.

Apart from ascertaining that the patient undergoes the operation as well as possible, the
anaesthesiologist can contribute further by making sure the patient receives oncological
sound perioperative care by:
- restraining both the internal and surgical stress response,
- choosing the most appropriate anaesthetic technique,
- choosing the most appropriate anaesthetics,
- avoiding hypothermia.

Apart from the fact that pain and surgery appear to play a role in suppressing immunity, and
consequently may be of influence on the oncological process, there are several indications
that the anaesthetics and pharmaceuticals administered during surgery can be of influence
on tumour progression and cancer recurrence (10-13). In his article, Snyder shows a clear
overview on pathogenesis of tumour metastases, the response of an intact immune system to
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the presence of tumour cells and the effect of surgery on endogenous defence mechanisms
and the formation of metastases (11).

The anaesthesia technique and used anaesthetics can affect the oncological process in many
ways. In principle, all revolves around the mutation of the equilibrium between endogenous
immunity and potency of the tumour (tumour growth as well as potency of metastasizing):

- Endogenous cellular immunity. Natural Killer (NK) cells play an important role in cellular
immunity (14). It has been demonstrated that patients with lower NK-cell activity have a
higher incidence of malignancies (13). Several studies also show NK-cell activity at the
time of surgery being inversely proportional to the development of metastases. Stress
(including surgical stress) can lead to a stress-induced decrease of NK-cell activity (13).
Animal research has shown that this reduced NK-cell activity can result in more rapid
tumour growth (15).
Page GG et al. demonstrated that postoperative pain solely is able to act as a mediator for
tumour enhancing effects of surgery in rats (16).

Interleukin-2 (IL2) and interferon-gamma (IFNγ) are important activators of NK-cell
activity. Cytotoxic T cells also play a part in immunity. The main hypothesis is that
autonomous cellular immunity plays an important role in the process of metastasizing
(beginning at minimal residual disease).

- Tumour cell proliferation and angiogenesis. Important mediators in these processes are
Vascular Epidermal Growth Factor (VEGF) and prostaglandin E2.
Morphine has demonstrated to have pro angiogenic properties and hence the ability to
increase tumour growth in research animals, in case of breast cancer (17).

The relation between perioperatively frequently used pharmaceuticals and their effect on
cellular immunity, tumour cell proliferation and angiogenesis has also been studied. As
shown in the following summary, the use of most of these pharmaceuticals results in
decreased NK-cell activity and/or number of NK-cells. The extent to which this finding
bears clinical relevance will be discussed later on in the compendium. A striking finding
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was that of all studied local anaesthetics none seemed to have an effect on NK-cell activity.
However, they did appear to have an inhibiting effect on tumour cell proliferation and
tumour growth in vitro.
Angka et al. expand on the significance of dysfunctional NK-cells in the perioperative
period (18).

Pharmacon

Potential effect on anti-tumour host immunity

Thiopental

decreased NK-cell activity and cell number (AM)

Propofol

decreased NK-cell number (AM)

Volatile anaesthetics

inhibition of interferon stimulation by NK-cell toxicity (AM)
Decreased NK-cell number in humans*

Nitrous Oxide

associated with accelerated manifestation of lung and liver metastases (AM)
no effect on surgical outcome in colorectal carcinoma in humans
inhibits generation of hematopoietic cells (of possible importance for tumour
cells)

Local anaesthetics

lidocaine: inhibition of tumour cell proliferation in vitro
ropivacaine: inhibition of tumour cell growth in vitro

Morphine

inhibition of cellular immunity, including NK-cell activity
(AM and HM)

Fentanyl

inhibition of NK-cell activity (HM)

Tramadol

stimulation of cellular immunity, including NK-cell activity
(AM and HM)

COX-2 inhibitors

expression of anti-angiogenesis and anti-tumour properties

(AM)
S-Ketamine

decreased NK-cell activity and cell number (AM)

AM: animal model/experiment
HM: human model
* associated with worse outcome when compared to local infiltration in excision of melanoma
(from Snyder GL, et al. (11)).
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Propofol
Propofol appears to take a particular position. Although propofol is known to display
protective anti-oxidative properties, probably due to the haem-oxygenase enzyme (HO-1),
its effects on cancer are less clear. In some studies, the use of propofol is reported to have a
potentially adverse effect on cancer. Garib et al, for instance, demonstrated that propofol
increased migration of breast cancer cells due to activation of GABA (19). On the other
hand, other studies reported propofol to have protective effects by inhibiting invasion of
human colonic cancer cells (20,21).
These contrary results made Zhang study the effects of propofol on gallbladder carcinoma.
He found that the use of propofol was associated with an (dose dependent) increase of
proliferation and invasion of gallbladder cancer cells. This finding was explained by both
inhibition of apoptosis and amplification of invasive abilities (22).
Song et al. report that propofol exhibits anti-cancer effects by promoting apoptosis (23).
Su and colleagues confirm that propofol can effectively inhibit proliferation and induce
apoptosis of human epithelial ovarian cancer cells (24). Zhang et al. demonstrate that
propofol exhibits anti-tumour effects by inhibiting growth of human hepatocellular cancer
cells (25).

Wang and colleagues report that propofol suppresses both the proliferation and invasion of
gastric cancer cells via downregulation of microRNA-221 expression. Furthermore,
propofol is also reported to suppress proliferation and invasion of pancreatic cancer cells by
upregulation of microRNA-133a expression (26,27).

Yang’s group claims that propofol suppresses the accumulation of hypoxia-inducible factor
1α and tumour aggressiveness in non-small cell lung cancer (28).
Wu et al. conclude that propofol is able to inhibit lipopolysaccharide-induced proinflammatory cytokines and pro-inflammatory enzymes expression in microglial cells
through inhibition of N-methyl-D-aspartate (NMDA) receptors (29).
Wang’s group provides an overview of the cancer modulating properties of propofol and the
responsible mechanisms (30).
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Based on the results of a prospective study, in which the effects of propofol, isoflurane and
enflurane on interleukin-8 (IL-8) and IL-10 levels in cancer patients were studied, Liu
concludes that propofol can be regarded as a preferable anaesthetic agent compared with
isoflurane and enflurane. This conclusion is based on the fact that propofol was able to
inhibit serum IL-8 secretion and to improve IL-10 secretion to a greater extent than
isoflurane and enflurane. In other words, improved secretion of anti-inflammatory
cytokine(s) and less secretion of pro-inflammatory cytokine(s), resulting in attenuation of
the surgical inflammatory stress response (31).

Interestingly, Ammar and Mahmoud report that, compared to sevoflurane, propofol reduces
renal injury after elective open abdominal aortic aneurysm repair. In this prospective,
randomized study postoperative urinary concentrations of all measured kidney specific
proteins and serum pro-inflammatory cytokines were significantly lower in the propofol
group compared with the sevoflurane group. In other words, propofol appears to have a
more protective effect on renal ischaemia/reperusion injury following open aortic aneurysm
repair compared with sevoflurane anaesthesia (32).

Volatile anaesthetics
As for the use of volatile anaesthetics, study results may be a little less unclear. Although
there is some evidence that halogenated volatile anaesthetics behave organ-protective
against ischemia (33), in vitro research has demonstrated that isoflurane and halothane both
have an indirect inhibiting effect on NK-cell activity. Sevoflurane has been shown to have
an effect on the release of cytokines, including IL1β and TNFα (34,35). Furthermore,
Kawaraguchi et al have shown that colon cancer cells are protected by isoflurane. The
mechanism responsible for this protection is thought to be an acquired resistance against
TNF-related apoptosis (36).

Miyata et al. have studied the effects of general anaesthesia with isoflurane following
propofol induction on natural killer cell cytotoxic activities of peripheral blood lymphocytes
in dogs. They report that a significant decrease in NK-cell activity was observed at 24 hours
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after anaesthesia. The NK cytotoxic activities were recovered to the baseline values until
120 hours after the anaesthesia (37).

Zhang and Shao demonstrate that isoflurane promotes non-small cell lung cancer
proliferation, migration and invasion by activating the Akt-mTOR signaling pathway (38).

In turn, Wei and colleagues report that 5% sevoflurane induces apoptosis of A549 lung
alveolar epithelial cells, which results in decreased cell viability, increased apoptotic bodies,
impaired DNA integrality and increased levels of caspase 3/7 (39).

Zheng’s group has compared the effects of isoflurane, sevoflurane and desflurane on
neuroinflammation and cognitive function in mice. Based on their results, the authors
conclude that surgery under desflurane anaesthesia results in reduced neuroinflammation
and cognitive impairment compared with surgery under isoflurane anaesthesia (40).

There is lack of solid research on the effects of volatile anaesthetics. However, a large
retrospective study in melanoma patients showed that the use of volatile anaesthetics, as part
of general anaesthesia, resulted in worse survival compared to the use of local anaesthetics
only (41). By contrast, Lindholm’s study revealed no increased incidence of new malignant
disease in patients anaesthetized with sevoflurane. In this study, nor the duration of
sevoflurane anaesthesia, nor its depth appeared to be of influence (42).

Wigmore et al. have performed a retrospective trial in which the effects of volatile and
intravenous anaesthesia were compared with respect to long-term survival in patients
undergoing cancer surgery. Their results demonstrate an association between type of
anaesthesia delivered and survival. Volatile anaesthesia was associated with worse survival
(3 year) compared to intravenous anaesthesia (43).

Based on their in vitro study, Ecimovic and colleagues report that sevoflurane increases
proliferation, migration and invasion in oestrogen receptor-positive breast cancer cells
(ER(+)), and proliferation and migration, but not invasion, in oestrogen receptor-negative
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breast cancer cells (ER(-)). However, the observed effect size was small and not dosedependent (44).

Huang et al. claim that there is strong evidence that isoflurane should not be used in prostate
cancer surgery, in contrast to propofol. This claim is based on the finding that isoflurane
enhances cancer cell characteristics associated with malignancy in exposed prostate cancer
cells. In other words, prostate cancer cell line (PC3) exposed to isoflurane showed
characteristics associated with malignancy with an increase of proliferation and migration,
as well as development of chemo resistance. Exposure to propofol, on the other hand,
resulted in partial reduction of cancer cell malignant activities (45).

Jaura cum suis claim that sevoflurane anaesthesia combined with opioid analgesia for
primary breast cancer surgery reduces apoptosis in oestrogen receptor (ER)-negative breast
cancer cells to a greater extent than propofol anaesthesia combined with paravertebral
analgesia. In this prospective randomized clinical trial patients with biopsy-proven ER (-)
breast cancer received either sevoflurane anaesthesia combined with opioid analgesia or
propofol anaesthesia with paravertebral analgesia during surgery. Blood was drawn and
serum was exposed to ER (-) MDA-MB-231 cells. Apoptosis was measured using ApoLiveGlo Multiplex Assay. Based on the results, they conclude that anaesthetic technique may
affect the composition of serum in a manner that impacts cancer cell apoptosis, and
consequently tumour metastasis (46).

In contrast to this study, other studies show opposite results. Muller-Edenborn reports that
sevoflurane and desflurane inhibit migration of colorectal cancer cells in vitro (47). This
inhibitory effect is caused by the reduction of release of matrix metalloproteinase-9 (MMP9) by neutrophils. Liang reports the same finding with respect to lung cancer cells (48).

Elias et al. even claim that the use of desflurane in ovarian cancer patients undergoing
cytoreductive surgery is associated with improved disease-free survival compared with
other volatile anaesthetics (1231).
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Nonetheless, Marana and co-workers report that desflurane and sevoflurane produce a
different stress response in the setting of laparoscopic surgery. Based on the results of their
prospective randomized study, in which patients undergoing laparoscopic surgery for
benign ovarian cyst were studied, the authors claim that desflurane anaesthesia results in a
higher release of the catecholamines epinephrine and norepinephrine compared to
sevoflurane anaesthesia. However, both vapours did not influence the plasmatic levels of
Interleukin-6 (IL-6), CRP and glucose (49). The clinical significance of these findings
remains unclear.

With respect to the analgesic requirements following anaesthesia with volatile anaesthetics,
Fassoulaki and colleagues report that opioid consumption and pain 24 hours postoperatively
do not differ among postoperative patients undergoing abdominal hysterectomy under
sevoflurane, desflurane or propofol anaesthesia (50).

Nitrous oxide
Nitrous oxide appears to both slow neutrophil function and decrease mononuclear cell
proliferation. A study in mice associated the use of nitrous oxide with an increased
manifestation of lung and liver metastases (51). However, in another study on colorectal
carcinoma, the use of 65% nitrous oxide did not result in higher cancer recurrence, with
follow up of the patients for a period of 4 to 8 years (52).

Local anaesthetics
Local anaesthetics, like lidocaine and ropivacaine, appear to inhibit proliferation as well as
growth of cancer cells in vitro (53). Lidocaine showed a distinct anti-tumour effect in an in
vitro study in human tongue carcinoma (54). Other studies have confirmed these findings
(55, 56). Strikingly, Piegeler demonstrated that only local anaesthetics of the amide type
display these inhibiting properties, in contrast to local anaesthetics of the ester type (57).
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It has to be mentioned, however, that Lirk and colleagues have shown that lidocaine and
ropivacaine, but not racemic bupivacaine, demethylate deoxyribonucleic acid in breast
cancer cells in vitro. Decrease in methylation has been shown to reactivate tumour
suppressor genes and therefore to inhibit tumour growth. In that view, one could advocate
the use of ropivacaine rather than bupivacaine when loco regional techniques are considered
in surgical oncology (58). These “anti-inflammatory” effects are believed to be independent
of sodium channel inhibition.
By contrast, Lucchinetti and co-workers claim that lidocaine, ropivacaine and bupivacaine
reduce mesenchymal stem cell proliferation. Furthermore, multiple transcriptional programs
related to cell differentiation, tumour genesis, and metastasis were negatively affected by
ropivacaine (59).
Chang et al. confirm that lidocaine and bupivacaine induce apoptosis in human breast
cancer cells and human thyroid cancer cells (60,61).

Xuan’s group concludes that bupivacaine has direct “anti-cancer” properties (reduction of
cell viability and inhibition of cellular proliferation and migration) through the activation of
intrinsic and extrinsic apoptotic pathways in ovarian cancer. With respect to prostate cancer,
bupivacaine displayed these anti-cancer properties only through the intrinsic pathway (62).

Ramirez et al. report that clinically relevant concentrations of lidocaine enhance the in vitro
function of NK-cells via the release of lytic granules (63). Furthermore, they claim that
lidocaine stimulates the function of natural killer cells in different experimental settings.
Therefore, the authors suggest that lidocaine might be used perioperatively to minimize the
impact of surgery on NK cells (64).

Chamaraux-Tran and Piegeler support the potential importance of intravenous lidocaine as
part of the perioperative anaesthesia regimen in reducing the risk of cancer recurrence or
progression in patients undergoing cancer surgery (65).

Le Gac et al. demonstrate that lidocaine and ropivacaine induce profound modifications in
gene expression profiles of tumour cells, which result in a cytostatic effect and induction of
apoptosis (66).
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By contrast, Bundscherer and co-workers claim that only high concentrations of ropivacaine
or bupivacaine reveal anti-proliferative potency in colon and pancreatic cancer cells in vitro
(67).

Gonzalez and Altermatt have performed a systematic meta-analysis in which the effects of
intravenous lidocaine on pain and postoperative recovery time were investigated. Based on
their results, they conclude that the use of intravenous perioperative lidocaine probably
results in a clinically irrelevant difference in pain and hospital stay. But, it might probably
prevent postoperative nausea and vomiting (68).

With respect to the management of chronic pain and based on the results of their literature
review, Yousefshahi et al. conclude that both intravenous lidocaine and lidocaine patch are
effective and safe for the treatment of several chronic or neuropathic pain syndromes.
Therefore, the use of lidocaine during surgery could prevent the development of some
chronic post-surgical pain syndromes (69).

In their paper, Votta-Velis and colleagues address the relation between inflammation,
cancer and amide-linked local anaesthetics (70).

Hahnenkamp and colleagues report that epidural analgesia has the potential to improve
patients’ outcome after major surgical procedures by reducing postoperative morbidity and
duration of recovery. Possible benefits include the attenuation of cardiac complications, an
earlier return of gastrointestinal function associated with an increase in patients’ comfort
overall, decreased incidence of pulmonary dysfunction, beneficial effects on the coagulation
system and a reduction in the inflammatory response. However, the underlying mechanisms
remain unclear. It is postulated that local anaesthetics, reabsorbed from the epidural space,
seem to contribute to these effects. Therefore, the authors conclude that in patients not able
or willing to receive epidural analgesia, systemic administration of local anaesthetics may
be considered to be a new therapeutic approach for the prevention of postoperative
complications by modulation of the peri-operative period (71). Obviously, further study
results are required to confirm this hypothesis.
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Picardi et al. demonstrate that local anaesthetics affect the function of human neutrophils,
independently of sodium-channel blockade, and by doing so exhibit significant
immunomodulatory effects (72).

Opioids
Opioids administered both perioperatively and chronically display evident effects on both
cellular and humoral immunity (73,74). These effects include decreased NK-cell activity,
production of immunity stimulating cytokines, phagocytic activity and production of
antibodies (75). Morphine has been shown to have the potency to suppress cytotoxicity of
NK-cells in rats in a dose dependent way. This suppression proved sensitive to naloxone,
meaning that by administering naloxone the suppressing effect of morphine could be
undone (76). A breast cancer study in mice showed that administration of morphine resulted
in an increase in angiogenesis and more rapid tumour growth (17). Markedly, this morphine
effect could be undone by administering celecoxib without abolishing its analgesic effects
(77).

It has been demonstrated in both animal and human studies that opioids also suppress NKcell cytotoxicity postoperatively. This effect appears to persist for a longer period of time
when higher doses of opioids (fentanyl) are administered. Strikingly, this NK-cell
suppression proved completely reversible by human recombinant IL-2 en partially
reversible by IFN-α and IFN-β (78). In a study in rats undergoing laparotomy, Page and
colleagues established that morphine administered pre-operatively resulted in less immune
suppression than morphine administered at a later moment in surgery. This could be
explained by prevention, respectively early inhibition of pain related neuroendocrine
responses. This finding is highly suggestive for a kind of pre-emptive mechanism (79).

Grace and co-workers demonstrate that using morphine for treatment of pain caused by
abdominal surgery may in fact prolong the pain felt by the patient. The mechanism
responsible for this paradoxal response lies in the fact that morphine and surgery together
cause excitation of the nervous system glial cells and this excitation consequently leads to
18

extra pain signals being sent out to nerves in surrounding regions. Morphine also has been
shown to bind to a receptor in brain glial cells, the so-called opioid-induced toll-like
receptor 4 (TLR4). Stimulation of this receptor initiates pro-inflammatory cytokine and
chemokine release that have anti-analgesic effects against the classical opioid-receptormediated analgesia (80).

Although there is ample evidence that opioids exert a favourable effect on restraining the
inflammatory stress response caused by the surgical procedure, evidence is growing that
opioids also may exert unfavourable effects through immunomodulation.

Xie’s group demonstrates that morphine alters the circulating proteolytic profile in mice,
thus altering the tumour microenvironment, which in turn displays functional consequences
on cellular migration and invasion of cancer cells (81).
In their retrospective study, Cata and colleagues report that intraoperative opioid use is
associated with decreased overall survival in stage I, but not in stage II or III non-small cell
lung cancer (82).
Maher et al. also suggest an association between increased doses of opioids during the
initial 4-day postoperative period with a higher recurrence rate of non-small-cell lung cancer
(83).

However, Owusu –Agyemang and colleagues have retrospectively investigated the effects
of perioperative opioid consumption on survival in adolescents undergoing cytoreductive
surgery with hyperthermic intraperitoneal chemotherapy, and their results suggest that
opioid consumption is not (significantly) associated with recurrence-free or overall survival
(84).

Grandhi and co-workers have performed a systemativc review in which the relationship
between morphine use and angiogenesis and metastasis in in vitro models was investigated.
They conclude that morphine has a potential causal relationship with angiogenesis and
metastasis. This is likely due to multiple etiologies, including immunosuppression, proinflammation, and pro-angiogenesis (85).
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Based on their study results, Lennon and colleagues suggest a possible direct effect of Mu
Opioid Receptor (MOR) stimulation on opioid and growth-factor-induced proliferation,
migration and epithelial mesenchymal transition (EMT) in human lung cancer. They
demonstrate that the peripheral mu opioid receptor antagonist, methylnatrexone, inhibits
epidermal growth factor-induced proliferation and migration of human lung cancer cells in a
dose-dependent manner. Morphine, on the other hand, was shown to promote cell
proliferation and invasion of human lung cancer cells (86). These findings are supported by
previous study (87). Furthermore, they conclude that pain and inflammation may promote
epithelial mesenchymal transition (EMT) in cancer cells through Substance-P
transactivation of MOR.

For the purpose of clarification, epithelial mesenchymal transition (EMT) and mesenchymal
epithelial transition (MET) are recognized as critical components in the sequential series of
events resulting in metastasis of carcinomas. This is well illustrated in the papers by Thiery
and Yao (88,89). EMT and MET are defined as changes in cell phenotype between the
epithelial and mesenchymal states. To simplify, solid tumour progression involves spatial
and temporal occurrences of EMT, through which tumour cells acquire a more invasive and
metastatic phenotype. Once the mesenchymal tumour cells have successfully disseminated,
they undergo the reverse transition, MET, at the site to which they have disseminated. In
other words, EMT is thought to be essential for the initial transformation from benign to
invasive carcinoma, whereas MET is held essential for the latter stages of metastasis. The
factors, that induce either MET or EMT are believed to be components of different
signalling pathways that originate in the tumour’s own local environment from stromal
cells. Depending on the type of signal, mainly influenced by the tumour’s own local
environment, either MET or EMT is induced. This local microenvironment is furthermore
influenced by the presence, or indeed absence, of certain cytokines and inflammatory cells.

In both animal and human models, it has been documented that removal of a primary
tumour may result in a reduction of inhibition of angiogenesis, and that surgery is followed
by a surge in cytokine production that promotes angiogenesis and growth factors aiding
wound healing (90-92).
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Therefore it is not surprising that tumour angiogenesis and proliferation may be provoked
by the surgery involved in the attempt to control the primary tumour. Surgery itself could
thus be responsible for the awakening of dormant metastases. This hypothesis is supported
by the study performed by Chang and colleagues. In their study, they show that “normal
wound healing” may very well play an important role in cancer metastasis. They base this
on the fact that in a series of 295 early breast cancer patients, both overall survival and
distant metastasis-free survival were markedly diminished in patients whose tumours
expressed this, what they call, wound-response signature compared to tumours that did not
express this signature (93).

Janku and co-workers report that treatment with methylnaltrexone, a peripherally acting µopioid receptor (MOR) (FDA-approved for treatment of opioid-induced constipation) is
associated with increased survival in patients with advanced cancer. Based on this finding,
the authors conclude that MOR can play a role in cancer progression and that targeting these
receptors with methylnaltrexone warrants further investigation in cancer therapy (94).

With respect to epithelial-mesenchymal transition (EMT), Kim et al.’s study results suggest
that dexamethasone has inhibitory effects on cell migration and invasion by suppressing
EMT of colon cancer cell lines in hypoxic condition (95).

In summary, there is growing evidence that inflammation plays a key role in the
development and recurrence of cancer. Malignant tumours have been shown to induce
inflammation and subsequently to initiate anti-tumour responses, which are mainly
cellularly mediated. This endogenous defence system has the potency to recognize cancer
cells in an early stage and to generate the production of inflammatory cytokines. These, on
their turn, attract immune cells, such as lymphocytes, macrophages and dendritic cells. In
this way, inflammation “protects” the body from cancer cells.
On the other hand, inflammation has also been shown to be able to induce carcinogenesis,
dedifferentiation and primary tumour growth, prior to dissemination. After dissemination,
the inflammatory process has the potential to promote the proliferation of tumour cells by
inhibition of apoptosis and by increasing cell division (mitosis) (96).

21

Which processes are responsible for this paradox?
Overall, both surgery, inflammation and tumour growth facilitating mechanisms are closely
linked.
When a tumour is surgically removed, tumour cells inevitably are released in the tumours
vicinity due to manipulation of the tumour. The extent to which tumour cells successfully
reach the blood stream is determined by the inflammatory microclimate in the vicinity of the
primary tumour.
Apart from facilitating dissemination of tumour cells, the inflammatory process also has the
ability to enhance the growth of metastases. Thrombocytes may be involved in the process
of dissemination, partly through adhesive mechanisms, partly via the synthesis of mediators.
In turn, immune cells on the one hand have the potential to contribute to the elimination of
tumour cells (Natural Killer cells, cytotoxic T-lymphocytes and dendritic cells), on the other
hand to suppress the immune response (T-regulating lymphocytes, tumour-associated
macrophages, neutrophils and myeloid-derived suppressor cells). Tumour cells that escape
the immune surveillance may thus lead to cancer recurrence or metastases (97).

For further information regarding inflammation and cancer we refer to the paper by
Coussens and Werb (98).

The enzyme cyclooxygenase-2 appears to be over-expressed in both tumour cells and
immune suppressor cells, like for instance macrophages. Prostaglandin E2, which is formed
from arachidonic acid via the cyclooxygenase pathway, is capable of stimulating tumour
growth, both directly and indirectly by suppressing cellularly mediated immunity.
The cytokines, interleukin-1 beta (IL-1β), interleukin-6 (IL-6) and Tumour Necrosis Factoralpha (TNF-α) also possess the ability to suppress the activity of immune cells in a direct
way, and to promote both the number of suppressor cells and their activity. This process is
further exacerbated by other factors associated with tissue damage caused by surgery, such
as additional release of (nor) epinephrine and cortisol (99-100).
In this regard, it may obvious that anaesthesia on its own, and/or by restraining the impact
of surgery induced inflammatory stress response, has the potential to interfere with many of
these processes.
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For a more detailed overview on the relation between surgery, inflammation and cancer we
refer to the paper by Roxburgh and colleagues (101).

To simplify, one could conclude that opioids have a clear effect on moderating surgical
tissue damage, partly by altering pain perception and partly by attenuating several responses
following surgical stress. As such, opioids have a modulating effect on autonomic defence
mechanisms. Despite the fact that in vitro and animal studies have shown that morphine can
a negative effect on these (cancer) defence mechanisms, it appears that opioids in general
have a favourable effect on controlling surgical stress. Surgical stress without the use of
opioids could therefore have a more adverse effect on tumour evolution than surgery with
the perioperative use of opioids (102-104).

Tramadol
In contrast to morphine, tramadol exhibits different effects on autonomic immunity. Apart
from its effects on opioid receptors, tramadol also influences the noradrenergic and
serotonergic systems. In both rodent and human studies, a subsequent increase of NK-cell
activity was noticed after treatment with tramadol (105). Furthermore, tramadol has been
shown to prevent both surgically induced suppression of NK-cell activity as well as increase
of lung metastases. In a study, in which women with endometrial carcinoma underwent
hysterectomy, administration of 100 mg tramadol immediately after the operation was
shown to result in an increase in NK-cell activity (106).

Non-steroidal anti-inflammatory drugs
Non-steroidal anti-inflammatory drugs (NSAID’s) slow down prostaglandin synthesis by
inhibiting the enzyme cyclooxygenase (COX). Various tumours have been shown to possess
the ability of secreting prostaglandins. This could explain why in rat studies COX-2
inhibitors display anti-tumour and anti-angiogenic effects (107,108).

These anti-tumour and anti-angiogenic effects were also encountered in the perioperative
setting in another rat study. In this study, the immunosuppressant effects caused by surgery
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were prevented by synergistically combining beta-blockade and COX-2 inhibition (109).
The favourable effects caused by COX-2 inhibition are thought to be the result of
prostaglandin synthesis, whilst the use of beta-blockade results in a lower release of
catecholamines and subsequently a reduction in stress response (110-112). Several studies
have demonstrated that COX-2 inhibitors in general, and diclofenac in special, display antitumour effects. Kaur showed that diclofenac has the ability to decrease angiogenesis in
colon carcinoma (113,114). Johannesdottir demonstrated a preventive effect in certain skin
tumours, including melanoma and basal cell carcinoma (115). Singh confirmed that
diclofenac is able to induce apoptosis and differentiation in human acute myeloid leukaemia
cells (116). Finally, Mayorek demonstrated comparable anti-tumour effects in pancreatic
carcinoma cells (117).
Amanullah et al. expand further on the possible mechanisms by which diclofenac induces
apoptosis and exerts its anti-carcinogenic properties (118).

Based on emerging evidence, Pantziarka and colleagues even suggest that diclofenac might
play an important role in the treatment of cancer, particularly in combination with other
agents (119).

Paul-Clark et al. demonstrate that a hydrogen sulphide-releasing NSAID displays profound
chemopreventive effects in a mouse model of intestinal tumourigenesis (120).

Will’s group reports that local release of diclofenac increases survival rate in a murine
model of recurrent oral carcinoma. Therefore, local drug release of anti-inflammatory
agents should be investigated as a therapeutic option in the prevention of tumour recurrence
in oral squamous carcinoma (121).

Kumar and co-workers show that nanoformulated naproxen (and other NSAIDs) displays
unusual anticancer activity. In fact, nanoformulated naproxen displayed the highest antileukaemia activity, and was more than twice that of doxorubicin, which is a standard
anticancer drug. Nanosizing is performed to improve the solubility and bioavailability of
drugs (122).
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Intini et al. describe the synthesis, biological effects, and mechanisms of action of new
platinum(II) derivatives containing one or two non-steroidal anti-inflammatory diclofenac
ligands. These compouds are reported to have potent antiproliferative properties and act as
cancer cell selective cytotoxic agents exhibiting activity in cisplatin resistant and COX-2
positive tumour cell lines (123).

Aran and colleagues report that parainflammation, a low grade of inflammation, is widely
prevalent in human cancer, especially in cancer types commonly harbouring p53 mutations.
Parainflammation may thus be a driver for p53 mutagenesis and a guide for cancer
prevention by NSAID treatment (124).

Umar, Suthar, Santilli and Todoric expand further on the mechanisms of NSAIDS in cancer
prevention and treatment (125-128).

However, it has to be mentioned that one should be very cautious when administering
diclofenac to patients with cardiovascular disease. Ghosh and colleagues report that
diclofenac may induce cardiotoxicity by a reactive oxygen species (ROS) mechanism
involving mitochondrial and proteasome dysfunction (129).
Based on the results of their nested case-control study, Thöne and co-workers conclude that
the use of diclofenac and ibuprofen, the most frequently used NSAIDs, is associated with a
40 to 50% increased relative risk of acute myocardial infarction, even for low cumulative
NSAID amounts (130).

Bryant et al. also state that NSAIDs might have a direct negative influence on muscle repair
after acute strain injury (in mice). Therefore, they advise to be extra cautious in subscribing
NSAIDs to patients with progressive loss mass such as the elderly or patients with cancer or
AIDS (131).

Pitt states that some cancers generate heat internally, which results in a higher temperature
in the cancer compared with surrounding tissue. This is termed excess entropy production in
cancer. This excess entropy production is supposed to drive the cancer away from the
stationary state, which is characterized by minimum entropy production. Treatments that
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reduce inflammation, and therefore temperature, should be able to drive a cancer towards
the stationary state, thus reducing the progress of cancer (132).

As discussed previously, surgery, inflammation and tumour growth facilitating mechanisms
appear closely linked. Therefore, one has tried to investigate the possibility of identifying a
screening tool that would enable to ascertain a patient’s inflammatory status preoperatively,
in relation to the course of the immune response, both intra- and postoperatively (133-134).

Based on their prospective randomized trial in 35 patients with colon cancer, Moselli and
colleagues claim that epidural analgesia attenuates the early and surgery-induced proinflammatory response and its typical postoperative immunosuppression, and that epidural
analgesia appears to be associated with a reduced rate of postoperative complications
compared with intravenous analgesia (135).

Bartal cum suis have demonstrated that a variety of immunological differences can be
encountered in preoperative patients. In other words, preoperative patients differ from each
other with respect to their immune status. The clinical significance of this difference in
immune status has not been fully clarified yet. Nevertheless, it seems quite plausible that a
patient’s preoperative immune status will affect the way the body responds to surgical
trauma. This holds also true for the way by which anti-inflammatory drugs exert their
modulating effects (136). Forget and colleagues claim that inflammation is closely linked to
worse outcome, and that even a single intra-operative administration of a non-steroidal antiinflammatory drug, like for instance diclofenac, is able to counteract this adverse
association (137). Especially, the expected prominent early relapse events in months 9-18
after breast surgery were reduced 5-fold.

Christopherson observed the same finding in his study involving colon carcinoma (138). In
case of non-small cell lung cancer the use of diclofenac was associated with longer (distant)
metastasis-free survival and longer overall survival.

Shebl et al. have conducted a prospective propensity matched cohort study, in which the
relation between NSAID’s use and cancer incidence was studied. In short, more than
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314.000 participants were asked to complete a lifestyle questionnaire, which included
NSAID use. Median follow-up of participants was 10.1 person-years. Information on cancer
incidence was ascertained by linking to cancer registries and vital status databases. Results
revealed that individuals who reported use in the 12 months prior to interview had a
significantly lower risk of all inflammation-related cancers (alcohol-, infection-, obesity-,
and smoking-related cancer). These findings once more support the hypothesis that
inflammation is related to an increased risk of certain cancers (139).

In connection with this, several studies have tried to identify a biomarker that would enable
us to ascertain the immune status of the individual patient, in relation to the outcome of
treatment. Multiple studies have identified the neutrophil-to-lymphocyte ratio (NLR) as a
suitable tool (140-164). These studies demonstrate that a high preoperative NLR is
associated with faster progression of the tumour and worse outcome.
Strikingly, in patients with breast cancer and a high preoperative NLR (≥ 4), the use of
NSAID’s was associated with a reduction of the relative risk of cancer recurrence and
mortality by more than 50%, compared to patients with a NLR < 4. In other words, breast
cancer patients with a high NLR, a higher inflammatory grade, profit most of the antiinflammatory treatment with diclofenac. Once more, this finding illustrates the connection
between (grade of) inflammation and tumour growth.

Furthermore, this would explain why certain tumours respond less to anti-inflammatory
treatment than others. In contrast to a tumour with a higher inflammatory grade, a tumour
with a lower rate of growth and potency to metastasize, and often with a lower
inflammatory grade, is less likely to respond to treatment with NSAID’s. Forget and
colleagues, for instance, were not able to demonstrate any beneficiary effect of antiinflammatory treatment on recurrence or survival in over 1000 patients undergoing radical
prostatectomy (165).

Vidal et al. report that, based on the results of the REDUCE study, the use of aspirin and/or
NSAID is significantly associated with decreased total and high-grade prostate cancer risk,
but not with low-grade prostate cancer risk (166). This supports the theory that low-grade
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cancers/cancers in patients with a low NLR, are less likely to respond to anti-inflammatory
treatment. Inversely, high-grade cancers/cancers in patients with a high NLR are more likely
to respond to treatment with NSAID’s.

In brief, it appears that the grade of inflammation in an individual patient is a determinant
factor in the rate of growth and potency to (successfully) metastasize during surgical
removal of the tumour. Furthermore, the grade of inflammation appears to have predictive
value in determining how successful anti-inflammatory treatment will be in reducing the
inflammation, and consequently the outcome after the surgical procedure.
We eagerly await further study results focussing on this issue.

However, it must be mentioned that Sanchez-Covarrubias and colleagues caution for a
possible drug-drug interaction between morphine and the non-steroidal anti-inflammatory
drug diclofenac. Based on their study results, they conclude that both peripheral
inflammatory pain and diclofenac treatment alone results in decreased morphine uptake in
the brain (through increased P-glycoprotein (P-gp) efflux activity). Morphine analgesia was
significantly reduced in animals pre-treated with diclofenac, as compared to animals
administered diclofenac and morphine concurrently (167). The implication of these findings
remains unclear.

Finally, Hooijmans et al. have performed a systematic review and meta-analysis on the
effect of treatment with analgesics on metastasis in experimental animal models. Their
results show that treatment with analgesics significantly decreased the number and risk of
metastasis. Furthermore, this effect appeared mainly to be the consequence of the efficacy
of NSAIDs. There was no evidence, indicating that treatment with any analgesics increases
the occurrence of metastases (168).

S-ketamine
S-ketamine is an N-methyl-D-aspartate (NMDA) receptor antagonist and is increasingly
used to diminish opioid consumption and to reduce the risk of developing hyperalgesia and
chronic pain (169-181). However, there is strong evidence that the use of S-ketamine results
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in a decrease of the number of NK-cells with an associated reduction of autonomic defence
mechanisms. Furthermore, a correlation has been found between stimulation of the betaadrenergic system and increased possibility of cancer recurrence and/or development of
metastases (182-186). Strikingly, the tumour-enhancing effects of S-ketamine could largely
be undone by administering beta-blockade.
This may suggest that stimulation of the beta-adrenergic system can have an unfavourable
oncological effect, regardless of the type of underlying stimulating mechanism. Pain,
surgical stress and administration of S-ketamine all result in stimulation of beta-adrenergic
receptors. Should this hypothesis prove to be true, one could consider administering betablockade to surgical patients treated with S-ketamine, to neutralize it’s potentially tumour
promoting effects.
Cheong and Salamon expand further on the role of β-adrenergic receptors in hypoxia and
their effects on glucose metabolism.
Cheong et al. state that β-adrenergic receptors play a fundamental rol in sensing hypoxia
(187).
Finally, Rains and co-workers report that β-adrenergic receptors (β-ARs) are expressed
across diverse cancers, most strongly in melanoma. Other cancers that revealed relatively
higher levels of β-ARs were oesophagus, pancreas, kidney and lung cancers (188).
Salamon and colleagues describe the Warburg effect, which states that the main source of
energy for cancer cells is not aerobic respiration, but glycolysis, even in normoxia. The shift
from aerobic respiration to anaerobic metabolism is governed by mutually counteracting
enzymes, pyruvate dehydrogenase and pyruvate dehydrogenase kinase. Anaerobic
metabolism of cancer cells has been shown to promote cell proliferation, local tissue
immunosuppression, resistance to hypoxic conditions, and metatstatic processes. By
switching back to oxidative metabolism, these effects may be reversed, for instance by
using pyruvate dehydrogenase kinase inhibitors. Therefore, the authors conclude that
patients suffering from ischaemic conditions might benefit from these effects. Additionally,
the β-blockers often used in these patients appear to improve cancer-specific survival, and
non-selective β-blockers have been shown to promote glucose oxidation. For this reason,
the authors suggest that there might be a link (189).
29

In addition to this, Malsy et al. report that ketamine and S-ketamine significantly inhibit
proliferation and apoptosis in pancreatic cancer cells (190).
Luggya’s groups states that a low dose of ketamine attenuates early serum Interleukin-6
levels (IL-6) following surgery with a reduced 24 hour increase. However, this difference
proved not statistically significant (191).

Interestingly, although a benefit is described of ketamine as an adjuvant analgesic in cancer
pain in different open-label studies, Jonkman and colleagues were unable to detect any
effect on pain relief or reduction of opioid consumption in their meta-analysis. Nevertheless,
they conclude that there is still insufficient evidence to state with certainty that ketamine is
not effective in cancer pain (192).

Based on the results of their randomized, controlled trial, Fan and co-workers conclude that
S-ketamine rapidly relieves acute depression and suicidal ideation in newly diagnosed
cancer patients (193).

Apart from the surgical inflammatory stress response and the effects of different
pharmaceuticals on the oncologic process, perioperative hypothermia and blood transfusions
have also been mentioned as factors capable of influencing tumour evolution. Study results
on these factors are not unambiguous either. Ben-Eliyahu et al found a correlation between
perioperative hypothermia, reduced immunity and, as a result, tumour promotion (194).
Yücel et al on the other hand were not able to confirm this correlation in their study.
Therefore, they conclude that mild hypothermia does not affect tumour recurrence or
mortality (195).

The same goes for receiving blood transfusions during surgery. In their study on prostate
carcinoma, Ness and co-workers found no effect of blood transfusions on cancer recurrence
(196) Amato and Pescatori, on the other hand, found evidence for some correlation in their
Cochrane Database Review (197), whilst Kekre’s results show that duration of storage of
red blood cells is of no influence on cancer recurrence or overall survival (198). However,
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in the latter study, multivariate analysis revealed that blood transfusion of more than 6 units
was associated with higher cancer recurrence.

Finally, Yeoh and colleagues were also unable to detect any association between allogeneic
blood transfusion and systemic tumour progression and/or survival outcomes in their
retrospective study on patients undergoing radical prostatectomy (199).

Based on the results of the randomized controlled FOCUS trial, Carson and co-workers
report that liberal blood transfusion does not affect mortality compared with a restrictive
transfusion strategy in a high-risk group of elderly patients with underlying cardiovascular
disease or risk factor. In this study, elderly patients (> 50 years) with a history of or risk
factors for cardiovascular disease, and with postoperative haemoglobin (Hb) concentrations
< 100 gr/L within 3 days of surgery to repair a hip fracture, were randomly allocated to
either liberal transfusion in which they received blood transfusion to maintain Hb level at
100 g/L (= 6,2 mmol/L) or higher. Or, restrictive transfusion in which they received blood
transfusion when Hb level was lower than 80 g/L (= 5,0 mmol/L) or if they had symptoms
of anaemia. Obviously, this study did not focus on cancer patients, but results indicate that a
restrictive transfusion strategy doesn’t affect mortality or cause of death per se in a high-risk
group of elderly patients with underlying cardiovascular disease with a follow-up of 3 years
(200).

By contrast, Bergamin et al. observed a survival trend favouring a liberal blood transfusion
strategy in oncologic patients with septic shock when compared with a restrictive strategy.
In this randomized, double-blinded, controlled trial, liberal strategy was defined as
haemoglobin threshold < 9 g/dL (< 5,59 mmol/L), while restrictive strategy was defined as
haemoglobin threshold < 7 g/dL (< 4,34 mmol/L). At 90 days after randomization, mortality
rate in the liberal group was significantly lower than in the restrictive group (201).

Poveda and Nasciemento claim that hypothermia is associated with increased length of stay
in the Post-Anaesthetic Care Unit (PACU), but not with the need for blood transfusion
during the intra- and postoperative periods in patients undergoing gastrointestinal cancer
surgery (202).
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As mentioned previously in the case of S-ketamine, there is growing evidence that stress
and β-adrenergic receptor stimulation may have an effect on tumour development and
progression.

Yang et al. state that chronic stress may contribute to gastric cancer progression by
increasing the secretion of Interleukin-6 (IL-6). IL-6, as we know, is known to be elevated
in individuals experiencing chronic stress and is also involved in oncogenesis and cancer
progression (203).

Choi and colleagues claim that there is evidence that beta-blocker use can be associated
with prolonged survival of cancer patients, especially patients with early-stage cancer
treated primarily with surgery. In this meta-analysis, beta-blocker use was associated with
improved overall survival and disease-free survival (204).

Based on the results of their retrospective study, Hwa and co-workers report that in patients
with multiple myeloma, beta-blocker use is associated with a reduced risk of diseasespecific death and overall mortality, in comparison to non-beta-blocker use or no use of
cardiac drugs (205).

Coelho’s group has performed a review in which the effects of beta-blockers on cancer cell
proliferation were investigated. Based on the results, the authors conclude that the reviewed
studies show strong evidence that beta-adrenergic receptor activation (through several
intracellular mechanisms) modulates tumour cell proliferation. Thus suggesting that betablockers can represent a feasible therapeutic approach to antagonize beta-adrenergic
response or that beta-blockers have a protective effect per se (206).

For a more comprehensive review of the impact of (adrenergic) stress on cancer evolution
we refer to the papers published by Meier, Eng and Krizanova (207-209).
In their review, Tang et al. expand further on the role of stress hormones, nicotine and βadrenergic receptors on cancer cell proliferation, apoptosis, invasion and metastasis (210).
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Nagaraja and colleagues emphasize the importance of the knowledge of the β-adrenergic
receptor status of tumour cells in choosing the best β-blocker for potential adjuvant therapy
(211).

Interestingly, Pedersen and co-workers report that voluntary exercise suppresses tumour
growth through epinephrine- and Interleukin-6-dependent NK cell mobilization. In this
study, tumour-bearing mice randomized to voluntary wheel running showed over 60%
reduction in tumour incidence and growth. NK cell infiltration was significantly increased
in tumours from running mice, whereas depletion of NK cells enhanced tumour growth and
blunted the beneficial effects of exersise. Furthermore, NK cells were mobilized by
epinephrine, and blockade of β-adrenergic signalling blunted training-dependent tumour
inhibition (212).
He et al. expand further on the potential anticancer effect of β-blockers and the genetic
variations involved in the interindividual difference (213).

Rosenne and colleagues have studied the in vivo suppression of NK-cell cytotoxicity
(NKCC) by stress and surgery. Their results indicate that both endogenous and exogenous
elevated corticosterone levels can suppress in vivo NKCC levels, but only under some
conditions, and mostly secondary to the NK-suppressing effect of epinephrine. Specifically,
corticosterone-induced NKCC suppression occurred (I) only under prolonged, but not short
exposure to stress; (II) was smaller than the prominent impact of epinephrine; (III) was
mostly ascribed to corticosterone-induced potentiation of the effects of epinephrine or/and
prostaglandins; and (IV) was completely abolished through antagonizing epinephrine or/and
prostaglandins (214).
Although S-ketamine has the disadvantage of stimulating β-adrenergic receptors, as
described previously, it appears that ketamine has a beneficiary effect on the treatment of
depressions. Iglewicz et al. have studied this effect and conclude that ketamine may be as
safe, effective, and rapid treatment for clinical depression in patients receiving hospice care
(215). Since this conclusion is based on a retrospective study, randomized, blinded, and
controlled trials are required to substantiate these findings.
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Finally, Braun and colleagues claim that S-ketamine (at millimolar concentrations) induces
apoptosis via the mitochondrial pathway in human lymphocytes and neuronal cells (216).
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1. Head, throat and neck malignancies

Airway management plays a key part in anaesthesia in surgical oncology of head, neck and
throat malignancies. For more information on this topic, we refer to the numerous textbooks
and training programs available. In our clinic, where a large number of our patients receive
treatment for this type of cancer, the so-called awake flexible fiberoptic intubation (FFI) is
used on a regular and important basis. In a patient with an expected difficult airway, flexible
fiberoptic intubation remains the gold standard.

However, when a patient has an interdental gap of 3 cm or more, one can consider primarily
ventilating the patient’s lungs using an i-Gel size 4. Subsequently an endotracheal tube size
7.0 can be inserted through the i-Gel into the trachea, guided by a flexible scope located
inside the tube. If one wishes so, the i-Gel can then be removed whilst the endotracheal tube
is kept in its place using surgical forceps. Correct positioning of the endotracheal tube is
easily achieved by using the flexible scope. This method is known as the “Srámek - Keijzer
method” in our clinic (217) and is increasingly used in case of an unexpected difficult
airway (218).

Apart from a potentially difficult airway, anaesthesia in the surgical treatment of head,
throat and neck malignancies differs from other types of surgery, mainly because prolonged
adjuvant neuraxial blockade is not readily feasible in this area of the body. Although
cervical epidural anaesthesia is sometimes used in the treatment of (chronic) pain, its
perioperative use isn’t generally accepted (219).
One therefore depends on general anaesthesia combined with intravenous administration of
analgesics. Opioids are the classic choice of medication. However, previous studies have
shown that opioids have the potential to affect immunity and autonomous defence
mechanisms unfavourably (72-85) and even to potentially increase cancer recurrence (7486,220). In that view, one could advocate a perioperative strategy in which the consumption
of opioids is reduced as much as possible without affecting the quality of analgesia. In other
words, aiming at maximal reduction of the (surgical) inflammatory stress response with
minimal impact on immunity and autonomous defence mechanisms.
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Theoretically, opioid reduction can be achieved by alternatively using:

1. S-ketamine. NMDA receptor antagonist: known for its analgesic properties, reduced
opioid consumption and hopefully a decrease in chronic pain and hyperalgesia (116177,221).

2. Superficial cervical plexus blockade. Several studies have shown that superficial
cervical plexus blockade leads to both improvement in pain management and
reduction of opioid consumption (222-225). Based on previous study results, one
could advocate the use of ropivacaine, rather than bupivacaine, because of its more
pronounced tumour inhibiting properties (57,58).

3. Co-medication with paracetamol and COX-2 inhibitors (107-109). Keeping in mind
the diversity of diclofenac’s working mechanism, this NSAID may be preferable to
other NSAIDs (118,226). However, it should be mentioned that based on recent
findings the use of diclofenac in patients with cardiovascular disease and/or
congestive heart failure may be contraindicated (129,131). Furthermore, Parzefall et
al. state that NSAIDs should be administered with caution after
laryngopharyngectomy due of an increased risk of pharyngocutaneous fistula
development after NSAID use (227).
Bhoyar et al. report that intraoperative diclofenac use during maxillofacial cancer
surgery has an opioid sparing effect (228).
Hiller et al. demonstrate that standard dosing of the COX-2 inhibitor celecoxib
reduces, albeit slightly, perioperative cyclooxygenase activity during intracavity
cancer surgery. Furthermore, it also lowers postoperative pain scores (229).

Unfortunately, only a few studies could be identified focussing on the effects of anaesthesia
on cancer recurrence in malignancies of the head, neck and throat.
In their retrospective (propensity-matched) study, Merquiol and colleagues report that
combined epidural and general anaesthesia was associated with significantly increased
cancer-free survival compared with general anaesthesia alone in laryngeal and
hypopharyngeal cancer surgery (230).
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Cata et al. have retrospectively investigated the effects of intraoperative opioids use on
recurrence after laryngeal squamous cell carcinoma surgery. Their results demonstrate a
weak association between the use intraoperative of opioids and recurrence of laryngeal
carcinoma (p= 0.02) (231).

Incidentally, Li and co-workers claim that continuous high thoracic epidural anaesthesia
attenuates hippocampal apoptosis and behavioural deficit after global cerebral ischaemia,
and that these protective effects are associated with the improved microcirculation and
reduced oxidative stress (232). This claim is based on their study in which fifteen-minute
global ischaemia was established by 4-vessel occlusion in adult rats. Bupivacaine 0,5% or
saline 0,9% was infused continuously to the thoracic epidural space through the T4-5
intervertebral space from 15 minutes before ischaemia to 24 hours or 72 hours after
ischaemia. Both the hyperperfusion and hypoperfusion after reperfusion were improved by
high thoracic epidural anaesthesia.

Seyedmajidi and colleagues report that a high level of cyclooxygenase -2 (COX-2)
expression is found in oral squamous cell carcinoma and dysplasia compared to normal oral
mucosa. Furthermore, a positive correlation is reported between COX-2 expression and
severity of dysplasia (233).

Hsu et al. claim that epidermal growth factor-induced (EGF-) COX-2 expression enhances
head and neck squamous cell carcinoma metastasis via activation of the fibronectinsignalling pathway. The inhibition of COX-2 expression and activation may therefore be a
potential strategy for the treatment of EGF-mediated head and neck squamous cell
carcinoma metastasis (234).

Klatka’s group concludes that COX-2 inhibition can be regarded as an immunotherapyenhancing tool in patients with laryngeal cancer. This conclusion is based on the results of
their study in which COX-2 inhibition resulted in an enhanced proliferation of NK cells
(235).
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Zhang and colleagues demonstrate that hydrogen sulphide, being one of the main causes of
halitosis in the oral cavity, promotes oral cancer cell proliferation through activation of the
COX-2/AKT/ERK1/2 axis (in a dose-dependent manner) (236).

This emphasizes the relationship between inflammation and oral squamous cell cancer.

Lee and co-workers have investigated the effect of celecoxib on survival in patients with
mobile tongue cancer and report that, when combined with chemotherapy, celecoxib may
have a beneficial effect on the survival of this group of patients. Patients who received
celecoxib combined with chemotherapy had significantly higher disease-specific survival
compared to patients who were treated with chemotherapy without celecoxib. However,
recurrence-free survival was not different between the two groups (237).

Tang and colleagues have performed a meta-analysis in which the association between
NSAIDs and aspirin use and the risk of head and neck cancers (HNC) was investigated.
Their results indicate a modest reduction in HNC risk with ibuprofen and long-term aspirin
use. However, overall use of NSAIDs was not associated with a reduced risk of HNC (238).

Based on their retrospective study, Young et al. endorse the importance of the neutrophil-toLymphocyte ratio (NLR) as an independent prognostic factor in oropharyngeal carcinoma
treated with chemoradiotherapy (155). Duzlu and colleagues confirm the importance of
NLR in larynx carcinoma. In their retrospective study, a high NLR was significantly higher
in patients with larynx carcinoma compared to the control group (239).

Charles and co-workers support the prognostic properties of NLR in patients with
oropharyngeal and non-oropharyngeal mucosal squamous cell carcinoma. NLR > 5.0 was
significantly associated with shorter overall survival (240).
Liao’s group confirms that a high pretreatment NLR acts as an independent poor prognostic
factor in patients with nasopharyngeal carcinoma. In this retrospective analysis, a high NLR
was defined as NLR ≥ 3.6 (241).
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Based on their retrospective analysis, Wang and colleagues report that markers of systemic
and local inflammation, especially PLR and tumour infiltrating lymphocytes (TILs) density,
are reliable prognostic factors for overall and recurrence-free survival in patients with
laryngeal squamous cell carcinoma (242).

Salim et al. claim that NLR is an independent prognostic factor for overall survival in
patients wih recurrent or metastatic head and neck squamous cell cancer. In their
retrospective study a high NLR (> 2.93) was significantly associated with worse overall
survival (243).

Bobdey and co-workers also conclude that higher pretreatment NLR and monocyte levels
are independent predictors of poor prognosis for patients with oral cavity cancer. In their
retrospective study, NLR (> 2.38) and monocyte count (≥ 500/mm3) were significantly
associated with worse overall survival (244).

Ozturk’s group reports that preoperative NLR, and PLR, may be used to predict local
recurrence in early-stage tongue cancer (245).

Kawakita et al. have conducted a multi-institutional retrospective cohort study in which the
impact of haematological inflammatory markers on clinical outcome in patients with
salivary duct carcinoma was evaluated. Their results show that the modified Glasgow
Prognostic Score (mGPS), high C-reactive protein (≥ 0.39 mg/dl), and high NLR (≥ 2.5)
were significantly associated with worse overall survival. In contrast to high mGPS and
high CRP, high NLR was inconsistently associated with worse progression-free survival.
Finally, there was no significant association of PLR with survival (246).
The modified Glasgow Prognostic Score is calculated by measuring the serum levels of Creactive protein and albumin. A serum C-reactive protein level ≤ 10 mg/l corresponds with a
mGPS of 0; C-reactive protein ˃ 10 and albumin ≥ 35 g/l corresponds with a score 1; Creactive protein ˃ 10 and albumin ˂ 35 g/l corresponds with a mGPS.
Haddad and colleagues confirm that NLR is prognostic for mortality in patients with locally
advanced head and neck cancer. They have studied 46 patients with primary mucosal
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squamous cell carcinoma treated with chemoradiotherapy with a follow-up of 12 months.
Results showed that pre-treatment NLR ≥ 5.0 was significantly associated with worse
overall survival (247).

Moon et al. report comparable results. In their prospective study pre-chemoradiotherapy
high NLR was an independent predictor of progression-free survival, cancer-specific
survival, and overall survival in patients with head and neck squamous cell carcinoma
(248).

Fu and co-workers have retrospectively investigated the association between cancer-specific
survival, overall survival, and the preoperative NLR in patients with advanced laryngeal
squamous cell carcinoma undergoing total laryngectomy. Patients with an NLR ≥ 2.59
showed a significantly lower cancer-specific survival (CSS) and overall survival (OS) than
patients with an NLR < 2.59. Therefore, the authors conclude that the NLR may be used as
an independent prognostic marker for CSS and OS in patients with advanced laryngeal
squamous cell carcinoma undergoing total laryngectomy (249).

Chen et al., on the other hand, claim that preoperative PLR is superior to NLR as an
independent indicator in predicting disease-free and overall survival in patients undergoing
oral cancer resection for oral squamous cell carcinoma (250).

It has to be mentioned, however, that, according to Al and colleagues, cigarette smoking
may influence NLR. Based on their cross sectional study, they conclude that heavy smokers
exhibit dyslipidaemia with increased RBC count, total leucocyte count with specific
increase in neutrophils (251).

Interestingly, Maruyama’s group reports that NLR is predictive of wound healing failure in
microsurgical head and neck reconstruction. In their retrospective study, preoperative
neutrophil ratio (< 64.9%), NLR (< 3.5), and PLR (< 160) were significantly associated
with the rate of wound healing failure (252).
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Katoumas et al. report that the NSAID sulindac displays anti-neoplastic effects on oral
squamous cell carcinoma in vivo (253).

Based on their nested case-control study, Macfarlane and co-workers claim that the use of
NSAID’s is associated with significantly reduced risk of upper aerodigestive tract (UADT)
and oesophageal cancer. The use of aspirin, however, was associated with a non-significant
risk of reduction of cancer of UADT, head and neck or the oesophagus (254).

The same group has also conducted an observational cohort study of patients with UADT
cancer. The results of this study show that aspirin and other NSAIDs presciptions after
diagnosis are associated with reduced all-cause mortality in UADT cancer patients (255).

Becker and colleagues support the claim that the use of NSAID’s is associated with a
reduced risk of head and neck cancer. In their case-control analysis, regular use of ibuprofen
was significantly associated with a decreased risk for head and neck cancer, especially for
cancer of the larynx (256).

Sun and co-workers have retrospectively investigated the prognostic significance of various
hematologic parameters in patients with nasopharyngeal carcinoma. Their results show that
pretreatment NLR ≥ 2.7, and PLR ≥ 167.2, were significantly associated with shorter
progression-free survival. Only PLR ≥ 163.4 was associated with poor overall survival
(257).

By contrast, Chua et al. report that in patients with stage III/IVA/B nasopharyngeal
carcinoma treated with chemo- and radiotherapy, high pretereatment NLR (≥ 3.0) is
associated with advanced T-satus, N-status, overall stage, and high pretreatment EbsteinBarr virus DNA titre. However, high NLR was not associated with overall survival, diseasefree survival, distant metastasis-free survival, and locoregional recurrence-free survival
(258).

Nakashima’s group states that NLR is a potential biomarker for predicting the clinical
response to 5-FU-based chemoradiotherapy and survival in oral squamous cell carcinoma
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(OSCC) patients. In their retrospective study, an elevated NLR was significantly correlated
with advanced stage and poor response to chemoradiotherapy. Furthermore, NLR and
pathological response to chemoradiotherapy were significant prognostic factors for diseasefree survival. Also, circulating IL-6 was found to correlate with NLR and C-reactive protein
(259).

Kum et al. even claim that NLR can be used to differentiate between laryngeal squamous
cell carcinoma, benign laryngeal lesion and precancerous laryngeal lesion. This claim is
based on their retrospective study involving 209 patients with laryngeal lesions. Patient files
were reviewed for clinical, histopathological and laboratory data. According to the
histopathological findings, these patients were divided into three groups: the benign
laryngeal lesion group (BLL), the precancerous laryngeous lesion group (PLL) and the
laryngeal squamous cell carcinoma group (LSCC). The mean NLR’s of the three groups
were 2,12 ± 0,86 (BLL), 2,32 ± 0,68 (PLL) and 3,46 ± 1,51 (LSCC), respectively. This
difference was statistically significant (260).
Wong and colleagues confirm the prognostic value of pretreatment NLR in patients with
laryngeal squamous cell carcinoma (261).

In turn, Kim and co-workers claim that a high preoperative PLR is significantly associated
with lateral lymph node metastasis in patients with papillary thyroid cancer (262).

Gong and colleagues support these findings in patients with papillary thyroid cancer. In
their retrospective survey, preoperative NLR was closely related to the TNM stage of this
type of cancer (263).
Ozmen at al. also have retrospectively studied the prognostic value of NLR in patients with
differentiated thyroid cancer. Their results show that higher NLR (and PLR) is associated
with higher levels of thyroglobulin, which indicates worse survival. Furthermore, the
authors conclude that NLR may be superior to C-reactive protein (CRP) for predicting the
occurrence of differentiated thyroid cancer (264).

Nakahira’s group states that the combination of platelet count and NLR might be used as a
useful predictor of survival in patients with hypopharyngeal squamous cell carcinoma (265).
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Cho et al. report that NLR can discriminate between papillary thyroid cancer (PTC), poorly
differentiated thyroid cancer (PDTC), and anaplastic thyroid cancer (ATC). In other words,
the authors claim that the NLR may play a relevant role as a discriminating tool and may be
considered as a new diagnostic criterion in discriminating as well as in selecting therapeutic
approaches to the aggressive forms of thyroid cancer (266).

By contrast, Liu’s group claims that an elevated NLR is not a reliable indicator of
progressing differentiated thyroid cancer in patients with goiters. This claim is based on the
results of their meta-analysis of 7 prospective cohort studies involving 7349 patients (267).

Huang and colleagues have studied the prognostic value of the pre-treatment circulating
neutrophil count (CNC), circulating monocyte count (CMC), and circulating lymphocyte
count in human papillomavirus (HPV)-related (HPV+) and HPV-unrelated (HPV-)
oropharyngeal carcinoma. Based on this cohort study they conclude that a high CNC and a
high CMC independently predict inferior overall survival and recurrence-free survival,
whereas a high CLC predicts better recurrence free survival and marginally better overall
survival in HPV+ oropharyngeal cancer patients. This association was not apparent in HPVpatients (268).

Valero and co-workers confirm that high pretreatment count of neutrophils and/or
monocytes is independently related with worse prognosis in patients with head and neck
cancer (269).

Turri-Zanoni’s group reports that high pretreatment NLR and PLR are associated with poor
prognosis in patients affected by epithelial advanced-stage primary sinonasal cancer (270).

Farhan-Alanie et al. state that the modified Glasgow Prognostic Score (mGPS) of activated
systemic inflammation seems to be a powerful adverse prognostic indicator in resectable
oral squamous cell carcinoma (271).
The modified Glasgow Prognostic Score is calculated by measuring the serum levels of Creactive protein and albumin. A serum C-reactive protein level ≤ 10 mg/l corresponds with a
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mGPS of 0; C-reactive protein ˃ 10 and albumin ≥ 35 g/l corresponds with a score 1; Creactive protein ˃ 10 and albumin ˂ 35 g/l corresponds with a mGPS 2 (272).
Selzer and colleagues confirm the importance of the GPS and modified GPS prognostic
systems in primarily irradiated locally advanced head and neck cancer patients. A
prognostic relevance was not found in patients irradiated postoperatively (273).

Xie et al. conclude that stress hormones may affect oral cancer behaviour by influencing the
tumour microenvironment through circulating blood. This conclusion is based on the results
of their study, in which the relationship between pre-surgical psychological problems,
tumour histology, circulating blood catecholamines and glucocorticoid levels among oral
cancer patients was investigated. In 75 patients, 40 patients with oral cancer and 35 patients
with benign oral tumours, psychological problems were ascertained with Symptom
Checklist-90-revised Inventory. Results showed that patients with oral cancer had higher
scores for symptoms of depression and obsessive-compulsion. Otherwise, there were no
significant differences with respect to psychological problems between both groups. Mean
concentrations of catecholamine and glucorticoid in peripheral blood in the oral cancer
group were higher than those in the benign oral tumour group (274).

Chang and co-workers have performed a population-based cohort study comprising over
24.000 patients in which the effects of propranol use on cancer risk were examined. Their
results show that patients with propranolol treatment exhibited significantly lower risks of
cancer in head and neck, oesophagus, stomach, colon and prostate cancers. The authors
conclude that these results support the proposition that propranolol can reduce the risk of
head and neck, oesophagus, stomach, colon and prostate cancers (275).
Wei et al. demonstrate that the non-selective β-adrenergic receptor antagonist propranolol
inhibits growth and induces apoptosis of thyroid cancer cells both in vitro and in vivo. The
β1-specific antagonist atenolol lacked these effects. Furthermore, propranolol was able to
amplify the cytotoxicity of vemurafenib and sensitize thyroid cancer cells to the cytotoxic
effect of vemurafenib (276).
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Pantziarka’s group expands further on the anticancer effects of propranolol and states that
these effects should be investigated, especially in combination with other agents (277).

Kim et al. have performed an observational study of 10.414 person-years of follow-up in
which the use of β-blockers and other antihypertensive drugs on recurrence and mortaliy in
head and neck cancer patients was investigated. Strikingly, their results showed that βblocker use was significantly associated with poor cancer-specific mortality, competing
mortality, and all-cause mortality in normotensive patients. Furthermore, calcium-channel
blocker use was associated with with increased cancer recurrence in patients with head and
neck squamous cell carcinoma (278).

Majumdar and colleagues claim that preoperative intravenous injection of paracetamol
results in superior pain management and earlier discharge from hospital in patients
undergoing palliative head-neck surgery. The authors base this claim on the results of their
prospective, double-blinded, and randomized study. In this study, 80 patients scheduled for
palliative head-neck cancer surgery were randomly divided into two groups. Patients in
group P received 1000 mg intravenous paracetamol 5 minutes before induction, patients in
group F received intravenous placebo. For the rest, perioperative care was identical for both
groups. Results revealed that mean visual analogue score (VAS) was lower in the first and
second postoperative hours in the paracetamol group. Fentanyl requirement was less and the
need for rescue analgesics was delayed in the paracetamol group. Furthermore, patients in
the paracetamol group had a shorter surgical intensive care and hospital stay compared with
patients in the placebo group. The authors conclude that intravenous paracetamol is an
effective pre-emptive analgesic after head-neck cancer surgery (279).

Wang et al. have performed a prospective, randomized and placebo-controlled trial in which
the effects of preemptive analgesia with parecoxib on plasma stress hormones and
haemodynamics were studied in patients with thyroid carcinoma undergoing thyroidectomy.
The results indicate that preemptive analgesia with parecoxib before anaesthesia and after
surgery effectively reduces the levels of plasma stress hormones (norepinephrine, cortisol
and blood glucose) and improves analgesic effects in surgical patients with thyroid
carcinoma, without conspicuous impact on haemodynamics (280).
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Yet, Patel and colleagues report that neither non-aspirin NSAIDs nor aspirin use is
associated with a reduced risk of thyroid cancer. In their pooled prospective populationbased study female sex and obesity were associated with an increased risk of thyroid cancer,
wheras smoking and alcohol use were associated with a decreased risk of thyroid cancer
(281).

Based on the results of their prospective, randomized trial, Bae and colleagues claim that
ropivacaine instillation after robotic thyroid surgery reduces acute postoperative pain and
analgesic requirements without adverse events (282).

Paek et al. have performed a prospective pilot study in which the level of postoperative
surgical stress following robotic thyroidectomy was compared with the level of surgical
stress after open thyroidectomy. Interestingly, no significant differences were observed
between both groups with respect to IL-6 level, white blood count or CRP level. Only VAS
score after open surgery was significantly higher than after robotic operation (283).

Ferrell and co-workers report that anaesthetic techniques have an effect on the
morphoproteomic expression of head and neck squamous cell carcinoma. In their
prospective, randomized study, exposure to sevoflurane (in combination with remifentanil)
but not to propofol increased the expression of pro-oncogenic protein markers in head and
neck squamous cell carcinoma (284).

Pintaric et al. have compared the efficacy of superficial cervical plexus block with
combined deep and superficial cervical plexus blockade in patients undergoing minimally
invasive parathyroidectomy. The results of this prospective, randomized comparison
indicate that superficial blockade is a good alternative to combined block, with comparable
results with respect to the onset of block, pain scores, opioid consumption and possible side
effects (285).
El-Shmaa and El-Baradey report that dexmedetomidine (1 μg/kg as intravenous infusion)
attenuates the hemodynamic stress response to laryngoscopy and endotracheal intubation
more effectively compared with labetolol (0,25 mg/kg as intravenous infusion) without any
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deleterious effects. Furthermore, dexmedetomidine also decreases the dose of propofol for
induction of anaesthesia (286).

Long’s group confirms that intraoperative use of dexmedetomidine reduces narcotic
administration postoperatively in patients undergoing thyroidectomy (287).

Abd El-Rahman and El Sherif have prospectively investigated the effects of postoperative
local wound instillation with ketamine following total thyroidectomy. Their results show
that local wound instillation with ketamine provides superior postoperative analgesia with
lower incidence of side effects compared to intramuscular ketamine and placebo in this
group of patients (288).

Finally, Kainulainen et al. have investigated the effects of dexamethasone in head and neck
cancer patients undergoing microvascular reconstruction. In their prospective, randomized,
double-blinded study, patients treated with a total dose of 60 mg of dexamethasone during 3
days peri- and postoperatively had no benefit with respect to neck swelling, legth of
intensive care unit and hospital stay, duration of intubation or tracheostomy, and delay to
start of possible radiotherapy. On the contrary, these patients had more complications,
especially infections (289). Apparently, prolonged treatment with higher doses of
dexamethasone renders patients more prone for infections.

However, these findings conflict with the results of a recently published study, in which the
effects of dexamethasone administration on postoperative infection in surgical patients was
investigated. In this propensity-matched post hoc analysis, dexamethasone administration to
high-risk non-cardiac surgical patients did not increase the risk of postoperative wound
infection or other adverse events up to day 30. Therefore, dexamethasone administration
appears to be safe in patients either with or without diabetes mellitus (290).

Schiegnitz and colleagues have prospectively determined the serum levels of proinflammatory cytokines in patients with oral premalignant lesion (OPL), oral squamous cell
carcinoma, and healthy controls. The pro-inflammatory cytokines interleukin-6, interleukin8 and soluble interleukin-2 receptor (sIL-2R) were significantly elevated in oral squamous
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cell carcinoma (OSCC) patients compared to healthy controls and OPL patients.
Furthermore, higher T-grade and positive lymph node involvement resulted in significantly
higher IL-6 values. Higher IL-6 and sIL-2R serum values were significantly associated with
lower survival rate compared to OSCC patients with low IL-6 and sIL-2R values. In
conclusion, the authors state that IL-6, IL-8 and sIL-2R are strongly associated with OSCC
oncogenesis, and that Il-6 and sIL-2R appear to be promising and potent biomarkers for
evaluation the prognosis of patients with OSCC (291).

With respect to the surgical inflammatory stress response following selective neck
dissection, Fan et al. conclude that endoscopic selective neck dissection provides lower
inflammatory responses and surgical stress, thus reducing perioperative trauma and
accelerating recovery, compared to open neck dissection. In this prospective study,
endoscopic surgery resulted in significantly lower release of IL-6, IL-10, CRP and cortisol
(292).
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2. Intra-thoracic malignancies

2.1 Lung carcinoma

Several studies have been published focussing on intra-thoracic malignancies, and by far
most of these studies deal with postoperative analgesia.

Sun et al. report that dexamethasone can inhibit the growth and angiogenesis of residual
Lewis lung carcinoma cells in mice subsequent to palliative surgery, partially through
downregulation of hypoxia inducible factor 1α and vascular endothelial growth factor (293).
Thakur demonstrated the role of diclofenac as a chemo-preventive agent, exerting its effects
by induction of apoptosis in certain types of cancer, like for instance lung carcinoma, and by
inhibition of COX-2 (294).
Moody and colleagues report that S-diclofenac inhibits the growth of non-small cell lung
cancer (NSCLC) and reduces prostaglandin E2 (PGE2) levels (295).

Li et al. report that tumour interstitial fluid might provide better nutrition to the tumour than
angiogenesis and that it could promote the development of malignant phenotypes of lung
cancer independently of angiogenesis (296).

Based on the results of their meta-analysis, Hou et al. report that the combination of the
selective COX-2 inhibitor celecoxib and chemotherapy appears to improve overall response
rate as compared with chemotherapy alone in patients with advanced non-small cell lung
cancer (297).

Ling and co-workers have prospectively investigated the effects of parecoxib combined
with thoracic epidural analgesia on pain and the stress response after thoracotomy. They
conclude that intravenous parecoxib in multimodal analgesia improves postoperative
analgesia provided by thoracic epidural analgesia, relieves stress response even further, and
may restrain the development of chronic pain (298).
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Nesher showed in his study that perioperative use of S-ketamine not only reduces opioid
consumption but that it is also well tolerated in trans-thoracic surgery (221).

Mathews and Nesher state that in case epidural analgesia is contraindicated in a patient
undergoing thoracotomy, the preferred treatment should be to add S-ketamine to morphine
administered via a PCA-pump, in order to reduce opioid consumption and to obtain better
analgesia, without any significant side effects (299,300).

However, Melamed and Shakhar demonstrate that S-ketamine should not be classified as a
panacea. Administering S-ketamine has been shown to induce stimulation of the betaadrenergic system. This in turn induces suppression of NK-cell activity and therefore
tumour enhancing effects, potentially stimulating the development of metastases (182,183).
In this study, rats were injected with cancer cells and subsequently exposed to different
types of anaesthetics. In rats that were exposed to S-ketamine and thiopental an increase of
viable tumour cells was found in the lung during autopsy (by respectively factor 5.5 and 2).
By contrast, this effect was not encountered in rats exposed to propofol or diazepam.
Exposure to propofol and diazepam had no effect on the amount or activity of NK-cells
either. This finding is in shrill contrast to exposure to S-ketamine and/or thiopental, which
in both cases resulted in a significant decrease in number and activity of NK-cells.

Yoshioka et al demonstrated that thoracic epidural analgesia results in a decrease of opioid
consumption and better analgesia in both trans-thoracic surgery and video-assistedthoracoscopic surgery (VATS) (301). Remarkably, Helms and colleagues found no
reduction in morphine consumption (and/or better analgesia) after local anaesthetics were
administered via a paravertebral catheter that had been inserted by the surgeon during
thoracotomy. This finding strongly suggests the existence of a pre-emptive effect (302).
It is noteworthy that insertion of a paravertebral catheter according to the landmark
technique can result in a high number of incorrect positioned catheters, up to 50% (303).

Kosinski et al. have compared the analgesic efficacy of continuous thoracic epidural
analgesia and percutaneous continuous paravertebral blockade in patients undergoing VATS
lung lobectomy. Based on the results of their randomized, non-inferiority trial, they
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conclude that postoperative pain following VATS lung resection is significant and requires
the application of complex analgesic techniques. Furthermore, percutaneous continuous
paravertebral blockade proved equally effective as thoracic epidural analgesia in providing
analgesia in this group of patients (304).

Mercanoglu and colleagues have studied the effectiveness and side effects of intravenous or
epidural use of morphine, bupivacaine or ropivacaine on post-thoracotomy pain
management. The results of their randomized, double-blinded, prospective study revealed
that morphine used via the epidural route was found more effective than via the intravenous
route. Furthermore, morphine administered epidurally proved more effective in the late
postoperative period, whilst the administration of morphine and bupivacaine together was
more effective in the early period (305).

Shah’s group concludes that intraoperative continuous epidural analgesia decreases postanaesthesia care unit (PACU) length of stay as discharge criteria for patient-reported NRS
pain scores are met earlier. This conclusion is based on the results of their retrospective
chart review of thoracic, abdominal, and orthopaedic surgeries where an epidural catheter
was placed prior to surgery (306).

Based on the results of their prospective and randomized study (in which the effects of two
different anaesthesia methods on cellular immune function following resection of lung
carcinoma were investigated) Chen et al. report that TIVA combined with epidural
anaesthesia and analgesia interferes less with the immune system compard with TIVA alone
(307).

Alexin and Khoronenko even claim that the use of thoracic epidural analgesia significantly
decreases the frequency of postoperative atrial fibrillation in patients undergoing extended
lung surgery (being most effective in patients undergoing lobectomy) (308).

Özbek and co-workers have investigated the added value of neuraxial analgesia in patients
undergoing open lung resection. Compared to general anaesthesia, the combination of
neuraxial analgesia with general anaesthesia resulted in lower incidences for acute
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myocardial infarction, pulmonary complications, blood transfusion and mechanical
ventilation. However, there was an increased incidence for thromboembolic events in the
neuraxial group (309).
The latter is a remarkable finding since Hollmann et al. have shown that epidural analgesia
prevents immediate postoperative hypercoagulability without affecting physiologic
aggregation and coagulation processes (1030).

Ke and colleagues have performed a meta-analysis in which epidural anaesthesia was
compared with general anaesthesia with respect to operating time and postoperative hospital
stay time in patients undergoing video-assisted lung surgery. Their results suggest that
epidural anaesthesia has more advantages than general anaesthesia with respect to operative
time. Furthermore, epidural anaesthesia showed a favourable surgical outcome on
postoperative hospital stay. Therefor, the authors conclude that epidural anaesthesia can
save operating time and hospital stay time compared to general anaesthesia. However, in
this meta-analysis epidural anaesthesia was not associated with fewer complications (310).

Dumans-Nizard et al. have performed a prospective, double-blind, placebo-controlled study
in which the effects of epidurally administered levobupivacaine on remifentanil and
propofol consumption were evaluated in patients undergoing thoracotomy. Their results
show that the administration of levobupivacaine allows for a decrease by one-third of
remifentanil requirement (311).
Surprisingly, Chan and colleagues report that levobupivacaine induces dissemination of
lung cancer cells in vitro and in vivo. By contrast, other amide-type local anaesthetics,
including ropivacaine, lidocaine and bupivacaine did not facilitate dissemination in their
study (312).

Based on the results of their prospective, randomized study, Xu’s group claims that both
combined general-epidural anaesthesia (CGEA) and total intravenous anaesthesia (TIVA)
affect cellular immunity. However, general anaesthesia combined with thoracic epidural
analgesia had a reduced effect on cellular immunity compared with TIVA. Furthermore,
CGEA displayed improved postoperative analgesic effects. In other words, in patients
undergoing thoracoscopic surgery for non-small cell lung cancer, thoracic epidural
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analgesia combined with general anaesthesia attenuates the surgical stress response to a
greater extent when compared with TIVA (313).

Also based on the results of a prospective, randomized study, Zawar and colleagues report
that thoracic epidural analgesia decreases stress and inflammatory response to surgery and
decreases hospital stay in patients undergoing off pump coronary artery bypass surgery
(314).

In an attempt to ameliorate postoperative pain following thoracotomy, Gebhardt et al., and
Ried et al. have studied the effectivity of the ON-Q® local anaesthetic–infiltrating catheter.
The ON-Q® Pain Relief System is a non-narcotic elastomeric pump, placed by the surgeon
intraoperatively, that automatically and continuously delivers a regulated flow of local
anaesthetic to a patient’s surgical site or in close proximity to nerves, providing targeted
pain relief for up to five days (Halyard).

In their retrospective study, Gebhardt et al. have compared thoracic epidural analgesia with
ON-Q infiltrating catheters in patients undergoing open thoracotomy. Results show that
patients who received thoracic epidural analgesia had lower average pain scores on day 2
than did patients in the ON-Q group. Patients in the ON-Q group reported higher maximum
pain scores on days 1 and 2, and at the time of discharge. However, patients in the ON-Q
group were discharged an average of 1 day earlier. Therefore, the authors conclude that
even though the maximum pain score was higher in the ON-Q group, patients were
comfortable enough to be discharged earlier, resulting in cost savings (315).

Ried et al. also compared the ON-Q catheter system with thoracic epidural analgesia in
patients undergoing thoracotomy. Based on the results of their prospective, non-randomized
trial the authors conclude that sufficient analgesia after thoracotomy can be achieved with
the intercostal ON-Q system in patients, who cannot receive thoracic epidural analgesia
(316).

Although cost-saving aspects certainly play an important role, insufficient control of the
surgical inflammatory stress response might also prove more costly in the longer term.
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Engelhardt and co-workers have conducted a retrospective study, in which epidural
analgesia for pulmonary resection has been compared with subpleural analgesia, especially
focussing on the morbidities associated with both analgesic techniques. In patients
undergoing lobectomy for lung cancer through a thoracotomy or thoracoscopy, either an
epidural or a subpleural catheter was placed. Patients in the subpleural catheter group were
more likely to have undergone thoracoscopic surgery, and were more likely to develop
intestinal complications compared with the epidural group. Meanwhile, patients in the
epidural group were more likely to experience postoperative pruritus (morphine effect?),
had longer intensive care unit stays, but were less likely to use a patient-controlled analgesia
pump (317).

Miyazaki’s group has conducted a randomized open control trial in which the effects of
early postoperative administration of pregabalin on postoperative pain following lung
cancer surgery were evaluated. Compared with epidural analgesia and non-steroidal antiinflammatory drug use, pregabalin administration showed no beneficial effects for patients
with NSCLC undergoing surgery. Both groups showed similar frequency of additional
NSAID use, similar NRS for the intensity of ongoing pain, and similar frequency of
neuropathic pain at any time until 3 months after surgery (318).

Tamura et al. have prospectively compared the analgesic effects of thoracic epidural
analgesia with thoracic paravertebral blockade via the surgical field in patients undergoing
thoracotomy. Their results showed that epidural blockade is superior to paravertebral
blockade (inserted in the paravertebral space by the surgeon). Furthermore, the incidence of
side-effects, like lower blood pressure, was similar in both groups (319). Obviously, any
pre-emptive effect was absent in the paravertebral blockade group.

The same applies to the study performed by Khalil and co-workers. In their randomized,
observer-blinded, controlled study lung cancer patients were randomly allocated to the
serratus anterior plane block (SAPB) group, or the thoracic epidural analgesia (TEA) group.
SAPB was performed before extubation and after wound closure with and injection of of 30
ml 0.25% levobupivacaine followed by continuous infusion of 5 ml/hour of 1.125%
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levobupivacaine. In the TEA group, epidural catheters were inserted preoperatively, to be
activated before extubation using a lower dose regimen compared to the SAPB group.
Results showed comparable VAS scores and similar total dose of morphine consumed in
both groups. Furthermore, mean arterial pressure was significantly decreased in the TEA
group compared with the SAPB group (320). Pre-emptive effects were obviously abolished
in this study design.

Yamauchi et al. have compared the analgesic effects of continuous paravertebral blockade
using a thoracoscopic catheter-insertion technique with thoracic epidural analgesia. In this
retrospective case-control study, patients who underwent thoracotomy with PVB were
included. Prior to thoracotomy incision, a catheter for PVB was inserted percutaneously into
the paravertebral space under thoracoscopic guidance. A matched-pair control group was
selected from patients who underwent thoracotomy with thoracic epidural analgesia. Pain
control and side effects were compared between groups. Results showed that pain scores on
postoperative day 2 did not differ significantly between both groups. With respect to side
effects, urinary retention occurred less frequently in patients with thoracic PVB (321).

Cata and colleagues have studied the effects of type of postoperative analgesia after surgery
for non-small cell lung cancer on recurrence-free and overall survival. Results of this
retrospective study showed that the type of postoperative analgesia (intravenous patientcontrolled analgesia, patient-controlled epidural analgesia, and their combination) was not
associated with better overall and recurrence-free survival (322).
Lee et al. also retrospectively investigated the effects of paravertebral blockade on cancer
recurrence in patients following lung cancer surgery. Their results show that PVB is not
associated with reduced cancer recurrence. However, PVB might have a beneficial effect on
overall survival of patients with lung cancer (323).

With respect to paravertebral blockade, Hassan and Mahran state that the addition of
dexmedetomidine to PVB with bupivacaine provides more effective analgesia with
improvement in postoperative functions in patients undergoing thoracic surgery. This
statement is based on the results of their prospective study in which addition of
dexmedetomidine 1 µg/kg as a bolus and 0,2 µg/kg/hr by continuous infusion resulted in a
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significant reduction of intra- and postoperative opioid consumption in the first 24 hours.
Futhermore, VAS score during cough was reduced and postoperative pulmonary functions
were improved (324).
However, in their propensity score-matched retrospective study, Cata’s group reports that
intraoperative use of dexmedetomidine is associated with decreased overall survival after
lung cancer surgery. Obviously, we are in need of randomized controlled studies focusing
on this subject (325).

Based on the results of their retrospective study in non-small cell lung cancer patients, Oh et
al. report that the amount of opioid usage is not associated with recurrence or mortality
(326).

Jones and Asteriou suggest a greater pro-inflammatory response in patients undergoing lung
resection via thoracotomy compared with VATS (327,328). This finding is in accordance
with previous reports indicating that the level of tissue damage caused by a surgical
intervention determines the level of immunosuppression (7).

Oddly enough, Cata et al. report that immunity is not preserved in patients with non-small
cell lung cancer (NSCL) after surgical resection by the use of epidural analgesia. This
conclusion is based on their observational single-centre study, in which patients with NSCL
cancer undergoing thoracotomy with epidural analgesia were studied. Although the
percentage and function of natural killer cells was significantly decreased after surgery, the
percentage of natural killer T cells, T helper cells, and cytotoxic T lymphocytes remained
unchanged (329).

Xu and co-workers, on the other hand, report that surgical trauma can induce postoperative
T-lymphocytes dysfunction in lung cancer patients through the programmed death-1
pathway. Furthermore, this dysfunction appears to correlate with the severity of surgical
trauma. Apart from this dysfunction, the count of T-lymphocytes and natural killer cells was
reduced after surgery with a significantly increased level of inflammatory cytokines and
stress hormones (330).
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Interestingly, Ju et al. have studied the effects of inhaled budesonide on respiratory
mechanics and the inflammatory response in patients undergoing one-lung ventilation for
lobectomy. Based on the results of their prospective, double blind study, they conclude that
preoperative budesonide inhalation, compared with saline inhalation, reduced both peak and
plateau ventilatory pressures. Furthermore, preoperative budesonide treatment also reduced
the concentrations of tumour necrosis factor-α, interleukin-1β, interleukin-6 and interleukin8 in bronchoalveolar lavage fluid, but increased interleukin-10 30 minutes after reexpansion (331).
Based on the results of their prospective, randomized study, Potočnik’s group reports that
sevoflurane appears to display anti-inflammatory effects in patients undergoing open lung
surgery with one-lung ventilation. Patients allocated to the sevoflurane group had
significantly lower interleukin-6 and postoperative CRP levels compared with patients
allocated to the propofol group. Pre- and postoperative procalcitonin was within the
reference range in both groups (332).
Tian and colleagues have prospectively compared the effects of sevoflurane anaesthesia
with propofol anaesthesia on the perioperative inflammatory response in patients
undergoing lung cancer resection. Based on the results, the authors conclude that propofol
anaesthesia, compared to sevoflurane anaesthesia, can significantly reduce the perioperative
inflammatory response, shorten recovery time, protect pulmonary function, and reduce the
prevalence rate of intraoperative adverse reactions (333).

As mentioned previously, Zhang and Shao demonstrate that isoflurane promotes non-small
cell lung cancer proliferation, migration, and invasion by activating the Akt-mTOR
signaling pathway (334).

Sen et al. have prospectively investigated the effects of pressure-controlled (PCV) and
volume-controlled ventilation (VCV) on respiratory mechanics and systemic stress response
in patients undergoing percutaneous nephrolithotomy. Results showed that when compared
with VCV mode, PCV mode is associated with lower P-peak and P-plateau levels during
both supine and prone positions, better postoperative oxygenation, lower blood cortisol
levels during surgery in prone position and in the early postoperative period. Therefore, the
57

authors conclude that PCV mode might be more appropriate in prone position during
anaesthesia (335).

As mentioned previously, Cata and colleagues report that, based on their retrospective
survey, intraoperative opioid use is associated with decreased overall survival in stage I, but
not in stage II or III non-small cell lung cancer (82).
Maher et al also suggest an association between increased doses of opioids during the initial
4-day postoperative period with a higher recurrence rate of non-small-cell lung cancer in
their retrospective analysis (83).

Lennon et al, on their turn suggest a possible direct effect of Mu Opioid Receptor (MOR)
stimulation on opioid and growth-factor-induced proliferation, migration and epithelial
mesenchymal transition (EMT) in human lung cancer. In their study, morphine was shown
to promote cell proliferation and invasion of human lung cancer cells (86).

Zylla and colleagues have retrospectively examined if long-term opioid requirement,
independently of chronic pain, is associated with reduced survival in patients with stage
IIIB/IV non-small cell lung cancer (NSCLC). Based on the results of their study, they
conclude that the severity of chronic cancer-related pain or greater opioid requirement is
associated with shorter survival in advanced NSCLC, independently of known prognostic
factors (336).
Wang et al. also retrospectively evaluated the effect of postoperative mu agonists on overall
survival and disease-free survival in early stage NSCLC patients. Their results show that
postoperative opioid usage was related to shorter overall survival and disease-free survival
for patients with NSCLC undergoing surgery (337).

Kashiwagi and colleagues have compared the efficacy of ultrasound-guided thoracic
paravertebral blockade (TPVB) with epidural analgesia in patients undergoing videoassisted thoracoscopic surgery (VATS). They claim that TPVB affects hemodynamics less
than epidural analgesia. However, there was also less postoperative analgesic effect with
TPVB than with epidural analgesia (338).
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On the other hand and as mentioned previously, Kosinski’s group states that continuous
PVB is as effective as continuous thoracic epidural analgesia in providing analgesia in this
group of patients (304).

Rao et al. state that ropivacaine wound infiltration might be a safe and effective fast-track
approach for patients undergoing thoracotomy surgery. In their prospective, randomized,
double blinded study, local wound infiltration with ropivacaine resulted in significantly
lower pain scores, lower opioid consumption, shorter postoperative hospital stay, earlier
ambulation, and higher patient satisfaction scores compared to local wound infiltration with
placebo (339).

Piegeler demonstrates in his study that amide-linked local anaesthetics have the ability to
inhibit migration of lung adenocarcinoma cells and inflammatory Src signalling,
independent of sodium channel blockade (57).

Wang’s group demonstrates that amide-linked local anaesthetics induce apoptosis, and
suppress invasion and migration of human non-small cell lung cancer cells (340).

As mentioned previously, evidence is growing that inflammation plays a key role in tumour
development. Lately, several study results confirm that the preoperative neutrophil-tolymphocyte ratio (NLR) offers important prognostic information on the aggressiveness of
certain types of cancer. As demonstrated by Forget and colleagues, in patients with breast
cancer and a high preoperative NLR (≥ 4), the use of NSAID’s was associated with a
reduction of the relative risk of cancer recurrence and mortality by more than 50%,
compared to patients with a NLR < 4. In other words, breast cancer patients with a high
NLR, a higher inflammatory grade, profited most of the anti-inflammatory treatment with
diclofenac (137).
The degree of inflammation, as reflected by the NLR, appears not only to correlate with the
aggressiveness of cancer, but also with the effectiveness of treatment with antiinflammatory drugs and/or chemotherapeutic agents.
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Carus et al. conclude that a neutrophil index comprising elevated baseline neutrophils and
absence of neutropenia was able to identify a high-risk group of non-small cell lung cancer
(NSCLC) and ovarian cancer patients with only modest effect of chemotherapy (341).
Interestingly, a high NLR in breast cancer patients was associated with a better response to
treatment with anti-inflammatory drugs. On the contrary, a high NLR in NSCLC and
ovarian cancer patients is associated with less effect of chemotherapy. This difference could
very well be explained by the fact that chemotherapeutic agents in general interfere far less
profoundly with the inflammatory response than NSAID’s. In fact, many chemotherapeutic
agents are able to trigger and maintain inflammation.

The prognostic value of NLR, as a component of a newly validated prognostic score LENT
(pleural fluid lactate dehydrogenase, Eastern Cooperative Oncology Group (ECOG)
performance score, NLR and tumour type) is confirmed by Clive and co-workers. Based on
their study results, they conclude that the LENT prognostic score predicts survival more
accurately in patients with malignant pleural effusion than the ECOG prognostic score alone
(342).

Huang and colleagues, on their turn, claim that NLR in combination with enhanced contrast
computed tomography is a valuable tool in detecting regional lymph node metastasis in
patients with non-small cell lung cancer. The combination of enhanced contrast computed
tomography with NLR (COCT-NLR) was reported to have a sensitivity of 70.6% and a
specificity of 74.9% in predicting nodal involvement (343).

Cannon et al. state that pre-treatment NLR and PLR (platelet-to-lymphocyte ratio) represent
significant prognostic indicators of survival in patients treated for early-stage non-small cell
lung carcinoma with stereotactic radiation (344).

Based on their retrospective analysis, Bar-Ad and colleagues report that elevated
pretreatment NLR is a potential biomarker to identify lung cancer patients with poor
prognosis (345).
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Diem’s group claims that elevated pre-treatment NLR and PLR are associated with shorter
overall survival, shorter progression free survival, and with lower response rates in patients
with metastatic NSCLC treated with nivolumab (346).

Derman et al. conclude that high baseline and progressive increases in NLRs are associated
with progressive disease, inferior overall survival and weight loss in NSCLC patients (347).

In turn, Käsmann and colleagues state that NLR predicts oucome in patients with limited
disease small-cell lung cancer. In their study, NLR < 4 was an independent prognostic
factor for improved survival and metastasis-free survival (348).

Lan et al. have conducted a single institutional cohort study in which the prognostic
properties of NLR and PLR in NSCLC patients undergoing radical lung surgery were
investigated. Their results show that both preoperative NLR and PLR were good prognostic
factors for postoperative complications and overall survival in NSCLC patients undergoing
surgery (349).
Deng and colleagues confirm the predictive value of pretreatment NLR in patients with
small-cell lung cancer. In this retrospective study, NLR ≥ 2.65 was an independent risk
factor for worse progression-free survival and overall survival (350).
By contrast, Jin’s group claims that postoperative NLR and ΔNLR, but not preoperative
NLR, act as independent prognostic factors of disease-free survival and overall survival in
patients with stage I NSCLC undergoing complete resection (351).

Sanchez-Salcedo et al. report that in a lung cancer screening setting, the assessment of
annual PLR change could help predict lung cancer development (352).

Han’s group reports that PLR, but not NLR, is an independent prognostic factor in patients
with anaplastic lymphoma kinase (ALK)-positive non-small cell lung cancer (353).

On the other hand, Kang and colleagues claim that NLR, but not PLR, is associated with
overall survival and progression-free survival in patients with small-cell lung cancer treated
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with platinum-based chemotherapy. In their retrospective study, a high NLR (≥ 4.0) at
diagnosis was clearly associated with poor performance status, advanced stage, and lower
response rate (354).

Lee et al. support the prognostic value of PLR in patients with NSCLC undergoing surgery.
In this retrospective study, high PLR (≥ 180) was significantly associated with reduced rates
of recurrence-free survival and overall survival. Although a higher preoperative
inflammatory status was associated with decreased rates of survival, perioperative use of
NSAIDs was not found to be an independent predictor of survival in this retrospective study
(355).

Zhang and co-workers confirm that a high NLR, but not PLR, is associated with worse
overall survival in patients with non-small-cell lung cancer (NSCLC) (356).

Tang and colleagues have investigated the prognostic performance of NLR in locally
advanced NSCLC treated with endostar and concurrent chemoradiotherapy. Their results
confirm that NLR and monocyte count independently predict overall survival in patients
with stage III NSCLC treated by a combination of anti-angiogenic therapy and concurrent
chemoradiotherapy. An elevated pre-treatment NLR and monocyte number were negatively
associated with overall survival (357).

Giuliani and co-workers endorse the importance of pre-treatment NLR and monocyte-tolymphocyte ratio (MLR) in lung stereotactic body radiotherapy patients. In their study, NLR
and MLR were independently associated with overall survival and disease-unrelated death
(358).
Based on their retrospective study, Lin et al. also conclude that high NLR (≥ 3.5) is an
independent prognostic factor for worse progression-free and overall survival in epidermal
growth factor receptor (EGFR)-mutated advanced non-small-cell lung cancer patients
treated with first-line EGFR tyrosine kinase inhibitors (gefitinib or erlotinib) (359).
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Kos and colleagues subscribe to the importance of NLR in predicting outcome in patients
with NSCLC. High NLR (≥ 3.24) proved an independent marker of poor outcome, but so
did a low prognostic nutritional index (PNI). PNI < 49.5 was significantly associated with
worse overall survival. PNI is calculated from the serum albumin, triceps skin-fold
thickness, serum transferrin, and delayed hypersensitivity reaction (360).

According to Zhang and co-workers, preoperative NLR represents a significant prognostic
indicator in primary operable NSCLC patients. NLR was reported to be an independent
prognostic factor for disease-free survival and overall survival. The authors also report that,
based on the NLR, high-risk patients did not benefit from adjuvant chemotherapy (361).

The prognostic significance of pretreatment NLR on survival in patients with lung cancer is
confirmed by Takahashi, Xie and Berardi (362-365).

By contrast, Sim et al. report that pretreatment NLR is a prognostic factor in patients with
with non-small cell lung cancer (NSCLC) receiving chemotherapy, but not in epidermal
growth factor receptor (EGFR)-mutant NSCLC patients treated with tyrosine kinase
inhibitors (366).

Gu and colleagues have performed a meta-analysis on the prognostic significance of NLR in
patients with non-small cell lung cancer. Their results indicate that high pretreatment NLR
(≥ 5.0) predicts poorer overall survival and progression-free survival (367).
Yin and co-workers confirm the prognostic significance of NLR in both non-small cell lung
cancer and small cell lung cancer. In their meta-analysis, high NLR was associated with
worse overall survival in both groups of cancer patients (368).

Shao and Cai report that pretreatment NLR predicts recurrence and poor prognosis for
combined small cell lung cancer. In their study, a high NLR (≥ 4.15) was significantly
associated with poor prognosis and recurrence of combined small cell lung cancer (369).

Shaverdian cum suis claim that, in the setting of stereotactic body radiation therapy, an
elevated pretreatment NLR is a predictor of poor overall survival in patients with early63

stage non-small-cell lung cancer (NSCLC). Apart from NLR, an elevated PLR, and
neutrophil count together with the presence of lymphocytopenia independently predicted for
poor overall survival (370).

Tong and colleagues conclude that the systemic immune-inflammation index (SII) acts as an
independent indicator of poor outomes for patients with stage III NSCL. Furthermore, the
authors state that SII is superior to other inflammation-based factors in terms of prognostic
ability. The SII is defined as neutrophil count × platelet/lymphocyte count (371).
Gao’s group reports that preoperative pulmonary function correlates with systemic
inflammatory response and prognosis in patients with NSCLC. In their single-institution
retrospective analysis, preoperative forced vital capacity (FVC) and NLR were
independently associated with overall survival (372).

Koh and co-workers have investigated the predictive value of NLR by examining their
association with the baseline presence and subsequent development of brain metastases in
patients with stage IV non-small-cell lung cancer. Patients with high NLR (≥ 4.95) had
signicicantly more brain metastases at diagnosis than those with low NLR (< 4.95). Also, in
patients who had no baseline brain metastasis, competing risk analysis revealed that patients
with high NLR showed higher cumulative incidence of subsequent brain metastases,
compared with those with low NLR. Furthermore, an increase in NLR during treatment was
significantly associated with subsequent brain metastases. Therefore, the authors conclude
that NLR is an independent predictive factor for the presence of brain metastases and
subsequent brain metastases in stage IV NSCLC (373).

Based on the results of their meta-analysis involving over 7200 patients, Yu’s group states
that a high pre-treatment NLR (≥ 4.0) is significantly associated with poor overall survival,
especially in cases of small-cell lung cancer. Therefore, the authors conclude that a high
pre-treatment NLR may be considered as a biomarker for poor prognosis in patients with
lung cancer (374).
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Choi et al. have performed a retrospective study in which the effects of postoperative
NSAID administration and NLR were investigated on tumour recurrence and survival in
patients undergoing surgery for NSCLC. Their results show that Ketorolac administration
was marginally associated wth better overall survival (p=0.05), but not with recurrence-free
survival. Furthermore, preoperative NLR (≥ 5.0) was associated with a reduced recurrencefree and overall survival only in patients with stage I NSCLC. Ketorolac administration was
not found to be an independent predictor of survival (375).

Dirican and colleagues report an association between intratumoural tumour infiltrating
lymphocytes and NLR, and confirm their independent prognostic ability in non-small-cell
lung cancer (376).

Cata and co-workers have conducted a propensity score-matched retrospective study in
which the use of intraoperative dexamethasone on survival following NSCLC surgery was
investigated. Their study demonstrates that intraoperative dexamethasone administration to
patients undergoing NSCLC surgery is not associated with a significant impact on
recurrence-free survival and/or overall survival (377).

The same group has retrospectively investigated the impact of perioperative blood
transfusions on the survival of patients with NSCLC. Their results show that NLR < 5.0 and
the absence of blood transfusions were significantly associated with lower mortality risk
(378).

Miyazaki et al. have evaluated the prognostic significance of the Glasgow Prognostic Score
(GPS) in surgically treated, over 80-years old patients with clinical stage I non-small-cell
lung cancer (NSCLC). Based on the study results, the authors claim that the preoperative
GPS appears to be a useful predictor of overall survival and could be used as a simple
prognostic tool in elderly patients with clinical stage I NSCLC (379).

Yuan’s group reports that preoperative NLR is superior to PLR for survival in patients
undergoing complete resection of thymic carcinoma. In their retrospective analysis, a
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preoperative NLR greater than 4.1 was significantly associated with larger tumour size,
reduced disease-free survival, and reduced overall survival (380).

Song and colleagues claim that total intravenous anaesthesia with propofol and remifentanil
may reduce chronic post-thoracotomy pain syndrome (CPTS) at 3 and 6 months compared
to inhalational anaesthesia with sevoflurane (381).
Finally, and as mentioned previously, the effects of β-adrenergic receptor stimulation on
cancer development and/or progression attract growing attention. Schuller reports that data
from recent experimental studies suggest that hyperactivity of the sympathetic branch of the
autonomic nervous system, caused by chronic stress or chronic exposure to nicotinic
agonists in cigarette smoke, contributes significantly to the development and progression of
non-small cell lung cancer (382).
These findings are confirmed by Jang and co-workers. In their mice-study, chronic stress
facilitated lung tumourigenesis by promoting exocytosis of insulin-like growth factor 2 in
lung epithelial cells (383).

Based on a nationwide retrospective matched population-based cohort study, Lin et al.
report that long-term treatment with the β-blocker carvedilol is associated with reduced lung
and gastric cancer risk (384).
Yazawa’s group claims that β2-adrenergic receptor expression is an independent prognostic
factor for early-stage non-small cell lung adenocarcinoma. In their retrospective study, β2adrenergic receptor expression was independently associated with poor progression-free
survival in stage I NSCLC (385).

Zingone and co-workers have investigated the relationship between anti-depressants use and
lung cancer survival. Results of their retrospective analysis revealed that anti-depressants
use is associated with extended lung cancer-specific survival. More specifically,
norepinephrine and dopamine reuptake inhibitors and tricyclic anti-depressants use was
associated with improved survival. Perchance, these findings might be attributed to the
effects of these anti-depressants on the β-adrenergic receptors (386).
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On the other hand, Numbere et al. were unable to confirm any protective effect of βblockade on lung cancer risk. In their case-control study, adrenergic blocker use was not
associated with a reduced risk of lung, breast, bowel and/or prostate cancer (387).
Yang and Weberpals were also unable to detect any beneficial effects of β-blocker use on
outcome in patients with lung cancer (388,389).

Interestingly, Lip and colleagues have performed a cohort study in which a possible
association was studied between antihypertensive drug use and cancer risk. They claim that
exposure to digoxin or β-blocker therapy appears to protect against respiratory cancers
while calcium antagonist therapy appears to increase the risk. Thiazide diuretics are
associated with increased gastrointestinal tumour risk. Calcium antagonist use at diagnosis
of breast cancer improved survival (390).

A clear forward explanation for these findings can’t readily be given. Perchance that the
negative dromotropic effects of digoxine and β-blockers could play an important role. In
contrast to digoxine and β-blockers, most calcium antagonists and thiazide diurectics lack
these negative dromotropic effects. Several study results suggest a possible association
between positive dromotropic activity, respectively β-adrenergic receptor stimulation and
enhanced tumour growth. Obviously, further study results are wanted.

Nonetheless, Anker’s group reports that resting heart rate, independently of haemoglobin
level and tumour stage, predicts survival in patients with advanced non-small-cell lung
cancer, pancreatic cancer, and colorectal cancer. This conclusion is based on the results of
their prospective cardiovascular sudy with a mean follow-up of 27 months (391).

Lee et al. have conducted a prospective, randomized, placebo-controlled and double-blinded
trial in which the effects of dexmedetomidine on oxygenation and lung mechanics were
investigated in patients with moderate COPD undergoing lung cancer surgery. Their results
show that intravenous administration of dexmedetomidine during one-lung ventilation
(OLV) results in higher PaO2/FiO2 ratio, lower dead space ventilation, and higher dynamic
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compliance (30 and 60 minutes after OLV). In this study, patients were treated with
dexmedetomidine 1.0 μg/kg as a bolus over 10 minutes, followed by a maintenance dose of
0.5 μg/kg/h during OLV (392).
In their other study, patients in the dexmedetomidine group were loaded with 1.0 μg/kg for
20 minutes before the termination of surgery, whilst patients in the control group were
loaded with a comparable volume of normal saline. Patients in the dexmedetomidine group
(DEX) showed lower emergence agitation and higher forced expiratory volume for 1 second
(FEV1) on postoperative day 1 and 2. Furthermore, the length of hospital stay was
significantly shorter in the DEX group compared with the control group. Consequently, the
authors conclude that intraoperative dexmedetomidine administration could improve
postoperative outcomes and reduce the length of hospital stay in patients undergoing VATS
(393).

With respect to dexmedetomidine, Bulow and colleagues claim that dexmedetomidine (as
an anaesthetic adjuvant) decreases the inflammatory stress response to myocardial surgery
under mini-cardiopulmonary bypass. In their prospective, randomized, blinded study,
dexmedetomidine reduced the circulating levels of IL-1, IL-6, TNF-α, and INF-γ, thus
indicating an anti-inflammatory effect (394).
El-Shmaa and El-Baradey have reported comparable stress response attenuation by
dexmedetomidine to laryngoscopy and endotracheal intubation (286).

Li et al. report that thoracic epidural analgesia decreases the mean arterial pressure and
mean pulmonary arterial pressure during one-lung ventilation (OLV). Furthermore, thoracic
epidural analgesia appears to be associated with a significant reduction in partial arterial
oxygen pressure, mixed arterial saturation of oxygenation and increased pulmonary venous
admixture fraction compared to general anaesthesia (395).

Cho et al. have performed a prospective, randomized trial in which the effects of desfluraneremifentanil anaesthesia versus propofol-remifentanil anaesthesia on arterial oxygenation
during one-lung ventilation for thoracoscopic surgery were investigated. Results show that
desflurane-remifentanil anaesthesia results in decreased arterial oxygenation compared with
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that of propofol-remifentanil anaesthesia during one-lung ventilation in patients undergoing
lung cancer surgery (396).

Liu’s group claims that general anaesthesia with etomidate has less of an effect on immune
function in patients with lung adenocarcinoma compared to propofol total intravenous
anaesthesia. In this prospective, randomized trial the percentage of CD4+ cells in both
groups (etomidate and propofol group) was significantly reduced at 24 hours post-surgery
compared with the percentage before surgery, whereas the percentage of CD8+ was higher
at 24 hours post-surgery. Mature T-helper cells express the surface protein CD4 and are
referred to as CD4+ T cells, whereas CD8+ cells represent specific cytotoxic T-cells. The
CD4+ percentage of group E (Etomidate) was higher than that of group P (Propofol)
postoperatively, wheras the CD8+ percentage was lower than that of group P before
surgery. One could speculate that transient suppression of the adrenal cortex might play a
role (397).

Interestingly, Zhao and colleagues report that comprehensive psychological intervention can
effectively relieve pain, improve immune function and enhance quality of life in patients
undergoing surgery for lung cancer. In this study, the effects on postoperative pain and the
immune function were analyzed until 48 hours after surgery (398).
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2.2 Mesothelioma
Study results focussing on mesothelioma and its relation to anaesthesia and/or anaesthesia
techniques are scarce. We could identify only the following studies addressing this issue.

Robinson and colleagues report that the use of NSAID’s, COX-2 inhibitors or both have no
effect on development or progression of mesothelioma in a human cohort exposed to
asbestos. The authors confirmed this finding in a murine model.
An unexpected finding given the fact that asbestos has been shown to be able to cause
chronic inflammation. One could therefore expect that NSAID’s and COX-2 inhibitors
would inhibit the development of asbestos-induced mesothelioma (399).

Linton and co-workers have investigated factors associated with survival in 910 patients
with malignant pleural mesothelioma. Median overall survival was 10.0 months. Longer
overall survival was associated with: age < 70 years, female gender, epithelioid subtype,
ECOG status and Neutrophil-to-Lymphocyte ratio (< 5.0) (400).

Based on the results of their meta-analysis, Chens and colleagues report that elevated NLR
could be a potential prognostic factor for malignant pleural mesothesioma patients and
might be associated with histology as an efficient clinical index to stratify patients (401).

Yamagishi et al. have evaluated the clinical value of lymphocyte-to-monocyte ratio (LMR)
in relation to overall survival in patients with malignant pleural mesothelioma. Furthermore,
the authors have compared the prognostic value of LMR with other inflammation-based
scores in predicting survival. They claim that LMR is an independent prognostic marker for
overall survival in patients with malignant pleural mesothelioma and that LMR is superior
to other inflammation-based scores with respect to prognostic ability (402).
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3. Breast cancer

Breast cancer is the most frequently encountered malignancy in women. In contrast to
carcinoma of the prostate, the most frequently encountered malignancy in men, several
studies have been published focussing on the relation between perioperative use of
pharmaceuticals, anaesthetic technique and evolution of breast cancer.

Especially for this type of malignancy, evidence exists that surgery and surgical stress can
lead to accelerated development of (micro) metastases (403). There are also indications that
(in vitro) anti-inflammatory drugs, such as dexamethasone, restrain adhesion of breast
cancer cells to endothelial cells. When properly administered, this might theoretically result
in a decrease of metastases. Unfortunately this study did not state the optimal dosage of
dexamethasone to achieve this effect (404).
Gomez-Hernandez et al demonstrated that a dose of 8 mg of dexamethasone preoperatively
results in less postoperative pain, nausea and vomiting in women undergoing mastectomy
for breast cancer (405).
However, Li’s group shows that dexamethasone induces docetaxel and cisplatin resistance
partially through up-regulating Krüppel-like factor 5 in triple-negative breast cancer (406).

Bowers et al. report that daily use of a NSAID is associated with reduced oestrogen receptor
α (ERα)-positive breast cancer recurrence in obese and overweight women. ERα-positive
patients with an average body mass index of > 30 who used NSAID’s on a daily basis had a
52% lower recurrence rate and a 28-month delay in time to recurrence. The mechanisms
responsible are believed to be a greater macrophage cyclooxygenase (COX-2) expression
and prostaglandin E2 (PGE2) production in obese patients (407).

The importance of COX-2 expression in predicting early relapse and aromatase inhibitor
resistance in patients with ductal carcinoma in situ of the breast, is supported by Generali
and colleagues (408).
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Simonsson et al. state that COX-2 expression in breast cancer depends on oral contraceptive
history, preoperative NSAID use, and tumour size. In other words, COX-2 expression in
these cancer patients depends on both host factors and tumour characteristics (409).

Serra et al. failed to demonstrate a positive association between COX-2 expression and
clinocopathological breast cancer subtype, tumour features and prognosis (410).
In turn, Cheuk and co-workers report that prostaglandin E2 receptors regulate metastasis
through downregulation of SLC19A3 (411).

De Pedro and colleagues have performed a meta-analysis in which the effects of COX-2
inhibitors and other non-steroidal anti-inflammatory drugs on breast cancer risk were
examined. Based on the results, they state that NSAID use reduces invasive breast cancer
risk by 20% (412).

Based on the results of their prospective cohort study, Kim and co-workers report that
NSAID use, particularly aspirin, may reduce the risk of breast cancer among premenopausal
women. Furthermore, women with a sister with breast cancer are themselves at increased
risk and might benefit the most from this chemoprevention (413).

Based on the results of the Iowa Women’s Health Study, Vaughan and colleagues state that
aspirin use may prevent breast, colon, pancreatic, and ovarian cancer in elderly women
(414).

Allen et al. even claim that COX-2 is involved in the genesis of cerebrospinal fluid tumour
cells in patients with breast cancer. Furthermore, the authors suggest that COX-2 inhibitors
should be investigated in patients with breast cancer with brain metastases for their ability to
reduce cerebrospinal fluid tumour cell counts and prevent systemic recurrence (415).

Interestingly, Thill and co-workers point out that the combination of vitamin D (calcitriol)
and celecoxib demontstrates a cooperative growth-inhibiting effect in breast cancer cell
lines (416).
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Cho et al. have compared two methods of perioperative anaesthesia and analgesia on
immune function in patients undergoing breast cancer surgery. In this prospective,
randomized study, propofol-remifentanil anaesthesia with postoperative ketorolac analgesia
(propofol-ketorolac group) was compared with sevoflurane-remifentanil anaesthesia with
postoperative fentanyl analgesia (sevoflurane-fentanyl group). Results show that propofol
anaesthesia with postoperative ketorolac analgesia results in an increase in NK cell
cytotoxicity (NKCC), whilst sevoflurane-remifentanil anaesthesia with postoperative
fentanyl analgesia results in a decrease in NKCC. Therefore, the authors conclude that
propofol-remifentanil anaesthesia with postoperative ketorolac analgesia has a favourable
impact on immune function by preserving NKCC compared with sevoflurane anaesthesia
with fentanyl analgesia in patients undergoing breast cancer surgery (417).

With respect to the use of fentanyl, Yang’s group cautions its use in the clinical application
in the treatment of breast cancer. In their study, fentanyl promoted breast cancer cell
stemness and Epithelial-Mesenchymal Transition (EMT) by upregulating α1,6-fucosylation
via the Wnt/β-catenin signalling pathway (418).
Interestingly, Goyal and colleagues have compared the effects of intravenous fentanyl with
dexmedetomidine in breast cancer surgery. In this prospective trial, patients were randomly
assigned to either intravenous fentanyl (loading dose of 2 µg/kg and maintenance dose of
0,5 µg/kg/h) or intravenous dexmedetomidine (loading dose of 1 µg/kg with a maintenance
of 0,25 µg/kg/h) till the end of surgery. Patients treated with dexmedetomidine proved
hemodynamically more stable, required less anaesthetics and showed a better recovery
profile. Therefore, the authors conclude that dexmedetomidine can be used as an alternative
to fentanyl in breast cancer surgery (419).

Hugo and colleagues review COX-2 expression as a predictor of survival in various cancer
types, including breast cancer (420).

Li et al. expand further on the role of COX-2 and state that COX-2 functions as a key
cancer-promoting factor by triggering a positive-feedback loop between macrophages and
cancer cells. As we know, COX-2 acts as a rate-limiting enzyme in the metabolic
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conversion of arachidonic acid into prostaglandins, especially PGE2. Over-expression of
COX-2 has been identified in various malignancies, including breast cancer, and has been
shown to contribute to carcinogenesis by stimulating cancer cell proliferation, inhibiting
apoptosis, increasing invasiveness and modulating inflammation and immunity.
Consequently, treatment with non-selective COX-2 inhibition by NSAIDs has been shown
to reduce risk for breast, lung, prostate and colon cancers (421-423).
Apart from an over-expression of COX-2 in tumour cells, the tumour microenvironment is
altered and macrophages are attracted. These tumour-associated macrophages are believed
to play an important role in tumour progression, metastasis and resistance to treatment by
releasing chemokines, inflammatory and growth factors. Furthermore, increased infiltration
of these macrophages to breast cancer is strongly associated with poor prognosis (424).
Accumulating evidence suggests that COX-2 inhibitors are potential anti-cancer therapeutic
agents (425).

Maity et al. report that, based on the results of their studies (using in vitro and in vivo
xenograft models), acetylsalicylic acid displays strong beneficial effects in the prevention of
breast carcinogenesis. Tumour cell growth is prevented by the induction of apoptosis, but
self-renewal capacity and growth of breast tumour-initiating cells/breast cancer stem cells is
also significantly reduced and the formation of a palpable tumour is delayed (426).

Sutton and co-workers, however, were unable to confirm that postoperative NSAID use
does improve breast cancer outcomes. Their meta-analysis revealed limited evidence that
the use of aspirin and non-aspirin NSAIDs may be associated with decreased breast cancer
mortality and all-cause mortality in patients diagnosed with breast cancer (427).

By contrast, Dierssen-Sotos et al. report that in their case-control study most NSAIDs, but
not aspirin, showed an inverse association aginst breast cancer. However, this effect
appeared to be restricted to hormone positive or HER2+ cancers (428).
Van Helmond and co-workers have conducted a prospective, randomized, controlled trial in
which the effects of perioperative COX-2 inhibition on hyperalgesia and persistent pain
following breast cancer surgery were investigated. Apart from less pain on movement on
postoperative day 5, COX-2 inhibition had no significant effect on hyperalgesia and
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persistent pain following breast cancer sugery. Therefore, the authors conclude that COX-2
inhibition has limited value in preventing sensitization and persistent pain after breast
cancer surgery. Central sensitization may thus play a role in the genesis of persistent
postsurgical pain (429).

As reported previously, Forget and colleagues claim that even a single intraoperative
administration of a non-steroidal anti-inflammatory drug during breast cancer surgery, like
for instance diclofenac, is able to reduce early cancer relapse 5-fold. This beneficial effect
of treatment with NSAID’s is reported more marked in patients with a higher Neutrophil-toLymphocyte ratio (NLR). The higher the NLR, the more profound the reduction in breast
cancer relapse. In other words, the higher the degree of inflammation, the more successful
treatment with non-steroidal anti-inflammatory drugs will be. Thus stressing the relationship
between inflammation and (breast) cancer (137).

Nakano and colleagues indorse the importance of the NLR. Based on the results of their
retrospective analysis they conclude that NLR is an independent prognostic factor for
survival in Japanese women (156). A higher NLR is associated with worse outcome
compared to a lower NLR. Interestingly, the authors also report that NLR was significantly
higher in patients with lower body-mass index. A straightforward explanation for this
finding can’t be given.

Lee et al. also have retrospectively investigated the prognostic significance of perioperative
NLR in breast cancer patients. In over 3100 patients, NLR levels were assessed in the
immediate preoperative period and the postoperative periods, 1 week, respectively 1 month
after surgery. Results revealed that a high NLR (> 5.2) in postoperative week 1 was
significantly associated with higher breast cancer specific mortality. Therefore, the authors
conclude that immediate postoperative NLR is an important prognostic marker in breast
cancer patients (430).

Krenn-Pilko and co-workers endorse the significance of preoperative NLR as a prognostic
factor in breast cancer patients. However, in their study a high NLR (≥ 3.0) was associated
with worse disease-free survival, but not with worse overall survival (431).
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Based on the results of their randomized study, Li et al. claim that the NSAID parecoxib is
is able to restrain the inflammatory response and improve immune function of breast cancer
patients by suppressing the elevation of NLR following modified radical mastectomy (432).

Koh confirms that NLR is an independent prognostic factor for recurrence-free survival and
overall-survival in breast cancer patients with oestrogen receptor/progesterone receptor
(ER/PR)-positive and human epidermal growth factor receptor 2 (HER2)-negative subtype
receiving neoadjuvant chemotherapy (433).

Based on the results of their retrospective propensity score-matched analysis, Orditura’s
group demonstrates that high NLR is significantly correlated with worse prognosis in
Caucasian patients with early breast cancer (434).

Ulas et al. report that high pretreatment NLR (> 2.38), in HER2-positive early breast cancer
patients receiving trastuzumab, is associated with shorter disease-free survival. As for PLR,
no effect on disease-free survival or overall survival was observed (435).

Liu and colleagues demonstrate that both increased NLR and PLR are associated with poor
survival in hormone-receptor-negative (HR-) breast cancer patients. Furthermore, NLR was
independently associated with overall survival and disease-free survival, but PLR was not
(436).

Chen’s group also reports that pretreatment NLR (< 2.06) is associated with pathological
complete response rate in breast cancer patients treated with neoadjuvant chemotherapy.
Furthermore, NLR (≥ 2.1) proved to be an independent predictor of recurrence-free survival
and breast cancer-specific survival in this group of patients (437).

Based on the results of their retrospective study, Xu and co-workers also conclude that
pretreatment NLR and PLR may be important predictive indicators for neoadjuvant
chemotherapy response in breats cancer patients (438).
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Dirican et al. corroborate the importance of NLR as a prognostic factor in breast cancer. In
their retrospective study, NLR < 4.0 was clearly associated with longer disease-free and
overall survival. Also the newly defined derived NLR (dNLR: neutrophil/leucocytelymphocyte ratio) proved prognostic for disease-free and overall survival (439).

Pistelli et al. have retrospectively investigated the association between pre-treatment NLR,
disease-free survival and overall survival in patients with early triple negative breast cancer.
Their results show that higher pre-treatment NLR (> 3.0) independently correlated with
poor disease-free survival and overall survival. Patients with lower NLR (˂ 3.0), on the
other hand, showed a significantly better disease-free and overall survival (440).

Iwase’s group confirms the prognostic value of NLR in patients with breast cancer. In their
study, an increased NLR predicted survival, even in patients with recurrent breast cancer
(441).

Based on their observational study, Yao and co-workers conclude that preoperative NLR
(and red cell distribution width-RDW) is a convenient, easily measured prognostic indicator
for patients with breast cancer, especially in patients with the triple-negative subtype (442).
In this study, patients with high NLR (> 2,57) showed a significantly lower overall survival
rate than those with lower NLR (≤ 2,57).
Ozyalvacli et al. have studied preoperative NLR values in patients with primary breast
carcinoma and benign proliferative breast disease. Based on the results, the authors
conclude that preoperative high NLR (> 2,96) is a significant diagnostic predictor of
distinction of breast cancer from benign proliferative breast disease. Furthermore, an
elevated NLR is also an important prognostic marker for primary invasive breast cancer
(443).

Okuturlar and co-workers have retrospectively compared blood count parameters between
breast cancer patients and matched healthy women. They report that elevated NLR (> 2.56)
was significantly higher in the patient group compared to the control group (444).
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Rimando and colleagues report that high pretreatment NLR is associated with all-cause
mortality, but not breast cancer-specific mortality, in black and white patients with nonmetastatic breast cancer. Interestingly, black patients had significantly lower NLR values
than white patients (445).

Recently, Chen et al. have conducted a meta-analysis to establish the overall accuracy of
NLR in the diagnosis of breast cancer. In total 4293 patients were studied. Elevated NLR
was associated with worse overall survival and disease-free survival (446).
Ethier’s group has recently performed a systematic review and meta-analysis in which the
prognostic effects of NLR in breast cancer patients were analyzed. Results showed that high
NLR is associated with worse overall survival and disease-free survival in patients with
breast cancer, with a greater effect on disease-specific outcome in ER and HER2-negative
disease (447).

Interestingly, Yersal and co-workers were unable to detect any significant differences for
NLR and PLR with respect to breast cancer subtypes. In their study, patients were classified
into three subtypes: estrogen receptor (ER)- or progesterone receptor (PR)-positive tumours
were classified as luminal tumours; human epidermal growth factor receptor-2 (HER2)overexpressed and ER-negative tumours were classified as HER2-positive tumours; and ER,
PR, and HER2-negative tumours were classified as triple-negative tumours (448).

Cihan and colleagues were also not able to find any association between NLR and survival
in patients with non-metastatic breast cancer who received adjuvant radio- and
chemotherapy (449).

As mentioned previously and later on, neutrophils are believed to play a key role in tumour
growth and metastasis.

Benevides and co-workers claim that metastatic primary tumour-infiltrating T-lymphocytes
are capable of producing interleukin 17 (IL-17), which promotes tumour growth and
migration of neutrophils and tumour cells to secondary disease sites. Tumorigenic
neutrophils promote disease progression, produce the chemokine (C-X-C motif) ligand 1
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(CXCL1), matrix metallopeptidase 9 (MMP-9), vascular endothelial growth factor (VEGF)
and tumour necrosis factor (TNF). IL-17 also induces IL-6 and Chemokine (C-C motif)
ligand-20 (CCL20) production in metastatic tumour cells, favouring the recruitment and
differentiation of T-17 helper cells. High IL-17 expression was associated with lower
disease-free survival and worse prognosis in patients with invasive ductal carcinoma of the
breast. In other words, IL-17 promotes breast cancer progression by changing the behaviour
of tumour cells and eliciting tumorigenic neutrophils recruitment. Since IL-17 neutralization
inhibited tumour growth and prevented the migration of neutrophils and tumour cells, the
authors conclude that IL-17 blockade may represent an attractive approach for the control of
invasive breast cancer (450).
Li’s group confirms that neutrophils play a crucial role in gastric cancer progression by the
production of interleukin-17. Thus linking inflammatory stimuli to cancer progression by
promoting angiogenesis (451).

Recent study results published by Barron et al. demonstrate that women with breast cancer
and pre-diagnostic aspirin use (COX-1/COX-2 inhibitors) were significantly less likely to
present with a lymph node-positive tumour than patients who did not use aspirin.
Furthermore, pre-diagnostic aspirin use was also associated with lower 5-year breast cancerspecific mortality among women with lymph node-negative tumours, but not node-positive
tumours. However, there was no association between post diagnostic aspirin use and breast
cancer-specific mortality. Based on this nationwide population-based cohort study, the
authors conclude that recent pre-diagnostic aspirin use (< 1 year) is protective against lymph
node-positive breast cancer (452).

Allott and colleagues report that increased duration and regularity of NSAID use is
associated with reduced breast cancer-specific mortality in women with oestrogen receptorpositive cancer. There was no association for oestrogen receptor-negative patients. The
authors conclude that, if confirmed, these findings support the hypothesis that potential
chemo preventive properties of NSAID’s are mediated (partly) through suppression of
oestrogen biosynthesis (453).
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In addition to this, Deb and co-workers report that a specific, newly synthesized naproxen
derivative has even more powerful anti-inflammatory and anti-tumour properties than the
parent compound naproxen sodium. The anti-tumour properties consist of induction of
apoptosis in breast cancer cells and delay in the migration of cancer cells (454).

Mohammadinejad and colleagues have performed a prospecticve, double blind, placebocontrolled, randomized trial in which the effects of celecoxib and diclofenac were studied in
patients with breast cancer. Based on the results, the investigators conclude that the
selective COX-2 inhibitor celecoxib appears to possess superior anti-depressive effects
compared with diclofenac in breast cancer patients with mild to moderate depression (455).

Finally, Cui et al. claim that regular use of NDAID’s is inversely associated with breast
cancer, particularly among overweight women. Therefore, they conclude that overweight
women may benefit (even) more from the protective effects of NSAID’s use than normalweight women (456). This claim is based on their population-based, case-control study
involving over 5000 women, in which regular use of any NSAID was associated with
significantly reduced breast cancer risk.

Interestingly, Huang and colleagues claim that NSAIDs and aspirin use after diagnosis, in
contrast to before diagnosis, is associated with improved breast cancer survival, including
breast cancer-specific mortality, all-cause mortality, and relapse/metastasis. This claim is
based on a meta-analysis (457).

In their study on mamma carcinoma, Gupta et al showed that morphine has the ability to
promote tumour proliferation (17).
Niu and colleagues even claim that morphine can contribute to chemo resistance (by
expanding the population of cancer stem cells), and that it promotes tumour growth in a
mouse model of breast cancer (458).

By contrast, Doornebal and colleagues claim that, based on preclinical mouse models for
metastatic human invasive lobular and HER2+ breast cancer, analgesic doses of morphine
do not affect mammary tumour growth, angiogenesis and the composition of tumour80

infiltrating immune cells. Furthermore, morphine administered in the presence or absence of
surgery-induced tissue damage and pain, neither facilitates de novo metastatic dissemination
nor promotes outgrowth of minimal residual disease. In addition, they conclude that these
findings indicate that opioids can be used safely for perioperative pain management in
cancer patients and emphasize that current standards of “good clinical practice” should be
maintained (459).
Cronin-Fenton et al. were also unable to find any clinically relevant evidence of an
association between opioid prescriptions and breast cancer recurrence in their prospective
cohort study (460).

Hozumi’s group reports that intraoperative remifentanil use is independently associated with
an increased risk of postoperative nausea and vomiting in elective mastectomy under
general anaesthesia. In this retrospective observational study this association was dosedependent (461).

Hetta et al. demonstrate in their prospective, randomized trial that a single preoperative dose
of pregabalin 150 mg is an optimal dose for reducing postoperative pain and morphine
consumption in patients undergoing modified radical mastectomy for breast cancer (462).

Satomoto and colleagues report that a low dose of droperidol (20 µg/kg) decreases the
desflurane concentration needed during breast cancer surgery without adverse effects. This
claim is based on the results of their prospective, randomized, double-blinded study (463).

Forget and co-workers studied the relationship between perioperative use of analgesics and
cancer recurrence. They conclude that in their study only the use of NSAID’s reduced
probability of cancer recurrence. Other analgesics such as opioids and S-ketamine did not
influence cancer recurrence in patients undergoing mastectomy (464). Legeby and
colleagues demonstrate in their study that the use of diclofenac during mastectomy may
result in increased blood loss due to its effects on coagulation (465).

Wen et al. report that combining the non-steroidal anti-inflammatory drug flurbiprofen with
the opioid fentanyl results in a decrease in serum concentrations of vascular endothelial
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growth factor-C, tumour necrosis factor-α and interleukin-1β. Since all of these have been
associated with the recurrence and metastasis of breast cancer after surgery, one could
therefore conclude that the addition of flurbiprofen to fentanyl has the potential to diminish
breast cancer recurrence and metastasis (466).

Several studies have demonstrated that loco-regional analgesia, such as paravertebral
blockade, results in more effective pain control and also in less adverse effects (46,467472). Along this line, the study performed by Albi-Feldzer and colleagues is worth
mentioning. Local wound infiltration with ropivacaine was shown to result in a distinct
reduction of postoperative pain albeit without any effects on chronic postoperative pain
(patients being followed for 12 months postoperatively) (473).

One study reported indications of a lower surgical stress response with significantly lower
levels of Cortisol, C-reactive protein and blood glucose when paravertebral analgesia was
administered. However, an effect on angiogenic factors could not be demonstrated (474).

Looney et al, on the other hand, showed that different anaesthetic techniques used in breast
cancer surgery do have an effect on angiogenesis by influencing serum concentrations of
angiogenesis related factors (475).

Based on the results of their prospective observational study, Perez Herrero and colleagues
report that general anaesthesia combined with paravertebral block is as effective as general
anaesthesia combined with serratus-intercostal blockade in improving the quality of
postoperative recovery after breast cancer surgery (476).

Tam et al. have performed a meta-analysis of randomized controlled trials on the effects of
wound infiltration in breast-conserving cancer surgery. They report that local wound
infiltration with ropivacaine or bupivacaine significantly decreases pain at only two hours
postoperatively. At 12 and 24 hours postopeartively no pain reduction was detected.
Moreover, no significant effect on postoperative analgesic consumption was monitored
(477).
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By contrast, Abdelsattar and co-workers report that intraoperative local infiltration of
liposomal bupivacaine in patients undergoing mastectomy with immediate tissue expander
reconstruction decreases narcotic requirements in the recovery room (PACU), shortens
preoperative anaesthesiology time, and provides similar, if not better, perioperative pain
control compared with paravertebral blockade (478).

With respect to liposomal bupivacaine, Rice et al. have characterized the pharmacokinetic
and safety profiles of liposomal bupivacaine following a repeated subcutaneous dose in
healthy volunteers. Their results showed that the mean ± standard deviation maximum
observed plasma concentration (Cmax) following a repeated dose of liposomal bupivacaine
remained well below accepted values for central nervous system and cardiac toxicity.
Liposomal bupivacaine was well-tolerated and revealed no clinically important safety
signals (479).

Wolf and co-workers have prospectively investigated the effects of additional paravertebral
blockade (PVB) on pain and opioid requirement in patients undergoing prosthetic breast
reconstruction surgery. The addition of PVB to general anaesthesia resulted in a
significantly lower opioid requirement both intra- and postoperatively. Furthermore,
significantly lower pain scores were reported by patients in the PVB-group (up to 6 hours
postoperatively), and less anti-emetics were consumed (480).

Fahy et al. confirm that PVB results in decreased opioid use and decreased need for
postoperative anti-emetic medication in patients undergoing mastectomy. The greatest
benefit of PVB was seen in patients undergoing bilateral mastectomy with immediate beast
reconstruction (481).
Parikh’s group even reports that preoperative PVB, apart from improving postoperative pain
control, also shortens hospital stay for patients with breast cancer undergoing
postmastectomy autologous reconstruction (482).
Based on the results of their randomized and double-blinded trial, Župčic and co-workers
state that the use of 0.5% levobupivacaine solution for PVB (in comparison with 0.5%
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levobupivacaine with 2% lidocaine) results in a longer time-to-block onset, but also reduces
hemodynamic disturbances and prolongs analgesic effect (483).

In turn, Mayur et al. conclude that clonidine as an adjuvant in PVB provides more profound
analgesia for up to 48 hours postoperatively in patients undergoing breast cancer surgery
without any appreciable side effects (484).

Based on the results of their prospective and randomized study, Jin and colleagues arrive to
the same conclusion regarding the addition of dexmedetomidine to bupivacaine in PVB.
The addition of dexmedetomidine resulted in prolonged duration and more profound
analgesia without serious adverse events (485).

Sultan reports that cytokine response is attenuated following breast cancer surgery when
general anaesthesia is replaced by paravertebral blockade, as expressed by altered serum
levels of interleukin (IL)-6, IL-10, IL-12 and interferon-gamma (IF-γ) (486).
However, Cata’s retrospective study results do not support the hypothesis that the use of
PVB is associated with longer survival after surgery for breast cancer (487).

Finn’s group has also performed a pilot study in which the effects of a single shot and
continuous paravertebral blockade on post-mastectomy cancer recurrence were investigated.
In this prospective, randomized, triple-masked, placebo-controlled investigation, 54 patients
undergoing either unilateral or bilateral mastectomy were included and received unilateral
or bilateral PVB corresponding to the surgical site. Subsequently, patients received either
ropivacaine 0.4% or normal saline via the perineural catheter until catheter removal on
postoperative day 3. Cancer recurrence from the day of surgery until 2 years post surgery
was investigated via chart reviews. Results of this small pilot study showed no evidence that
extending a single-injection paravertebral block with a multi-day perineural local
anaesthetic infusion decreases the risk of post-mastectomy cancer recurrence (488).

Karmakar et al. have conducted a 5-year follow-up analysis of a randomized controlled trial
in which the effects of TPVB on survival in patients undergoing radical mastectomy were
investigated. Based on their results, the authors conclude that, although the original study
84

was underpowered to properly address long-term outcomes, it appears that TPVB,
administered whether as a single-shot or continuous infusion during the perioperative
period, has little to no appreciable effect on local recurrence, metastasis or mortality after
breast cancer surgery (489).

Based on the results of their systematic review, Perez-Gonzalez and colleagues conclude
that there are no data to support or refute the use of paravertebral blocks for reduction of
cancer recurrence or improvement in cancer-related survival. However, PVB use is
associated with lower levels of inflammation and a better immune response in comparison
with general anaesthesia and opioid-based analgesia (490).

Syal and Chandel have performed a randomized, double blind trial in which the
postoperative analgesic effects of PVB, pectoral nerve block, and local infiltration in
patients undergoing modified radical mastectomy were compared. Patients were randomly
assigned to the local infiltration, PVB, or pectoral nerve block group. All patients received
21 ml 0.5% bupivacaine with epinephrine at the end of surgery prior to extubation. Patients
in the local infiltration group received infiltration at the incision site. Patients in the PVB
group received ultrasound-guided ipsilateral paravertebral blockade, and patients in the
pectoral nerve block group received ultrasound-guided PECS blocks I and II.
Based on their results, the authors conclude that ultrasound-guided PVB reduces
postoperative pain scores, prolongs the duration of analgesia, and decreases demands for
rescue analgesics in the first 24 hours postoperatively compared to ultrasound-guided PECS
blocks and local infiltration. Obviously, any pre-emptive mode of action has been abolished
by the administration of the blockades at the end of surgery (491).

Compagnone and co-workers underline the value of paravertebral blockades in older
patients undergoing elective mastectomy in one-day surgery (492).

Cali Cassi’s group expands further on the benefits of PVB in breast cancer surgery. Apart
from superior pain control, reduction of opioid consumption, decrease in postoperative
nausea and vomiting, and overall decrease in length of hospital stay, the authors also state
that some studies suggest that the use of regional anaesthesia-analgesia might attenuate
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perioperative immunosuppression and minimize metastases in breast cancer patients.
Therefore, they conclude that PVB seems to provide the most benefits in patients
undergoing an unilateral or bilateral mastectomy followed by immediate reconstruction
(493).

However, Albi-Feldzer et al. present a case report in which ultrasound-guided thoracic
paravertebral blockade is complicated by total spinal anaesthesia (494).

Tsigonis and colleagues claim that locoregional anaesthesia has no effect on breast cancer
outcomes compared to general anaesthesia. In their retrospective study, breast cancer
patients were retrospectively divided into 2 groups: those who received only locoregional
anaesthesia (LRA) and those who received general anaesthesia (GA). No significant
differences in overall survival, disease-free survival and local regional recurrence were
found between the two groups (495).

Kairaluoma et al. report similar findings. In their retrospective study involving breast cancer
surgery, 45 patients had received a PVB and 41 patients had received a SHAM block. The
reported median follow-up time of these patients was 12 years. There were no statistically
relevant differences between both groups with respect to disease-free survival, distant
recurrence-free survival, breast cancer-specific and overall survival (496).

Agarwal et al. report that single-injection thoracic paravertebral blockade significantly
decreases pain scores in patients undergoing mastectomy. However, this reduction in pain
scores appears to be limited to the immediate postoperative period (497).
With respect to mastectomy with direct reconstruction, Glissmeyer and colleagues
demonstrate that thoracic paravertebral analgesia reduces the use of opioids (498).

Pei and colleagues have performed a randomized, controlled trial in which the effects of
ultrasound-assisted thoracic paravertebral blockade (TPVB) on opioid consumption and
postoperative pain were investigated in patients undergoing breast cancer surgery. Their
results clearly indicate that the combination of paravertebral blockade and propofol
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anaesthesia reduces intraoperative volatile anaesthetic and opioid requirements, and results
in less postoperative pain in patients undergoing breast cancer surgery (499).

Based on the results of their randomized, double-blinded study, Sahu and colleagues
conclude that single-injection thoracic paravertebral blockade with ropivacaine (0.375% in a
dose 0.25 ml/kg) has the same analgesic potency as a single-injection PVB with
bupivacaine (0.375% in a dose 0.25 ml/kg) in patients undergoing modified radical
mastectomy. However, bupivacaine got better postoperative VAS scores in mean and after
the 1th, 6th, and 24th postoperative hour (500).

Amaya et al. have performed a meta-analysis in which the effects of analgesics (used for
acute pain treatment) on the major co-morbidities following breast cancer surgery were
investigated. Their results show that in general the use of regional analgesics (paravertebral
blockade) has a beneficial effect on the occurrence of comorbidity (501).

Pace and co-workers report that the routine use of a single-injection, transverse, in-plane
ultrasound-guided technique for TPVB in patients undergoing mastectomy with immediate
breast reconstruction is associated with very few complications. Six complications were
identified in a total of 1427 thoracic paravertebral injections. Half of these complications
involved bradycardia and hypotension: a vasovagal episode in 1 patient, and evidence of
possible local anaesthetic toxicity in 2 patients. There was no incidence of suspected
accidental pleural puncture or symptomatic pneumothorax identified (502).

Two studies revealed that the use of local anaesthetics, in either paravertebral of epidural
blockade, might result in a lower probability of developing chronic pain (503,504).

With respect to chronic pain following (minor) surgery for breast cancer, Fuzier and
colleagues report that 40% of patients experiences pain up to 3 months following surgery.
Furthermore, in 61% of the cases pain has a neuropathic component. Most surgeries in this
prospective cohort study involved general anaesthesia with no regional analgesia technique,
laryngeal mask, sufentanil and propofol for induction, and multimodal analgesia during the
postoperative period (505).
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Shin and Cho demonstrated in their study that remifentanil associated hyperalgesia could be
induced by combining sevoflurane anaesthesia with high doses of remifentanil during breast
cancer surgery. This effect, however, was not encountered when propofol anaesthesia was
combined with remifentanil (506).

Cho and co-workers state in their study that intravenous propofol anaesthesia is associated
with a lower incidence of chronic pain after breast cancer surgery than sevoflurane
anaesthesia (507).

Steyaert and colleagues have conducted a cross-sectional survey in which the effects of the
perioperative analgesic/anaesthetic regimen on long-term chronic pain following
mastectomy were investigated. Their study results confirmed the high prevalence of chronic
postmastectomy pain (CPMP)(44%). Recall of preoperative pain, chemotherapy, and need
for strong opioids in the postanaesthesia care unit (PACU) were all associated with the
presence of chronic pain. Remarkably, of the intraoperative analgesics/anaesthetics studied,
only the use of halogenated agents was associated with a lower prevalence of CPMP (508).

Lee et al. even claim that there is a possibility that propofol-based total intravenous
anaesthesia (TIVA) for breast cancer surgery can reduce the risk of recurrence during the
initial 5 years after modified radical mastectomy. This claim is based on the results of their
retrospective study in which propofol-based TIVA was compared with sevoflurane-based
anaesthesia in patients undergoing modified radical mastectomy for breast cancer. The
propofol group showed a significantly lower rate of cancer recurrence compared with the
sevoflurane group. Also, the use of opioids during the perioperative period was greater in
the propofol group than in the sevoflurane group (509).

Aufforth, in his study, puts forward a possible role for paravertebral blockade in patients
undergoing mastectomy with immediate breast reconstruction using tissue expanders.
Paravertebral blockades would result in better pain management and a decrease in opioid
consumption (510).
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According to Exadaktylos, the probability of cancer recurrence or metastases is reduced by
a factor 4 when paravertebral blockades are used instead of intravenous opioids in breast
cancer surgery (511).

Deegan demonstrates in his paper that propofol anaesthesia combined with paravertebral
blockade decreases proliferation of the cancer cell more than cell migration when compared
to sevoflurane/opioid anaesthesia (512).

As mentioned previously, Jaura has shown that sevoflurane anaesthesia combined with
opioid analgesia for primary breast cancer surgery reduces apoptosis in oestrogen receptor
(ER)-negative breast cancer cells to a greater extent than propofol anaesthesia combined
with paravertebral analgesia (46).

Buckley and colleagues have investigated the effect of serum from women undergoing
primary breast cancer surgery on healthy human donor natural killer (NK) cell function and
cytotoxicity against oestrogen and progesterone receptor-positive breast cancer cells. In this
randomized prospective trial, patients were randomized to propofol-paravertebral block
(PPA) or sevoflurane-opioid (GA) anaesthetic technique. Donated serum (before surgery
and 24 hours after surgery) was cultured and examined. The authors conclude that serum
from women with breast cancer undergoing surgical excision who were randomized to
receive a PPA anaesthetic technique led to greater human donor NK-cell cytotoxicity in
vitro compared with serum from women who received GA. This conclusion is based on the
finding that serum from PPA subjects did not alter normal NK marker expression or
secretion of cytokines. Serum from GA subjects, on the other hand, reduced NK-cell
activating receptor, interleukin-10 (IL-10), and interleukin-1β (IL-1β). Furthermore, an
increase in NK-cell and apoptosis was observed with PPA serum, but not GA serum, treated
cells (513).

Desmond and co-workers claim that anaesthetic technique does have an effect on immune
cell infiltration in breast cancer. This claim is based on the results of their study, in which
propofol-paravertebral anaesthesia with continuing analgesia induced increased levels of
NK-cell and T-helper cell infiltration into breast cancer tissue compared with balanced
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general anaesthesia with opioid analgesia. The authors conclude that anaesthetic technique
may affect perioperative immune function conducive to breast cancer recurrence and
metastasis (514).

Woo and colleagues have prospectively investigated the effect of propofol and desflurane
on the immune response in breast cancer patients. Patients undergoing breast cancer surgery
were randomly assigned to receive either propofol (n=20) or desflurane (n=20) anaesthesia.
Total and differential white blood cell counts together with lymphocyte subpopulations
were determined before, and 1 hour after induction of anaesthesia and at 24 hours after
surgery. Results showed that both propofol and desflurane anaesthesia preserve the IL-2/IL4 and CD4(+)/CD8(+) T-cell ratio. Total leucocytes were lower in the propofol group than
in the desflurane group at 1 hour after induction and 24 hours postoperatively. Furthermore,
the number of NK-cells decreased significantly 1 hour after induction in the propofol group,
but not in the in the desflurane group. Therefore, the authors conclude that both propofol
and desflurane anaesthesia for breast cancer surgery induce a favourable immune response
in terms of preservation of IL-2/IL-4 and CD4(+)/CD8(+) T-cell ratio in the perioperative
period. With respect to leucocytes and NK cells, desflurane anaesthesia appears to be
associated with less adverse immune responses than propofol anaesthesia during breast
cancer surgery (515).

Kim’s group has investigated the differences in immune response to anaesthetics used for
day surgery versus hospitalization surgery in breast cancer patients. Patients in the day
surgery group received lidocaine, propofol and pethidine, whilst patients in the
hospitalization group were treated with propofol, systemic opioids and sevoflurane. Results
revealed few differences in immune response beween the two groups (516).

Ramirez et al. have studied the innate immune function after breast, lung, and colorectal
cancer surgery. They demonstrate that postoperative function of NK cells is significantly
reduced compared with preoperative levels. However, NK cell function was similar among
the different types of surgery, whereas the postoperative plasma concentration of
epinephrine was significantly increased. The authors conclude that the magnitude of innate
immune suppression is similar among different oncological procedures (517).
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However, it remains unclear whether the function of NK cells was primarily influenced by
surgery itself or by the anaesthetics used.

Naja and co-workers report that the addition of clonidine to the local anaesthetic in
paravertebral blockades enhances the analgesic effects of the blockade with a further
reduction of opioid consumption (518).
Mohamed et al. state that the addition of dexmedetomidine (1 μg/kg) to bupivacaine 0.25%
(20 ml) in thoracic paravertebral blockade in patients undergoing modified radical
mastectomy improves the quality and the duration of analgesia and also provides an
analgesic sparing effect with no serious side effects (519).
Mohta and co-workers confirm these findings. In their prospective, randomized, double
blind study thoracic paravertebral blockade (TPVB), using dexmedetomidine (1 μg/kg)
added to bupivacaine 0.5% (0.3 ml/kg) in patients undergoing major breast cancer surgery
under general anaesthesia, provided analgesia of longer duration with decreased
postoperative opioid consumption and lower incidence of nausea and/or vomiting compared
to TPVB with bupivacaine alone or no TPVB (520).

With respect to dexmedetomidine, Fan et al. report that during the first 24 hours following
mastectomy, patients receiving dexmedetomidine have lower NRS pain scores, decreased
morphine consumption, longer time to first morphine request as well as a trending decreased
incidence of adverse effects when compared to those who do not receive dexmedetomidine
(521).

Goravanchi and colleagues confirm that the addition of epinephrine, clonidine, and
dexamethasone to ropivacaine in multiple-injection, one-time paravertebral block in patients
undergoing breast cancer surgery prolongs the clinical duration considerably. Ropivacaine
as a sole agent in paravertebral blockade is reported to have a clinical duration of up to 6
hours (522).

Coopey et al. claim that the use of preoperative paravertebral blockade decreases length of
stay in patients undergoing mastectomy followed by immediate reconstruction (523).
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Arunakul and Ruksa, on their turn, claim that single-injection paravertebral blockade can
reduce postoperative opioid requirement, pain, and severity of nausea and vomiting in
patients undergoing modified radical mastectomy (524).

Based on the results of their randomized study, Fallatah and Mousa report that multiple
levels paravertebral blockade is an effective regional technique for postoperative pain
management. It provides superior analgesia with less narcotics consumption, and fewer
side-effects compared with patient-controlled analgesia with morphine for patients with
breast cancer who undergo unilateral lumpectomy with axillary lymph node dissection
(525).

Gu and colleagues also have studied the effects of paravertebral blockade in patients
undergoing breast cancer surgery. In their prospective randomized study, patients
undergoing breast cancer surgery were randomly assigned to either paravertebral blockade
analgesia and propofol general anaesthesia (PPA), or sevoflurane general anaesthesia with
opioid analgesia (SOA). Both groups were compared for opioid consumption and pain
outcomes. Results showed that both pain scores and opioid consumption were significantly
lower in the paravertebral-propofol group compared to the sevoflurane-opioid group (526).

Finally, Karmakar reports that the incidence of chronic pain at 3 and 6 months after
modified radical mastectomy (MRM) is not affected when thoracic paravertebral blockade
is used in conjunction with general anaesthesia compared with general anaesthesia and
opioids. Nonetheless, patients who receive thoracic paravertebral blockade (TPVB) report
less severe chronic pain, exhibit fewer symptoms and signs of chronic pain, and also
experience better physical and mental health-related quality of life. These conclusions are
based on the results of a prospective study in which patients undergoing MRM were
randomized into 3 groups: Group 1: standardized general anaesthesia (GA); Group 2: GA
with a single-injection TPVB and placebo paravertebral infusion; Group 3: GA with a
continuous TPVB (527).

Ilfeld et al. report that adding a multiple-day continuous ropivacaine infusion to a singleinjection ropivacaine paravertebral nerve block may result in a lower incidence of pain as
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well as pain-related physical and emotional dysfunction 1 year after mastectomy. This is
based on the results of a prospective 1-year follow-up assessment of a randomized, triplemasked, placebo-controlled study in which the effects of an additional continuous
ropivacaine infusion to a single-injection PVB were investigated (528).

Bouman and colleagues have compared paravertebral blockade with local wound infiltration
in patients undergoing unilateral major breast surgery under general anaesthesia. In a
randomized controlled trial, 46 patients undergoing unilateral major breast surgery in a daycare or short-stay setting were studied. Surgery was performed under general anaesthesia
with either paravertebral blockade or local wound infiltration. Surgical procedures included
wide local excision, mastectomy and modified radical mastectomy. Sentinel node
procedure, axillary dissection, or immediate prosthetic breast reconstruction was reported
mandatory in case of wide local excision and optional in case of mastectomy or modified
radical mastectomy.
No significant difference in visual analogue scale (VAS) pain score was noted 24 hours
after surgery or at any point postoperatively until postoperative day 2. Therefore, the
authors conclude that local wound infiltration and paravertebral blockade are equally
effective in the treatment of acute postoperative pain after major oncological breast surgery.
Since local wound infiltration is easily to perform with fewer complications and it is more
cost-effective it should be preferred over paravertebral blockade (529).
However, it has to be mentioned that only 19% (46) of the eligible patients gave informed
consent. Therefore, selection bias can’t be ruled out. Furthermore, it remains unclear
whether or not surgical procedures were equally distributed between the two groups. For
instance, it may be obvious that a mastectomy followed by latissimus dorsi myocutaneous
flap reconstruction results in more extensive tissue damage and therefore in a more
extensive inflammatory stress response compared to a wide local excision.

Chiu et al. also have studied the effects of paravertebral blockade (versus local anaesthetic
infiltration) on persistent postoperative pain in patients undergoing breast cancer surgery. In
this prospective and randomized study persistent postoperative pain (PPP) was defined as an
NRS value > 3 at rest or with movement 1 year following surgery. Of the included 145
patients, only 9 patients (8%) met criteria for PPP 1 year following surgery: 5 patients were
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treated with PVB, and the remaining 4 with local anaesthetic infiltration, in combination
with general anaesthesia. The authors conclude that the incidence of chronic pain 1 year
following major breast cancer surgery was low, but that it had a large impact on the affected
patient’s arm mobility and quality of life (530).

In their review, Chen and colleagues discuss the effect of paravertebral blockade in
combination with propofol anaesthesia on breast cancer metastasis and progression (531).

Zhong et al. have conducted a randomized, double blind, placebo-controlled trial in which
the effects of transversus abdominis plane (TAP) blockade on opioid consumption
following microsurgical abdominal tissue breast reconstruction were investigated. Results
show that pre-closure TAP blockade with bupivacaine results in a significant reduction of
opioid consumption on the first postoperative day only compared with TAP blockade with
saline. However, there were no significant differences in nausea, anti-nausea medication,
sedation scores, Quality of Recovery Score, time to ambulation, and hospital stay duration
(532).
These findings are in accordance with previous studies showing that pre-emptive analgesia
has more impact on pain and the inflammatory stress response than pre-closure and
postoperative interventions (79,302).

As discussed previously, local anaesthetics, like ropivacaine and lidocaine, appear to inhibit
proliferation as well as growth of cancer cells in vitro. Piegeler demonstrated that only local
anaesthetics of the amide type display these inhibiting properties, in contrast to local
anaesthetics of the ester type (57). Lirk and colleagues, in turn, report that lidocaine and
ropivacaine, but not bupivacaine, demethylate deoxyribonucleic acid in breast cancer cells
in vitro, thus reactivating tumour suppressor genes and inhibiting tumour growth (58).
Chang et al. demonstrate that both lidocaine and bupivacaine induce apoptosis in human
breast cancer cells (60).
Votta-Velis and co-workers state that amide-linked local anaesthetics attenuate tumour cell
migration and signalling pathways enhancing tumour growth and metastasis (70).
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Based on their meta-analysis, Faria et al. conclude that thoracic paravertebral blockade
reduces postoperative analgesic requirements, compared to placebo, in patients undergoing
breast cancer surgery (533).

Koonce and colleagues have performed a retrospective, case control study of patients
undergoing breast cancer surgery receiving regional, regional and general, or general
anaesthesia. Univariate analysis showed the use of regional anaesthesia to trend towards
reduced cancer recurrence, but it did not achieve statistical significance (p=0.06) (534).

In this connection, it is noteworthy that propofol conjugates such as propofoldocosahexaenoate and propofol-eicosapentaeonoate have been (and still are being) studied
as possible agents in the treatment of breast cancer. This interest is based on their ability to
inhibit both cell adhesion and migration, and induction of apoptosis in breast cancer cells
(535).
These findings are in shrill contrast to earlier study results that ascribed unfavourable
properties to propofol in relation to the progression of cancer (21).

Recently new techniques have been described for pain management in major breast surgery:
the serratus-intercostal block, the serratus plane block, the pectoralis-serratus interfascial
block, the paravertebral lamina technique and the pectoral nerves I, and II blocks (472,536543). Until now, no study results have been published regarding the effectiveness of these
techniques in relation to breast cancer outcome and/or recurrence.

Hards et al. claim that the serratus plane block provides effective regional analgesia,
suitable for mastectomies, and currently appears to be superior to wound infiltration alone
(536).

Hetta and Rezk report that the pectoralis-serratus interfascial plane block is safe and easy to
perform and decreases the intensity of postmastectomy pain. However, this technique
proved inferior to thoracic paravertebral blockade with respect to its analgesic effects (538).
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Abdallah’s group confirms that both pectoralis and serratus blocks are associated with a
reduction in postoperative in-hospital opioid consumption and PONV compared with
conventional opioid-based analgesia following ambulatory breast cancer surgery (539).

With respect to the pectoral nerves I, and II blocks, Bashandy and Abbas claim that the
combined Pecs I, and II block is a simple, easy-to-learn technique that produces good
analgesia for radical beast surgery (540).
Kulhari’s group even claims that the Pecs II block provides superior postoperative analgesia
than the thoracic paravertebral block in patients undergoing modified radical mastectomy,
without causing any adverse effects (541).

M and co-workers have prospectively investigated the effects of pectoral nerve blocks on
analgesia following breast cancer surgery. In their randomized study, ultrasound-guided
PECS I and II blocks resulted in lower opioid consumption, longer time to first analgesic
requirement, and less limitation of shoulder movement on the operative site at 4 hours and 5
hours after surgery compared to general anaesthesia alone. However, there was no effect on
postoperative nausea and vomiting (542).

Rice and colleagues report that the posterior intercostal nerve block with liposomal
bupivacaine may be considered as a suitable alternative to thoracic epidural analgesia in
major thoracic surgery. The use of liposomal bupivacaine is reported to offer the potential to
provide prolonged blockade of intercostal nerves for up to 72 to 96 hours. However, in
order to cover the surgical site adequately the blockade has to be delivered at multiple levels
(543,544).

Based on the results of their randomized, double blind and placebo-controlled study,
Versyck et al. report that the PECs II block reduces postsurgical opioid consumption during
the Post Anaesthesia Care Unit (PACU) stay time for patients undergoing breast cancer
surgery (545).

Kamiya’s group concludes that PECS block combined with general anaesthesia reduces the
requirement for propofol but not that for remifentanil. Furthermore, the PECS block
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improved postoperative pain but not the postoperative quality of recovery following breast
cancer surgery (546).

Chakraborty et al. describe a single-injection technique (COMBIPECS) combining both
Pecs I and Pecs II blocks in a single needle pass. They claim that this technique saves time
and is equally effective as the modified Pecs block, which uses 2-needle passes (547).

Based on the results of their prospective, randomized, double blind study, Othman’s group
claims that the addition of ketamine (1 mg/kg) to the modified Pecs block (30 ml of 0.25%
bupivacaine) prolongs the time to first request for analgesia and reduces total opioid
consumption without serious side effects in patients undergoing modified radical
mastectomy (548).

Takahashi and Suzuki describe the complete antethoracic block, comprising of the
antethoracic medial, antethoracic inferior, and antethoracic lateral blocks, as a suitable block
for modified radical mastectomy (549).

Li, Yu and Hung report that, compared with the placement of a paravertebral block alone,
the combination of blocks targeting the pectoral musculature with a PVB for modified
radical mastectomy reduces the sedative and analgesic requirements during surgery and
provides more effective postoperative analgesia (550).

Until now, no study results have been published regarding the effectiveness of the posterior
intercostal nerve blockade with liposomal bupivacaine in relation to breast cancer growth
and/ or recurrence.

Veiga and colleagues describe the erector spinae plane (ESP) block and suggest that this
plane block might be a promising new technique in the context of surgical pain treatment
during radical mastectomy (551).
Bonvinci and co-workers discuss the benefits of bilateral ultrasound-guided erector spinae
plane blocks in breast cancer and breast reconstructive surgery (552).
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In addition, Forero’s group presents a case series in which the ESP block was successfully
used in the management of post-thoracotomy pain syndrome (553).
Clearly a promising new technique and we eagerly await further study results.

Kulkarni et al. report that cervical epidural anaesthesia is a well-established technique for
surgery of the neck, chest and upper arms. In their prospective double blind study, the
authors have investigated the safety of cervical epidural analgesia and compared the
efficacy of 0,25% bupivacaine with 0,375% ropivacaine in patients undergoing radical
mastectomy. There were no significant differences reported in the onset of sensory block in
both groups. The mean motor blockade score, defined as time to achieve complete blockade
and time to grade I motor recovery, was significantly longer in the bupivacaine group.
However, respiratory distress developed in two of the 20 patients that were treated with
bupivacaine, requiring general anaesthesia with endotracheal intubation. Therefore, the
authors conclude that 0,375% ropivacaine is safer than 0,25% bupivacaine for cervical
epidural analgesia for radical mastectomy (554).

Channabasappa and colleagues report that the addition of dexmedetonidine to low dose
ropivacaine for cervical epidural analgesia can shorten the onset of sensory block and
extend the duration of analgesia with optimum sedation without episodes of hypoxaemia as
compared to the addition of clonidine to ropivacaine in patients undergoing modified radical
mastectomy. In this prospective, randomized, double blind study patients received 15 ml of
0.375% ropivacaine combined with 1 μg/kg of dexmedetomidine (555).
It has to be mentioned that cervical epidural analgesia is not routinely used in the operating
theatre in our hospital.

Lou et al. have performed a retrospective analysis in which the effects of combined epidural
and general anaesthesia were investigated in patients undergoing free flap breast
reconstruction. They conclude that the combination of epidural analgesia and general
anaesthesia improves postoperative pain and side effects without increasing the risk of flap
thrombosis (556).
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Claroni’s group reports that sevoflurane preconditioning has a protective effect on
ischaemia-reperfusion injury in patients undergoing reconstructive plastic surgery with
microsurgical flap. However, this protective effect is expressed in the early postoperative
hours and does not persist in the long-term (557).

With respect to breast reconstruction following breast cancer surgery and based on the
results of their matched controlled study, Kronowitz and co-workers conclude that
lipofilling of the breast does not increase the risk of recurrence of breast cancer (558).

Bharti and colleagues claim that preoperative administration of gabapentin reduces
intraoperative propofol requirements and postoperative analgesic consumption in breast
cancer patients undergoing total mastectomy. This claim is based on the results of their
prospective, randomized double blind study in which the effects of administration of
gabapentin (600 mg two hours prior to surgery) on propofol consumption, hemodynamic
variables, and postoperative pain relief in breast cancer surgery were studied (559).

Based on the results of their meta-analysis of randomized controlled trials, Rai and
colleagues report that gabapentin and pregabalin seem to reduce opioid consumption in the
PACU following breast cancer surgery. However, gabapentin, but not pregabalin, reduced
pain at 24 hours after surgery. Neither drug affected the development of chronic
postoperative pain (560).

Lately, treatment with intravenous lidocaine during and after surgery also attracts attention.
Grigoras and co-workers showed that perioperative intravenous administration of lidocaine
in breast cancer surgery resulted in a decrease of persisting postoperative pain for up to 3
months after surgery. Strangely enough, no difference could be found in the consumption of
analgesics for both the group with and without intravenous lidocaine (561).

Kim et al. have investigated the effects of systemic lidocaine versus magnesium
administration on postoperative functional recovery and chronic pain in patients undergoing
breast cancer surgery. The results of this prospective, randomized, double blind trial
revealed that intraoperative infusion of lidocaine (2 mg/kg as a bolus followed by 2 mg/kg/h
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continuous infusion) improved the quality of recovery and attenuated the intensity of
chronic pain in these patients (562).

Based on the results of their randomized, double-blind, and placebo-controlled trial, Kendall
et al. report that intravenous lidocaine infusion reduces the incidence of pain at rest at 6
months following breast cancer surgery. However, pain with activity, pain qualities, and the
physical or emotional impact of pain remained unaffected. In this study, patients were
treated with either intravenous lidocaine (1.5 mg/kg bolus followed by a 2 mg/kg/hour
infusion) or normal saline at the same bolus and infusion rate. Evaluation for the presence of
chronic persistent postsurgical pain took place at 3 and 6 months after surgery (563).

Christie’s group has investigated the effects of additional lidocaine to a tumescent solution
with dilute epinephrine in breast reduction surgery. Based on the results of this randomized
trial, they conclude that the addition of lidocaine to tumescent solution does not
significantly affect postoperative pain following breast reduction surgery. Although the use
of tumescent solution with dilute epinephrine has been shown to significantly decrease
operative blood loss, the addition of lidocaine had no effect on total intravenous narcotic
use, 24-hour narcotic use, peak pain scores in the post-anaesthesia care unit and 24 hours
postoperatively, and the incidence of nausea and vomiting (564).

Until now, no other study results could be identified focussing on the effects of intravenous
lidocaine on cancer growth and/or recurrence in patients with breast cancer.

Based on the results of their meta-analysis, Cheng and Ilfeld report that procedural
interventions involving locoregional blockades are more conclusively effective than
pharmacologic modalities in providing analgesia to patients following breast cancer surgery
(565). Furthermore, the same authors conclude that of the currently different promising
analgesic techniques for breast surgery, thoracic epidural analgesia and paravertebral nerve
blockades are the only analgesic techniques that provide potent, consistent perioperative
pain control following breast surgery (566).
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Interestingly, and as mentioned previously in the case of S-ketamine, stimulation of the
beta-adrenergic system may have unfavourable oncological effects. Studies have shown that
pain and surgical (inflammatory) stress can affect the autonomic defence mechanisms in a
negative way. In addition, a correlation has been reported between stimulation of the betaadrenergic system and increased chance of developing metastases (183-187). The
aforementioned findings suggest that stimulation of the beta-adrenergic system can thus
have an unfavourable oncological effect, regardless of the type of underlying stimulating
mechanism. Stimulation of beta-receptors, either by pain, surgical inflammatory stress
and/or pharmacologically induced beta-adrenergic stimulation may thus result in promotion
of the tumour. This hypothesis is supported in the papers published by Botteri and De
Giorgi (184,185). In both studies, the use of beta-blockers was associated with a
significantly decreased risk of respectively breast cancer-and melanoma-related recurrence,
metastasis and death.

Based on the results of their prospective, randomized study, Zhou and colleagues report that
propranolol has the potential to alleviate surgical stress-induced elevation of regulatory Tcells (Tregs) in breast cancer patients. Epinephrine markedly promoted Treg proliferation,
whereas propranolol prevented such enhancement effect (567).

Shaashua and co-workers have performed a prospective, randomized, placebo-controlled
trial in which the effects of perioperative COX-2 and β-adrenergic blockade on metastatic
biomarkers in breast cancer patients were evaluated. Based on their results, they conclude
that perioperative inhibition of COX-2 and β-adrenergic signalling provides a safe and
effective strategy for inhibiting multiple cellular and molecular pathways related to
metastasis and disease recurrence in early-stage breast cancer (568).
Childers et al. have performed a meta-analysis on the effects of β-blockers on breast cancer
outcomes. Results of this systematic review and meta-analysis suggest that the use of βblockers significantly reduces risk of breast cancer death among women with breast cancer
(569).
Wang and colleagues support these findings in their meta-analysis (570).
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Zhao et al. also conclude that β-blockers can reduce the risk of breast cancer recurrence in
female hypertensive patients. However, in their systematic review, the use of angiotensinconverting enzyme inhibitors (ACEi) and calcium channel blockers (CCB) was unrelated to
breast cancer risk (571).
By contrast, Ni and co-workers report that long-term use of ACEi and angiotensin-receptor
blockers (ARBs) was associated with an significantly reduced breast cancer risk in their
meta-analysis of observational studies (572).
Spera’s group concludes that β-blocker intake is associated with significant improvement in
progression-free survival, particularly in patients with triple-negative breast cancer and
patients not previously exposed to β-blockers. This conclusion is based on the results of
their retrospective analysis (573).

Parada-Huerta and co-workers report that in Mexican breast cancer patients, treatment with
non-selective beta-adrenergic receptor blockers is associated with a decreased risk for
metastasis at the time of diagnosis (574).

However, and as mentioned previously, Numbere et al. were unable to confirm any
protective effect of β-blockade on breast cancer risk. In their case-control study, adrenergic
blocker use was not associated with a reduced risk of breast, lung, bowel and/or prostate
cancer (387).
Kim’s group has performed a meta-analysis in which the effects of β-blockade on breast
cancer were analyzed. Their results fail to demonstrate any beneficial effect of β-blocker use
on overall survival, cancer-specific survival, and/or recurrence of breast cancer (575).
Wilson and colleagues support the finding that β-adrenergic stimulation might facilitate the
process of metastasizing. In their study, β-adrenergic receptor stimulation suppressed
Rap1B prenylation, thereby reducing cell-to-cell adhesion and promoting cell scattering.
Rap1B is a GTPase that suppresses the metastasis of breast cancer cells by increasing cellto-cell adhesion. Furthermore, breast cancer cell migration was decreased by the β-blocker
propranolol (576).
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Pon and co-workers report that the β2-adrenoreceptor activates a positive cAMP-calcium
feedforward loop to drive breast cancer cell invasion (577). Thus, underlining the
importance of β-adrenergic receptor stimulation on breast cancer growth.
Iseri et al. have investigated the efficacy of propranolol, atenolol, and an experimental nonselective β-adrenergic receptor antagonist (ICI118,551) on proliferation, migration, and
invasion of non-stimulated breast, colon, and hepatocellular cancer cells. The results
indicate that the effects on proliferation, migration, and invasion are both β-adrenergic
receptor antagonist, and dose-dependent (578).

Mahdian and co-workers claim that cell viability is decreased in both breast cancer, and
cervical cancer cells by phosphodiesterase inhibitors and beta-adrenergic receptor agonists
(579).
Kim’s group demonstrates that activation of β-adrenergic signalling by β-adrenergic
receptor agonists reduces deformability of highly metastatic human breast cancer cells, and
that these stiffer cells are more invasive in vitro. In a similar way, β-adrenergic receptor
activation also reduces the deformability of ovarian, prostate, melanoma and leukaemia
cells. These changes in cell deformability can be prevented by pharmacological β-blockade
(580).

Montoya and co-workers conducted a retrospective cross-sectional study in 404 breast
cancer patients in which the effects of β-adrenergic receptor antagonists on breast cancer
growth were investigated. Results showed that non-selective β-blockers, but not selective βblockers, reduced tumour proliferation by 66% in early stage breast cancer compared to
non-users (581).

However, Cardwell and colleagues have conducted a nested case-control study in which the
association between breast cancer-specific death and beta-blocker usage was studied. The
authors report that no significant association could be found between post-diagnostic betablocker usage, breast cancer-specific mortality and breast cancer progression (582).
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Sakellakis et al. were also unable to demonstrate any potential anti-tumour effects of βblockers in patients with breast cancer. In this retrospective study, disease-free survival did
not differ between β-blockers users and non-users (583).
On the other hand, Melhem-Bertrandt et al. did find an association between beta-blocker use
and survival in patients with breast cancer. In their retrospective study, which consisted of
1413 breast cancer patients who received neoadjuvant chemotherapy, beta-blocker use at the
start of chemotherapy was associated with a significantly better relapse-free survival, but
not overall survival. This was also the case in patients with triple-negative breast cancer
(584).

Choy et al. also investigated the effects of perioperative beta-blocker use on proliferation
and migration of breast cancer cells and breast cancer recurrence. The results of their
restrospective study revealed that perioperative β-blockade in stage II breast cancer patients
was significantly associated with decreased cancer recurrence. Furthermore, triple-negative
brain-metastatic cells also exhibited increased cell proliferation and migration in response to
β2-adrenergic receptor activation. These effects were abrogated by the beta-blocker
propranolol. Propranolol decreased β2-adrenergic receptor-activated invasion. In vivo,
propranolol treatment of triple-negative metastatic cells decreased the establishment of brain
metastases. Therefore, the authors conclude that stress and the corresponding β2-receptor
activation may promote the stablishment of brain metastases of triple-negative breast cancer
cells. In addition,these results suggest a benefit to perioperative beta-blockade during
surgery-induced stress with respect to breast cancer recurrence and metastases (585).

Powe and colleagues report similar findings. In their proof-of-principle study, beta-blocker
treatment significantly reduced distant metastases, cancer recurrence, and cancer-specific
mortality in breast cancer patients (586).

In turn, Zhong and co-workers conclude that beta-blocker use after diagnosis, but not
before, is beneficial for the survival of cancer patients. This conclusion is based on the
results of a meta-analysis, in which beta-blocker use after diagnosis was significantly
associated with all-cause mortality and cancer-specific mortality. Pre-diagnostic beta104

blocker use showed no beneficial effect on on all-cause mortality or cancer-specific
mortality. Interestingly, only breast cancer patients who used beta-blockers after diagnosis
had a prolonged overall survival (587).

Strikingly, Gargiulo et al. have demonstrated that the endogenous adrenergic receptor
agonist epinephrine causes opposite effects in non-tumourigenic and tumour cells. In nontumour breast cells, epinephrine decreased cell proliferation and migration, as well as cell
adhesion. Therefore, the authors conclude that differential β2-adrenergic receptor
expression defines the phenotype of non-tumorigenic and malignant human breast cell lines
(588).
The same group reports that catecholamines, through β-adrenergic receptor stimulation,
appear to be involved in mammary gland development, inducing mature duct formation
(589).

As mentioned previously, Lip and colleagues have performed a cohort study in which they
studied the use of antihypertensive drugs on cancer risk. They claim that the use of calcium
antagonists at the time of diagnosis of breast cancer was associated with impoved survival
(390).

Goldvaser and colleagues have retrospectively investigated the effects of angiotensin
receptor blocker usage on breast cancer characteristics. Strikingly, their results reveal an
association between angiotensin receptor blocker use and more advanced breast cancer
disease (590).

Raimondi et al. have performed a systematic review and meta-analysis in which the use of
beta-blockers, angiotensin-converting enzyme inhibitors and angiotensin receptor blockers
on breast cancer survival was studied. Their results show that patients treated with betablockers at the time of breast cancer diagnosis had a significantly longer breast cancer
specific survival compared with non-users. There was also a borderline significant
improvement in disease-free survival for patients treated with beta-blockers. No association
of angiotensin-converting enzyme inhibitors and/or angiotensin receptor blocker use with
disease-free and overall survival was found (591).
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Previous experimental studies in mouse models have shown that chronic stress can enhance
breast cancer progression by increasing catecholamine levels and subsequent signalling of
β-adrenergic receptors. Since catecholamines also signal α-adrenergic receptors, this type of
signalling has also been studied in relation to cancer progression. Results show that
increased α-adrenergic signalling is able to promote breast cancer growth too. However,
since pre-synaptic α2-adrenergic receptors suppress the release of norepinephrine by
negative feedback, antagonism of α-adrenergic receptors can result in elevated
catecholamines levels, which may increase β-adrenergic signalling.
Given these findings, Lamkin and co-workers have examined the effect of α-adrenergic
blockade on breast cancer progression under non-stress and chronic restraint stress
conditions in an orthotopic mouse model. Results revealed that chronic restraint stress
increases primary tumour growth and metastasis to distant tissues (as expected), and nonselective α-adrenergic blockade by phentolamine significantly inhibits those effects.
However, under non-stress conditions, phentolamine increases primary tumour size and
distant metastasis.
Sympatho-neural gene expression for catecholamine biosynthesis enzymes was elevated by
phentolamine under non-stress conditions, and the non-selective β-blocker propranolol
inhibited the effect of phentolamine on breast cancer progression. Selective α2-adrenergic
blockade by efaroxan also increased primary tumour size and distant metastasis under nonstress conditions, but selective α1- adrenergic blockade by prazosin did not.
Therefore, the authors conclude that these results are consistent with the hypothesis that α2adrenergic signalling can act through an auto receptor mechanism to inhibit adrenergic
catecholamine release, and thus modulate established effects of β-adrenergic signalling on
tumour-relevant biology (592).

In their review, Obeid and Conzen expand further on the role of adrenergic signalling in
breast cancer biology (593).

Based on the results of their nationwide cohort study involving 61873 patients, Søgaard and
co-workers report that patients with hyperthyroidism show an increased risk of breast
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cancer, whilst patients with hypothyroidism show a decreased risk. Therefore, the authors
conclude that thyroid function level and breast cancer risk may be associated (594).
A plausible explanation for this finding may be the difference in β-adrenergic receptor
stimulation. Patients with hyperthyroidism are known to experience β-adrenergic
hyperactivity compared with patients suffering from hypothyroidism.
As stated by Bachman et al., there is evidence that the efficacy of clinical treatment of
hyperthyroidism is due to antagonism of sympathetic signalling (595).

Interestingly, Akbari et al. report that spiritual intervention (psychotherapy) is capable of
altering dopamine receptor gene expression in breast cancer patients, thus potentially
affecting the growth of tumour cells (596).

Chen’s group demonstrates that psychological stress can promote lung metastatic
colonization of circulating breast cancer cells by creating a pre-metastatic niche through the
activation of β-adrenergic signaling. Thus, β-adrenergic signalling can promote lung
metastatic colonization by tumour cells through increased output of monocytes in the premetastatic phase and infiltration of macrophages into the pre-metastatic lung. In other
words, disturbance of host macroenvironmental homeostasis has influence on future
metastatic organs (597).

In the light of the foregoing, one could consider administering beta-blockers to surgical
patients undergoing oncological surgery, in order to neutralize these potentially tumour
promoting effects.

Although there is evidence that perioperative intravenous lidocaine administration might
reduce the requirement of opioids, improve bowel function in abdominal surgery and
shorten the length of hospital stay, Terkawi and colleagues were unable to confirm these
findings for breast cancer surgery. Based on their double blind, placebo-controlled and
randomized trial, the authors report that intravenous lidocaine during breast cancer surgery
had no effect on opioid consumption, pain score, and postoperative nausea and vomiting
(PONV), fatigue and or duration of postoperative hospital stay (598).
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However, perioperative lidocaine administration (bolus 1.5 mg/kg at induction, then
infusion at 2 mg/hg/hr, up to 2 hours after the end of surgery) was associated with a
decreased incidence of post-mastectomy chronic pain. Breast implant and radiotherapy, on
the other hand, were associated with an increased incidence of chronic post-surgical pain
(CPSP). In this relatively small sample zize (n=61 patients), 20% of the patients developed
CPSP (599).

Couceiro et al. have performed a randomized, blinded, placebo controlled trial in which the
effects of additional intravenous lidocaine infusion were studied in patients undergoing
mastectomy. Their results show that intravenous lidocaine at a dose of 3 mg/kg
administered over a period of an hour during mastectomy did not promote additional
analgesia, compared to placebo in the first 24 hours. Furthermore, there was also no effect
on opioid consumption (600).

Based on the results of their prospective nationwide cohort study, Lefebvre-Kuntz and
colleagues report that general anaesthetic agents do not influence persistent pain after breast
cancer surgery (601).

Furthermore, it has to be noted that previous studies have shown that amide-linked local
anaesthetics display anti-tumour effects (53-61,863). As mentioned previously, Lirk et al.
report that lidocaine and ropivacaine demethylate deoxyribonucleic acid in breast cancer
cells in vitro. This in turn reactivates tumour suppressor genes and inhibits tumour growth
(58).
Li et al. have studied these effects and conclude that lidocaine demethylates DNA in breast
cancer cells, and by doing so sensitizes the cytotoxicity of cisplatin (602).

Interestingly, Liu and colleagues report that cytochrome P450 polymorphism may alter the
sensitivity of epidural ropivacaine in patients undergoing breast cancer surgery. Cytochrome
P450 (CYP450) is known to metabolize ropivacaine in the liver and to consist of several
polymorphisms. In their study, Liu et al. demonstrate that patients with certain CYP450
polymorphisms undergoing mastectomy with axillary lymph node clearance require lower
doses of epidural ropivacaine than those with other polymorphisms. Therefore, they
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conclude that detection of these specific polymorphisms (rs11636419 AG and GG
genotypes, respectively rs17861162 CG and GG genotypes) may aid in the development of
effective personalized treatments for breast cancer patients (603).

Mahalingaiah et al. claim that chronic oxidative stress is able to convert oestrogendependent non-aggressive breast cancer cells into oestrogen-independent aggressive cells
(604).

Finally, Rivero’s group concludes that salbutamol could be an effective adjuvant drug for
the treatment of metastatic breast cancer. In their laboratory study, both salbutamol (β2agonist) and propranolol (β-blocker) significantly diminished human breast cancer cell
migration while epinephrine exerted opposite effects. Furthermore, salbutamol inhibited
invasion of breast cancer cells and enhanced adhesion to extracellular matrix. Salbutamol
treatment proved also able to decrease the expression of pro-metastatic genes (605).
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4. Digestive tract malignancies

4.1 Oesophageal cancer
4.2 Gastric/ Biliary tract/ Hepatic/Pancreatic cancer
4.3 Small intestine cancer
4.4 Colorectal cancer

4.1 With respect to oesophageal malignancies, we could identify the following studies.
One study focussed on the effects of high-dose postoperative opioids on cancer recurrence
in patients undergoing oesophageal cancer surgery. In this retrospective analysis, high-dose
intraoperative and postoperative opioid use (>1783.5 mg of oral morphine) was
significantly associated with with an increased risk of oesophageal cancer recurrence.
However, opioid use and/or opioid dosage did not affect overall survival (606).

Two studies focussed on the relationship between the occurrence of postoperative
anastomotic leakage and perioperative presence of thoracic epidural analgesia.
Michelet et al. demonstrated that the use of perioperative thoracic epidural analgesia in
oesophageal resections is associated with a decrease in anastomotic leakage. This is
believed to be the result of improved vascularisation of the anastomosis (607). Lai and coworkers were also unable to demonstrate any deleterious effect of thoracic epidural
analgesia on anastomotic leakage in anterior resections. They did, however, find an evident
reduction in length of hospital stay in case epidural analgesia was administered (608).

Andreou’s group reports that anastomotic leakage following resection for oesophageal and
gastric cancer has a negative prognostic impact on long-term survival, independent from
tumour stage and biology (609).

Fumagalli et al. claim that intraoperative hypotensive episodes may be associated with
postoperative oesophageal anastomotic leakage. In this prospective study, data from 48
patients undergoing oesophagectomy with gastric pull-up were collected. Hypotensive
epidodes (defined by systolic pressure decreasing more than 30% of the basal value for
more than 5 minutes) were significantly more frequent in patients undergoing prone
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oesophagectomy and those with an epidural catheter used during surgery. Anastomotic leaks
were significantly more common in patients with intraoperative hypotensive episodes
(HEs), especially those treated with vasopressive agents. The authors conclude that the
intraoperative use of epidural analgesia can, in certain conditions, significantly influence
gastric blood flow due to hypotensive episodes (610). However, it remains questionable
whether the higher incidence of anastomotic leaks is a direct result of anastomotic
hypoperfusion caused by the vasodilatatory effects of epidural analgesia resulting in
hypotension, or the combined result of anastomotic hypoperfusion caused by neuraxial
vasodilatation in combination with vasoconstriction at the site of the anastomosis caused by
the vasopressors used.

Baker and co-workers report that drain amylase detection within 10 days after
oesophagectomy adds to the sensitivity of CT oesophagram in the early detection of
anastomotic leakage (611).

Xu and colleagues show in their study that the use of the intravenous anaesthetic propofol
results in suppression of proliferation, invasion and angiogenesis in oesophageal squamous
cell carcinoma cells (612).
Hiller, in his database analysis involving 140 patients with a minimum follow-up of 2 years,
also reports an association between effective postoperative epidural analgesia and mediumterm benefit on cancer recurrence and survival following oesophageal surgery (613).

Heinrich et al. report that the results of their study underline the well-known clinical
benefits of epidural analgesia for oesophageal surgery, including less opioid consumption
and shorter duration of ICU hospitalization. However, the authors report to have found no
evidence that further oncological outcome is determined or significantly influenced by the
presence or absence of epidural analgesia (614). This retrospective analysis included 153
patients, of whom 118 patients received epidural analgesia. Epidural analgesia was avoided
in 35 patients for reasons not mentioned.

Feltracco and colleagues have conducted a clinical review on the benefits of thoracic
epidural analgesia in oesophageal surgery and conclude that, although its advantages on
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faster mobilization, pulmonary functions and pain control are soundly established, this
technique requires specific technical skills and is not devoid of risks, complications, and
failures (615).
By contrast, Visser’s group claims that thoracic epidural analgesia has no beneficial effects
on postoperative pain scores or pulmonary complications compared with systemic analgesia
(616).

Based on the results of their meta-analysis of randomized and controlled trial, Hughes and
co-workers conclude that thoracic epidural analgesia is not associated wih reduced overall
morbidity. Although epidural analgesia was associated with reduced pulmonary
complications following gastrectomy, no obvious benefits were encountered following
oesophagectomy (617).

Fares and colleagues have studied the effect of thoracic epidural analgesia on proinflammatory cytokines in patients subjected to protective lung ventilation during Ivor
Lewis oesophagectomy. In their randomized controlled study, 30 patients were randomly
allocated into 2 groups. Patients in the first group received general anaesthesia and were
mechanically ventilated with 9 ml/kg during 2 lung ventilation, reduced to 5 ml/kg and 5 cm
H2O positive end expiratory pressure (PEEP) during one lung ventilation. Patients in the
second group received thoracic epidural analgesia and the same general analgesia and
mechanical ventilation used in the first group of patients. Results showed that there was a
significant reduction in mean arterial blood pressure and pulse rate in the second group
during the intraoperative period and postoperatively. Mean resting and dynamic VAS scores
were significantly reduced in the epidural group over all 3 postoperative days in comparison
to the first group, as was the daily PCA morphine consumption. Blood levels of Interleukin6 and Interleukin-8 were also significantly reduced in the epidural group over the entire
study period. The duration of stay in the ICU was significantly decreased in the epidural
group compared with the first group. There were no significant differences in post-operative
adverse events between the two groups. Based on these results, the authors conclude that
thoracic epidural analgesia reduced the systemic pro-inflammatory response and provided
optimal post-operative pain relief. Although there were no significant differences in adverse
events, there was a trend towards improved outcome (618).
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Li and co-workers also have examined the effects of epidural analgesia on short and longterm outcomes after oesophagectomy and compared these with intravenous analgesia.
Results of this propensity-matched cohort study revealed that epidural analgesia could
attenuate the surgical inflammatory response and reduce the incidence of pneumonia and
anastomotic leakage after oesophagectomy. However, these benefits were at the price of
delayed urinary catheter removal and lower blood pressure. The authors conclude that
epidural analgesia remains an important component of multimodal perioperative
management after oesophagectomy (619).

Gu et al. support the conclusion that thoracic epidural analgesia (TEA) reduces the proinflammatory response and minimizes immune dysfunction. In their prospective and
randomized study, patients undergoing thoracic surgery for oesophageal cancer were
allocated into one of 4 groups. During surgery, patients in groups I en II received total
intravenous general anaesthesia (TIVA), whereas patients in groups III and IV received
combined TEA and TIVA. Postoperatively, groups III and I received postoperative patientcontrolled intravenous analgesia (PCIA), whilst patients in groups II and IV received
PCEA. Levels of cortisol and cytokines were measured in peripheral blood samples
collected prior to anaesthesia and different intervals after incision. Plasma levels of cortisol
and cytokines increased significantly at the beginning of the operation in all groups, apart
from group IV. In this group, no significant alteration in cortisol and cytokines levels was
detected (620).
These results are in conflict with the previously mentioned study results from Ramirez et al.
Based on their results the investigators conclude that the magnitude of innate immune
suppression is similar among different oncological procedures (517).

Han and co-workers report that the use of propofol and/or dexmedetomidine as an induction
agent results in less oxidative stress compared with the use of midazolam. In their
prospective and randomized trial oxidative stress indicators were assessed prior to, and at 2
and 24 hours after oesophageal cancer surgery and radical prostatectomy. The patient group
in which midazolam was used for induction of anaesthesia showed significantly higher
oxidative stress compared with the propofol and dexmedetomidine group (621). In other
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words, propofol and dexmedetomidine are claimed to exhibit a superior antioxidant
function.

Jun and colleagues report that volatile anaesthesia is associated with worse overall survival
and recurrence-free survival compared with intravenous anaesthesia with propofol (TIVA).
In their retrospective observational study, TIVA during oesophageal cancer surgery was
associated with better postoperative survival rates compared to volatile anesthesia (622).

Based on the results of their retrospective cohort study, Zhang and Wang conclude that
sevoflurane does not differ from propofol in terms of affecting the risk of postoperative
pneumonia development after oesophagectomy (623).

Zhang et al. have studied the safety and efficacy of a single-dose and bilateral ultrasoundguided-paravertebral blockade in patients undergoing combined thoracoscopic-laparoscopic
oesophagectomy (TLE) along with intravenous sufentanil analgesia in combination with
general anaesthesia. In this prospective study, 52 patients undergoing TLE were randomized
into either the paravertebral or the control group. Patients in the paravertebral group were
injected 3 times 10 ml of 0.5% ropivacaine at the right T5 and bilateral T8. Patients in the
control group received saline injections of 10 ml at each site. After induction of anaesthesia,
all patients received intravenous sufentanil analgesia. Results revealed lower intraoperative
mean sufentanil usage, and end-tidal sevoflurane concentrations in the paravertebral group.
Postoperative pain scores, both at rest and on coughing, were also lower during the first 8
hours in the paravertebral (PVB) group. Cumulative sufentanil consumption, as delivered by
patient-controlled analgesia, was also significantly lower in the PVB group at all time
points. Furthermore, postoperative pulmonary function was better at the third postoperative
day in the PVB group, with quicker hospital discharge and lower hospital costs, compared
with the control group (624).

Interestingly, Ma et al. claim that thoracoscopic oesophagectomy has some obvious
advantages associated with less pulmonary complications, lower morbidity of injury to the
thoracic duct and recurrent laryngeal nerve. However, compared to open oesophagectomy
thoracoscopic intervention was not associated with reduced surgical stress response (625).
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As mentioned previously, Macfarlane and co-workers claim that the use of NSAID’s is
associated with significantly reduced risk of upper aerodigestive tract (UADT) and
oesophageal cancer. In this nested case-control study, the use of aspirin, in contrast to the
use of NSAID’s, was not associated with a reduced risk of oesophageal cancer (254).
However, the results of their observational cohort study show that aspirin and other
NSAIDs presciptions after diagnosis are associated with reduced all-cause mortality in
UADT cancer patients (255).

By contrast, Thrift’s group failed to demonstrate a positive association between the use of
NSAIDs and a reduced risk of Barrett’s oesophagus (626).

Hu et al. report that COX-2 expression level is asscociated with key clinicopathological
features and could be an effective biomarker to predict prognosis following Ivor Lewis
oesophagectomy in patients with oesophageal squamous cell carcinoma (627).

Van Staalduinen and colleagues demonstrate that postdiagnosis aspirin use might be
associated with a higher survival rate in oesophageal cancer patients. However,
postdiagnosis NSAIDs use was not associated with higher survival rate in this group of
patients (628).

Based on their meta-analysis, Paramanathan et al. claim that a high NLR (> 5.0) is
associated with poorer outcome in patients undergoing surgery for oesophageal cancer
(151).
Yuan and colleagues report similar findings. In their retrospective study involving patients
with adenocarcinoma of the oesophagogastric junction undergoing curative resections,
elevated preoperative NLR (≥ 5.0) was clearly associated with poorer disease-free and
overall survival (DFS and OS). Interestingly, the platelet-to-lymphocyte ratio (PLR) did not
significantly predict DFS or OS (629).

Xiao et al. confirm that preoperative NLR is a prognostic biomarker in patients with
basaloid squamous cell carcinoma of the oesophagus undergoing curative surgery (630).
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Grenader and colleagues also confirm that NLR may predict the presence of peritoneal or
metastatic involvement on staging laparoscopy, in patients with early lower oesophageal
cancer or gastric cancer. A high NLR (≥ 3.28) was significantly associated with positive
peritoneal and/or metastatic disease at staging laparoscopy (631).

Yoo et al. have studied the association between NLR and survival after chemo radiotherapy
for locally advanced oesophageal cancer. In their study, low pre-treatment NLR (< 2.0) was
clearly associated with longer progression-free and overall survival compared with the high
NLR (≥ 2.0) group (632).
Li and co-workers confirm the prognostic significance of pre-chemotherapy NLR in patients
undergoing radical oesophagectomy for locally advanced oesophageal squamous cell
cancer. Their study results show that a pre-chemotherapy NLR > 5.0 was significantly
associated with worse overall survival. Furthermore, NLR proved to be a superior
prognostic predictor than platelet-to-lymphocyte ratio (PLR) (633).

Sürücü et al. even claim that baseline NLR is associated with the metabolic tumour volume
in patients with oesophageal cancer (634).
Yutong and colleagues confirm the prognostic significance of NLR for oesophageal cancer
in high incidence areas in China. A high NLR (≥ 3.5) was significantly associated with
shorter overall survival compared to a low NLR (< 3.0) (635).

He and co-workers report that elevated NLR and PLR might be used as predictive factors in
patients with middle or lower oesophageal squamous cell carcinoma. In their retrospective
study, high NLR (> 3.3) was significantly associated with worse overall survival. PLR >
150, on the other hand, was significantly associated with worse disease-free survival (636).

By contrast, Hirahara et al. state that platelet-to-lymphocyte ratio (PLR) can be used as a
novel predictor of postoperative cancer-specific survival and overall survival in patients
with oesophageal cancer. The authors also state that PLR may be useful in identifying
patients with a poor prognosis even after radical oesophagectomy (637).
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Feng and colleagues have studied the usefulness of a new inflammation index for patients
with oesophageal squamous cell carcinoma. A total of 293 patients who had undergone
oesophagectomy were included and the inflammation index was calculated. This so-called
advanced lung cancer inflammation index (ALI) was calculated as body mass index × serum
albumin/NLR. Patients were then divided into two groups: ALI < 18 and ALI ≥ 18. Results
showed that ALI was significantly higher in patients with large tumours, poor
differentiation, deep invasion, and nodal metastasis. Furthermore, ALI proved to be a
significant predictive factor of cancer-specific survival (638).

Xie et al. state that preoperative PLR is significantly correlated with prognosis in patients
undergoing surgery for oesophageal squamous cell cancer, but not NLR. In this study, the
optimal cut-off value of preoperative PLR and NLR were 103.0 and 2.1, respectively (639).

On the other hand, Yodying and co-workers report that based on the results of their metaanalysis, both high NLR and high PLR were significantly predictive of poorer overall
survival in patients with oesophageal cancer. However, high PLR but not NLR was
significantly predictive of poorer overall survival in patients who underwent curative
surgery without neoadjuvant chemotherapy (640).
By contrast, Jung et al. claim that a high NLR (≥ 2.97) is a significant prognostic factor for
overall survival and disease-free survival in patients with surgically treated oesophageal
squamous cell carcinoma. In this retrospective study, elevated PLR was not a risk factor for
overall and disease-free survival (641).

Hyder’s group demonstrates that changes in NLR and PLR during chemoradiation predict
survival and pathologic complete response in oesophageal cancer patients undergoing
trimodality therapy (642).

Kijima et al. have investigated the predictive effects of NLR and plasma fibrinogen in
patients with advanced oesophageal cancer. Furthermore, they assessed the clinical utility of
a combined score using NLR and plasma fibrinogen, named F-NLR, as a predictor of
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tumour response and prognosis. A group of 98 patients with advanced oesophageal
squamous cell cancer treated with chemoradiotherapy or chemotherapy, were classified into
one of three groups: F-NLR score of 2, having both hyperfibrinogenaemia (> 400 mg/dl)
and high NLR (> 3.0); F-NLR score of 1, having one of these two haematological
abnormalities, and F-NLR score 0, having neither hyperfibrinogenaemia nor high NLR.
Results showed significantly lower overall survival in patients with F-NLR score 2
compared with patients with a F-NLR score of 0 or 1. Therefore, the authors conclude that
the F-NLR score is promising as a predictive marker for therapeutic effects and prognosis in
patients with with advanced oesophageal squamous cell carcinoma (643).

Matsuda and colleagues report that an intense postoperative inflammatory response (IIR),
defined as a delayed C-reactive protein (CRP) level peak and persistent CRP elevation
following transthoracic oesophagectomy, is a significantly independent predictive factor for
overall survival. Patients with a IIR showed a significantly shorter overall survival (644).

As mentioned previously in the case of head and neck cancers, Chang and co-workers state
that, based on the results of their population-based cohort study, propranolol might reduce
the risk of head and neck, oesophagus, stomach, colon and prostate cancers (275).

Finally, Horikoshi’s group has conducted a randomized, controlled trial in which the effects
of landiolol administration on the occurrence of postoperative atrial fibrillation and
tachycardia in patients undergoing oesophageal surgery were investigated. Their results
show that administration of 5µg/kg/min of the cardioselective ultra-short acting β-blocker
landiolol results in significantly lower incidence of atrial fibrillation and sinus tachycardia
in patients underging oesophagectomy. Furthermore, IL-6 levels at the end of surgery were
also significantly lower in the landilol group, suggesting a possible reduction in the surgical
stress response (645).
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4.2 Gastric/ Biliary tract/ Hepatic/Pancreatic cancer

In their study on pancreatic carcinoma, Mayorek and colleagues were able to demonstrate
that diclofenac exhibits distinct anti-tumour activity (117). A finding previously
encountered in the case of breast cancer and lung cancer.

Bameshki and co-workers have performed a randomized, double blinded trial in which the
effects of additional paracetamol and/or diclofenac to patient-controlled morphine analgesia
for postgastrectomy pain control were investigated. Their results show that intravenous
paracetamol or diclofenac suppositories decrease morphine consumption by almost 32% and
also improve alertness (646).

Shen et al. have studied the effects of the non-steroidal anti-inflammatory drug flurbiprofen
on immune function in gastric cancer patients receiving postoperative morphine analgesia.
Based on the results of their prospective, randomized study they conclude that the
combination of morphine and flurbiprofen ameliorates the immune depression in Tlymphocyte subsets and natural killer cells and provides a similar analgesic efficacy to
morphine alone. Interestingly, T-lymphocyte depression lasted for 120 hours after surgery
(647).
Sun and colleagues report similar findings. Based on their prospective, randomized study
they conclude that patient-controlled intravenous analgesia (PCIA) using tramadol
combined with the non-steroidal anti-inflammatory drug lornoxicam has less influence on
inflammatory cytokines than morphine or tramadol alone in patients undergoing gastric
cancer surgery (648).
Both study results endorse the importance of anti-inflammatory drugs in the preservation of
immunity following surgery.

Jiang et al. have performed a prospective, randomized study in which the effects of type of
anaesthesia on the stress response were examined in patients undergoing laparoscopic
radical gastrectomy. One hundred patients were randomized into either the total intravenous
anaesthesia (TIVA) group, or the combined intravenous and inhaled anaesthesia (CIIA)
group. TIVA was performed with propofol and remifentanil by means of target-controlled
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infusion. CIIA was performed by inhalation of sevoflurane and continuous infusion of
remifentanil after anaesthesia induction. Concentrations of epinephrine, norepinephrine and
dopamine in plasma from radial artery blood samples were measured at different time
intervals. Results revealed that, at the same anaesthetic depth, the CIIA method
outperformed the TIVA method in suppressing the stress response and obtaining smooth
awakening after laparoscopic radical gastrectomy for patients with gastric cancer (649).

Yon and co-workers demonstrate in their prospective, randomized, double-blinded and
placebo-controlled study, involving 36 patients undergoing subtotal gastrectomy, that preand intraoperative intravenous infusion with lidocaine reduces pain and opioid consumption
without reported side effects. However, VAS pain scores and administration of patientcontrolled-analgesia (PCA) were significantly lower in the lidocaine group until 24 hours
after surgery, and opioid consumption was significantly lower in this group until 12 hours
postoperatively compared with the placebo group. Furthermore, no significant differences
were detected in terms of nausea and vomiting, return to regular diet, length of hospital stay
and patient satisfaction (650).

Kang cum suis report comparable results showing that intraoperative intravenous lidocaine
reduces opioid consumption and hospital length of hospital stay following open gastrectomy
for stomach cancer in men. In this prospective, randomized, double-blinded trial, 48 patients
were randomly allocated into two groups. One group received intravenous lidocaine 1.5
mg/kg 20 minutes before incision followed by a continuous lidocaine infusion of 1.5
mg/kg/hr until the end of surgery. The control group received saline in a similar manner.
Results showed no differences in total consumption of iv-controlled analgesia or pain scores
at 24, 48, or 72 hours postoperatively. Also, no differences were noted between both groups
in pain intensity or duration of ileus. However, patients in the lidocaine group had
significantly decreased average supplemental pethidine requirement per patient for pain
control until 72 hours postoperatively and hospital length of stay (651).

Based on the results of their prospective, randomized, double blind and placebo-controlled
study, Kim et al. confirm that pre- and intraoperative lidocaine reduces the consumption of
opioids in patients undergoing laparoscopy-assisted distal gastrectomy (652).
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Kim and colleagues claim that intravenous lidocaine infusion is a safe sedative method
during endoscopic submucosal dissection for gastric neoplasms. In their randomized,
double-blinded study, adjuvant intravenous lidocaine infusion resulted in reduced opioid
requirement and decreased patient movement during this procedure (653).

Based on the results of their comparative meta-analysis, Khan and co-workers claim that the
continuation of intravenous lidocaine infusion beyond 60 minutes after bowel surgery has
no added analgesic or gastrointestinal benefit (654).

As mentioned previously in the case of breast cancer, lidocaine has been shown to
demethylate DNA in breast cancer cells, and by doing so lidocaine sensitizing the
cytotoxicity of cisplatin (602).
Xing’s group confirms the antitumour activity of intravenous lidocaine in hepatocellular
carcinoma. Furthermore, the authors state that combining lidocaine with cisplatin may be a
novel treatment option for hepatocellular carcinoma (655).
Jurj et al. conclude that in clinically relevant concentrations, lidocaine displays significant
antiproliferative effects on human hepatocarcinoma cells. These effects are time and dosedependent (656).

However, Ortiz et al. state that intravenous lidocaine was not able to reduce postoperative
pain, opioid consumption, and duration of ileus or length of hospital stay in patients
undergoing laparoscopic cholecystectomy. This conclusion is based on the results of their
prospective, randomized, double-blinded study (657).

Dale and co-workers also have prospectively studied the analgesic efficacy of intravenous
lidocaine infusion in patients undergoing laparoscopic fundoplication. In fact, this study was
terminated after an interim analysis showing evidence of futility. There was no difference in
postoperative pain scores at rest or with movement. In this study, patients in the lidocaine
group received 1 mg/kg intravenous bolus prior to induction of anaesthesia, followed by an
intravenous infusion at 2 mg/kg/hr for 24 hours (658).
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Kranke and colleagues have performed a meta-analysis in which the effects of perioperative
intravenous lidocaine infusion on postoperative pain and recovery in adults undergoing
various surgical procedures were studied. The authors conclude that there is low to
moderate evidence that perioperative continuous intravenous infusion of lidocaine, when
compared to placebo, has an impact on pain scores and/or postoperative nausea.
Furthermore, there is limited evidence that this intervention has further impact on other
relevant clinical outcomes, such as gastrointestinal recovery, length of hospital stay, and
opioid requirements (659).

As mentioned earlier in the case of lidocaine, procaine is also reported to act as a specific
DNA methylation inhibitor for human gastric cancer cells. By repressing DNA-methylation
levels proliferation arrest and apoptosis of gastric cancer cells are promoted (660).

Based on the results of their prospective, randomized trial, Kuo et al. report that thoracic
epidural analgesia (with lidocaine) results in better pain relief, lower opioid consumption,
earlier return of bowel function, and lesser production of cytokines than intravenous
lidocaine during 72 hours after colonic surgery (661).

Li and co-workers state that when used in conjunction with TIVA, intraoperative
dexmedetomidine attenuates surgical stress responses to an extent comparable to combined
epidural and general anaesthesia without compromising hemodynamic stability and with
minimal effects during the intraoperative period. In this prospective study, patients in the
demedetomidine group received dexmedetomidine 0.6 µg/kg intravenously before induction
of general anaesthesia, followed by dexmedetomidine 0.4 µg/kg/h until peritoneal closure.
The control group received volume-matched normal saline infusion as placebo. The epidural
group received epidural anaesthesia with 0.375% ropivacaine combined with TIVA (662).

Dong et al. confirm that the intraoperative use dexmedetomidine can effectively reduce the
release of inflammatory cytokines in patients undergoing gastric cancer surgery. In their
randomized study, patients in the dexmedetomidine group received 1 µg/kg as a bolus,
followed by a continuous infusion of 0.2 µg/kg/hour till the end of operation. Patients in the
control group received the same volume of saline. In both groups, the levels of pro122

inflammatory cytokines were significantly elevated compared with the levels prior to
incision. However, the elevation was significantly higher in the control group compared to
the dexmedetomidine group (663).

Kim and colleagues report similar results. In their randomized study, patients were allocated
into 1 of 3 groups: conventional thoracic epidural PCA (E-PCA); dexmedetomidine in
combination with fentanyl-based intravenous-PCA (dIV-PCA); fentanyl-based IV-PCA
only (IV-PCA). Their results showed that dexmedetomidine in combination with fentanylbased IV-PCA significantly improved postoperative analgesia in patients undergonig open
gastrectomy without hemodynamic instability, which was comparable to thoracic E-PCA.
According to the authors, this approach could be clinically more meaningful owing to its
non-invasive nature (664).

Yanagimoto and co-workers have studied the optimal analgesia following laparoscopic
distal gastrectomy and evaluated the effectiveness of epidural analgesia for this type of
surgery. Based on the results of their retrospective study, they conclude that epidural
analgesia results in significantly earlier bowel movements and less need for additional
opioids. However, epidural analgesia did increase the risk of urinary retention (665).

Zhang et al. have investigated the awakening (quality and time) of elderly patients from
propofol intravenous general anaesthesia or sevoflurane inhalation general anaesthesia
combined with epidural analgesia after radical gastric cancer surgery. Their results show
that, compared to propofol intravenous general anaesthesia or sevoflurane inhalational
general anaesthesia, propofol or sevoflurane general anaesthesia combined with epidural
analgesia was more conducive to increase the awakening quality of elderly patients from
anaesthesia following radical gastric cancer surgery (666).

Based on the results of their retrospective analysis, Wang et al. report that general
anaesthesia combined with epidural analgesia may be associated with improved survival in
gastric cancer patients undergoing resection. Furthermore, pain scores and the incidence of
nausea and vomiting were significantly lower in the general anaesthesia combined with
epidural analgesia group than in the general anaesthesia alone group (667).
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By contrast, Shin’s group reports that postoperative use of epidural analgesia is not
associated with reduced recurrence or mortality following gastric cancer surgery (668).
Obviously, more prospective study results on this topic are needed.

With respect to gastric cancer surgery, Long et al. conclude that radical surgery dramatically
upregulates the expression of pro-tumourigenic cytokines in the peritoneum. Furthermore,
there is a marked systemic immune and inflammatory response to surgery, including the
downregulation of T-cell and dendritic cell populations. According to the authors, tumour
progression may be facilitated via two potential pathways: local inflammation promoting
peritoneal adherence and implantation, and secondary suppression of immunosurveillance
due to circulating inflammatory response (669).

Ganapathi and colleagues report that epidural analgesia is safe and effective in providing
adequate pain relief following open liver surgery. They base this conclusion on the results
of their study in which 70 patients undergoing open liver surgery were included. Epidural
analgesia was reported successful in 64 patients (91%). Bacterial colonisation of the
epidural tip was noticed in two patients, without neurological complications. Five patients
(7%) had radiologically confirmed chest infection, and four patients (6%) developed wound
infection. The median length of stay was 6 days (3-27 days). The extent of liver resection
and postoperative chest infection had a significant influence on the length of stay (670).

Zhu et al. have conducted a prospective, randomized, controlled trial in which the effects of
combined epidural analgesia and general anaesthesia were investigated on intraoperative
hemodynamic responses, postoperative cellular immunity, and prognosis in patients
undergoing surgery for gallbladder cancer. Their results show that combined epidural
analgesia and general anaesthesia results in less PONV, better pain scores, and improved
postoperative cellular immunity when compared to general anaesthesia alone. The 1-year, 2year, and 3-year survival rates, however, were not evidently different between both groups.
Therefore, the authors conclude that combined epidural analgesia and general anaesthesia
might be a more available anaesthesia method for gallbladder cancer patients undergoing
surgery (671).
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Based on the results of their randomized controlled trial, Aloia’s group states that thoracic
epidural analgesia provides superior patient experience through improved pain control and
less narcotic use in patients underoing major hepatopancreatobiliary surgery, without
increasing length of stay or complications (672).

Joy and co-workers demonstrate that epidural ropivacaine with dexmedetonidine
significantly reduces the total propofol dose required for induction of anaesthesia in patients
undergoing abdominal and lower extremity surgery. Furthermore, this combination
decreases the onset time of sensory and motor block and provides good haemodynamic
stability (673).

Meanwhile, Misquith and colleagues report that thoracic epidural analgesia provides
superior analgesia, better cough reflex (as seen by better peak expiratory flow rates), more
haemodynamic stability and better ventilation in patients undergoing upper abdominal
surgery (674).

Schreiber’s group has performed a randomized, prospective, open label study in which
epidural analgesia was compared with bilateral paravertebral nerve blockade (PVB) in
patients undergoing open liver resections. Results showed significantly lower pain scores in
the epidural group at 24 and 48 hours postoperatively compared with the bilateral PVB
group. However, there was also a significant decrease in mean arterial pressure from
baseline at 24 hours postoperatively in the epidural group. Maximal inspired ventilatory
volumes at 24 hours postoperatively and cumulative utilization patient-controlled analgesia
opioid during the first 48 hours postoperatively did not significantly differ between the two
groups (675).

Based on the results of their prospective and randomized study, Xu et al. conclude that
general anaesthesia combined with epidural block has little passive influence on the cellular
immunity of the body and therefore can be selected as an anesthetic approach for patients
with liver cancer (676).
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Allen and colleagues have retrospectively investigated the analgesic effects of epidural
analgesia and compared these with patient-controlled analgesia in patients undergoing liver
resections for neoplastic disease. Their results show that overall postoperative outcomes
(time to ambulation and complications) were not significantly different based on method of
analgesia after adjusting for type and extent of hepatic resection. However, although
patients with epidural analgesia underwent more extensive surgeries they required less
additional intravenous pain medications than patients with intravenous patient-controlled
analgesia (677).

As mentioned previously, Shah’s group states that intraoperative continuous epidural
infusions decrease PACU length of stay as discharge criteria for patient-reported pain scores
are met earlier (306).

Wang (J.) and co-workers have retrospectively investigated the effects of additional epidural
analgesia on the long-term survival in gastric cancer patients. Results revealed no obvious
association between epidural use and improved long-term survival. However, epidural
analgesia was significantly associated with improved long-term survival among younger
patients (age up to 64 years), but not among older patients (678).

By contrast, Wang (M.) et al. report that epidural anaesthesia combined with general
anaesthesia and patient-controlled epidural analgesia may be associated with improved
overall survival in gastric cancer patients undergoing resection. In this retrospective study,
intra- and postoperative epidural use was significantly associated with improved survival
(679).

Amini et al. have performed a nationwide retrospective cohort study in which the effects of
perioperative thoracic epidural analgesia in patients undergoing hepatopancreatic surgeries
were examined. They conclude that epidural analgesia use among these patients remains
low (overall 7.4%). Albeit, epidural analgesia was associated with a reduction in specific
pulmonary-related complications, as well as in-hospital mortality (680).
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Sugimoto and colleagues claim that outcomes after pancreatic resection can be improved by
increasing the success rate of epidural anaesthesia. This claim is based on the results of their
retrospective study in which the association between epidural dysfunction and surgical
outcomes was investigated. Epidural dysfunction was defined as either hypo-function due to
inadequate pain control (requirement of epidural replacement, conversion to intravenous
continuous opioid infusion, or intravenous bolus opioid use) or hyper-function (hypotension
or oliguria). Epidural dysfunction was reported to occur in 49% after pancreatectomy (hypofunction in 35% and hyper-function in 14%). Epidural dysfunction was independently
associated with the development of overall, pancreas-related, and non-pancreas-related
complications. Hypo-function alone was independently associated with both pancreasrelated and non-pancreas-related complications. Hyper-function, on the other hand, was
independently associated with non-pancreas-related complications (681).
These results emphasize the importance of adequate epidural anaesthesia. It should be
stressed that active management of inadequate epidural anaesthesia, including a new block,
may result in an almost complete success rate (682).
For a more comprehensive overview of epidural dysfunction we refer to the article
published by Hermanides et al. (683).

In turn, Sadowski and co-workers have performed a prospective and randomized study in
which the effects of epidural analgesia/anaesthesia on pancreatic perfusion in patients with
acute pancreatitis were examined. Their results demonstrate that epidural analgesia
increases arterial perfusion of the pancreas and improves the clinical outcome of patients
with acute pancreatitis. In this study, mean duration of epidural analgesia was 5.7 days and
no complications of the epidural procedure were reported (684).
Jabaudon’s group supports these findings. In their multicentre, observationl cohort study,
mortality at 30 days was significantly lower in critically ill patients with acute pancreatitis
who received epidural analgesia compared with patients without epidural analgesia (685).

Kun et al. have investigated the effect of combined general anaesthesia with epidural
analgesia on postoperative NK-cell activity and cytokine response in gastric cancer patients
undergoing radical resection. In their prospective study, patients were randomized to
combined general/epidural anaesthesia or general anaesthesia alone. Natural killer cell
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activity and serum concentrations of pro-tumourigenic cytokines (IL-1β and IL-6), and antitumorigenic cytokines (IL-2 and IL-10) were measured at different time intervals. Results
revealed a significantly less decreased NK-cell activity in the epidural group, higher levels
of anti-tumourigenic cytokines and lower levels of pro-tumourigenic cytokines. Therefore,
the authors conclude that combined general/epidural anaesthesia seems helpful to maintain
the body’s perioperative immune function compared to general anaesthesia alone in patients
with gastric cancer surgery (686).

This conclusion is supported by the results of a prospective randomized study performed by
Zhao and Mo. In this study, the effects of epidural analgesia were investigated in patients
undergoing surgery for gastric cancer. The patient group that received general anaesthesia
with continuous epidural analgesia had significantly lower contents of TNF-α, IL-6, and IL8. Furthermore, the number of T-lymphocytes and NK-cells was significantly lower in the
patient group that received general anaesthesia without epidural analgesia. Seventy-two
hours after the operation, the number of T-lymphocyte subsets and NK-cells were back to
normal, but still significantly lower than before the operation and anaesthesia in the general
anaesthesia alone group. According to the authors, this illustrates that general anaesthesia
with continuous epidural analgesia is a more preferred anaesthetic technique for gastric
cancer patients undergoing surgery. The surgical stress response is attenuated and
consequently the immune function is less suppressed (687).

Kasai and colleagues claim that the surgical stress response following laparoscopic and
open liver resection for colorectal liver metastasis is comparable. In this prospective trial,
patients were randomized to receive open or laparoscopic liver resection. Apart from a
shorter postoperative stay in the laparoscopic group, there were no significant differences
between both groups with respect to the levels of IL-6, IL-8, and the levels of angiogenesisrelated factors and inflammation-related factors (688).

By contrast, Okholm et al. have studied the inflammatory stress response in laparoscopic
versus open surgery for gastric cancer. Based on the results of their meta-analysis, they
conclude that laparoscopy-assisted gastric surgery attenuates the immune response
compared to open surgery. Especially IL-6 and CRP plasma concentrations were
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significantly lower in laparoscopic patients compared to patienst undergoing laparotomy
(689).
Consequently, a laparoscopy proves to be less immunosuppressive than a laparotomy (7).
Bartin and Schietroma et al. confirm this finding, even in the case of generalized peritonitis
from perforated appendicitis (690,691).

Freise and colleagues report that thoracic epidural analgesia (TEA) reduces liver injury in
necrotizing acute pancreatitis. In their study, TEA significantly reduced liver injury in rats
with induced necrotizing pancreatitis. Therefore, the authors conclude that TEA could
preserve liver function in systemic inflammatory disorders such as acute pancreatitis (692).
Furthermore, the same group also reports that TEA reverses sepsis-induced hepatic
hyperperfusion and reduces leucocyte adhesion in septic rats (693).

With respect to acute pancreatitis, and based on the results of their laboratory study, Barlass
and co-workers claim that morphine treatment worsens the severity of acute pancreatitis and
delays resolution and regeneration. Therefore, the authors conclude that the safety of
morphine for analgesia during acute pancreatitis shoul be re-evaluated in future human
studies (694).

Sidiropolou et al. have performed a randomized, double blind trial in which the impact of
anaesthetic technique on the stress response elicited by laparoscopic cholecystectomy was
investigated. Their results show that hormonal and metabolic stress response is slightly
modulated by the use of epidural analgesia supplemented by general anaesthesia (695).
In this study, blood markers were determined 1 day before surgery, intraoperatively, and
upon the first postoperative day.

Ozcan and co-workers also have investigated the effects of thoracic epidural analgesia on
cytokine response in patients undergoing laparoscopic cholecystectomy. In this prospective,
randomized comparative study, 60 adult patients scheduled for elective laparoscopic
cholecystectomy were included and a thoracic epidural catheter was inserted before
incision. Patients were divided into 4 groups. Group saline (group S), group fentanyl (group
F), group bupivacaine (group B), and group levobupivacaine (group L). Patients in group S
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received saline, patients in group F fentanyl, in group B bupivacaine, and patients in group
L levobupivacaine via the epidural catheter. In all groups, interleukin-6 (IL-6), IL-8, and IL10 started to increase at 2 hours after incision and returned to the basal level at 24 hours
after surgery. Interleukin levels increased most in patients who had received saline via the
epidural catheter. Therefore, the authors conclude that combined general anaesthesia and
thoracic epidural analgesia provide pain control and hemodynamic stability more efficiently
during the first 24 hours of the intraoperative and postoperative period by suppressing
cytokine levels (696).

In their paper, Gottschalk and Poepping summarize the current knowledge on the effects of
epidural analgesia on pain management, the cardiopulmonary and gastrointestinal systems,
and patient’s outcome (697).

Remarkably, Aspinen and colleagues report that the concentrations of oxidative stress
markers following minilaparotomy cholecystectomy and laparoscopic cholecystectomy are
comparable. Apparently, laparoscopic cholecystectomy evokes the same level of stress
response as a minilaparotomy (698). This might be attributed to the creation of
pneumoperitoneum, which has been shown to result in an increased stress response (905907,910).
As mentioned previously, Kasai and colleagues report similar results in patients undergoing
laparoscopic and open liver resection for colorectal liver metastasis. Apart from a shorter
postoperative stay in the laparoscopic group, there were no significant differences between
both groups with respect to the levels of inflammatory cytokines and the levels of
angiogenesis-related factors and inflammation-related factors (688).

Sen et al. have prospectively investigated the effects of pressure-controlled (PCV) and
volume-controlled (VCV) ventilation on respiratory mechanics and systemic stress response
during laparoscopic cholecystectomy. Their results show that PCV improved compliance
during pneumoperitoneum, improved oxygenation, and reduced stress response
postoperatively compared with volume-controlled ventilation (699).
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Kadam’s group reports that the performance of TAP block with respect to pain management
is comparable to local infiltration in patients undergoing day surgery laparoscopic
cholecystectomy (700).

Sinha et al. claim that ultrasound-guided TAP block with ropivacaine (0.375%) provides
better effective analgesia in the immediate postoperative period up to 1 hour as compared to
bupivacaine (0.25%). However, there were no differences between both drugs with respect
to postoperative analgesia and 24 hour cumulative analgesic requirement (701).

Based on the results of their prospective, single blinded and randomized trial, Al-Refaey et
al. report that adding magnesium sulphate to bupivacaine in TAB blockade during
anaesthesia for laparoscopic cholecystectomy improves postoperative analgesia by
increasing its duration, decreasing the analgesic requirements, and decreasing PONV (702).

Interestingly, Kim (YS) and colleagues point out that the short acting beta-blocker esmolol
plays an immunomodulatory role in patients undergoing laparoscopic gastrectomy due to
gastric cancer. In their prospective study 29 patients were enrolled, half of them was treated
with esmolol during surgery and the remainder was treated with saline. Cytokines were
quantified by sandwich enzyme-linked immunoassays before, during and after surgery. The
esmolol group was associated with higher ratios of interferon-γ/interleukin-4 than the saline
group. Furthermore, the postoperative increase in interleukin-6 was attenuated in the
esmolol group, and the C-reactive protein level on the first postoperative day appeared
significantly lower (703).
Liao et al. have studied the effects of the β-blocker propranolol on human gastric
adenocarcinoma cell lines and report that propranolol inhibits both cell proliferation and
growth in a concentration-dependent manner. In addition, propranolol was also reported to
induce apoptosis (704).
Consequently, Takahashi’s group confirms that β2-adrenergic receptor expression is a
significant predictor of tumour aggressiveness in, and poorer survival of, patients with
gastric acncer (705).
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Pu et al. claim report that epinephrine promotes epithelial-to-mesenchymal transition in
pancreatic cancer cells (706).

Meng and colleagues claim that the combination of the selective cyclooxygenase-2 inhibitor
(COX-2) Celecoxib with chemotherapy drugs produces a synergistic antitumour effect,
possibly by inhibiting the proliferation of gastric tumour cells and promoting apoptosis
(707).
This claim is supported by Yagi’s group. They have examined the anti-tumour effects of a
combination of sorafenib, a multi-target oral anti-neoplastic drug, and COX inhibitors on
hepatocellular carcinoma cells. Their results clearly show that co-administration of COX
inhibitors and sorafenib increases the frequency of apoptosis (708).

Hang et al. report that COX-2 inhibitors have the ability to inhibit angiogenesis and
metastasis of pancreatic ductal adenocarcinoma via the suppression of specificity protein 1
(Sp1). Also, COX-2 and Sp1 expression proved positively correlated with a poor prognosis
in pancreatic ductal adenocarcinoma (709).

By contrast, Khalaf and co-workers report that, based on the results of two large cohort
studies, regular aspirin or non-aspirin NSAID use is not associated with lower risk of
pancreatic cancer. However, they state a possible reduction in risk for pancreatic cancer
among people with diabetes mellitus who use aspirin should be further examined in
preclinical and human studies (710).

In addition, Bombardo et al. caution against prolonged use of ibuprofen and diclofenac
treatment in patients with acute pancreatitis. In their study on mice, therapeutic ibuprofen
and diclofenac treatment inhibited pancreatic acinar cell division. According to the authors,
this finding suggests that prolonged treatment with these NDAIDs might negatively affect
the regeneration of the pancreas (711).

Based on the results of their population-based case-control study, Kho and colleagues
conclude that the use of NSAIDs or statins may reduce the odds of developping pancreatic
cancer. However, there was no true consistent evidence of an association between NSAIDs
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or statins use and risk of pancreatic cancer. There was some suggestion of a prospective
effect in infrequent users of selective COX-2 inhibitors, but no association in more frequent
users (712).

Petrick and co-workers have harmonized data on over a million individuals from ten
prospective cohort studies in order to investigate the relation between NSAID use and the
risk of hepatocellular carcinoma and intrahepatic cholangiocarcinoma. Their results show
that current aspirin use, versus non-use, was inversely associated with hepatocellular
carcinoma (HCC). This association was stronger for users who reported daily use, longer
duration use, and lower dosage. Ibupriofen was not associated with HCC risk. As far as
intrahepatic cholangiocarcinoma is concerned (ICC), aspirin use was associated with a
reduced risk in men, but not women. The authors conclude that the observed inverse
association between aspirin use and liver cancer in this study merits further intervention
studies of aspirin and other agents that affect chronic inflammatory pathways for HCC and
possibly ICC (713).

Based on the results of their prospective cohort study, Vaughan and colleagues conclude
that aspirin use may prevent incident pancreatic, breast, colon, and ovarian cancer in elderly
women (414).

As mentioned previously, Zhang et al. have demonstrated that propofol exhibits anti-tumour
effects by inhibiting growth of human hepatocellular cancer cells (25).

Iseri et al. have investigated the efficacy of propranolol, atenolol, and an experimental nonselective β-adrenergic receptor antagonist (ICI118,551) on proliferation, migration, and
invasion of non-stimulated breast, colon, and hepatocellular cancer cells. Their results
indicate that the effects on proliferation, migration, and invasion are both β-adrenergic
receptor antagonist, and dose-dependent (578).
Boas and colleagues have retrospectively investigated the effects of β-blocker and aspirin
use on mortality in patients undergoing embolization for hepatocellular carcinoma. Their
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results show that aspirin and β-blocker use is associated with significantly improved
survival when taken at the time of embolization (714).

However, in their nested-case control study Hagberg and co-workers failed to detect an
association between the use of angiotensin-converting enzyme (ACE) inhibitors and/or βblockers in patients with hypertension and a reduced risk of primary liver cancer (715).

Li and colleagues claim that expression of monoamine oxidase A (MAOA), a
catecholamine neurotransmitter degrading enzyme, is closely related to cancer vasoinvasion, metastasis, and poor prognosis in vitro and in vivo hepatocellular cancer models.
In their study, MAOA suppressed norepinephrine/epinephrine-induced hepatocellular
carcinoma invasion. These effects were primarily mediated through alpha-1A and beta-2
adrenergic receptors (716).

These findings fit in with previous results suggesting that stimulation of the beta-adrenergic
system on its own may have unfavourable oncological effects. Previous studies have shown
that pain and surgical stress can affect the autonomic defence mechanisms in a negative
way. Furthermore there is also strong evidence that the use of S-ketamine results in a
decrease of the number of NK-cells with a further reduction of autonomic defence
mechanisms. In addition, an evident correlation has been reported between stimulation of
the beta-adrenergic system and increased chance of developing metastases (183-187).
Strikingly, the tumour-enhancing effects of S-ketamine could largely be undone by
administering beta-blockade.

Huan and co-workers claim that sympathetic innervation is crucial for hepatocarcinogenesis
and that the sympathetic nervous system promotes hepatocarcinogenesis by activating α1adrenergic receptors of Kupffer cells to boost the activation of Kupffer cells and to maintain
the inflammatory microenvironment. Hence, the authors conclude that these findings
indicate that sympathetic denervation or α1-adrenergic receptors blockage may represent
novel tretmant approaches for hepatocellular carcinoma (717). Consequently, this might
explain why neuraxial analgesia, by blocking the sysmpathetic nervous system, is
increasingly reported to have favourable effects on reducing tumour growth and metastasis.
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Kim-Fuchs et al. report that, based on their study in mice, neural β-adrenergic signalling
appears to regulate pancreatic cancer progression, and suggest β-blockade as a novel
strategy to complement existing therapies for pancreatic cancer. This suggestion is based on
the finding that pharmacological activation of β-adrenergic signalling induced similar
effects to chronic stress, and pharmacological β-blockade reversed the effects of chronic
stress on pancreatic cancer progression (718).
Based on the results of their retrospective study, Beg’s group concludes that the use of βblockers, heparin, insulin, and warfarin is associated with improved survival in patients with
pancreatic cancer. The use of metformin, thiazolidinedione, statin, and combination of
therapies was not (719).

Partecke and co-workers report similar results. In their orthotopic and syngeneic model of
pancreatic cancer, β-catecholamines increased proliferation and migration of cancer cells,
whereas propranolol reduced these effects by 25%. When stressed tumour-bearing animals
were treated with propranolol tumour volumes were reduced by 69% and survival improved
by 14% (720).

Anker and colleagues have investigated the effects of resting heart rate on survival in cancer
patients. In their prospective cardiovascular study, resting heart rate (independently of
haemoglobin and tumour stage) was shown to predict survival in patients with advanced
pancreatic cancer, non-small-cell lung cancer, and colorectal cancer (391).

As mentioned previously, Malsy and colleagues report that both ketamine and S-ketamine
inhibit proliferation and apoptosis in pancreatic cancer cells (190).
Based on the results of their cohort study, Udumyan and co-workers state that β-blockers
may improve survival of pancreatic ductal adenocarcinoma patients, particularly those with
localized disease (721).
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In their review, Hefner et al. expand further on the role of stress, β-adrenergic signalling and
pancreatic carcinoma (722).
Incidentally, Chisholm and colleagues have studied the β-adrenergic receptor expression in
vascular tumours, and they conclude that β-blockade could potentially affect apoptosis and
decrease responsiveness to vascular endothelial growth factor (723).
Takahashi and co-workers report that β2-adrenergic receptor expression is a significant
predictor of tumour aggressiveness in patients with gastric cancer. Furthermore, β2adrenergic receptor expression was also associated with poorer survival (724).
As mentioned previously, Lin’s study results indicate that long-term treatment with the βblocker carvedilol is associated with reduced lung and gastric cancer risk (384).

As discussed in the case of lung cancer, epithelial-mesenchymal transition (EMT) is a
crucial event responsible for cancer cell invasion and metastasis (86).
Shan et al. claim that norepinephrine does not only induce EMT alterations in the
morphological characteristics of gastric adenocarcinoma cells, but also increases the
markers of EMT (725).

The aforementioned findings suggest that stimulation of the beta-adrenergic system could
have an unfavourable oncological effect, regardless of the type of underlying stimulating
mechanism. Stimulation of beta-receptors, either by pain, surgical inflammatory stress
and/or pharmacologically induced beta-adrenergic stimulation may thus result in promotion
of tumour growth.

Lee and co-workers have compared the efficacy of intrathecal morphine combined with
intravenous analgesia with thoracic epidural analgesia after conventional open gastrectomy.
In this study, patients were randomly allocated into the intrathecal morphine combined with
intravenous patient-controlled analgesia (IT) group or patient-controlled thoracic epidural
(EP) group. In the IT group, patients were treated preoperatively with 0,3 mg of morphine
intrathecally and received intravenous patient controlled analgesia (IVPCA)
postoperatively. In the EP group, a thoracic epidural catheter was introduced and patients
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were treated accordingly. Results revealed lower pains scores, less fentanyl consumption, a
shorter time to ambulate and lower incidences of complications (postoperative ileus and
pulmonary complications) in the EP group compared with the IT group. Therefore, the
authors conclude that intrathecal morphine combined with intravenous analgesia is not as
effective as patient-controlled thoracic epidural analgesia (726).

In contrast to other studies, Zhang et al. found that perioperative use of propofol resulted in
an (dose dependent) increase in proliferation as well as invasive properties of gallbladder
cancer cells. A good explanation for this finding cannot readily be given (22).

Interestingly, Cao and colleagues report in their paper that postoperative epidural analgesia
with morphine is associated with increased cancer recurrence and death, compared with
postoperative intravenous analgesia with fentanyl in patients undergoing resection of
hepatocellular carcinoma (727).
These findings are in conflict with previous findings suggesting that epidural analgesia is
associated with decreased cancer recurrence and better outcome. In this retrospective cohort
study patients undergoing hepatic resection for hepatocellular carcinoma were studied and
divided into two groups: patients receiving postoperative epidural analgesia with morphine
(epidural group) and patients receiving postoperative intravenous analgesia with fentanyl
(intravenous group).
However, as stated by the authors themselves, the epidural was not used during surgery in
order to decrease the risk of awareness during anaesthesia. Since it has been reported that
neuraxial analgesia reduces both the inflammatory surgical stress response and
immunosuppression, the absence of epidural analgesia intraoperatively may have affected
the results (728). On the one hand, surgical stress response and immunosuppression might
not have been attenuated, on the other hand possible pre-emptive mechanisms might have
been abolished (79,302).
Furthermore, different opioids were used. In the epidural group, morphine was primarily
used, whereas fentanyl and tramadol were used as analgesics in the intravenous group.
Although opioids have been shown to have a beneficial effect on reducing surgical stress
(99,100), opioids in general and morphine in particular have been shown to affect immunity
adversely (17,71,72,77,79,84,85,1100).
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Finally, tramadol has been shown to exhibit different effects on autonomic immunity. Apart
from its effects on opioid receptors, tramadol also influences the noradrenergic and
serotonergic systems. In both rodent and human studies, a subsequent increase of NK-cell
activity was noticed after treatment with tramadol (105). Furthermore, tramadol has been
shown to prevent both surgically induced suppression of NK-cell activity as well as increase
of lung metastases. In a study, in which women with endometrial carcinoma underwent
hysterectomy, administration of 100 mg tramadol immediately after the operation was
shown to result in an increase in NK-cell activity (106).
All of the abovementioned factors could very well have contributed to the difference in
findings reported.

Wang and co-workers demonstrate that the addition of epidural analgesia to general
anaesthesia improves antitumour activity of T-helper cells in patients undergoing liver
cancer resection (729).

Song et al. have performed a meta-analysis of randomized controlled trials in which the
effects of the enhanced recovery after surgery (ERAS) program in liver surgery on
postoperative recovery were investigated. Epidural analgesia was included in the ERAS
program. Overall morbidity, primary length of stay, time of functional recovery, and time to
first flatus were significantly shortened in the ERAS group. Quality of life was also better in
the ERAS group. However, no significant differences were noted in mortality, readmission
rates, operative time and intraoperative blood loss (730).

Based on their meta-analysis, Bell and colleagues report that local anaesthetic infiltration
via wound catheters combined with patient-controlled opioid analgesia provides comparable
pain relief to epidural catheters in patients undergoing open liver resections. However, pain
scores were significantly lower in patients with an epidural on the first postoperative day.
Both techniques were associated with similar hospital stay and opioid use with wound
catheters associated with lower complication rate. Unfortunately, the type of complications
was not defined (731).
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Dalmau et al. have conducted a double-blind, randomized, controlled trial in which the
analgesic effects of continuous wound infusion of local anaesthetic in patients undergoing
hepatectomy were investigated. Compared to continuous wound infusion with saline,
wound infusion with local anaesthetic did not reduce morphine consumption, nor did it
enhance recovery in patients undergoing hepatectomy (732).

However, Mungroop and co-workers suggest that continuous wound infiltration is not
inferior to epidural analgesia in hepato-pancreato-biliary surgery within an enhanced
recovery setting (733).

In contrast with their previous study on colorectal cancer (836), Cummings et al. were
unable to demonstrate an association between epidural analgesia and mortality in patients
undergoing resection for gastric cancer (734). In their population-based study, patients aged
66 years or older who underwent gastric resection for non-metastatic gastric carcinoma were
studied. Survival and recurrence after resection was compared between patients receiving
epidural analgesia and those who did not. There was no significant difference between
groups regarding treated recurrence or survival. Whether these findings are true or a result
of insufficient power is reported unclear by the authors. Surprisingly, only 766 patients of
the identified 2745 patients (< 28%) were reported to have received epidural analgesia.

Zimmitti et al. have performed a retrospective study in which the impact of epidural
analgesia on oncological outcomes was studied in patients undergoing resection of
colorectal liver metastases. Compared to patients who received intravenous analgesia,
patients in the epidural group received more intraoperative fluids, had higher urine output
volumes, and improved recurrence-free, but not overall survival (735).

Bouman and colleagues have studied the effects of epidural analgesia on the incidence of
chronic postsurgical pain after open abdominal surgery. Based on their case-control study,
the authors conclude that the combination of general anaesthesia with epidural analgesia
results in a significantly lower incidence of chronic postsurgical pain 6 months after
abdominal surgery (736).
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Lee and co-workers claim that the administration of a single-dose of intravenous
dexamethasone in patients undergoing endoscopic sub mucosal dissection for gastric cancer
effectively reduces epigastric pain 6 hours postoperatively. This claim is based on their
prospective, double-blinded, placebo-controlled trial in which the administration of 0,15
mg/kg intravenous dexamethasone is compared with the administration of saline-only
placebo. Apart from a significantly lower pain intensity value at 6 hours postoperatively,
there were no differences between both groups with respect to length of stay or
complications (acute or delayed) (737).

Ruiz-Tovar and colleagues have compared isolated intravenous opioid analgesia with
epidural analgesia and port-sites infiltration with bupivacaine, associated with intravenous
analgesia, in patients undergoing laparoscopic sleeve gastrectomy. Their results show that
epidural analgesia and port-sites infiltration with bupivacaine, associated with intravenous
analgesia, reduce postoperative pain, when compared with intravenous analgesia
exclusively (738).

Mohamed et al. have studied the effects of dexmedetomidine, administered intrathecally, on
postoperative pain and analgesics consumption in patients undergoing major abdominal
surgery. Based on the results of their randomized, double blind trial, in which patients
received either 10 mg bupivacaine intrathecally, or 10 mg bupivacaine plus 5 μg
dexmedetomidine, or the same combination of bupivacaine and dexmedetomidine plus 25
μg of fentanyl, the authors conclude that dexmedetomidine 5 μg given intrathecally
improves the quality and the duration of postoperative analgesia and also provides an
analgesic sparing effect. Furthermore, the addition of intrathecal fentanyl 25 μg has no
valuable clinical effect (739).

Wu and colleagues confirm these results in their meta-analysis. However, it has to be
mentioned that neuraxial application of dexmedetomidine was associated with an increased
risk of bradycardia. No evidence showed that neuraxial dexmedetomidine increased the risk
of other adverse events, such as hypotension (740).
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Moro’s group has conducted a randomized, double-blind, placebo-controlled trial in which
the effects of ketamine on the quality of recovery following laparoscopic cholecystectomy
were investigated. Their results show that intravenous ketamine administration prior to
incision, in a dosage of 0.2 mg/kg or 0.4 mg/kg immediately following the induction of
anaesthesia, does not improve the quality of recovery following remifentanil-based
anaesthesia for laparoscopic cholecystectomy. Furthermore, the incidence of nausea,
vomiting, and other complications was also unaffected by ketamine (741).

Bakan et al. claim that opioid-free anaesthesia with dexmedetomidine, lidocaine and
propofol infusions may be an alternative technique for laparoscopic cholecystectomy,
especially in patients with high risk for postoperative nausea and vomiting. This claim is
based on the results of their randomized, double-blind trial in which patients were randomly
allocated to receive either opioid-free anaesthesia (with dexmedetomidine, lidocaine and
propofol) or opioid-based anaesthesia (with remifentanil and propofol infusions). During
anaesthesia, there were more hypertensive events in the opioid-free group compared to the
opioid-based group. Patients in the opioid-free group also had significantly lower pain
scores, and lower rescue analgesic and anti-emetic need. However, recovery times were
significantly higher in the opioid-free group (742).

With respect to intravenous lidocaine infusion, Song et al. state that perioperative systemic
lidocaine improves postoperative recovery and attenuates the initiation of excessive
inflammatory response following laparoscopic cholecystectomy. In this randomized,
controlled trial, intravenous infusion of lidocaine (bolus injection of 1.5 mg/kg at induction
of anaesthesia, followed by a continuous injection of 2 mg/kg/hr until the end of surgery)
significantly reduced pain intensity at 2 and 6 hours postoperatively, and total opioid
consumption 24 hours after surgery when compared with placebo infusion. Time to first
flatus passage and time to first bowel movement were also significantly shorter in patients
who received intravenous lidocaine. Furthermore, Cytokine release was also reduced in
patients treated with intravenous lidocaine (743).

Das and Deshpande have investigated the effects of intraperitoneal bupivacaine and
ropivacaine versus placebo on postoperative pain following laparoscopic cholecystectomy.
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Based on the results of their randomized, double-blind study, they conclude that
intraperitoneal infiltration with local anaesthetics significantly reduces pain intensity scores
in the early postoperative period and helps in improving the postoperative recovery profile
and outcome. In this study, ropivacaine (0.375%) proved more efficacious and longer acting
with a higher intensity of postoperative analgesia than bupivacaine (0.25%) (744).
Chen and colleagues claim that elevated NLR (≥ 2.49) is a promising independent predictor
of poor survival after hepatectomy in patients with intrahepatic cholangiocarcinoma. In this
retrospective study, elevated NLR proved significantly associated with recurrence-free
survival and overall survival (745).

Min and co-workers corroborate the prognostic value of pretreatment NLR in patients with
liver cancer. In their meta-analysis, elevated NLR was associated with worse overall
survival, recurrence-free survival, and disease-free survival (746).

Dumitrascu et al. conclude that NLR is a novel independent predictor for severe morbidity
after major hepatectomies for perihilar cholangiocarcinoma. In their study, a NLR > 3.3
proved a significant and independent prognostic factor for severe complications following
hepatectomy (747).

Haruki and Lee also confirm the prognostic value of pretreatment NLR. Preoperative NLR
(≥ 3.0) was a significant indicator of long-term outcome in patients with carcinoma of the
ampulla of Vater after pancreaticoduodenectomy (748), whilst pretreatment NLR (> 5.0)
was predictive of survival in patients with advanced cholangiocarcinoma undergoing
chemotherapy (749).

Cho and colleagues have retrospectively investigated the clinical significance of systemic
inflammation in patients with advanced biliary tract cancer. Additionally, they also coanalyzed the dynamics of NLR and PLR during chemotherapy. Results show that patients
with a high NLR (> 3.8) and PLR (> 121) had significantly worse overall survival. High
NLR with increased NLR after chemotherapy was also associated with worse overall
survival and progression-free survival. Results were similar for PLR. Therefore, the authors
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conclude that systemic inflammation predicts overall survival in patients with advanced
biliary tract cancer who are receiving palliative chemotherapy. In addition, dynamic change
of NLR/PLR during chemotherapy might also help to predict a more accurate prognosis
(750).

Sagib et al. have performed a systematic review in which the prognostic significance of
preoperative inflammatory markers in resected gallbladder cancer was investigated. Based
on their results, they conclude that elevated preoperative inflammatory markers (NLR, CRP
and Glasgow Prognostic Score) are inversely related to survival outcomes (751).

Based on the results of their meta-analysis, Zhou and Luo state that elevated pretreatment
platelet-to-lymphocyte ratio (PLR) may be an unfavourable prognostic factor for clinical
outcomes in patients with biliary tract cancer, since elevated PLR was significantly
associated with decreased overall survival and recurrence-free survival (752).

Mao and co-workers have explored the relationship between clinicopathological features
and the distribution of neutrophils in the tumour microenvironment in cholangiocarcinoma.
The results show that a high density of neutrophils in tumour tissue, as reflected by a
positive expression level of CD15, was significantly associated with shorter overall
survival. In other words, a more pronounced inflammatory status with a higher density of
neutrophils in tumour tissue proved to be an independent risk factor for overall survival
(753).

Jiang et al. report that the neutrophil-to-lymphocyte ratio (NLR) may represent a useful
prognostic index for the prediction of overall survival in patients with gastric cancer
undergoing radical resection (754).
Musri’s group also reports that increased NLR (> 3.34) is an independent prognostic factor
associated with shorter survival in patients with metastatic gastric cancer (755).
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Kim and colleagues confirm that preoperative NLR and old age are significant, independent
prognostic factors for overall survival in patients with gastric cancer. In their retrospective
study, a high NLR (≥ 1.7) was significantly associated with worse overall survival in
patients undergoing surgery for this type of cancer (756).

El Aziz shares the view that pre-treatment NLR is an independent prognostic factor of
overall survival in patients with stage III-IV gastric cancer receiving neoadjuvant
chemotherapy (FOLFOX 4) (757).
Tanaka and Dogan confirm these findings. The used cut-off point for the NLR in both
retrospective studies was 2.5 (758,759).

Ock and colleagues also report that NLR is a significant poor prognostic factor in advanced
gastric cancer. Furthermore, NLR appears to be mainly associated with osteopontin and
interleukin-6 (760).

Li and co-workers claim that adjuvant immunotherapy with autologous cytokine-induced
killer cells (CIK) prolongs disease-free survival in postoperative patients with gastric cancer
and that preoperative NLR is an independent prognostic factor for disease-free survival.
Low NLR (< 2.995) predicted significant benefits from the CIK immunotherapy, while high
NLR foreboded the requirement of more cycles of CIK treatment or other stronger
immunotherapy to improve the survival rate of patients (761).

With respect to recurrent gastric cancer, Migita and colleagues state that inflammationbased markers, including the NLR and prognostic nutritional index (PNI), are simple and
useful clinical biomarkers that can be used to predict survival (762).

On the contrary, Min’s group reports that postoperative NLR change (NLRc) reflects the
dynamic change of balance between host inflammatory response and immune response after
treatment. Since NLRc was significantly associated with patient survival and the initial
pretreatment NLR (iNLR) was not, the authors conclude that NLRc could be a better
indicator than iNLR for predicting survival in gastric cancer patients (763).
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Aldemir et al. report that NLR and PLR have a prognostic value in patients with advanced
gastric cancer who received chemotherapy. However, in patients with local gastric cancer
undergoing surgery and receiving chemotherapy, only high platelet count was associated
with better overall survival. Both NLR and PLR had no effect on prognosis in this group of
patients (764).

Wang‘s group states that baseline NLR and PLR, as well as changes of NLR and PLR
following chemotherapy can predict the prognostic results in patients with unresectable
gastric cancer (765).

Chen and colleagues have conducted a meta-analysis to determine the predictable value of
NLR in the clinical outcome of gastric cancer patients. Their analysis indicated that elevated
pre-treatment NLR predicted poorer overall survival and progression-free survival.
Furthermore, over a 3-year follow-up period, high NLR was a significant predictor of poor
outcomes at year 1, year 2, and year 3 (766).

Kim et al. have compared NLR and PLR as prognostic factors in gastric cancer and report
that NLR, in contrast to PLR, is an independent prognostic factor for overall survival in
gastric cancer patients undergoing curative surgery (767).

Deng and colleagues support the prognostic value of NLR in gastric cancer patients
undergoing gastrectomy. In their retrospective study, NLR proved to be an independent
prognostic indicator for both cancer-specific survival and disease-free survival (768).

Gunaldi et al. also support the predictive properties of NLR and PLR in patients with
various stages of gastric cancer. In their multicenter study NLR correlated significantly with
status of lymph node metastasis and the stage of the disease. PLR correlated with the depth
of tumour invasion and stage of gastric cancer (769).

Sun and co-workers have investigated whether the combination of preoperative albumin
concentration (COA) and NLR can predict overall survival better than other prognostic
indices in patients after curative resection for gastric cancer. In this retrospective study,
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COA-NLR score was determined by giving patients a COA-NLR score of 2 when the
albumin concentration was above 35 g/L and the NLR 2.3 or higher. Patients with one of
these conditions were allocated a score of 1. Patients with neither of these conditions
received a COA-NLR score of 0. Results showed that COA-NLR score was independently
associated with overall survival. Moreover, this association was significantly higher than
that of the NLR alone, the Glasgow prognostic score, and the PLR. The authors therefore
conclude that the preoperative COA-NLR index is useful for predicting postoperative
overall survival in patients with gastric cancer and can be used to guide targeted therapy
(770).

Mohri’s group even reports that elevated NLR could trigger postoperative infectious
complications and increase the risk or recurrence in patients with postoperative infectious
complications after gastrectomy. In their retrospective study, preoperative NLR
independently predicted the development of postoperative infectious complications, but not
the development of postoperative non-infectious complications after gastrectomy. Both
elevated NLR and postoperative infectious complications were independently associated
with worse long-term survival. Patients with both elevated NLR and the development of
postoperative infectious complications had the worst long-term survival. In other words,
NLR independently predicted the development of postoperative infectious complications
and lower survival after gastrectomy (771).

Jiang et al. have retrospectively investigated the pretreatment NLR in patients with gastric
cancer and compared this with the NLR in patients with gastric polyp or gastric stromal
tumour. Results revealed a significantly higher NLR in the gastric cancer cohort. NLR was
also an independent predictor of gastric cancer. In addition, NLR was positively correlated
with tumour size, distant metastasis, and overall stage (772).

Based on the results of their prospective study, Lou cum suis report that preoperative PLR
and NLR correlate with early gastric cancer lymph node metastasis. The optimal cut-off
values were 106 and 2.97, respectively (773).
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Arigami and co-workers state that the combination of fibrinogen concentration and NLR
may be a potentially useful blood marker for predicting tumour progression and the
prognosis of patients with gastric cancer (774).

Pan and colleagues confirm that NLR is an independent predictor of gastric cancer survival.
However, they claim that the Glasgow prognostic score (GPS) and TNM stage are more
robust predictors of gastric cancer survival as compared to NLR and PLR (775).

Finally, Sun et al. have performed a systematic review and meta-analysis in which the
predictive value of NLR on gastric cancer treatment oucomes was investigated. Their results
show that elevated pretreatment NLR is associated with poor outcome in patients with
gastric cancer. Therefore, the authors conclude that the ability to use NLR to evaluate the
status of patients may be used in the future for personalized cancer care (776).

As mentioned previously, neutrophils play an important role in carcinogenesis and tumour
growth. Tokumoto and co-workers have studied the significance of neutrophils in gastric
cancer progression. Based on their results, they conclude that tumour-associated neutrophils
in regional lymph nodes promote the invasion of lymph nodes by gastric cancer cells via
augmentation of lymphangiogenesis and thereby contribute to tumour progression (777).
Benevides et al. report similar results in the case of invasive breast cancer (450).

Lian et al. support the predictive role of NLR and PLR in the early diagnosis and prognosis
in patients with resectable gastric cancer. In their study, preoperative NLR and PLR were
significantly higher in gastric cancer patients compared to healthy subjects. Low
preoperative NLR and PLR (< 4.02, respectively < 208) correlated with better
clinicopathological features, including decreased depth of invasion, less lymph node
metastasis and early tumour stage. Higher preoperative NLR and PLR were associated with
decreased overall survival and disease-free survival (778).

Chen and colleagues point out that pretreatment baseline neutrophil count and
chemotherapy-induced neutropenia may be conveniently available as prognostic biomarkers
in advanced gastric cancer. This conclusion is based on the results of their retrospective
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study in which mild chemotherapy-induced myelosuppression was associated with better
overall survival, whereas a high baseline neutrophil count (> 7.5 x 109/L) was associated
with a worse prognosis (779).

Atila et al. state that NLR can provide information about inflammatory status, tumour
aggressiveness and prognosis in patients with gastrointestinal stromal tumours (GIST)
(780).
Kargin et al. even claim that preoperative NLR can be used as an indicator of high-risk
tumours and poor prognosis in patients with gastrointestinal stromal tumors (781).

Jiang and co-workers support this claim. In their retrospective study, a high NLR (≥ 2.7)
was significantly associated with shorter overall survival in patients undergoing curative
resection of GIST with or without adjuvant/palliative imatinib treatment. Furthermore,
increased NLR indicated poor overall survival in patients regardless of receiving imatinib
treatment or not. The authors therefore conclude that elevated NLR can be seen as an
independent adverse prognostic factor. Elevated NLR predicts poor clinical outcome in
GIST patients and may serve as a cost-effective and broadly available independent
prognostic biomarker (782).
Stotz et al. support these findings. In their analysis, low Hb, elevated white blood cell count,
elevated dNLR, and elevated PLR were independent prognostic factors for a worse clinical
outcome in GIST patients after curative resection (783).

Xiao and colleagues state that, based on their meta-analysis, NLR is associated with poor
overall survival and disease free survival in patients with hepatocellular carcinoma initially
treated by surgical resection. High NLR was also associated with poor overall survival in
patients with hepatocellular carcinoma treated by radiofrequency ablation. In addition, high
NLR was significantly correlated with the presence of vascular invasion and tumour
multifocality (784). Unfortunately, the cut-off value for defining high NLR in the identified
studies had not been unified.
Gomez et al. support the predictive properties of preoperative NLR after curative resections
for hepatocellular carcinoma (785).
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Yamamura confirms these findings. Based on their prospective study on patients with
hepatocellular carcinoma, the authors conclude that preoperative NLR is an independent
predictor of recurrence-free survival in patients with hepatocellular carcinoma after curative
hepatectomy. Furthermore, NLR proved superior to other inflammation-based prognostic
scores, like the Glasgow Prognostic Score, platelet-to-lymphocyte ratio, Prognostic Index,
and Prognostic Nutritional Index (786).

Okamura and colleagues also confirm that preoperative NLR is an important prognostic
factor for TNM stage I hepatocellular carcinoma after liver resection with curative intent.
The best cut-off value for NLR in this retrospective study was 2.8. They conclude that these
results suggest that the NLR may reflect the malignant potential of hepatocellular carcinoma
(787).

Yang’s group claims that both NLR and lymphocyte-to-monocyte ratio (LMR) are
independent prognostic factors for disease-free survival in hepatocellular cancer patients
undergoing hepatectomy (788).

Lin et al report that elevated NLR is an independent predictor for poor overall and
recurrence-free survival in patients with intrahepatic cholangiocarcinoma. Furthermore,
elevated NLR appears to be associated with poor anti-tumour immunity (lymphocytes, T
cells and CD8+ cells) (789).

Heindryckx and Gerwins expand further on the role of inflammation in the development and
growth of hepatocellular carcinoma. In their paper, the authors focus especially on the
stromal environment, consisting of several cell types, including hepatic stellate cells,
macrophages and endothelial cells. These cells are believed to play an important and active
role in tumour initiation, progression and metastasis. Furthermore, these cells are influenced
by the tumour itself to create an environment that is beneficial for sustaining tumour
growth. According to the authors, hepatic stellate cells play a key role in tumour initiation.
Once liver damage has occurred, stellate cells are activated and these activated stellate cells
increase the production of angiogenic factors and stimulate the recruitment of macrophages.
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This increase of angiogenic factors (which are secreted by activated stellate cells,
macrophages and tumour cells) induces the formation of new blood vessels, thereby
supplying the tumour cells with more nutrients and oxygen, and consequently supports
tumour growth. In addition, tumour associated macrophages are recruited by the secretion of
chemokines by the tumour cells. On their turn, these tumour associated macrophages
infiltrate the tumour environment and exert a tumour promoting effect by secreting growth
factors, stimulating angiogenesis and influencing the activation of hepatic stellate cells
(790).
Neofytou reports that preoperative Platelet-to-Lymphocyte ratio (PLR) is superior to
preoperative NLR as an adverse prognostic factor in patients who undergo liver resection
for liver-only colorectal metastases. This conclusion is based on their retrospective study in
which patients with liver-only colorectal metastases were studied following neoadjuvant
chemotherapy. Although both high NLR and high PLR were associated with decreased
disease-free survival and overall survival in univariate analysis, only PLR remained
significant in multivariate analysis. A NLR > 2,4 and a PLR > 150 were considered to be
elevated (791).

Sugiura et al. conclude that preoperative NLR offers important prognostic information for
patients with gastric outlet obstruction due to advanced pancreatic carcinoma. A higher
NLR was associated with increased postoperative morbidity and shorter survival time (161).
Ahmad, based on a systematic review, states that NLR may be useful as a predictor in
patients with pancreatic ductal adenocarcinoma (792).

Arima and co-workers claim that preoperative NLR is a useful supportive marker to predict
intraductal papillary mucinous cancer (IPMC). In their retrospective study preoperative
NLR was significantly higher in patients with IPMC than in patients with intraductal
papillary mucinous adenoma and healthy volunteers. Furthermore, NLR was significantly
reduced after curative tumour resection. The main duct type and NLR > 2.074 were
independent predictors of IPMC in all patients (793).
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Goh and colleagues report that PLR (platelet-to-lymphocyte ratio) is a useful tool for
predicting malignancy in surgically treated mucin-producing pancreatic cystic cancers
(794).

Arima et al. state that high NLR (> 5.0) could independently predict the occurrence of
pancreatic ductal adenocarcinomas in pancreatic neoplastic disease irrespective of other
tumour markers in pancreatic disease (795).

Qi and co-workers share the view that systemic inflammatory response (SIR) markers,
including the NLR, can be used to determine optimal therapeutic strategies for individual
patients and to predict pancreatic cancer prognosis (796).
Asari et al. support the predictive properties of preoperative NLR (and PLR) in patients with
borderline resectable pancreatic ductal adenocarcinoma (797).
Gemenetzis and co-workers report that NLR is an independent predictive marker for the
presence of intraductal papillary mucinous neoplasms-associated invasive carcinoma of the
pancreas (798).

Lee’s group also concludes that systemic inflammation-based markers, including increases
in the NLR and CRP/albumin ratio, may be useful for predicting pancreatic cancer
prognoses (799).

Alagappan et al. report that preradiotherapy NLR > 5.0 and low albumin levels correlate
with decreased survival in patients with locally advanced pancreatic adenocarcinoma treated
with stereotactic body radiotherapy (800).

By contrast, Chawla and co-workers were unable to detect any relationship between
pretreatment NLR and PLR and survival in patients who underwent pancreatectomy for
pancreatic ductal adenocarcinoma (801).

Li and colleagues confirm these findings. Based on their study results, they claim that a low
NLR level is associated with higher 6-month survival rate, as well as decreased incidence of
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ascites, portal vein thrombosis and metastasis in patients with advanced hepatocellular
carcinoma (802).

Da Fonseca et al. have studied the prognostic role of NLR in patients with advanced
hepatocellular carcinoma treated with sorafenib. Based on the results of their retrospective
analysis they conclude that NLR affects survival in advanced hepatocellular patients treated
with sorafenib. The used cut-off point for the NLR was 3.5 (803).

Terashima et al. draw the same conclusion. In their retrospective study, patients with
advanced hepatocellular carcinoma treated with hepatic arterial infusion chemotherapy were
studied in relation to the NLR. Low NLR (< 2.87) was clearly associated with longer
progression-free and overall survival, and response to hepatic arterial infusion
chemotherapy (804).

Sukato and co-workers confirm the prognostic role of NLR in patients with unresectable
hepatocellular carcinoma treated with radioembolization. Based on the results of their
retrospective study, the authors conclude that elevated NLR (NLR ≥ 5.0) is an independent
predictor of worse survival (805).

D’Emic and co-workers also confirm that both pre- and/or post-treatment NLR and/or PLR
are predictive of clinical outcome in patients undergoing selective internal radiation.
Furthermore, they report that the largest increase in risk of death as well as local and
extrahepatic disease progression was related to change in PLR (806).

Hu and colleagues report to have developed a novel systemic-inflammation index (SII)
based on lymphocyte, neutrophil and platelet counts. This index was developed based on a
retrospective study, and validated in a prospective study in patients undergoing curative
resection for hepatocellular carcinoma. They report that analyses revealed that SII was an
independent predictor of overall survival and relapse-free survival. Therefore, the authors
conclude that SII is a powerful prognostic indicator of poor outcome in patients with
hepatocellular carcinoma. The used cut-off point for SII was 330 (807).
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Luo and co-workers confirm the prognostic role of the NLR in patients with advanced
pancreatic cancer. Furthermore, they also claim that NLR may serve as a potential
biomarker for overall survival in patients with advanced pancreatic cancer undergoing
chemotherapy. This claim is based on the finding that both baseline NLR and postchemotherapy NLR change proved independent prognostic factors in overall survival. The
used NLR cut-off point in this retrospective study was 3,1 (808).

Ben et al. also state that pre-treatment NLR is a simple and useful biomarker for overall
survival in patients with pancreatic ductal adenocarcinoma (PDAC) after curative resection.
This claim is based on the results of their retrospective cohort study. PDAC patients with a
high NLR (≥ 2.0) had significantly worse overall survival compared with patients with low
NLR (˂ 2.0) (809).
Inoue and colleagues, on their turn, claim that a high NLR (≥ 2.0), and a high level of Creactive protein, is significantly associated with worse prognosis in patients with pancreatic
cancer (810).

McNamara and colleagues indorse the prognostic importance of the NLR. In their
retrospective cohort study, a NLR ≥ 3.0 was clearly associated with worse overall survival
in the entire cohort of biliary tract cancer patients. Furthermore, NLR proved also
prognostic in patients with advanced biliary tract and hilar cancer (811).

In case of gastric cancer surgery, Graziosi and co-workers support this finding. Based on
their study results, a NLR > 2.3 (median preoperative NLR) proved clearly associated with
worse overall survival (812).

Ishizuka et al. confirm the prognostic value of the NLR as well, albeit in combination with
the platelet count. Based on their study results, the authors state that the preoperative
combined platelet count and neutrophil-to-lymphocyte ratio is a useful predictor of
postoperative survival in patients undergoing surgery for gastric cancer (813).
Li et al. also claim that NLR is an independent predictor of survival in gastric cardia
adenocarcinoma (814).
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Teo cum suis conclude that not only the pre-treatment NLR is prognostic of worse outcome
in patients with advanced pancreatic ductal carcinoma, but also the post-treatment NLR. A
persistently elevated post-treatment NLR (> 3.0) was associated with worse overall survival
compared with a decreasing, increasing or persistently low NLR. Interestingly, a quarter of
the studied patients showed a > 50% decrease in NLR following 4 weeks of chemotherapy,
with a trend towards improvement in overall survival (815). Apparently, an increase in posttreatment NLR was not associated with worse outcome.

This is in shrill contrast with Jin’s study results. The authors conclude that in patients
treated for gastric cancer, NLR before surgery is an independent prognostic factor on
progression-free survival, but not on overall survival. Furthermore, post-chemotherapy
(high) NLR normalized in nearly half of the patients, and this normalization was associated
with better median progression-free survival and overall survival (816).

Xue, on the other hand, reports that in patients with advanced pancreatic cancer following
palliative chemotherapy, NLR is an independent prognostic factor for overall survival (NLR
> 5.0). Furthermore, in patients with a pre-treatment NLR of > 5.0 whose NLR dropped to ≤
5.0 after one cycle of chemotherapy, overall survival was significantly longer compared
with those whose NLR remained at > 5.0 (817).
A satisfactory explanation for these contradictory results can’t readily be given. Obviously,
further study results are needed.

Based on their retrospective study, Nakayama et al. conclude that preoperative NLR is a
predictor of the presence of peritoneal metastasis in patients with advanced gastric cancer.
In this study, a NLR > 2.37 proved an independent predictor of peritoneal metastasis in
patients with advanced gastric cancer (818).

Mohri and colleagues reviewed 123 consecutive patients with gastric cancer and
synchronous distant metastasis. Patient, tumour, laboratory, surgical and chemotherapy
factors were analysed, with overall survival as endpoint. Apart from the pre-treatment NLR,
gastrectomy, with or without metastasectomy, and carbohydrate antigen 19-9 (CA 19-9)
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were identified as predictors of overall survival. A pre-treatment NLR > 3.1 proved clearly
associated with worse survival, whilst gastrectomy, with or without metastasectomy, was
associated with better survival. In the group of patients that underwent surgery, NLR and
CA 19-9 were also independent prognostic factors (819).

Xu and co-workers support these findings. In their study in gastric cancer patients, (high)
NLR was clearly associated with invasion out of myometrium, low differentiation of the
tumour, tumour TNM classification, number of metastatic lymph nodes, invasive tumour
depth and tumour size (820).

In their recently published paper, Call and colleagues report that, in patients undergoing
resection of pancreatic carcinoma, survival was increased in patients who received
perioperative epidural analgesia and/or intraoperative dexamethasone. There was a reported
44% hazard ratio reduction with intraoperative dexamethasone use (821).

Finally, Gao et al. report to have investigated the prognostic value of pre-treatment NLR in
patients with hepatocellular carcinoma and compared it with the Child-Pugh class and
Model for End-Stage Liver Disease (MELD) score. Their results showed that the prognostic
value of pre-treatment NLR (≥ 2.7) is superior to that of MELD stage or Child-Pugh class,
and that it correlates with that of Barcelona-Clinic Liver Cancer (BCLC) and Tumour,
Node, Metastasis (TNM) staging scores (822).

4.3 We were unable to identify any study results focussing on small intestine cancer
(recurrence) and its relation to anaesthesia.

Nevertheless, Jaramillo-Reta and colleagues report that NLR acts as a predictor of surgical
mortality and survival in complex surgery of the upper gastroinstestinal tract. In their
retrospective study, a high NLR (> 4.5) was significantly associated with reduced survival
in patients with malignant neoplasms of the upper gastrointestinal tract (823).
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Khan’s group has retrospectively investigated which prognostic factors are associated with
survival in advanced appendiceal cancers. Results showed that only histopathologic
subtype and gender were associated with overall survival. Baseline platelet levels, NLR, and
PLR were not predictive of survival in this group of patients (824).

4.4 Fortunately, numerous studies are reported dealing with colorectal cancer.

First of all, although intraoperative dexamethasone use has been reported to increase
survival in patients undergoing resection of pancreatic carcinoma (821), this beneficial
effect was not encountered in patients undergoing resection of the colon (825).

Several studies show that cyclooxygenase-2 inhibitors display distinct anti-tumour effects in
colorectal malignancies. This effect involved both the primary tumour as well as its
metastases (110-114).
Nan and colleagues claim that regular use of aspirin and other nonsteroidal antiinflammatory drugs (NSAIDs) is associated with lower risk of colorectal cancer. This claim
is based on the results of a case-control study using data from 5 case-control and 5 cohort
studies including colorectal cancer patients (n= 8634) and matched controls (n= 8553).
However, this association was reported to differ according to genetic variations at 2 singlenucleotide polymorphisms at chromosomes 12 and 15. Regular use was associated with a
lower risk of colorectal cancer among individuals with rs16973225-AA genotype, but was
not associated with risk of colorectal cancer among those with the less common (9%) AC or
CC genotypes (826).

Wakeman et al. confirm that er is increasing evidence that continuing use of low-dose
aspirin reduces long-term incidence of colorectal cancers. Albeit, they conclude that there is
not enough evidence to support the implementation of a chemopreventative agent for
general use at this point in time (827).
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By contrast, Cao and co-workers claim that regular use of aspirin is associated with a lower
risk of colorectal carcinomas with low concentrations of tumour-infiltrating lymphocytes
(TILs). Therefore, the authors conclude that the immune response in the tumour
microenvironment could be involved in the chemopreventive effects of aspirin (828).

As mentioned previously, Vaughan et al. report that aspirin use may prevent colon, breast,
pancreatic, and ovarian cancer in elderly women (414).

Based on the results of their multi-ethnic cohort study, Park and colleagues conclude that
the benefit of NSAIDs for colorectal cancer may be strongest for white men and generalizes
to African American, Japanese and Latino but not to native Hawaiian men (829). A good
explanation for these findings can’t readily be given.

Veettil et al. have performed a systematic review with meta-analysis and trial sequential
analysis of randomized clinical trials in which the effects of aspirin and non-aspirin nonsteroidal anti-inflammatory drugs on the incidence of recurrent colorectal adenomas was
investigated. Based on the results, the authors conclude that their findings confirm the
beneficial effect of low-dose aspirin on the recurrence of any adenomas. However, the
effect on advanced adenomas was inconclusive. COX-2 inhibitors appear to be more
effective in preventing recurrence of adenomas (830).

In turn and based on the results of their cross-sectional study, Shaw and colleagues claim
that dietary fibre intake and NSAID use are associated with a decreased risk of having highrisk adenomatous polyps at screening. These were defined as adenomas with villous
histology, high-grade dysplasia, size ≥ 10 mm or ≥ 3 polyps (831).
Rigas and Tsioulias expand further on the chemopreventive action of NSAIDs (832).

The remaining studies aimed at the possible effects of thoracic epidural analgesia on
survival and cancer recurrence. Gupta et al found a significant reduction in “all-cause”
mortality in patients receiving epidural analgesia when compared to patients using an
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intravenous PCA-technique after rectal cancer surgery. Remarkably, this reduction could
not be found in patients undergoing colonic cancer surgery (833).

Gottschalk and colleagues found no evidence, but did observe an association between the
administration of thoracic epidural analgesia and reduced probability of cancer recurrence in
older patients with colorectal cancer. Interestingly, this benefit could not be found in
younger patients with colorectal cancer (834).

Sun and co-workers have performed a meta-analysis in which the impact of anaesthetic
techniques on survival for patients with colorectal cancer was studied. Based on the results
they conclude that general anaesthesia combined with epidural analgesia is associated with
significantly longer overall survival, but not with prologend recurrence free survival (835).

By contrast, Christopherson cum suis found epidural analgesia to be associated with longer
survival in patients undergoing surgery for colon carcinoma. However, this proved only
valid in patients without metastases. In patients with metastases this association could not
be demonstrated (138). A striking finding for which no clear explanation can be given.

In a large cohort study, including over 42000 patients, Cummings demonstrated that
epidural analgesia was associated with an improved 5-yr survival in patients with nonmetastatic colorectal cancer. A decrease in cancer recurrence, however, could not be
demonstrated (836).

By contrast, Myles found no association with recurrence free survival when perioperative
neuraxial blockades were administered during oncological laparotomies (837).
Day et al were also unable to find a difference in survival when comparing the use of
postoperative loco-regional analgesia (epidural as well as spinal) to postoperative use of
intravenous opioids, in patients undergoing laparoscopic colorectal resection (838).

Binczak and co-workers report a trend in favour of epidural analgesia, but no statistically
significant association between perioperative analgesia and recurrence-free and overall
survival in patients after abdominal surgery for cancer (839).
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Finally, Chen and colleagues have studied the effects of epidural analgesia on fast-track
surgery in colon cancer patients. In this prospective study, 53 patients scheduled for colon
cancer resection were randomized into two groups. The first group received general
anaesthesia (G group), the second group general anaesthesia combined with epidural
analgesia (E group). Based on the results, the authors conclude that general anaesthesia
combined with epidural analgesia plays an important role in fast-track surgery, mitigating
the surgical stress-impairment of anti-tumour immune responses and hastening the recovery
of intestinal function. This combination might also help to improve long-term outcomes for
colon cancer patients (840).

Taupyk et al. report similar findings with respect to fast-track laparoscopic surgery. In their
blinded randomized trial, patients with colorectal cancer underwent laparoscopic colorectal
resection. One group underwent conventional laparoscopic surgery, the other group
underwent fast-track laparoscopic surgery: no preoperative mechanical bowel preparation,
epidural analgesia, early restoration of diet and early postoperative ambulation. Outcome
measures, length of hospital stay, postoperative surgical stress response (CRP) and
postoperative complications were compared between the two groups. Patients in the fasttrack surgery group had shorter hospital stay and quicker recovery of bowel function
without difference in postoperative complications (841).

Based on the results of their cohort study, Senagore and co-workers conclude that thoracic
epidural analgesia (TEA) shortens the length of stay after laparoscopic segmental
colectomy, and that TEA has a significant and favourable impact on dietary tolerance and
therefore appears to be an important component of the postoperative care protocol (842).

Subsequently, the same group of investigators has performed a prospective randomized trial
in which the use of thoracic epidural analgesia was compared with morphine patientcontrolled analgesia (PCA) in patients undergoing laparoscopic colectomy. The results of
this prospective trial indicate that TEA significantly improves early analgesia but does not
affect the length of hospital stay. Apparently, the use of TEA did not result in earlier
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dismission from hospital as reported previously. On the other hand, its use did not result in
prolonged hospital admission either (843).

Zgaia’s group claims that patient-controlled epidural analgesia (PCEA) provides better
postoperative pain control, and improves postoperative recovery after gastrointestinal cancer
surgery compared with conventional morhine treatment. Therefore, PCEA is more
acceptable than conventional pain management for this type of surgery. This claim is based
on the results of their prospective, randomized and single centre study (844).

Liu et al. have performed a meta-analysis in which the effects of thoracic epidural analgesia
on clinical outcomes of laparoscopic colorectal surgery were compared with patient
controlled analgesia (PCA). Their results show that TEA is associated with better
postoperative pain alleviation and lower risk of nausea and vomiting. These benefits were
not at the expense of increased risks of any major complications, or longer hospital stay
(845).

Based on the results of their randomized controlled trial, Barr and co-workers conclude that
thoracic epidural analgesia significantly, albeit transiently, attenuates the stress response
following laparoscopic colorectal surgery within an enhanced recovery after surgery
protocol. In this trial, patients received either thoracic epidural analgesia or continuous local
anaesthetic infusion to the extraction site via wound infusion catheter (846).

Song’s group reports similar findings. In their prospective and randomized study, general
anaesthesia combined with epidural analgesia produced milder deleterious effects on the
immune function of perioperative critically ill patients than general anaesthesia combined
with intravenous analgesia (847).

Based on their meta-analysis, Gendall and colleagues conclude that randomized controlled
trials have shown a benefit for epidural analgesia on pain relief, and ileus, and possibly
respiratory complications without affecting hospital length of stay in patients undergoing
colorectal surgery (848).
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Warschkow and Fotiadis confirm the benefits of thoracic epidural analgesia in open
colorectal cancer surgery. Warschkow et al. report that the application of TEA leads to a
reduction in pulmonary complications without effects on anastomotic leakage risk and/or
surgical site infections (849).
Fotiadis and Shi report that TEA enhances recovery after gastroinstestinal surgery
(850,851).
It has to be mentioned that these studies failed to demonstrate any beneficial effect of
epidural analgesia on anastomotic leakage risk.

An and colleagues have conducted a systematic review and meta-analysis of anaesthesia
methods on postoperative major adverse cardiac events and mortality after non-cardiac
surgeries. Based on the results, they claim that sevoflurane anaesthesia, or epidural
analgesia combined with general anaesthesia provides short-term myocardial protective
effects in high-risk cardiac patients undergoing intermediate- or high-risk non-cardiac
surgeries (852).

Nonetheless, Eto’s group claims that TEA may not be necessary for enhanced recovery after
surgery (ERAS) in laparoscopic colorectal surgery. This claim is based on the results of
their retrospective study, in which thoracic epidural analgesia was compared with
multimodal analgesia. In this study, factors that demonstrated significant correlation with
hospital stay did not include analgesia (853).
Hanna et al. second this claim. In their randomized, single centre study, epidural analgesia
revealed no added clinical benefit in patients undergoing minimally invasive colorectal
surgery. Moreover, there was a trend toward higher total narcotics use and complications
with epidural analgesia, such as hypotensive periods (854).

Nonetheless, Onoglu and co-workers report that thoracic epidural analgesia has the ability
to reduce mesenteric ischaemic-reperfusion injury (855).

Bardia et al. even claim that combined epidural analgesia and general anaesthesia is
associated with improved survival and significantly lower risk for mortality and morbidity
in patients undergoing open elective abdominal aortic aneurysm repair (856).
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Interestingly, Demaree and colleagues report that an epidural blood patch bears low risk of
seeding cancer cells to the central nervous system when used to treat postdural puncture
headache that is unresponsive to conservative treatment (857).

Roeb’s group concludes that with respect to pain intensity, satisfaction, and relatable sideeffects, epidural analgesia appears to be superior compared to systemic analgesia after
abdominal surgeries. For this analysis, collected data from more than 30.000 patients on
pain on the first postoperative day in hospitals worldwide were used (858).

Guay et al. have performed a meta-analysis in which the effects of postoperative epidural
analgesia with local anaesthestics were compared with postoperative systemic or epidural
opioids in terms of return of gastrointestinal transit, postoperative pain control,
postoperative vomiting, incidence of anastomotic leak, length of hospital stay and costs after
abdominal surgery. There results showed that an epidural containing a local anaesthetic is
significantly associated with a decreased time to first flatus (high quality of evidence). This
effect was proportionate to the concentration of local anaesthetic used. Furthermore, pain on
movement at 24 hours after surgery was also reduced (moderate quality of evidence).
Finally, epidural analgesia was associated with a reduced length of hospital stay for open
surgery (low quality of evidence). There were no differences in the incidence of vomiting or
anastomotic leak (low quality of evidence) (859).

As mentioned previously, Kuo et al. have prospectively compared the effects of thoracic
epidural analgesia and intravenous infusion of lidocaine on pain and bowel function in
patients undergoing colonic surgery. Patients were randomly allocated to one of the
following 3 groups. The TEA group received lidocaine epidurally and saline intravenously.
The IV group received the same amount of lidocaine intravenously and normal saline
epidurally. The control group received normal saline via both routes. Based on the results,
the authors report that thoracic epidural analgesia results in better pain relief, lower opioid
consumption, earlier return of bowel function, and lesser production of cytokines than
intravenous lidocaine during 72 hours after colonic surgery. The IV group scored better than
the control group (661).
162

Interestingly, based on the results of their prospective, randomized double-blinded
investigation, Hodgson and Liu report that epidural analgesia is able to reduce volatile
anaesthetic requirement by 34%. Furthermore, this reduction in volatile anaesthetic
requirement is not a result of systemic lidocaine absorption from the epidural space since
plasma lidocaine concentrations in the epidural and intravenous group were similar (860).

Vogelaar and colleagues present a review of literature in which the association of the use of
epidural analgesia and survival in colon cancer surgery is addressed (861).

With respect to the insertion of the epidural catheter, Hasanin et al. report that preprocedural
ultrasound imaging increases the incidence of first pass success and reduces the catheter
insertion time compared to the manual palpation method (862).

Baptista–Hon points out that ropivacaine, an amide-linked local anaesthetic, acts as a potent
inhibitor of metastatic colon cancer cell invasion, which may be beneficial during surgical
resection of colon cancer (863).

Other studies have confirmed that local anaesthetics exhibit anti-tumour effects (53-61).
Piegeler demonstrated that only local anaesthetics of the amide type display these inhibiting
properties, in contrast to local anaesthetics of the ester type (57).
Lirk and colleagues, on their turn, report that lidocaine and ropivacaine, but not
bupivacaine, demethylates deoxyribonucleic acid in breast cancer cells in vitro. This in turn
reactivates tumour suppressor genes and inhibits tumour growth (58).
Lucchinetti, on the other hand, reports that lidocaine, ropivacaine, and bupivacaine reduce
proliferation of mesenchymal stem cells (59).

Herroeder shows that the systemic use of lidocaine in patients undergoing colorectal surgery
leads to a decrease in inflammatory cytokine release and a shortened length of
hospitalization (864).
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However, Owusu-Agyemang and colleagues demonstrate that the combined use of
preoperative celecoxib, tramadol and pregabalin followed by intraoperative TIVA infusions
of propofol, dexmedetomidine, ketamine and lidocaine is not associated with a reduction in
length of hospital stay or complications by organ system (865).

In their prospective randomized trial, Xu et al. show that the use of epidural analgesia
combined with propofol anaesthesia results in a significant decrease in serum levels of
factors associated with angiogenesis during colon cancer surgery, compared to the use of
volatile anaesthetics and opioids (866).

Tylman and co-workers, in their turn, report that IL-17 serum levels are higher in colorectal
cancer patients anaesthetized with sevoflurane and fentanyl compared with patients
anaesthetized with propofol and fentanyl. Otherwise, both anaesthetic techniques induced
similar inflammatory responses (867).

Desgranges and colleagues studied the effects of epidural analgesia during cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy (HIPEC) and found no increased
risk for hemodynamic instability, meningitis or epidural abscesses in the presence of
epidural analgesia (n = 35 patients) (868).

Piccioni et al. conclude that epidural analgesia ensures adequate pain relief and is well
tolerated by patients after cytoreductive surgery with peritonectomy combined with heated
intraperitoneal chemotherapy (869).

These findings are confirmed by Owusu-Agyemang et al. Based on their retrospective
analysis the authors conclude that epidural analgesia can be safely provided to patients
undergoing cytoreductive surgery with hyperthermic intraperitoneal chemotherapy.
Interestingly, early initiation of epidural analgesic infusions (before incision) was associated
with significantly less surgical blood loss and fluid requirements (870). However, volume of
blood transfused, intraoperative vasopressors use, time to extubation, and length of hospital
stay was not affected.
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Kajdi and colleagues also support the use of thoracic epidural analgesia (TEA) in patients
undergoing cytoreductive surgery with hyperthermic intraperitoneal chemotherapy. In their
retrospective analysis, the use of TEA had a significant opioid-sparing effect, albeit without
reduction of postoperative ventilation and ICU stay, nor shortened time to first bowel
passage. However, the type and amount of resuscitation fluids used, as well as blood
transfusions, were associated with patients’ outcome. Hydroxyethyl starch (HES)
administration had a significant negative impact on renal function, especially in younger
patients. The need for blood transfusion was also clearly associated with an increased risk
for major complications (871).
Korakianitis et al. support the belief that epidural analgesia is a safe option in cytoreductive
surgery and HIPEC despite certain intraoperative fluctuations in coagulation parameters
(872).
Holler and co-workers claim that epidural analgesia is positively associated with improved
long-term survival in patients who undergo surgery for colorectal cancer without
metastases. This claim is based on the results of their meta-analysis (873).

Chen and Miao also have conducted a meta-analysis of both retrospective and prospective
studies in which the effect of epidural analgesia on survival in human cancers was studied.
Their results indicate that epidural anaesthesia and/or analgesia might be associated with
improved overall survival in patients with operable cancer undergoing surgery (especially in
colorectal cancer) (874).

He and colleagues have studied the effects of epidural analgesia on quality of life and pain
in advanced cancer patients. In this prospective study, patients diagnosed with advanced
cancer who received analgesia treatment were randomly divided into two groups. One group
received self-controlled epidural analgesia (EA, n=26), the other group self-controlled
intravenous analgesia (IA, n=24). Visual analogue scale (VAS) and Karnofsky score were
used to assess pain and quality of life. Results showed that respiration and oxygen saturation
in the EA group were significantly improved compared with that of the IA group.
Furthermore, VAS and the Karnofsky score were significantly lower in the EA group.
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Patients treated with EA also felt more satisfied and experienced less complications than
those treated with IA (875).

Vogelaar et al. claim that epidural analgesia is associated with better survival in colon
cancer. This claim is based on the results of their retrospective study in which 588 primary
colon cancer patients were investigated. Five-year survival was significantly higher in
patients receiving epidural analgesia compared to those who did not (876).

Weng and co-workers have performed a meta-analysis (21 studies involving over 51500
patients) in which the effects of neuraxial (epidural and spinal) anaesthesia on cancer
recurrence and survival after cancer surgery were investigated. Their results show that
neuraxial anaesthesia may be associated with improved overall survival and recurrence-free
survival in patients undergoing cancer surgery. Especially in case of colorectal cancer, there
was a strong positive association between neuraxial anaesthesia and improved overall
survival (877).

Xu and colleagues have evaluated the effects of serum from patients undergoing colon
cancer surgery receiving propofol anaesthesia and thoracic epidural analgesia on colon
cancer cell biology. Based on the results of this prospective, randomized study, they report
that serum from patients receiving propofol anaesthesia with thoracic epidural analgesia
inhibited proliferation and invasion of LoVo colon cancer cells, and induced more apoptosis
than that of patients receiving sevoflurane anaesthesia with opioid analgesia in vitro. So the
authors conclude that anaesthetic technique might influence the serum milieu in a way that
affects cancer cell biology and, therby, tumour metastasis (878).

Wu and co-workers report that the development and implementation of an enhanced
recovery pathway program (ERP) in colorectal surgery patients has resulted in a 45%
reduction in length of hospital stay. The reported goals of the perioperative anaesthesiology
pathway were: achieving superior analgesia, minimizing postoperative nausea and vomiting,
facilitating patient recovery, and preserving perioperative immune function (partly by
minimizing perioperative opioid use. Furthermore, patient satisfaction scores improved
from the 37th percentile pre-implementation to > 97th post-implementation (879).
166

Fujita and colleagues have addressed the short-term surgical stress response following
colectomy by measuring reactive oxygen and free radicals. They report that reactive oxygen
metabolites (ROM) declined immediately following surgery compared to immediately prior
to surgery, and a tendency was observed for these values to increase again one day
following surgery. However, no significant change was observed in the surgical stress level
between patients following laparoscopy and laparotomy. The low-invasiveness of
laparoscopic surgery was not indicated in the ROM value one day following surgery, most
probably because pain control offset the level of surgical stress. Indeed, pain scores one day
after surgery were significantly lower in the epidural anaesthesia group compared to the
opioid intravenous injection group (880).
In other words, the beneficiary effects of laparoscopic surgery compared to laparotomy,
with subsequent lower levels of surgical stress response, were neutralized by less effective
pain control in the intravenous opioid group compared to the epidural anaesthesia group. It
remains to be seen whether the attenuation of the surgical stress response is a result of more
adequate pain control brought about by epidural analgesia, or the direct result of the effects
of epidural analgesia on the stress response itself.

Day et al. have conducted a prospective and randomized trial in which the stress response
from two different methods of analgesia after laparoscopic colorectal surgery was
investigated. Patients were randomly allocated to either spinal analgesia or morphine
patient-controlled analgesia (PCA). Spinal analgesia was administered by injecting 2.5 ml
of a 0.5 % hyperbaric bupivacaine with 0.25 mg diamorphine. PCA consisted of
administering 10 mg morphine towards the end of surgery and connecting a pump to deliver
morphine on demand at a dose of 1 mg, with a 5-minute lock-out and a maximum dose of
20 mg every 4 hours. Results revealed that at 3 hours after surgery cortisol and glucose
levels were significantly lower in the spinal analgesia group than in the PCA group. At six
hours after surgery cortisol and glucose levels were statistically comparable in both groups.
This reflects the expected duration of the effect of spinal analgesia. The postoperative
inflammatory response was not attenuated in the spinal analgesia group compared with that
in the PCA group. However, the global inflammatory response was reduced in magnitude
and time in comparison with data available from patients undergoing open colorectal
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resection. Overall parenteral morphine use was significantly reduced in the spinal analgesia
group (881).

Whelan and co-workers claim that postoperative cell-mediated immune function is better
preserved in patients after laparoscopic-assisted colorectal resection than after open
resection. This claim is based on the measurement of serial delayed-type hypersensitivity
(DTH) responses (882).
Other studies confirm that immune function remains highest in patients undergoing
laparoscopic colorectal surgery within a fast track program (883,884). It has to be
mentioned that thoracic epidural analgesia was included within the fast track program.

Based on the results of their prospective, randomized trial, Mari’s group reports that
Enhanced Recovery After Surgery (ERAS) program reduces IL-6 secretion and
postoperative CRP levels in colorectal laparoscopisc surgery, hereby attenuating the
surgical stress reponse (885).

Siekmann and colleagues claim that open surgery, compared to laparoscopic surgery, has a
greater impact on the inflammatory mediators than epidural analgesia versus intravenous
analgesia. In their prospective, randomized study, patients undergoing laparotomy had
significantly higher levels of IL-6, IL-8, and IL-10 compared to patients undergoing
laparoscopic surgery. There were no significant differences in inflammatory mediators
between patients receiving epidural analgesia and intravenous analgesia. Therefore, the
authors conclude that surgical, but not analgesic technique affects postoperative
inflammatory response following colorectal surgery (886).

With respect to the surgical stress response, Krog’s group demonstrates that patients
undergoing laparoscopic aortobifemoral bypass surgery achieve earlier hormonal
homeostasis after surgery compared to patients undergoing open aortabifemoral bypass
surgery. However, laparoscopic surgery patients had higher levels of ACTH, aldosterone
and cortisol during surgery (887).
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Behrenbruch and colleagues expand further on the relation between surgical stress response
and promotion of metastasis in colorectal cancer (888).

Schietroma et al. have prospectively investigated the effects of surgery (laparotomy versus
laparoscopic resection for colon cancer) on gut barrier function and systemic endotoxemia.
Their results indicate that both laparoscopy and laparotomy result in an increase in intestinal
permeability and systemic endotoxemia, without statistically significant difference between
both types of surgery (889).
Zaborin and co-workers demonstrate that surgical stress, antibiotic exposure, and tissue
injury results in caecal crypt evacuation of its microbiotica. In addition, crypts devoid of
their microbiota display loss of regenerative capacity. Faecal microbiota transplantation
restores the caecal crypts’ microbiota, normalizes homeostasis within crypts, and reestablishes crypt regenerative capacity (890).

Ekeloef’s group shows that the reactive hyperaemia index is attenuated in the first days after
colon cancer surgery indicating acute endothelial dysfunction. According to the authors this
finding provides a rationale for investigating the hypothesized association between acute
endothelial dysfunction and cardiovascular complications after non-cardiac surgery (891).

Interestingly, Jeon et al. claim that intravenous high dose vitamin C (50 mg/kg) decreases
postoperative pain during the first 24 hours and reduces opioid consumption in the early
postoperative period in patients undergoing laparoscopic colectomy. This claim is based on
the results of their randomized controlled study (892).

Halabi and colleagues have performed a retrospective nationwide analysis of the use of
epidural analgesia and its outcomes in laparoscopic colorectal surgery. Their results show
that the perioperative use of epidural analgesia in laparoscopic colorectal surgery is very
limited in the United States. Its estimated use was 2.14%. Epidurals were more likely to be
used in larger teaching hospitals, cancer surgery, and rectal operations. On case-matched
analysis, epidural analgesia was associated with a longer hospital stay by 0.60 day, higher
hospital charges by $ 3733,- and higher rate of urinary tract infection. Epidural analgesia did
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not affect the incidence of respiratory failure, pneumonia, analstomotic leak, ileus, or
urinary retention (893).

Waterland et al. have investigated the prognostic value of CRP to predict anastomotic
leakage after open and laparoscopic surgery. They demonstrate that CRP levels are higher
after open colorectal surgery compared with laparoscopic surgery, both with and without
anastomotic leakage. Anastomotic leakage generated a significant detectable increase in
CRP within 2-4 days after surgery (894).

Facy and colleagues have conducted a prospective, observational study in which the effects
of surgical approach on inflammatory markers were investigated. 501 patients undergoing
laparoscopic and/or open colorectal surgery were included. The incidence of intraabdominal infections was 11.8%. The median levels of CRP and procalcitonin (PCT) were
lower in the laparoscopy group at each postoperative day compared with the laparotomy
group. In patients without intra-abdominal infections, these markers were also lower in the
laparoscopy group but were not different in patients presenting with intra-abdominal
infections. In the laparoscopy group, CRP at postoperative day 4 (cut-off of 100 mg/L) was
the most accurate predictor of overall and intra-abdominal infections. Based on these
results, the authors conclude that the impact of infection on inflammatory markers is more
important than that of the surgical approach. Defining a specific cut-off value for early
discharge according to the surgical approach is not justified. A patient with CRP values
lower than 100 mg/L on postoperative day 4 can be safely discharged (895).

Juvany’s group demonstrates that the combination of immediate postoperative lactate and
CRP at 48 hours prove to be useful in predicting organ-space surgical site infection after
elective colorectal operations. Consequently, the authors stress the importance op perioperative lactate assessment (896).

Labgaa et al., on the other hand, conclude that early postoperative decrease of serum
albumin correlates with the extent of surgery, its metabolic response, and with adverse
outcomes such as complications and length of hospital stay. In this prospective cohort study,
a decreased concentration of serum albumin ≥ 10 g/L on postoperative day 1 was associated
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with a threefold increased risk of overall postoperative complications and may thus be used
to identify patients at risk (897).

However, it has to be mentioned that laparoscopic surgery using carbon dioxide
pneumoperitoneum has been shown to increase the surgical stress response by itself. By
contrast, intraoperative thoracic epidural anaesthesia was shown to attenuate the stress
response (898-904,1366).

Shoar et al. have performed a prospective, double-blinded, randomized controlled trial in
which the systemic stress response in patients undergoing laparoscopic surgery was
investigated. Patients were randomized to either low-pressure or standard-pressure CO2
pneumoperitoneum laparoscopic cholecystectomy. Results showed that patients undergoing
laparoscopic surgery with low-pressure pneumoperitoneum experienced the same systemic
stress response compared to patients undergoing laparoscopy with standard-pressure
pneumoperitoneum. Furthermore, there were no differences in intraoperative intravenous
volume administration, urine output and/or operative time (905). Apparently, even lowpressure CO2 pneumoperitoneum results in a significant stress response, which in turn may
affect patient’s own immunity and defence mechanisms. Although postoperative cellmediated immune function is better preserved in patients after laparoscopic-assisted surgery
than after open surgery, the inflation of the abdomen alone results in a significant stress
response. In our opinion, one should take the effects of pneumoperitoneum during
laparoscopic surgery into account when deciding which anaesthetic technique should be
used with resepct to the attenuation of the surgical stress response.

Strikingly, Borges and co-workers demonstrate that patients undergoing conventional
laparoscopic cholecystectomy exhibit less surgical stress (lower expression of IL-17)
compared with patients undergoing single-port laparoscopic cholecystectomy (906).
Apparently, single-port laparoscopic surgery leads to more extensive tissue damage and
consequently higher surgical stress response when compared with conventional
laparoscopic surgery.
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As one might expect, Zawadzki and co-workers demonstrate in their prospective study that
when compared with open colorectal surgery, robotic colorectal surgery results in a less
pronounced inflammatory stress response and hence more pronounced anti-inflammatory
action (907). Evidently, open colorectal surgery leads to a more pronounced inflammatory
reaction than laparoscopic surgery with or even in spite of the accompanying
pneumoperitoneum.

Bedirli and colleagues report that thoracic epidural bupivacaine attenuates the inflammatory
response, oxidative injury, and mucosal apoptosis induced by mesenteric
ischaemia/reperfusion (in rats) (908).

Interestingly, Singh et al. report that perioperative simvastatin use in major colorectal
surgery attenuates the early pro-inflammatory stress response to surgery. In their
prospective, double bind, randomized controlled trial, 132 patients were randomly allocated
to the simvastatin (S) group or the placebo (P) group. Patients in the S group received 40
mg oral simvastatin once daily for 3 to 7 days preoperatively till 14 days postoperatively.
Patients in the P group received a placebo once daily during the same period. Although
there were no significant differences between the two groups in the incidence, grade and
type of postoperative complications, plasma concentrations of IL-6, IL-8 and TNFα
(together with the peritoneal concentrations of IL-6 and IL-8) were significantly lower in
the simvastatin group postoperatively (909).

As mentioned previously in the case of thoracotomy, the ON-Q® local anaesthetic–
infiltrating catheter has been developed for the treatment of postoperative pain (315,316).
The ON-Q® Pain Relief System is a non-narcotic elastomeric pump, placed by the surgeon
intraoperatively, that automatically and continuously delivers a regulated flow of local
anaesthetic to a patient’s surgical site or in close proximity to nerves, providing targeted
pain relief for up to five days.

Kim and colleagues have investigated the effects of the ON-Q® on postoperative pain and
immune function following laparoscopic resection of colorectal cancer, and compared it
with intravenous patient-controlled analgesia (IV PCA). In a prospective, randomized
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setting, 60 patients were assigned to either the opioid group (IV PCA receiving fentanyl) or
the ON-Q group (continuous wound infiltration of 0.5% ropivacaine and tramadol via IV
PCA). There were no significant differences in pain control, natural killer cell cytotoxicity
and interleukin-2 levels between both groups. The incidence of postoperative complications
and recurrence or metastasis within 1 year after surgery was comparable between the 2
groups. Postoperative inflammatory responses were also similar between the groups.
Therefore, the authors conclude that an intravenous fentanyl-based analgesic regimen and a
ropivacaine wound infiltration-based analgesic regimen can both be used for postoperative
pain management in laparoscopic resection of colorectal cancer (910).
Unfortunately, the effects of the ON-Q on pain and immune function were not compared
with the effects of thoracic epidural analgesia in this study. By contrast, Gebhardt et al. have
compared thoracic epidural analgesia with ON-Q infiltrating catheters in patients
undergoing open thoracotomy. Results showed that patients who received thoracic epidural
analgesia had lower average pain (315).

Meyhoff et al. emphasize the importance of the level of inspiratory oxygen fraction during
abdominal surgery. Several studies have recommended using a high perioperative
inspiratory oxygen fraction (80%) because of its association with lower incidence of
postoperative wound infections. Meyhoff’s study, on the other hand, demonstrated that
administration of such a high inspiratory oxygen fraction in patients undergoing cancer
surgery resulted in a significantly increased long-term mortality (2 years). Strikingly, this
proved not the case in non-cancer patients (911).

Schietroma’s prospective, randomized and double-blinded study confirms that an
inspiratory oxygen fraction of 80% reduces postoperative surgical site infection in patients
undergoing colorectal surgery, compared with an inspiratory oxygen fraction of 30%. In this
study, patients undergoing elective open infraperitoneal anastomosis for rectal cancer who
received a higher inspiratory oxygen fraction developed 41% less postoperative surgical site
infections compared with the group receiving lower inspiratory oxygen fraction. The
authors claim that this reduction was achieved with few risks to the patients. Possible effects
on cancer recurrence and/or mortality were not mentioned (912).
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Recent study results suggest that supplemental oxygen does not reduce surgical site
infection risk. Furthermore, no increased risk of surgical site infection was observed with
the use of a single low dose of dexamethasone. Therefore, the authors conclude that a low
dose of dexamethasone (4 mg) can be used for nausea and vomiting prophylaxis without
promoting wound infections (913).

By contrast, two other studies in an experimental setting showed oxygen to have
suppressing effects on cancer (914,915). A satisfying explanation for these contrary findings
cannot be given.

Interesting to know is that Staehr and colleagues did not find adverse pulmonary effects of
long-term artificial respiration (up to 5 hours) with an inspiratory oxygen fraction of 80%
compared to 30% (916).

With respect to the use of NSAID’s, it should be noted that the use of both cyclooxygenase2 selective NSAID’s as well as diclofenac traditionally incorporate a potentially greater risk
for anastomotic leak after colorectal resection with primary anastomosis (917,918).

Based on the results of their meta-analysis, Mathiesen and co-workers state that anastomotic
leakage may be associated with NSAID use (919). However, whether or not epidural
analgesia was taken into account is not mentioned.

In turn, Van der Vijver and colleagues have investigated the effects of diclofenac on
anastomoses in rats and conclude that immediate postoperative administration of diclofenac
and, to a far lesser extent, naproxen might affect healing in the ileal anastomosis in rats. It
must be noted that when administration of diclofenac was postponed to day 3 after surgery,
anastomotic dehiscence was almost absent. Remarkably, the colonic anastomosis and
abdominal wall always remained unaffected. (920).

Yauw and colleagues report similar findings. In their study, involving rats, the use of
diclofenac was associated with a greater risk for anastomotic leak in case of anastomosis of
the ileum and proximal colon, but not of the distal colon. Delayed treatment with diclofenac
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(starting 1 to 2 days postoperatively) also resulted in a substantial decrease in anastomotic
leak (921).

Bakker et al., on the other hand, claim that the use of diclofenac (within their enhanced
recovery program) is associated with higher risk of anastomotic leakage following elective
colorectal surgery. Therefore, the authors state that the use of diclofenac in colorectal
surgery can no longer be recommended (922).

Based on the results of their meta-analysis, Peng’s group supports the finding that
postoperative NSAIDs use, especially nonselective NSAIDs, could increase the incidence of
anastomotic leak in patients undergoing gastrointestinal surgery. Also, NSAIDs could
decrease postoperative nausea and vomiting, and intestinal obstruction with no effects on
cardiovascular events and surgical site infections (923).

We believe there is sufficient evidence that suggests that the use of non-selective nonsteroidal anti-inflammatory drugs may be related to a higher risk of anastomotic leakage as
far as the ileum and possibly proximal colon are concerned. With respect to the distal colon,
evidence is less clear. For instance, Leake et al. were unable to identify a single modifiable
risk factor that contributes to anastomotic leak in colorectal surgery (924).

Paulasir and co-workers have also performed a retrospective study in which the use of
NSAIDs on anastomotic leak risk was investigated. Their results show no increased risk of
anastomotic leakage in patients using NSAIDs in the early postoperative period after
elective colorectal surgery (925).

Turrentine et al. report that, based on their retrospective survey, anastomotic leak is
associated with congestive heart failure, peripheral vascular disease, alcohol abuse, steroid
use, abnormal sodium, weight loss, and location of anastomosis. Patients who experience an
anastomotic leak have lower rates of survival at 30 days and long term. NSAID use was not
associated with higher risk of developing anastomotic leak (926).
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Hakkarainen et al, on the other hand, report that postoperative NSAID use (beginning
within 24 hours after surgery) is associated with 24% increased risk for anastomotic leak.
However, this association was isolated to nonelective colorectal surgery! Overall, NSAID
use was not associated with an increased risk of anastomotic leak (927).

By contrast, Haddad and colleagues claim that perioperative NSAID utilization appears to
be safe in emergency general surgery patients undergoing small bowel resection and
anastomosis. However, NSAIDs should be used cautiously in emergency general surgery
patients with colon or rectal anastomoses (928).

Based on the results of their population-based study, Nikolian and co-workers report that
male sex, obesity (body mass index > 30 kg/m2), tobacco use, chronic immunosuppression,
thrombocytosis, longer operative duration, and acute/emergency operation represent risk
factors for anastomotic leakage. The use of NSAIDs is not mentioned as a risk factor in this
study. Moreover, of the 9192 colorectal resections studied, 2.7% had a documented
anastomotic leak (929).

Burton and colleagues were also unable to detect any statistically significant difference in
incidence of anastomotic dehiscence between NSAID users and non-users (930).
In turn, Tortorelli at al. were also unable to identify a single prognostic parameter for risk of
leakage following anterior resection of the rectum for cancer (931).

Rutegård et al. have performed a retrospective cohort study involving more than 2600
patients in which the risk of anastomotic leakage following NDAID use was studied in
patients undergoing anterior resection for rectal cancer. Their results failed to confirm a
positive association between NDAID use and anastomotic leakage. On the contrary, after
adjustment for confounding, patients treated at NSAID hospitals had a reduced risk of
developing anastomotic leakage (932).

Based on their matched nested case-control study, Subendran and co-workers state that,
following elective colorectal surgery, the use of any NSAID is associated with a nonsignificant increase in anastomotic leaks. However, the use of ketorolac was associated with
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a significant increase in anastomotic leakage. There was no significant association between
anastomotic leakage and cumulative NSAID dose (933). This study focused on patients
undergoing elective colorectal surgery (66% inflammatory bowel disease, 34% cancer).

Saleh et al. also have studied the relationship between perioperative ketorolac use and
anastomotic leakage after colorectal surgery. In this retrospective analysis, 731 patients who
underwent elective colorectal surgery with primary anastomosis were studied. Of these
patients, 51% received no ketorolac within the first 5 days perioperatively, and 49%
received ketorolac perioperatively within 5 days after surgery. The percentage of leaks was
3.3% in both groups. After adjusting for smoking, steroid use, and age, only smoking
appeared to be a significant predictor of postoperative leak. The authors therefore conclude
that there appears to be no significant association between perioperative ketorolac use and
anastomotic leakage after colorectal surgery (934).

Based on the results of their meta-analysis, Holte and Kehlet conclude that there is no
statistically significant evidence from randomized trials to indicate epidural analgesia with
local anaesthesic to be associated with an increased risk of anastomotic leakage (935).

Piccioni and co-workers also report that epidural analgesia does not affect the anastomotic
leakage risk in an adverse way after open surgery for cancer colorectal cancer (936).

On the contrary, Ryan et al. demonstrate that anastomotic leak rates and death rates were
lower in patients anaesthetized with combined general anaesthesia and epidural analgesia
compared to general anaesthesia alone. Furthermore, the lowest incidence of anastomotic
leak was reported in patients receiving continuous epidural analgesia. Strikingly, an
increased incidence of wound dehiscence was reported in patients receiving postoperative
epidural analgesia with morphine alone (937).

Rojas-Machado and colleagues have performed an extensive survey and meta-analysis to
identify potential risk factors for anastomotic leakage for the development of the prognostic
index PROCOLE (prognostic colorectal leakage). Apparently, perioperative NSAID use
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was not identified as a potential risk factor since NSAID use was not incorporated in the
prognostic index (938).

Based on the results of their multicentre observational study, including 7231 consecutive
patients undergoing an anterior resection for rectal cancer, Ortiz et al. have identified the
following risk factors for anastomotic leakage: male sex, tumour located below 12 cm from
the anal verge, and advanced tumour stages. A defunctioning stoma seemed to prevent this
complication. Administration of neoadjuvant treatment (NSAID) and/or hospital surgical
volume, were not identified as risk factors for anastomotic leakage (939).

Quite the opposite in fact, Reisinger’s group claims that COX-2-induced PGE2 production
is essential for intestinal wound healing after colonic surgery, possibly via its effects on
angiogenesis. Therefore, the authors state that COX-2 inhibitors should be avoided after
colonic surgery, and that administration of PGE2 might be favourable for a selection of
patients (940).

For a more detailed survey on the prevention, detection and treatment of colorectal
anastomotic leakage (CAL) we refer to the paper by Daams and colleagues (941). In
summary, CAL is a dreaded complication and is reported to have a significant mortality,
ranging from 6% to 22%. Furthermore, it is also associated with worse oncologic outcome.
Despite great numbers of studies investigating risk factors, surgical techniques and
prevention, incidence has not reduced over the last three decades. In 2010, the reported
incidence of CAL in the Netherlands was 8.7%. The following have been identified as
possible risk factors for anastomotic leakage: male gender, smoking, obesity, alcohol abuse,
preoperative steroid and non-steroidal anti-inflammatory drugs use, longer duration of
operation, preoperative transfusion, contamination of the operative field, case volume per
centre < 20 and timing during duty hour. In case of laparoscopic colorectal surgery, body
mass index, American Society of Anesthesiologists III/IV patients, tumour distance from
the anal verge, tumour depth, and pelvic outlet as independent predictors for increased
operative time and morbidity after laparoscopic total mesorectal excision have been
mentioned as risk factors for CAL (941).
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Interestingly, Qin and colleagues have performed a meta-analysis to assess the effects of
preoperative radio(chemo)therapy on anastomotic leak after rectal cancer resection. They
conclude that current evidence demonstrates that preoperative radio/(chemo)-therapy does
not increase the risk of postoperative anastomotic leak after this type of resection (942).
Shekarriz et al. support this finding. In their study, neoadjuvant radiotherapy was not
associated with a higher risk for developing anastomotic leakage following colorectal
surgery. Interestingly, the anastomosis technique used by the surgeon proved to be
significantly associated with anastomotic leak. Patients in whom side-to-end anastomosis
technique was used were significantly less likely to develop anastomotic leakage compared
with patients patients in whom end-to-end anastomosis technique was used. NSAID use was
not identified as a risk factor for anastomitic leakage following colorectal surgery (943).

Zakrison and colleagues, in their turn, identified the perioperative use of vasopressors as a
risk factor for gastrointestinal anastomotic leakage. They report that vasopressors appear to
increase anastomotic leaks threefold, independent of clinical/surgical status or hypotension
(944).

Jestin et al. have performed a retrospective case-control study in which risk factors for
anastomotic leakage following rectal cancer surgery were investigated. They report that the
most important risk factors for leakage were adverse intraoperative events, low anastomoses
and preoperative radiotherapy. In this study, a diverting stoma appeared protective.
Postoperative epidural analgesia, however, had no significant beneficiary effect on
anastomotic leakage (945).

Lim and colleagues point out that late anastomotic leakages that develop after 30 days
following low anterior resection are not uncommon and may be associated with the use of
radiotherapy. Diverting stoma had no protective effect on late leakages in their study (946).

Marinello and co-workers state that the individual surgeon is an important risk factor for
anastomotic leaks. In their retrospective analysis involving over 1000 patients, the
individual surgeon and perioperative blood transfusion were identified as significant risk
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factors for the development of anastomotic leakage. Therefore, the authors conclude that
efforts should be made in order to reduce performance variability amongst surgeons (947).

Käser and co-workers claim that distant metastasis in colorectal cancer is a risk factor for
anastomotic leakage. In their retrospective cohort study, stage IV colorectal cancer was
significantly associated with an increased anastomotic leakage rate following surgery
compared with stage I-III colorectal cancer. Diabetes also proved to be significantly
associated with an increased risk of anastomotic leakage. The use of NSAIDS, on the other
hand, was not associated with an increased risk of anastomotic leakage (948).

Rushfeldt et al. have performed a propensity score analysis in which the effects of
perioperative use of dexamethasone and different NDAIDs on anastomotic leakage risk
were analyzed. Results showed that perioperative use of NSAIDs and dexamethasone is not
associated with higher risk of anastomotic leak. On the contrary, perioperative use of
dexamethasone was associated with a non-significant reduced risk of anastomotic leak. Risk
was increased for malignancy, use of vasopressors, blood transfusions, and regular use of
steroids. Therefore, the authors conclude that other factors than perioperative drugs are
crucial for risk of anastomotic leakage (949).

Slim and colleagues have recently performed a review and meta-analysis on this subject and
conclude that the balans of benefit versus risk (analgesic effect/risk of anastomotic
disruption) is acceptable. Based on their results, it appears that a prescription of NSAIDs for
48 hours after surgery may be recommended for elective colonic surgery. Nevertheless, the
authors state that it is important to respect the specific contra-indications of NSAIDs and
avoid postoperative NSAID use if there are risk factors for anastomotic leakage: advanced
age, malnutrition, severe co-morbidities and/or intra-operative difficulties (950). According
to our opinion, non-elective surgery could be included as a contra-indication for NSAID use
following colorectal surgery. Also, it has to be mentioned that any possible beneficiary
effects of NSAID use on cancer growth were not included in this benefit/risk equation.

In turn, Duraes et al. state that age plays an independent role in affecting mortality when
complications occur following colorectal cancer surgery. In this study, postoperative
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morbidity disproportionally increased 1-year mortality in octogenerians when compared to
the younger age groups. Anastomotic leakage, abdominopelvic abcesses, reoperation, and
readmission rates were comparable among the different age groups, but were associated
with a disproportionate risk of 1-year mortality in octogenerians. Besides these, American
Society of Anesthesiologists (ASA) and pathological state III were additional independent
variables associated with 1-year mortality (951).

Shakhsheer et al. claim that morphine promotes the colonization of anastomotic tissue with
collagenase-producing enterococcus faecalis, thus causing anastomotic leakage. The authors
conclude that these results provide further rationale to enhanced recovery after surgery (i.e.
ERAS) programs that suggest limiting or avoiding the use of opioids in gastrointestinal
surgery (952).
The same group also reports that tissue hypoxia is not a distinctive feature of anastomotic
tissues that fail to heal and leak, even when their blood supply is interrupted (953).
Since anastomotic leaks can be caused by intestinal pathogens that produce collagenase,
Hyoju and colleagues have investigated the effects of polyphosphate administration on the
development of anastolotic leaks. Results showed that oral phosphate administration
suppressed bacterial collagenase production and prevented anastomotic leak caused by
Serratia marcescens and Pseudomonas aeruginosa. Based on the results of this study in
mice, they conclude that polyphosphate administration may be an alternative approach to
prevent anastomotic leakage induced by collagenolytic bacteria with the advantage of
preserving the intestinal microbiome and its colonization resistance (954).

It is obvious that non-steroidal anti-inflammatory drug use is only one of various potential
risk factors contributing to the development of anastomotic leakage.

With respect to anastomotic leaks, Zawadzki et al. report that C-reactive protein (CRP) and
procalcitonin (PCT) measurement on the third postoperative day following colorectal cancer
resection can positively identify patients at low risk of anastomotic leakage (955).
Sammour’s group, on the other hand, claims that peritoneal levels of IL-6 and IL-10 on the
first postoperative day following colorectal surgery might predict clinically important
anastomotic leak (956).
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Mik et al. support the idea that routine measurement of CRP can help to make an earlier
diagnosis of intra-abdominal septic complications and earlier decision for laparotomy (957).
The same group also reports that CRP and NLR (on the 4th postoperative day) possess the
ability to predict the development of anastomotic leak and postoperative mortality after
colorectal cancer surgery. A CRP > 180 mg/L and NLR > 6.5 were significantly associated
with anastomotic leakage and increased mortality (958).
In this context, Holl and colleagues claim that in case an elevated CRP is found on the 4th
postoperative day, an abdominopelvic CT scan should be performed to rule out the
existence of intra-abdominal complication. Needless to state, a normal result does not
formally eliminate the existence of intra-abdominal complications (959).

Interestingly, Haskins’ group states that bowel preparation is not associated with worse
patient outcomes in those patients with an established anastomotic leak following elective
colon surgery with primary anastomosis (960).

Xu et al. have conducted a prospective, double blind, placebo-controlled study in which the
effects of perioperative intravenous flurbiprofen (NSAID) on bowel function were
investigated. Their results reveal that the combination of perioperative intravenous
flurbiprofen, intraoperative thoracic epidural anesthesia, and postoperative patientcontrolled epidural analgesia facilitated recovery of bowel function, enhanced analgesia,
and attenuated the cytokine response (961).

Furthermore, evidence is growing that inflammation plays a key role in colon
carcinogenesis, and that NSAIDs, like diclofenac, may display chemopreventive effects.
Ghanghas et al. demonstrate that the administration of NSAIDs significantly reduces the
inflammatory potential of a growing neoplasm (962).
Paunescu and colleagues even report that NSAIDs like diclofenac are currently being
modified, especially for their anticancer properties (963).
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As mentioned previously, the perioperative use of epidural analgesia also has been shown to
have a beneficiary effect on anastomotic leakage (607,608). Thoracic epidural analgesia
results in vasodilatation and subsequently in a better vascularization in the direct vicinity of
the anastomosis. To what extent the beneficiary anti-tumour effects of diclofenac outweigh
the greater risk for anastomotic leak has not (yet) been studied, especially not in conjunction
with the simultaneous use of epidural analgesia. Obviously further study results are needed.
Awaiting these results and extrapolating the findings from studies focussing on the relation
between inflammation and tumour growth in general, and the inflammatory degree in
special in relation to the Neutrophil-to-Lymphocyte ratio (NLR), one could advocate that
non-specific NSAID’s could be used in patients with a high NLR provided that
simultaneous thoracic epidural analgesia is administered (136-140).
In other words, given the beneficial effects of NSAID’s on tumour evolution, we do believe
that totally banning their use could prove unwise in the long term. Since there is at least
inconsistent evidence showing that the use of NSAID’s is directly correlated with a
substantially greater risk of anastomotic leak in colorectal surgery, we believe that its use in
colorectal surgery is justifiable. Especially in case thoracic epidural analgesia is
administered simultaneously.

In case of anastomosis of the proximal colon or the ileum, the use of NSAID’s in
conjunction with thoracic epidural analgesia should be evaluated on an individual basis
(964). In case of a high preoperative NLR, we would advise to initiate treatment with
NSAID’s 24 hours postoperatively (925). In case of a low NLR, and anastomosis of the
ileum, the use of NSAID’s remains arguable. We support the view that caution is needed
when prescribing NSAID’s to patients with pre-existing risk factors for anastomotic leak
(965). In our opinion, the presence of thoracic epidural analgesia should be taken into
account in deciding whether or not to prescribe NSAID’s.

Furthermore, it must be stressed that intraoperative volume resuscitation should focus on
goal-directed euvolemia since evidence exists showing that fluid overload, in the presence
of an epidural, may be deleterious to the healing of anastomoses, thus creating a higher risk
of anastomotic leakage (966).
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Since anastomotic leakage is associated with higher recurrence rates after colorectal
surgery, Alonso and colleagues have investigated the inflammatory and angiogenic
responses in patients undergoing surgery for colorectal cancer that had postoperative intraabdominal infection, and compared the results with patients without complications.
In their prospective matched cohort study, consecutive patients undergoing surgery for
colorectal cancer with curative intent were included. Patients who had anastomotic leak or
intra-abdominal abscess were included in the infection group, and matched with patients
who had an uncomplicated postoperative course. Interleukin-6 (IL-6) and vascular
endothelial growth factor (VEGF) levels were measured in serum and peritoneal fluid.
Results showed that serum IL-6 concentration was higher in the infection group on day 4.
IL-6 in peritoneal fluid was higher in the infection group at 48 hours postoperatively and
day 4. Serum VEGF was higher in the infection group on day 4. Peritoneal VEGF was also
higher in the infection group at 48 hours postoperatively and day 4. Two-year recurrence
rate was higher in patients with infection. Based on these results, the authors conclude that
intra-abdominal infection increases IL-6 and VEGF after surgery for cancer. Amplification
of inflammation and angiogenesis might be one of the mechanisms responsible for the
higher recurrence rate observed in patients with anastomotic leakage or intra-abdominal
abscesses (967).
Based on the results of their meta-analysis, Lu et al. confirm that cancer-specific mortality
and local recurrences are higher in patients with anastomotic leak compared to patients
without anastomotic leak (968).

Interestingly, Govaert and colleagues have performed a retrospective analysis of clinical and
financial outcomes after colorectal cancer surgery in 29 Dutch hospitals. They report that
complications after colorectal cancer surgery are associated with a substantial increase in
costs. Of the total hospital costs, 31% was spent on complications. Independent from other
risk factors, ASA IV, double tumour, ASA III, short course preoperative radiotherapy and
TNM-stadium disease were the top-5 attributors to high costs (969).

Igarashi et al. even suggest that epidural analgesia might reduce the risk of surgical site
infection by increasing the expression of lipocalin-2 and decreasing the expression of E Coli
DNA at pseudosurgical sites in sick but not healthy rats (970).
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As mentioned previously, several studies suggest that cyclooxygenase-2 inhibitors display
distinct anti-tumour effects in colorectal malignancies. This effect involves both the primary
tumour as well as its metastases (110-114,971-973).

In view of these findings, Johnson et al. have conducted a population-based, retrospective
cohort study in which patients with colorectal cancer (less than stage IV) and no history of
Crohn’s disease, ulcerative colitis, and irritable bowel disease were studied in relation to
NSAID use, cancer recurrence and survival. Results showed that NSAID users had a 3-fold
decreased risk of colorectal cancer recurrence and a > 7-fold decreased risk of death.
Therefore, the authors conclude that these results suggest that current use of non-steroidal
anti-inflammatory drugs provides significant improvements in colorectal cancer outcomes
(974).

Wang et al. have studied the association between NSAID’s use and colorectal cancer. Based
on the results of their cohort study in which almost 73.500 individuals were included, they
report that high use of any type of NSAID was significantly associated with a lower risk of
colorectal cancer. Furthermore, NSAID use was associated with a greater risk reduction of
proximal colon cancer versus distal colon cancer (975).

Lönnroth and colleagues confirm the relation between NSAID use and colorectal cancer.
They report that standard oral administration of NSAID’s for three days preoperatively to
patients with colorectal cancer changes tumour mRNA and protein expression in a
biologically favourable direction. Expression of several genes responsible for growth,
invasion and metastasis is decreased, whilst expression of tumour suppressors is increased,
and the immune system is activated (976). This change towards less aggressive tumour cells
may thus be associated with improved outcome in patients (977).

With respect to the possible mode of action, Rana and co-workers report that the
downregulation of telomerase activity by diclofenac and curcumin is associated with cell
cycle arrest and induction of apoptosis in colon cancer cells (978).
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For further information regarding the role of telomerase and cancer growth we refer to the
paper published by Shayl et al. (979).

Ye et al. have conducted a meta-analysis of observational studies in which the relationship
between aspirin use after diagnosis of colorectal cancer and patient survival was studied.
Their results show that the use of aspirin after diagnosis was associated with reduced allcause mortality for colorectal patients. However, colorectal cancer-specific mortality was
not influenced by the use of aspirin. Interestingly, subgroup analysis revealed that aspirin
use was associated with longer survival among patients with the variant PIK3CA gene but
not for those with wild-type PIK3CA (980).
The PIK3CA gene provides instructions for making the p110 alpha (p110α) protein.
Mutations in the PIK3CA gene are involved in many types of cancer, including cancer of
the ovary, breast, lung, brain, and stomach. These mutations are also involved in colorectal
cancer. The PIK3CA gene mutations involved in cancer are somatic, which means they are
acquired during a person's lifetime and are present only in the tumor cells. These mutations
change single amino acids into the p110α protein.
Cancer-associated PIK3CA gene mutations result in production of an altered p110α subunit
that allows PI3K to signal without regulation. The increased signaling leads to abnormal
proliferation of cells, resulting in the development of cancer (981).

Based on the results of their population-based case-control study, Friis et al. report that
long-term continuous use of low-dose aspirin and long-term use of nonaspirin NSAIDs are
associated with reduced colorectal cancer risk (982).

On the other hand, Cardwell and his group were unable to detect any relation between
aspirin use and improved survival in colorectal cancer patients. In their population-based
case-control cohort study, low dose aspirin use after a diagnosis of colorectal cancer was not
associated with colorectal cancer-specific mortality (983).

Burr et al. report that there is lack of high quality evidence suggesting that aspirin or nonaspirin non-steroidal anti-inflammatory drugs can prevent colorectal cancer in inflammatory
bowel disease (984).
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By contrast, Dulai’s group has performed a system review and meta-analysis in which the
chemopreventive action of NSAIDs on colorectal cancer was investigated. Their results
show that among individuals with previous colorectal cancer, non-aspirin NSAIDs are the
most effective agents for the prevention of advanced metachronous neoplasia, whereas low
dose aspirin has the most favourable risk/benefit profile (985).
Tougeron and co-workers expand further on the relation between aspirin use and colorectal
cancer (986).

Recently, Kubo and colleagues have published their study results on the importance of the
NLR in relation to the long-term survival following resection of colorectal carcinoma.
Based on their retrospective study, they claim that NLR is an independent predictor of
survival in colorectal cancer. Not only the preoperative NLR proved prognostic, but also the
postoperative NLR was significantly associated with cancer-specific survival. The diseasefree survival was significantly longer in patients with a low preoperative NLR. Cancerspecific survival was significantly longer in the group with a low NLR on the third
postoperative day. A high postoperative NLR, on the other hand, proved to be an
independent risk factor for both cancer-specific survival and disease-free survival (157).

Özgehan and colleagues claim that the preoperative NLR can be used as a valuable
predictive parameter in patients with colorectal cancer. This claim is based on the results of
their retrospective study, in which NLR was significantly associated with tumour stage
(987).

Rashtak et al. state that NLR is an independent prognostic variable for non-metastatic colon
cancer that enhances existing clinical staging systems (988).

Kennelly’s group demonstrates that prognosis in colon cancer is intimately linked to the
patient’s immune response. In this study, NLR ≥ 4.0 was significantly associated with node
positive disease (989).
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Emir et al. conclude that NLR and PLR may be used for follow up conversion of colonic
and rectal neoplastic polyps to invasive tumour. This conclusion is based on the fact that
NLR and PLR were significantly higher in patients with colorectal cancer compared to
patients with colorectal polyps and healthy individuals. There was no difference in NLR and
PLR between healthy individuals and patients with colorectal polyps. In this study the
optimum NLR cut-off point for neoplastic polyps was 2.28 (990).

Azab and co-workers confirm the importance of the pre-treatment NLR in predicting the
long-term survival in colorectal cancer. Based on their longitudinal retrospective study, the
authors claim that elevated pre-treatment NLR is an independent predictor of both worse
overall and disease free survival in colorectal cancer. The platelet-to-lymphocyte ratio,
however, proved non-predictive of mortality in colorectal cancer (991).

Ying et al. also have studied the prognostic value of preoperative NLR for predicting
clinical outcome in surgical colorectal cancer patients. Based on the results of their study,
they conclude that elevated NLR is an independent factor for poor recurrence-free survival,
overall survival, and cancer-specific survival. Unfortunately, the NLR cut-off point was not
mentioned (992).

Choi and colleagues confirm the prognostic value of preoperative NLR in patients
undergoing resection for non-metastatic colorectal cancer. In their study, a high NLR (≥ 2.6)
was significantly associated with worse recurrence free survival and overall survival (993).

Wu and co-workers support the prognostic properties of NLR and PLR in patients with
colorectal cancer and synchronous liver metatsasis. In their retrospective study, NLR < 4.0
and PLR < 150 correlated significantly with better disease control (palliative resection
followed by oxaliplatin-based chemotherapy) (994).

In turn and based on the results of their retrospective study, Oh cum suis claim that among
the systemic inflammatory markers, NLR is a strong predictor of worse disease-free
survival and overall survival in stage II colorectal cancer (995).

188

Based on the results of their meta-analysis, Tsai et al. conclude that NLR and carcinoembryonic antigen (CEA) are valuable tools for the prediction of prognosis in colorectal
cancer and adjustment of treatment strategy. Patients with NLR < 5.0 before treatment were
significantly more likely to have 5-year overall survival and 5-year disease-free survival.
Pretreatment CEA level < 5.0 was significantly associated with complete tumour response
and tumour downstaging after neoadjuvant treatment. Furthermore, patients with NLR > 5.0
had a larger tumour, poorer tumour differentiation, and higher CEA level (996).

Mahsuni Sevinc and colleagues report that preoperative levels of CEA, albumin, PLR, and
NLR have significant prognostic value for patients with colorectal cancer undergoing
surgery (997). However, in multivariate analysis only albumin retained its significance.

Passardi et al. support the prognostic value of pretreatment NLR as a predictor of prognosis
and bevacizumab efficacy in patients with metastatic colorectal cancer (998).

Formica cum suis have come to same conclusion regarding the adverse prognostic value of
a high baseline NLR in patients with metastatic colorectal cancer treated with standard firstline chemotherapy (FOLFIRI-Bev: Fluorouracil, Irinotecan and Bevacizumab). However,
among patients with stable disease, the prognostic effect of NLR changed after two cycles
of chemotherapy. In treated patients, an increase or preservation in NLR was clearly
associated with a significant reduction in the risk of death compared with patients with a
decreased NLR (999).
Apparently, in this study a high NLR before chemotherapy appears to be associated with
more aggressive disease and (potentially) worse outcome. By contrast, a high NLR after
chemotherapy appears to be associated with better outcome.

As discussed earlier, Teo et al. reported similar findings (815). Based on their study, they
conclude that a persistently elevated post-treatment NLR (> 3.0) is associated with worse
overall survival compared with a decreasing, increasing or persistently low NLR. In other
words, in patients with advanced pancreatic ductal carcinoma who had been treated with
chemotherapy, a persistently elevated post-treatment NLR (> 3.0) was associated with
worse overall survival compared with a decreasing, increasing or persistently low NLR.
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Apparently, an increase in post-treatment NLR was not associated with worse outcome. A
satisfactory explanation for these findings can’t readily be given. Obviously, further study
results are needed.
This is in shrill contrast to the results published by Luo and colleagues (808). In their study,
both baseline NLR and post-chemotherapy NLR change proved independent prognostic
factors in overall survival. The used NLR cut-off point in the retrospective study was 3,1. A
high NLR pre- and post-chemotherapy were associated with worse outcome.

Chua and co-workers support the importance of a decrease in NLR after chemotherapy. In
their paper, they report that normalisation of NLR after one cycle of chemotherapy in
patients with advanced colorectal cancer resulted in improved progression-free survival
(1000).

Turner et al. report similar findings. Based on the results of their study, in which they have
examined the effect of primary tumour resection on systemic inflammation and survival in
patients with metastatic colorectal cancer, they claim that reversal of an elevated NLR after
surgery (> 5.0) is associated with significantly improved overall survival (1001).

Dirican’s other retrospective study shows that in patients with metastatic colorectal cancer
treatment with bevaciumzab is associated with a lower NLR, and longer overall and
progression-free survival (1002).

Prete et al. also conclude that high NLR is associated with worse overall survival in patients
with colorectal cancer receiving regorafenib (1003).

Nagasaki and co-workers endorse the prognostic significance of NLR in patients with
advanced low rectal cancer treated with preoperative chemoradiotherapy. In their study, a
high NLR (≥ 3.0) prior to neoadjuvant chemoradiotherapy and followed by surgery was
independently associated with poor prognosis (1004).

However, Lino-Silva et al. have performed a retrospective study in which the prognostic
significance of NLR in rectal cancer patients with preoperative chemoradiotherapy was
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investigated. In this cohort, NLR was not associated with disease-specific survival and did
not correlate with pathologic complete response (1005).

Galizia and colleagues report that NLR is a strong predictor of tumour recurrence in early
colon cancers. In their propensity score-matched analysis, a high NLR (> 2.36) was an
independent prognostic factor of worse prognosis and shorter disease-free survival (1006).
Interestingly, Peng et al. claim that not a high NLR, but an increase in NLR (ΔNLR)
following curative resection for hepatocellular carcinoma, is an independent prognostic
factor for overall survival and recurrence free-survival. This claim is based on their
retrospective cohort study involving 189 patients with hepatocellular carcinoma who
underwent curative resection. Patients were divided into two groups: Group 1: increased
NLR; Group 2: decreased NLR. Demographic and clinical data, overall survival and
recurrence free-survival were compared (1007).

Based on their prospective cohort study, Cook and co-workers claim that postoperative
NLR predicts complications following colorectal surgery. Elective colorectal resection was
associated with an increase in mean NLR from 3.5 to 11.6. Patients with a NLR ≥ 9.3 on the
first postoperative day had a significantly greater risk of complications. In view of these
findings, the authors conclude that NLR helps to identify patients at high-risk of
complications, allowing targeted preventive measures (1008).

Miyakita’s group has also investigated the prognostic value of NLR in predicting
complications following radical rectal cancer surgery. Their results show that NLR was an
independent risk factor for anastomotic leakage and the only score that could be evaluated
before surgery (1009).

Forget and colleagues confirm that NLR correlates more than C-reactive protein with
postoperative complications after major abdominal surgery. An increased NLR at the
seventh postoperative day was significantly associated with more complications during the
first postsurgical month. CRP, on the other hand, showed no correlation (1010).
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Kilincalp et al., on their turn, conclude that NLR, platelet-to-lymphocyte ratio (PLR) and
mean platelet volume (MPV) may be used as easily available additional biomarkers for
colorectal cancer (CRC) in screening the general population, as well as in postoperative
follow-up. This claim is based on the results of their study in which 144 CRC patients and
143 age-matched and sex-matched healthy participants were investigated. NLR, PLR and
MPV were significantly higher in CRC patients preoperatively, compared with healthy
participants. Receiver-operating characteristic curve analysis suggested 2.02 as the cut-off
value for NLR (sensitivity 86%, specificity 84%). Surgical tumour resection resulted in a
significant decrease in NLR, PLR and MPV (1011).

Finally, Tohme’s study results indicate that NLR is also prognostic for survival in case of
radio embolization for metastatic colorectal cancer (1374).

Based on their meta-analysis, Malietzis and colleagues claim that a high pre-treatment NLR
independently predicts worse outcome in patients treated for colorectal cancer. This proved
the case in patients undergoing surgery, but also in patients undergoing palliative
chemotherapy and treatment for colorectal liver metastases (1012).
Pine and co-workers support the predictive value of NLR in patients with colorectal cancer.
In their retrospective study, a high NLR (≥ 5.0) significantly predicted lower overall
survival and greater disease recurrence (1013).

Kim et al. have studied the predictive value of NLR in patients with rectal cancer
undergoing preoperative chemo radiation. Based on the results they conclude that high NLR
(≥ 3.0), an elevated carcinoembryonic antigen level (CEA), and large tumour were
significant predictors for a poor response. Poor pathological tumour response and elevated
NLR (≥ 3.0) were risk factors for cancer-specific and recurrence-free survival (1014).
Zou’s group confirms the prognostic value of NLR and PLR in patients with colorectal
cancer. In their retrospective study, a high NLR (≥ 4.98) and/or PLR (≥ 246) were
significantly associated with worse 5-year overall survival. NLR and PLR were independent
prognostic factors in these patients, and were associated with the T classification, lymph
node metastasis and postoperative adjuvant chemotherapy response. Postoperative adjuvant
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chemotherapy improved the 5-year overall survival rate in patients with a high NLR or
PLR. Furthermore, NLR proved more effective as a prognostic marker compared with PLR
(1015).
Although a high NLR is associated with worse outcome, it also appears to be associated
with a favourable response to therapy. In this case with adjuvant chemotherapy, but also
with anti-inflammatory treatment in breast cancer patients, as described previously by
Forget and colleagues (137).

Shen and colleagues support the claim that an elevated baseline NLR is a valuable and
easily available prognostic factor for overall survival in addition to tumour response after
neoadjuvant chemo radiation in patients with locally advanced rectal cancer. In this
retrospective study, a NLR < 2.8 was significantly associated with better overall survival
(1016).
These findings are confirmed by another meta-analysis performed by Paramanathan et al.
(151).

Toiyama and colleagues confirm the importance of NLR in rectal cancer patients after
neoadjuvant chemotherapy. Elevated NLR was clearly associated with significantly poor
overall survival, but so was elevated platelet count (PLT) (1017).

Ghanim et al. have investigated the prognostic impact of inflammatory-related biomarkers
and scores in patients undergoing curative pulmonary metastasectomy for colorectal cancer.
They conclude that inflammatory markers provide promising prognostic information in this
group of patients (1018).

Zhou, Chu and An conclude that difference of leucocyte count, neutrophil ratio, and NLR
may provide available information in the differential diagnosis of colorectal cancer,
adenomatous polyp and healthy people. In their prospective and randomized study, NLR
was highest in the colorectal cancer group, the second in the adenomatous polyp group, and
the lowest in the healthy control group (1019).
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Based on earlier study results, He and co-workers have built a prognostic model on bloodbased biomarkers, including NLR, in patients with metastatic colorectal cancer. This model
is based on three previously identified independent risk factors: NLR (> 3.0), elevated γglutamyl transpeptidase and carcinoembryonic antigen, but has not been validated yet
(1020).

Ikeguchi et al. report similar findings. Their newly developed prognostic scoring system,
consisting of performance status (PS), Glasgow Prognostic Score, Prognostic Nutritional
Index, and NLR, proved prognostic of survival in patients with locally advanced
unresectable colorectal cancer undergoing intensive chemotherapy (1021).

Wuxiao and Chen confirm the importance of NLR as a prognostic tool in patients with
colorectal cancer. Wuxiao and colleagues have developed a prognostic model based on
histological grade, pre-treatment carcinoembryonic antigen (CEA) and NLR levels (1022).

Chen et al. have performed a retrospective analysis on multiple cohorts of colorectal cancer
patients: metastatic untreated, refractory metastatic, hepatectomy, stage II-III and
molecularly screened. Results showed that high NLR (> 5.0) was associated with poor
prognosis in patients with metastatic colorectal cancer. Furthermore, high NLR correlated
with increased expression of interleukin-6, interleukin-8, interleukin-2Rα, hepatocyte
growth factor, macrophage-colony stimulating factor, and vascular epidermal growth factor.
Another fourteen additional cytokines were reported to correlate with high NLR. All
cytokines fell into three major clusters: inflammatory cytokines, angiogenic cytokines, and
epidermal growth factor ligands (1023).

Watt and co-workers have investigated the importance of the differential white cell count in
patients undergoing elective surgery for colorectal cancer. Based on the results of their
retrospective study, they claim that the neutrophil count is the most important prognostic
component of the differential white cell count (WCC). Of the components of the differential
WCC, only the neutrophil count proved independently associated with survival, particularly
in node-negative colon cancer (1024).
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Shibutani et al. have studied the relationship between survival/chemotherapeutic response
and pre-/post-treatment markers of systemic inflammation (NLR, CRP and GPS (Glasgow
Prognostic Score)) in patients with unresectable metastatic colorectal cancer. Their results
showed significantly worse overall survival in the group with high pre-treatment
inflammatory markers (NLR/CRP/GPS), and that with high post-treatment CRP/GPS.
Progression-free survival rate was significantly worse in the high post-treatment CRP
group. With respect to chemotherapeutic response, patients with a low post-treatment CRP
level had a significantly higher disease controle rate than those with a high post-treatment
CRP level. Furthermore, patients with a high pre-treatment CRP level and normalization
after treatment showed better overall and progression-free survival rates and had a
significantly higher disease control rate than those with high pre- and post-treatment CRP
levels (1025).

As mentioned previously with respect to lung (371), oesophageal (638) and hepatocellular
cancer (807), Chen and co-workers claim that the systemic immune-inflammation index
(SII) is a powerful tool for predicting survival outcome in patients with colorectal cancer. In
their study, SII was calculated using the formula SII = (PxN/L), where P, N, and L refer to
peripheral platelet, neutrophil, and lymphocyte counts, respectively (1026).

Chan’s group reports that lymphocyte-to-monocyte ratio, but not NLR, is associated with
better overall survival in patients with resectable colorectal cancer (1027).

Interestingly, Sun and colleagues claim that pre-treatment fibrinogen levels also can serve
as an independent prognostic marker to evaluate patient response to surgical colon cancer
treatment. The results of their retrospective analysis revealed that preoperative fibrinogen
levels < 2.61 were significantly associated with better overall survival and disease-free
survival compared with fibrinogen levels ≥ 2.61 (1028).
As is well known, fibrinogen is synthesized in the liver as a glycoprotein and plays an
important role in blood coagulation, thrombosis, wound healing, and platelet aggregation.
Recent studies suggest that fibrinogen may be associated with cancer development.
Fibrinogen has been associated with increased tumour growth and metastatic potential,
albeit the exact mechanisms remain unclear. Various potential mechanisms have been put
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forward. One mechanism involves the influence on tumour cell proliferation, migration and
signalling through interactions with multiple, so-called, integrin and non-integrin receptors
(transmembrane receptors).
Another potential mechanism is the promotion of tumour angiogenesis, since fibrinogen has
been shown to interact with growth factors, including vascular endothelial and fibroblast
growth factors, to stimulate angiogenesis. Furthermore, the fibrinolytic system derived from
fibrinogen also plays a facilitating role in both angiogenesis and the proliferation process of
tumour cells.
For more comprehensive information on the role of fibrinogen on cancer development we
refer to the paper by Sun et al. (1028).

Hong et al. support the finding that preoperative fibrinogen levels represent a prognostic
factor in non-metastatic colorectal cancer. In this prospective cohort study, plasma
fibrinogen, but not D-dimer, was identified as a prognostic factor (1029).

As mentioned previously, Arigami and co-workers conclude that the combination of
fibrinogen concentration and NLR may be a potentially useful blood marker for predicting
tumour progression and the prognosis of patients with gastric cancer (774).

Interestingly, Hollmann and colleagues have studied the effects of epidural analgesia on
coagulation in patients undergoing major orthopaedic surgery. The results of their study
revealed that use of epidural analgesia prevents immediate postoperative hypercoagulability
without affecting physiologic aggregation and coagulation processes (1030).

There is clear evidence that cancer and blood clotting are tightly connected. Cancer cells
have the ability to up regulate specific blood clotting factors and this is believed to result in
the formation of unwanted blood clots in veins and the lungs, often leading to fatal,
thrombotic complications in cancer patients (1031). From this point of view, the use of
epidural analgesia may thus have a beneficiary effect on coagulation in surgical cancer
patients.
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Mariani et al. expand further on the significance of inflammation in the development of
colorectal cancer (1032). In their paper, the authors evaluate the most important
inflammatory pathways involved in the very early steps of (colorectal) carcinogenesis. They
focus on cells and proteins that are suggested to play a key role in the mechanisms leading
to tumour development. Furthermore, the tumour microenvironment and its oxidative and
anaerobic metabolisms are identified. First of all, the role of macrophages, neutrophils and
the two groups of enzymes, the cyclooxygenases (COX-1 and COX-2) and the
lipoxygenases (5-lipoxygenase [5-LOX], 12-LOX, and 15-LOX), are discussed.

In summary, Type I macrophages have been identified to play a role in killing pathogens
and tumour cells by producing large amounts of pro-inflammatory cytokines, like tumour
necrosis factor-α (TNF-α), interleukin (IL)-12, reactive nitrogen, and oxygen intermediates.
Not surprisingly, these macrophages are often found in chronic inflammatory sites, and sites
where tumours originate.

Type II macrophages, on the other hand, are believed to play a role in the modulation, c.q.
attenuation, of the inflammatory response and are generated by various interleukins (IL-4,
IK-13, IL-10) and glucocorticosteroid hormones. Furthermore, type II macrophages also
play a role in eliminating cell debris, promoting angiogenesis, remodelling tissue and
releasing other cytokines, like IL-10. As discussed previously in the case of Epithelial
Mesenchymal and Mesenchymal Epithelial Transitions, it is possible that type I
macrophages switch to a type II-like phenotype. Thus facilitating the tumour to grow,
invade, vascularize and develop.
Once pro-inflammatory cytokines have been produced and released, including the rapidly
produced IL-23, neutrophils are swiftly attracted to the site of infection. Normally,
neutrophils are phagocytized by macrophages after transmigration and apoptosis.
Phagocytosis of apoptotic cells might down-regulate the production of IL-23 and thus
inhibit the invasion by neutrophils. In case this feedback is interrupted, macrophages would
continue to attract neutrophils and result in an overexpression of neutrophils at the tissue
site.
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Neutrophils are activated by inflammatory signals. Once activated, these cells are able to
produce and release pro-inflammatory mediators, such as IL-1, IL-8 and macrophage
inflammatory protein (MIP)-1s. In addition, neutrophils also synthesize and store large
quantities of enzymes, like for instance myeloperoxidase (MPO). The aforementioned
cytokine IL-23 further activates neutrophils to synthesize and release these enzymes. Thus,
resulting in tissue destruction through proteolysis.
When this has been achieved, neutrophils change their phenotype from a pro-inflammatory
state into a more “anti-inflammatory pro-resolution” state. These apoptotic neutrophils on
their turn stimulate macrophages into a pro-resolution state. As stated by the authors, the
resolution of inflammation therefore relies on the effective “switching off” of the
neutrophils, the promotion of apoptosis and the successful recognition of phagocytosis.
There is evidence that suggests that the enzyme myeloperoxidase (MPO), which is
synthesized and released by activated neutrophils, indeed can promote neutrophil survival.
By contrast, the cytokines IL-10 and TNF-α are able to induce apoptosis. In case of
persistent inflammation, this regulatory mechanism can easily be compromised.
Accordingly, in patients with colorectal cancer, a low level of persistent inflammation has
been demonstrated to exist in normal colorectal mucosa (1033). Without inhibitory
feedback, neutrophils will continuously be attracted and will accumulate in the intestinal
mucosa. Apoptotic neutrophils that have not been eliminated by macrophages will undergo
secondary necrosis. This will result in a release of toxic substances leading to further
pathological tissue damage.

Arachidonic acid is formed by the interaction between the enzyme phospholipase A2 and
fatty acid compounds derived from membrane phospholipids, the so-called prostanoids and
eicanosoids. Despite the fact that these compounds are considered to be paracrine hormones,
and hence their effects are rather localized, their release can have pronounced effects.
Although primarily related to inflammation and haemostasis, all of these compounds
display vasoactive effects, mostly by influencing vascular tone.
Arachidonic acid on its turn is metabolized, either by the cyclooxygenase (COX) or the
lipoxygenase (5-LOX, 12-Lox and 15-LOX) pathway.
There are different forms of the COX-enzyme, COX-1 and COX-2 being the most important
ones. COX-1 is more fundamental and therefore capable of producing prostanoids under
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basal conditions. By contrast, COX-2 is inducible and up regulated during inflammation.
Eicanosoids, which are derived from arachidonic acid, are among the earliest signals
released in response to an inflammatory stimulus or injury.

The COX pathway in metabolizing arachidonic acid contributes to the accumulation of
neutrophils and the production of Prostaglandin E2 (PGE2). COX-2 appears to be
overexpressed in both tumour cells and immune suppressor cells, like for instance
macrophages. The increase in PGE2 production mediated by the overexpression of COX-2
has been shown to promote colorectal carcinogenesis (1034).

The LOX pathway is also closely linked to chronic inflammation and carcinogenesis.
5-LOX is highly expressed in neutrophils and monocytes. Following cell activation,
arachidonic acid, released from membrane phospholipids, is converted by 5-LOX into
leukotriene B4 or leukotriene C4. Both leukotrienes have been shown to be linked to early
colon cancer growth and proliferation (1035).

12-LOX metabolites are reported to promote cancer cell proliferation, metastasis, and
angiogenesis, whereas 15-LOX metabolites seem to be protective against inflammation and
carcinogenesis. Furthermore, the LOX-15 pathway appears to play an important role in the
resolution of inflammation. 15-LOX enzymes are usually expressed in normal tissues and
benign lesions, but not in colon cancer cells (1036,1037).
On the other hand, 5-LOX and 12-LOX are generally absent in normal healthy epithelia, but
can be induced by pro-inflammatory stimuli and are expressed in various epithelial cancers
(1038).

It is obvious that a chronic infection will lead to a chronic inflammatory response. In case of
any imbalance between active inflammation, repair and destruction caused by a persistent
stimulus over a prolonged period of time, the inflammatory response, and its activation of
immune cells, will result in an accumulation of cytokines, chemokines and reactive oxygen
and nitrogen species. Further imbalance between endogenous generation of reactive species
and anti-oxidant and scavenging defence mechanisms will result in oxidative stress. This
will lead to oxidation of several substances, like nucleic acids, proteins and lipids, and will
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induce pro-mutagenic DNA lesions (1032). The authors claim that reactive oxygen species
originating from chronic inflammatory cells may play a central role in the development of
up to one-third of all cancers. Especially neutrophils and macrophages are considered to be
a major source of oxidants that may promote cancer development through the induction of
genetic alterations.
Inflammation sites are associated with changes in structure, function and activity of
mitochondria. Through the production of reactive oxygen species an oxidative
microenvironment is created which results in DNA damage, and shifting from an aerobic to
an anaerobic metabolism. This anaerobic metabolic process may lead to alterations in
glucose uptake and lactic acid production. And this may result in further DNA damage.
For more comprehensive information on this topic, we once more refer to the paper by
Mariani and colleagues (1032).

Zou’s group suggests that IL-35 (an immunosuppressive cytokine) can promote tumour
progression by functioning as an up-stream cytokine to promote cancer-associated
inflammation and control neutrophil polarization (1039).

Moore and Pidgeon expand further on the importance of the 5-lipoxygenase pathway in
tumorigenesis and discuss the potential routes through which cancer cells may utilize this
pathway to interact with the tumour microenvironment during the development and
progression of a tumour (1040).

Lalmahomed et al.’s study results support the abovementioned mechanisms of action.
Although circulating tumour cells were identified in 43% of the samples of peripheral blood
that had been withdrawn preoperatively in patients with colorectal cancer with isolated liver
metastases, no relation was found between the presence of circulating tumour cells in
peripheral blood and disease-free and overall survival. In other words, it appears that the
presence of tumour cells in the bloodstream is more commonly encountered than
anticipated. Furthermore, the presence of circulating tumour cells in peripheral blood did
not automatically lead to worse disease-free and overall survival. Apparently, the body’s
defence mechanisms are capable of eliminating circulating tumour cells more often than
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expected. This fits in with the concept that perioperative care should focus on preserving
patient’s immunity and defence mechanisms (1041).

Nonetheless, Seeberg et al. claim that circulating tumour cells in patients with colorectal
liver metastases predict non-resectability and impaired survival (1042).

With respect to the function of neutrophils, Sagiv and co-workers report that three distinct
populations of circulating neutrophils have been identified. Apart from the mature highdensity neutrophils (HDNs), a heterogeneous subset of low-density neutrophils (LDNs) has
been identified which are reported to appear transiently in self-resolving inflammation but
accumulate continuously with cancer progression. LDNs display impaired neutrophil
function and immunosuppressive properties, characteristics that are reported to be in sharp
contrast to those of HDNs (1043).

Granot and Jablonska expand further on the role of neutrophils in cancer. In summary,
neutrophils appear not to be a homogeneous population of cells and may consist of both
pro- and antitumour subpopulations. Furthermore, depending on the tumour
microenvironment, neutrophils polarize toward a tumour promoting or an antitumour
phenotype, wich is mediated via cytokines present in the tumour microenvironment (1044).

Interestingly, Yan et al. report that human polymorphonuclear neutrophils (PMNs) from
some healthy donors display potent cancer-killing properties. This killing activity appears to
be cancer cell-specific since PMNs did not kill primary normal epithelial cells or an
immortalized breast epithelial cell line. Furthermore, PMNs from lung cancer patients were
also found to exhibit relatively poor cancer-killing activity compared to the cytolytic
activity of the average healthy donor (1045).

Tohme and co-workers claim that neutrophil extracellular traps (NET), which are formed
when neutrophils expel their protein-studded chromatin in response to surgical stress,
promote the development and progression of liver metastases following surgery (1046).
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Richardson’s group reports to have identified a novel neutrophil phenotype demonstrating
reduced NET formation, reduced apoptosis, and increased phagocytosis in patients
undergoing colorectal cancer resection. As a consequence of impaired cell death,
accumulation of neutrophils in the circulation could potentially be harmful to the host
following surgery (1047).
Gryglewski and Szczepanik state that surgery results in decreased percentage of Tγδ
lymphocytes in peripheral human blood, and this decrease correlates with the severity and
location of the surgical trauma (1048).

Meanwhile, Wikberg and co-workers report that low infiltration of neutrophils in the
tumour front is an independent prognostic factor for a poorer patient prognosis in early
stages of colon cancers (1049).

Rahat et al. and Yang et al. expand further on the role of macrophages and neutrophils in the
regulation of the inflammatory microenvironment in cancer and autoimmunity (1050,1051).

Tabuchi and colleagues have conducted a prospective study, in which patients with
colorectal cancer undergoing surgical resection were studied in relation to pre- and
postoperative granulocyte/lymphocyte ratio (GLR) and pro- and anti-inflammatory
cytokines. Results revealed that serum interleukin-6 (IL-6) was higher on the first
postoperative day compared to before the operation. GLR was also higher on the first 3
postoperative days compared to beforte the operation and gradually decreased together with
the surgical stress levels. GLR and the number of granulocytes in the blood showed
significant correlation with IL-6. By contrast, GLR and the number of granulocytes and
lymphocytes in the blood showed no correlation with serum IL-1β or TNF-α. Therefore, the
authors conclude that GLR appears to be a simple and clinically relevant parameter for the
assessment of perioperative stress in patients undergoing colorectal surgery (1052).

The recently published study results by Navarro and co-workers support the importance of
inflammation in colorectal and lung cancer. Epidemiologic findings suggest that long-term
use of the non-vitamin dietary supplements glucosamine and chondroitin is associated with
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reduced risk of colorectal and lung cancer. Navarro et al. demonstrate that the use of these
dietary supplements for 28 days (compared to placebo) significantly reduces inflammatory
markers. This finding adds additional evidence for the association between inflammation
and these cancers (1053).

Park and colleagues compared the effectiveness of transversus abdominis plane (TAP)
block with local infiltration of the surgical wound in patients undergoing laparoscopic
colorectal surgery. Based on the results of this non-randomized, single blind prospective
study the authors conclude that bilateral TAP blocks decrease the cumulative morphine use
at 24 hours and 48 hours postoperatively compared with local anaesthetic wound
infiltration. In this study, patients in the TAP group received bilateral TAP blocks at the end
of surgery. Patients in the infiltration group received local infiltration of anaesthetics in the
surgical wounds after closure of the peritoneum. All patients received postoperative
analgesia with morphine as a patient-controlled analgesia (1054). Needless to mention, any
pre-emptive mode of action has been ruled out by the administration of the blocks at the end
of surgery.

In turn, Pedrazzani et al. have compared the effects of TAP blockade plus local wound
infiltration with local wound infiltration alone on opioid requirement in patients undergoing
laparoscopic colorectal surgery within an ERAS program. Not surprisingly, the combination
of TAP blockade and local wound infiltration reduced the requirement of opioid analgesics
and resulted in good pain control (1055).

Tikuisis and colleagues endorse the analgesic properties of ultrasound-guided TAP blockade
in patients undergoing hand-assisted laparoscopic colon surgery. In their prospective,
randomized, placebo-controlled trial, TAP blockade (using 20 mL of 0.375% ropivacaine)
significantly reduced pain, short-term postoperative analgesic use and promoted early
ambulation when compared to placebo. The TAP block group had significantly lower pain
scores after surgery at 2, 4, and 12 hours at rest, and at 2 and 4 hours during movement
(1056).
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Based on the results of their systematic review and meta-analysis of randomized trials,
Brogi’s group concludes that TAP blockade can play an important role in the management
of pain after abdominal surgery by reducing both pain scores and 24-hour morphine
consumption, especially when neuraxial techniques or opioids are contraindicated (1057).

Arora’s group supports the finding that TAP block reduces postoperative pain up to 24
hours compared to port-site infiltration in patients undergoing laparoscopic inguinal hernia
repair (1058).

Based on the results of their meta-analysis, Kim and co-workers state that TAP blocks are
easily performed, cost-effective, and an opioid-sparing adjunct for laparoscopic colorectal
surgery, with minimal procedure-related morbidity (1059).
El-Sherif et al. conclude that the addition of morphine to bupivacaine in TAP blocks is an
effective method for pain management in patients undergoing abdominal cancer surgery
without serious side-effects (1060).

However, Torup and colleagues report that TAP block used in combination with
paracetamol and ibuprofen did not reduce pain after laparoscopic colonic surgery. Although
pain was not reduced, there was a 30% reduction in opioid use in the first postoperative
hour. These conclusions are based on the results of their randomized, placebo-controlled,
double blind study (1061).

Oh et al. also failed to demonstrate any beneficial effect of TAP blockade on postoperative
pain in colorectal cancer patients undergoing laparoscopic colorectal surgery. In this double
blind, randomized and controlled trial, pain intensity on coughing and at rest in all studied
time periods did not significantly differ between the group that received TAP block with
bupivacaine and the group that was injected with saline. Furthermore, there were no
significant differences in postoperative opioid consumption, sedation scores, nausea scores,
complication rates, and length of hospital stay between the two groups (1062).

Tupper-Carey et al. have conducted a prospective, randomized trial in which the analgesic
efficacy of untrasound-guided TAP block in adult patients undergoing laparoscopic
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appendectomy was investigated. Their results show that the additional TAP block
performed immediately prior to skin incision (bilaterally 20 ml of plain ropivacaine 0.5%)
for laparoscopic appendectomy did not significantly improve postoperative analgesia
outcomes (1063).

Based on the results of their meta-analysis, Baeriswyl and colleagues conclude that
ultrasound-guided TAP block provides marginal postoperative analgesic efficacy after
abdominal laparotomy or laparoscopy and caesarean delivery (1064).

In their review, Jakobsson et al. state that the effects of TAP blockade during laparoscopic
cholecystectomy appear to be equivalent to local infiltration anaesthesia and that they also
seem to be beneficial during laparoscopic colon resection. These effects are more
pronounced when TAP blockade is provided prior to surgery. Therefore, TAP blockade
seems an interesting alternative in patients where epidural or spinal anaesthesia/analgesia is
technically difficult and/or poses a risk (1065).

Niraj and co-workers have investigated the effects of four-quadrant TAP blockade in
patients undergoing abdominal surgery in whom epidural analgesia was contraindicated or
refused. They report that surgical incision was within the dermatomal limit of the block in
70% of the patients. However, therapeutic failure with this technique was reported to be
10% (1066).

Based on the results of their randomized and placebo-controlled trial, Qazi et al. claim that
TAP block produces effective and prolonged postoperative analgesia (up to 24 hours) in
patients undergoing midline colorectal surgery. Bilateral TAP blocks (with 20 ml 0.2%
ropivacaine on either side) resulted in a considerable reduction in mean intravenous
tramadol requirements, reduced postoperative pain scores, and increased time to first
request for further analgesia, both at rest and on movement (1067).

Shaker’s group has prospectively compared the analgesic effects of TAP blocks with
thoracic epidural analgesia in patients undergoing major abdominal resections. In contrast
with other studies, their results suggest that TAP block use is associated with lower
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parenteral morphine equivalent usage and decreased incidence of hypotension in the early
postoperative period compared with thoracic epidural analgesia. There was no difference in
24-48 hour fluid balance, and/or subjective pain between the two groups (1068).

Park et al. report that their newly introduced laparoscope-assisted TAP (LTAP) block is
non-inferior to the ultrasound-guided technique in providing a TAP block after colorectal
surgery. With the LTAP local anaesthetics are injected intraperitoneally (1069).

Bashandy and Elkholy have studied the effects of an ultrasound-guided pre-emptive singleinjection rectus sheath block on postoperative pain in patients undergoing abdominal cancer
surgery with midline incision. Based on their randomized controlled trial, they claim that
ultrasound-guided rectus sheath block is an easy technique to learn, and when it is used with
general anaesthesia, it is more effective in reducing pain scores and opioid consumption
compared with general anaesthesia alone (1070).

However, Purdy et al. report that (post-surgery) placement of a rectus sheath block does not
significantly reduce the inflammatory response in patients undergoing midline laparotomy.
In their prospective randomized study, rectus sheath blockade had no significant effect on
the inflammatory biomarkers (CRP, IL-1ra, IL-6, IL-8, IL-10, and IL-1β). Interestingly,
NRS score was significantly correlated with plasma concentrations of the anti-inflammatory
cytokine IL-10 and pro-inflammatory cytokine IL-1β postoperatively. This finding clearly
suggests that inflammation and pain are related (1071). With respect to the inflammatory
response, previous studies have shown that pre-emptive analgesia has more impact on the
inflammatory stress response than postoperative interventions (79,302). This could explain
why post-surgery blockades have little impact on the inflammatory response.

Godden et al. have compared the effects of epidural analgesia (EA) and ultrasonography
placed rectus sheath catheters (RSC) on analgesia following open colorectal cancer surgery.
Based on their retrospective study, the authors claim that the use of ultrasonography guided
RSC results in effective postoperative analgesia equivalent to EA, with the potential
benefits of a reduced incidence of hypotension. There was no significant difference in
postoperative respiratory tract infection, anastomotic leak or wound complications between
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the EA-group and the RSC-group. The latter group had a higher incidence of ileus than the
EA-group (1072).

As mentioned previously, Shah and colleagues demonstrate that intraoperative continuous
epidural infusions decrease PACU length of stay as discharge criteria for patient-reported
pain scores are met earlier (306).

Based on the results of their systematic review of randomized controlled trials, ElBoghdadly and co-workers conclude that thoracic paravertebral blockade (TPVB) appears
to be a promising analgesic technique for abdominal surgery in terms of efficacy and safety
(1073).
As mentioned previously, recent studies have suggested an association between βadrenergic receptor stimulation and cancer growth and cancer progression.
Jansen and colleagues have conducted a population-based cohort study in which the
association between beta-blocker use and colorectal cancer prognosis was investigated.
Results showed that beta–blocker use was associated with longer overall survival in stage
IV patients. However, no significant association was observed between beta-blocker use at
diagnosis and prognosis for all disease stages combined (1074).

Based on their retrospective chart review, Engineer at al. report that an association was
observed between exposure to a combination of angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers and β-blockers and increased survival, decreased
hospitalizations, and decreased tumour progression in advanced colorectal cancer (1075).

Giampieri and co-workers confirm that in patients with metastatic colorectal cancer, who
were treated with first-line chemotherapy, β-blocker use was associated with improved
overall survival. However, in patients treated with first-line chemotherapy in combination
with bevacizumab β-blocker use was not associated with improved overall survival. On the
contrary, in this patient group a trend was observed toward a worse overall survival (1076).
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As mentioned previously in the case of head and neck cancers and based on the results of
their population-based cohort study, Chang and co-workers state that propranolol might
reduce the risk of head and neck, oesophagus, stomach, colon and prostate cancers (275).
However, Numbere et al. were unable to confirm any protective effect of β-blockade on
bowel cancer risk. In their case-control study, adrenergic blocker use was not associated
with a reduced risk of bowel, breast, lung and/or prostate cancer (387).

However, Hicks and colleagues were unable to detect any relation between post-diagnosis
beta-blocker use and decreased mortality in patients with colorectal cancer. In their nested
case-control study, beta-blocker use was identified in 21.4% of 1559 colorectal cancerspecific deaths and 23.7% of their 7531 matched controls (1077).

Based on the results of their population-based study, Jansen and co-workers were also
unable to detect any beneficial effect of pre- or post-diagnosis beta-blocker use on
colorectal cancer prognosis (1078).
In fact, these authors claim that immortal time bias leads to spurious beneficial associations
of beta-blocker use among cancer patients (1079). Immortal time refers to a period of
follow-up during which, by study design, death or the study outcome simply cannot occur
(1080).
Nevertheless, Ciurea’s group reports that β2-adrenergic receptors play an important role in
colorectal carcinogenesis and can be used as prognostic factors. This conclusion is based on
the fact that β2-adrenergic receptors were significantly associated with tumour grading,
tumour size, tumour invasion, and lymph node metastasis (1081).
Interestingly, Liu et al. have studied the effects of chronic stress on anti-angiogenesis of
sunitinib in mouse colorectal cancer models. Their results showed that chronic restraint
stress markedly weakened the efficacy of sunitinib, primarily through promoting the
expression of vascular endothelial growth factor (VEGF) and interleukin-8 (IL-8) to
stimulate tumour angiogenesis in vivo. As reported, this effect could be sufficiently
mimicked by exogenous norepinephrine and blocked by the β-antagonist propranolol.
Therefore, the authors conclude that these findings suggest that psychological stress might
attenuate anti-angiogenic therapy primarily through activating β-adrenergic signalling to
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promote tumour angiogenesis. It is also suggested that β-blockers might improve antiangiogenic outcome under psychological stress (1082).
Chin and co-workers claim that selective β2-adrenergic blockage suppresses colorectal
cancer growth in vitro and in vivo (1083).

Sorski and co-workers have investigated whether blocking excess release of endogenous
catecholamines and prostaglandins during surgical procedures of different extent can reduce
experimental liver metastasis of colon cancer in mice. Their results show that combined
administration of propranolol and etodolac, but neither drug alone, significantly improved
host resistance to metastasis. These beneficial effects occurred in both minor and extensive
surgeries, and in both male and female mice. Therefore, the authors conclude that given the
prevalent perioperative psychological and physiological stress responses in patients, and
ample prostaglandin release by colorectal tumours and injured tissue, propranolol and
etodolac should be tested clinically in laparoscopic and open colorectal surgeries in an
attempt to reduce patients’ metastatic disease (1084).

As mentioned previously in the case of non-small cell lung cancer and pancreatic cancer,
resting heart rate appears to be associated (independently of haemoglobin level and tumour
stage) with survival in patients with advanced colorectal cancer (391).

Interestingly, Singh et al. have performed a prospective, double blind, randomized
controlled trial in which the effects of perioperative simvastatin therapy on the systemic
inflammatory respons following major colorectal surgery were investigated. Results
revealed that perioperative simvastatin therapy attenuates the early pro-inflammatory stress
response to surgery. However, simvastatin therapy had no effect on postoperative
complications (1085).

And as mentioned previously in the case of anastomotic leak, intraoperative volume
resuscitation should focus on goal-directed euvolemia, since evidence exists showing that
fluid overload, in the presence of an epidural, may be deleterious to the healing of
anastomoses, thus creating a higher risk of anastomotic leakage (966).
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Boland et al. claim that intraoperative fluid infusion volumes in excess of 3500 ml are
associated with increased morbidity and length of stay in patients undergoing elective
surgery for rectal cancer. This claim is based on the results of their retrospective study
(1086).

Following on from this, Volta et al. have studied the effects of two different strategies of
fluid administration on inflammatory mediators, plasma electrolytes and acid/base disorders
in patients undergoing major abdominal surgery for bowel cancer. Results of this
prospective, double blind, randomized trial revealed that patients who were administered
balanced solutions, like for instance Ringers lactate, exhibited higher circulating levels of
IL-10 and TIMP-1 and lower level of active metalloproteinase-9. On the contrary, patients
who were administered unbalanced solutions like normal saline, experienced
hyperchloremia, hypocalcaemia, hypomagnesaemia, worse acid-base equilibrium and higher
level of neutrophil gelatinase-associated lipocalin. Therefore, the authors conclude that the
use of balanced solutions was responsible for less alteration of plasmatic electrolytes, acidbase equilibrium, kidney function and that it might be associated with an early antiinflammatory mechanisms triggering (1087).

However, it has to be mentioned that, according to Li et al.’s study results, the
administration of ≥ 2.0 liters Ringer’s lactate prolongs the gastrointestinal recovery time in
patients undergoing laparoscopic cancer surgery. By contrast, the administration of ≥ 1.0
liter of hydroxyethyl starch (Voluven) did not adversely affect gastrointestinal recovery
(1088).

Behman and colleagues support the concept that increased early perioperative fluid
resuscitation is associated with major adverse events in patients undergoing laparotomy,
respectively pancreaticoduodenectomy (1089).

Although the use of dexamethasone is claimed to have beneficial effects on recurrence,
mortality, and/or postoperative pain in breast, gastric, pancreatic and ovarian cancer patients
(404,737,821,1211), Yu and colleagues caution its use in surgical patients with rectal
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cancer. Based on the results of their retrospective study, the authors claim that patients not
given dexamethasone had better three-year survival outcomes compared with patients given
dexamethasone perioperatively (1090). Unfortunately, the reason for dexamethasone use
was not mentioned.

Fares et al. have performed a randomized double blind study in which the intraperitoneal
administration of dexmedetomidine was investigated in relation to pain and analgesics
consumption in patients undergoing laparoscopic colorectal cancer surgery. Patients were
randomly assigned for intraperitoneal administration of either 50 ml saline (control group),
50 ml bupivacaine 0,25% (bupivacaine group), or 50 ml bupivacaine 0,25% with
dexmedetomidine 1 µg/kg (bupidex group). Results revealed that pain score was
significantly reduced during the first 24 hours postoperatively in the bupidex group in
comparison to the control and bupivacaine group. Furthermore, mean total consumption of
rescue analgesia was significantly reduced and the time to first analgesic requirement was
significantly prolonged in the bupidex group. The authors therefore conclude that
intraperitoneal administration of dexmedetomidine 1 µg/kg combined with bupivacaine
improves the quality and the duration of postoperative analgesia and provides an analgesic
sparing effect compared to bupivacaine alone without significant adverse effects in patients
undergoing laparoscopic colorectal cancer surgery (1091).

Chen’s group has prospectively investigated the effects of additional dexmedetomidine on
gastroinstestinal motility following laparoscopic resection of colorectal cancer. In this
randomized, double-blinded study, additional dexmedetomidine (1 µg/kg bolus and 0.3
µg/kg/h as maintenance) was significantly associated with shorter time to postoperative first
flatus, shorter time to regular diet, and shorter hospital stay (1092).

Panchgar and colleagues report similar findings. In their prospective, randomized, double
blind, controlled trial, dexmedetomidine infusion (1 µg/kg bolus over 10 minutes and 0.5
µg/kg/h intraoperatively as maintenance) controlled the hemodynamic stress response in
patients undergoing laparoscopic surgery. Its use also extended the pain free period
postoperatively and thereby reduced total analgesic requirement (1093).
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In turn and based on the results of their randomized and controlled study, Gao cum suis
report that the combination of dexmedetomidine and sufentanil for patient-controlled
intravenous analgesia (PCIA) following abdominal surgery can reduce opioid consumption,
decrease pain scores, lower the rate of nausea and vomiting, and improve patient
satisfaction (1094).

Interestingly, Deng et al. have studied the effects of various intravenous anaesthetics on
colorectal cancer progression. Their results show that propofol inhibits migration of
colorectal cancer cells in vitro, but not in vivo. Etomidate promoted the migration of cancer
cells both in vitro and in vivo. Furthermore, etomidate was shown to induce epithelialmesenchymal transition (87-89). On the other hand, dexmedetomidine alone, or in
combination with propofol or etomidate, had minor effects on the migration of colorectal
cancer cells (1095).

In turn, Kahokehr and colleagues have performed a double blinded, randomized and placebo
controlled trial in which the effects of intraoperative instillation and postoperative infusion
of intraperitoneal local anaesthetic (IPLA) on recovery parameters after colectomy have
been investigated. The study group, IPLA, received instillation of intraperitoneal
ropivacaine (75 mg) before dissection and postoperative infusion of 0.2% solution at 4
ml/hr for 3 days continuously. The placebo group was treated as above with 0.9% saline
solution. All patients were cared for in the setting of an established enhanced recovery after
surgery (ERAS) program. Epidural infusion was stopped on day 2. Patients were discharged
from day 3 onwards once criteria met. Perioperative data, recovery scores, complications
and length of stay were recorded. Patients were followed up for 60 days. Results showed an
improved early surgical recovery with a blunting of postsurgical systemic cytokines and
cortisol. Furthermore, there was a significantly reduced pain and opioid use over and above
the effect of an epidural infusion. There were no local anaesthetic related events. The
complication rate, including anastomotic leakage, was equivalent between groups (1096).

Oh’s group has prospectively investigated the analgesic efficacy of ropivacaine wound
infusion after laparoscopic colorectal surgery. Their results show that ropivacaine wound
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infusion significantly reduces postoperative opioid requirements and the rate of nausea and
vomiting (1097).

Campana et al. report that right laparoscopic colectomy for colon cancer is associated with a
shorter operative time, an increased risk of ileus, and a longer hospital stay than left
laparoscopic colectomy in high-volume centers (1098).

Cui and co-workers report that oxycodone and morphine both have inhibitory effects on
immune function in patients undergoing radical resection of rectal cancer after surgery.
However, oxycodone hydrochloride has a less pronounced effect compared to morphine
hydrochloride (1099). In the morphine group the numbers of T lymphocytes and NK-cells
were significantly lower at all studied time points compared with the oxocodone group.
In other words and as far as the inflammatory stress response is concerned, one might
advocate the use of oxycodone instead of morphine for postoperative pain treatment in
patients undergoing rectal cancer surgery.

Finally, Maggiori and colleagues have investigated whether the combination of laparoscopic
approach and full fast-track multimodal management can decrease postoperative morbidity
following colorectal cancer surgery. In their multicentre, randomized, and controlled trial,
laparoscopic surgery in combination with a full fast-track multimodal management had no
beneficial effects on morbidity when compared to a limited fast-track program. Strikingly,
only early intravenous catheter removal and the absence of intraoperative intravenous
lidocaine infusion were identified as independent predictive factors of reduced postoperative
morbidity following colorectal cancer surgery (1100).
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5 Urogenital malignancies

5.1 Bladder / Renal carcinoma
5.2 Prostate / Testicular / Penile carcinoma
5.3 Ovarian carcinoma
5.4 Cervical carcinoma
5.5 Vulvar carcinoma

5.1 Bladder / Renal cancer

Only one study could be identified dealing with renal cancer in relation to anaesthesia.
Based on an in vitro study, Benzonana et al. report that the volatile anaesthetic isoflurane
facilitates renal cancer growth by enhancing the malignant and metastatic potential of renal
cancer cells (1101).

Interestingly, Kim’s group reports that sevoflurane, as a maintenance agent of general
anaesthesia, reduces the incidence of catheter-related bladder discomfort (CRBD) in
patients undergoing transurethral excision of a bladder tumour when compared with
desflurane (1102).

With respect to bladder cancer, Tekgül et al. claim that the addition of obturator nerve block
(ONB) to spinal anaesthesia in patients undergoing transurethral resection (TUR-B) results
in a prolonged time to recurrence and increases the chance to lengthen disease-free survival.
In this retrospective study, patients with low-risk superficial bladder tumours received either
spinal anaesthesia, or spinal anaesthesia combined with ONB. Recurrence rates and diseasefree time to recurrence were analysed. Results revealed a significantly higher mean time to
recurrence in patients who had received an obturator nerve block (1103).

Based on the results of their retrospective study, Mazul-Sunko and colleagues claim that
thoracic epidural analgesia may have specific advantages in patients with invasive bladder
cancer undergoing radical cystectomy. Patients undergoing cystectomy under combined
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epidural-general anaesthesia had significantly less blood loss, due to induced hypotension,
compared with patients who underwent cystectomy under opioid based general analgesia.
Consequently, blood transfusion requirements were also lower in the epidural group.
Furthermore, the incidence of ileus was also reported significantly lower in the epidural
group compared with the opioid-based general anaesthesia group (1104).

Karadeniz cum suis have prospectively compared the effects of combined general and
epidural anaesthesia with general anaesthesia and patient-controlled intravenous opioid
analgesia on serum cytokine levels in patients undergoing radical cystectomy. Altough they
were unable to demonstrate any significant differences in cytokine levels, the authors
conclude that the combined general anaesthesia and patient-controlled epidural analgesia
technique appears to be superior to the general anaesthesia and intravenous PCA because of
lower intraoperative narcotic analgesic consumption ans shorter hospital stay (1105).

Weingarten and colleagues have retrospectively studied the effects of spinal analgesia on
oncological outcomes in patients undergoing radical cystectomy for blader cancer. Their
results show that systemic opioid use was reduced when general anaesthesia was combined
with spinal analgesia in comparison to general anaesthesia alone. However, this opioidsparing effect was not associated with improved oncological outcomes. Blood transfusion,
on the other hand, was associated with increased mortality (1106).

Jang and co-workers also have studied the effects of type of anaesthesia on survival and
cancer recurrence in patients after transurethral resection (TUR) of bladder cancer. In this
retrospective study, regional analgesia (spinal or epidural) showed a higher 5-year survival
compared with general anaesthesia through partial correlation analysis. However, this
association proved not significant in the chi-square test and logistic regression analysis
(1107).
It remains questionable, though, whether spinal and epidural analgesia can be placed into
one group given their different mode and duration of action.
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Based on the reults of their population-based study, Christopher Doiron and colleagues
report to be unable to demonstrate any effect of epidural use on either short- or long-term
outcomes in patients undergoing radical cystectomy for bladder cancer (1108).

Ahiskalioglu and co-workers have prospectively investigated the effects of epidural
analgesia on pain management and stress response in patients undergoing percutaneous
nephrolithotomy. In this randomized study, patients allocated to the epidural group reported
significantly lower pain scores at all measurement times compared with those allocated to
the general anaesthesia with postoperative intravenous PCA group. Furthermore,
intraoperative blood loss and the level of stress response were lower in the epidural group.
In other words, epidural analgesia, consisting of levobupivacaine and fentanyl, resulted in a
intraoperative and postoperative suppression of the surgical stress response with reduced
pain scores in the postoperative period (1109).

Forget et al. have performed an observational study in early breast, lung and kidney cancer
surgery in which the prognostic significance of the neutrophil-to-lymphocyte ratio (NLR)
and the impact of intraoperative NSAID’s was investigated. Based on the results, they
conclude that NLR is a strong perioperative prognostic factor for breast, lung and kidney
cancers. In this context, intraoperative NSAID’s administration could be associated with a
better outcome (1110).
Kaminska and co-workers endorse the importance of prostaglandin E2 in renal cell cancer
development (1111).

Tabriz et al. demonstrate that COX-2 expression correlates with the histological subtype of
renal cell carcinoma. Furthermore, possible links are also reported between COX-2
expression and pathologic state, nuclear grade and nodal involvement. No correlation was
found between COX-2 expression and patient age, gender, tumour size, metastasis or
survival (1112).

By contrast and based on the results of their population-based study, Nayan and co-workers
report that increasing cumulative use of NSAIDs, angiotensin-converting enzyme inhibitors,
and serotonine reuptake inhibitors was associated with markedly improved cancer-specific
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survival. Furthermore, increasing use of NSAIDs was associated with markedly improved
overall survival (1113).

Liu’s group claims that metformin inhibits bladder cancer progression by inhibiting stem
cell repopulation through the COX-2/PGE2/STAT3 axis. In other words, metformin exerts
anticancer effects by inhibiting COX-2 and subsequently prostaglandin E2 (1114).

Mano and colleagues report that the NLR is an independent predictor of disease progression
and recurrence in patients with non-muscle-invasive bladder cancer. In their retrospective
cohort study, 107 consecutive patients with non-muscle-invasive bladder cancer (NMIBC),
treated with transurethral tumour resection, were reviewed. They found an association
between high NLR levels and male sex, T1 tumour category, and high tumour grade.
Furthermore, on multivariate analyses, adjusted for European Organization for Research and
Treatment of Cancer (EORTC) risk groups and treatment with bladder instillation, NLR >
2.41 and > 2.43 proved significant predictors of disease progression and recurrence,
respectively (150).

To predict outcomes, the European Organization for Research and Treatment of Cancer
(EORTC) risk table is used, which uses a scoring system based on previous recurrence rate,
tumour number, tumour diameter, T category, World Health Organization (WHO) grade,
and the presence of concurrent carcinoma in situ (CIS), to estimate the risk of disease
recurrence and progression at 1 and 5 years (1115).

Ozcan et al. have performed a retrospective study in which the prognostic significance of
leucocytosis and NLR in patients undergoing radical cystectomy for bladder cancer was
studied. Their results indicate that preoperative leucocytosis and NLR are independent
prognostic factors for disease-specific survival in bladder cancer patients undergoing radical
cystectomy (1116).

Bhindi and colleagues confirm the prognostic significance of NLR in patients with bladder
cancer undergoing radical cystectomy. Based on the results of their study, NLR was
reported as best complete blood count-based biomarker for predicting recurrence-free
217

survival, whereas NLR and haemoglobin were most efficient for predicting cancer-specific
survival and overall survival (1117).

Based on the results of their retrospective study, Kang and co-workers claim that early
postoperative NLR is a valuable predictor of outcome in patients with bladder cancer
undergoing radical cystectomy and pelvic lymph node dissection. A high NLR (≥ 2.0) in the
early recovery period was clearly associated with worse cancer-specific survival and overall
survival. Additionally, patients with both pre- and postoperative elevated NLR (≥ 2.1 → ≥
2.0) had worse oncologic outcomes than other groups of NLR changes (1118).

Favilla’s group has performed a single-institutional longitudinal study in which NLR was
investigated as a biomarker in patients with primary non-muscle invasive bladder cancer.
Results showed that NLR ≥ 3.0 was associated with worse disease recurrence and shorter 5year recurrence free survival. However, no association was found regardings disease
progression and 5-year progression free survival. In other words, NLR predicted disease
recurrence but not disease progression in non-muscle invasive bladder cancer (1119).

Cimen and colleagues state that pre-treatment measurement of NLR may provide valuable
information for the clinical management of patients with non invasive bladder cancer. In
their retrospective study, high NLR and low lymphocyte count were significantly associated
with T1 stage, whereas low lymphocyte count was able to predict lamina propria invasion in
these patients (1120).
Kang’s group confirms the predictive value of NLR in patients with muscle-invasive
bladder cancer undergoing radical cystectomy (1121).

Vliers et al. confirm the prognostic value of NLR in patients with localized clear cell renal
carcinoma undergoing nephrectomy. In their study, a NLR ≥ 4.0 was significantly
associated with worse 5-year cancer-specific and overall survival. The median follow-up
was 9.3 years (158).

Kaynar concludes that NLR can be used to determine tumour invasiveness as a costeffective, common and simple biomarker in bladder cancer (1122).
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Ozyalvacli and colleagues confirm this finding. In their retrospective study, a NLR ≥ 2.43
was an independent predictor of recurrence in patients with high-grade pT1 non-muscleinvasive bladder cancer (1123).

Hermanns states that NLR is an inexpensive prognostic biomarker for patients undergoing
radical cystectomy for urothelial carcinoma of the bladder. Based on their retrospective
cohort study, patients with a NLR ≥ 3,0 had significantly worse survival outcomes: overall
survival, recurrence-free survival and cancer-specific survival (1124).
Ku and colleagues support this conclusion (1125).

Ohtake’s group reports that pretreatment NLR may predict responses to gemcitabine and
nedaplatin-based chemotherapy in advanced bladder cancer patients and/or their prognosis.
The used cut-off point in this study was 4.14 (1126).

Morizawa and colleagues also report that NLR is a strong predictor of prognosis in patients
with muscle-invasive bladder cancer undergoing radical cystectomy. Furthermore,
postoperative chronological analysis revealed that the NLR in patients without bladder
cancer recurrence remained low during follow-up, whereas the NLR in patients with cancer
recurrence increased significantly in the last visit before recurrence was detected
radiographically. The authors therefore conclude that these results suggest that an increase
in the NLR during follow-up after radical cystectomy is a potential marker for the early
detection of recurrence (1127).

De Giorgi cum suis claim that NLR is of prognostic significance in patients with
unresectable or metastatic urothelial carcinoma treated with first-line chemotherapy. Based
on their retrospective study, the authors conclude that an increased NLR (> 3,0) persistent
during first-line chemotherapy is an independent predictive factor for patients with
advanced urothelial cancer. A high NLR pre- and post-treatment was clearly associated with
worse outcome (1128-1130).

Huang and co-workers endorse the importance of NLR (and absolute neutrophil count) in
predicting recurrence in patients with localized papillary renal cell carcinoma. The results of
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their retrospective study revealed that an increased preoperative NLR (≥ 3.6) was
significantly associated with recurrence-free survival (1131).

Park et al. have studied NLR as a prognostic factor in patients with metastatic clear renal
cell carcinoma receiving sunitinib as first line therapy. Median follow-up duration after
treatment was 24 months. There was no association between pre-treatment NLR and tumour
response. However, lower post-treatment NLR and larger reduction in NLR after treatment
was significantly associated with a better tumour response. Post-treatment NLR was also
associated with cancer-specific mortality (1132).

Zhang et al. confirm the prognostic value of pre-treatment NLR in patients with metastatic
renal cell carcinoma receiving targeted therapy. In their study, high NLR was an
independent predictor of both overall survival and progression-free survival (1133).

Seah and co-workers retrospectively investigated patients with muscle-invasive bladder
cancer (MIBC) treated with cisplatin-based neoadjuvent chemotherapy (NC) and radical
cystectomy (RC). They report that patients responding to therapy exhibited a sustained
decrease in NLR during NC and RC, whilst nonresponders exhibited a transient decrease in
NLR, which then increased to above its baseline before radical cystectomy. Since the
pattern of change in NLR during neoadjuvant chemotherapy varied significantly between
responders and nonresponders, the authors hypothesize that a sustained decrease in
inflammatory burden during neoadjuvant chemotherapy is associated with response (1134).

Kang’s group supports the predictive value of NLR in patients with non-invasive bladder
cancer undergoing transurethral resection of the bladder tumour. In their retrospective study
involving over 1500 patients, elevated NLR (≥ 2.0) was identified as a key predictor of
overall survival (1135).

Ma et al. report that preoperative NLR and fibrinogen levels in patients distinguish between
muscle-invasive bladder cancer and non-muscle-invasive bladder cancer with a sensitivity
of 86% and a specificity of 42% (1136).

220

Temraz and colleagues have studied the lymphocyte-to-monocyte ratio (LMR) in patients
with bladder cancer undergoing radical cystectomy and conclude that the LMR is an easily
measured and inexpensive prognostic marker. In their retrospective analysis, LMR proved
significantly correlated with overall survival and time to treatment recurrence (1137).

Dalpiaz confirms the prognostic properties of NLR in upper urinary tract cancer patients
undergoing radical surgery. In this retrospective cohort study preoperative NLR was clearly
associated with cancer-specific and overall mortality (1138).

Marchioni’s group has performed a systematic review and meta-analysis in which the
prognostic significance of NLR in patients with upper tract urothelial cancer was
investigated. Results show that NLR may have an independent role as a prognostic factor in
patients with upper tract urotheial cancer undergoing surgical treatment (1139).

In patients with upper tract urothelial carcinoma that underwent radical nephroureterectomy NLR was associated with cancer-specific and overall survival (1140), and
disease recurrence and cancer-specific mortality (1141). In the first study, combining
preoperative NLR with erythrocyte sedimentation rate improved prognostic value even
more. In this study, high preoperative NLR was defined as ≥ 2.5. In the latter study,
elevated preoperative NLR was defined as NLR > 3.0.

Gunduz and colleagues confirm the importance of pre-treatment NLR as a prognostic factor
in metastatic renal cell carcinoma treated with tyrosine kinase inhibitors. The results of their
retrospective analysis demonstrate that only pre-treatment NLR, apart from calcium levels,
was significantly associated with progression free survival. Median progression free
survival was significantly lower in patients with a post treatment NLR > 2.0 compared with
patients with a post treatment NLR of ≤ 2.0 (1142).
Chrom et al. even conclude that the incorporation of NLR and PLR in place of the
neutrophil count and platelet count improves prognostic accuracy of the International
Metastatic Renal Cell Carcinoma Database Consortium model (IMDC) (1143).
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Auvray’s group supports the predictive value of NLR in patients with metastatic urothelial
carcinoma treated with first-line (platinum-based) chemotherapy (1144).

Hu and co-workers have performed a meta-analysis in which the prognostic role of NLR in
patients with renal cell carcinoma was studied. Their results show that elevated NLR
indicates a poorer prognosis for patients with renal cell carcinoma, and they conclude that
NLR should be monitored in patients with renal cell carcinoma for rational risk stratification
and treatment individualisation (1145).

Templeton and colleagues have investigated the prognostic value of NLR in patients treated
for metastatic renal cell carcinoma. Based on the results of their retrospective analysis of
1199 patients from the International Metastatic Renal Cell Carcinoma Database Consortium
and 4350 patients from 12 prospective randomized trials, the authors conclude that,
compared with no change, early decline of NLR is associated with favourable outcomes,
whereas an increase in NLR is associated with worse outcomes (1146).

Byun et al. conducted a multicentre cohort analysis in which the prognostic significance of
NLR in non-metastatic renal cell carcinoma patients undergoing surgery was investigated.
Based on the results, they conclude that higher NLR is associated with worse clinical
behaviour of non-metastatic renal cell carcinoma. Also, NLR appears to be a significant
prognostic factor for both recurrence-free survival and cancer-specific survival (1147).

Kuzman’s group supports the prognostic value of NLR in patients with renal cell carcinoma
treated with immunotherapy with high-dose interleukin-2 (1148).

Dalpiaz et al. have investigated the prognostic value of the pretreatment-derived NLR
(dNLR) and original NLR in relation to the commonly used inflammation marker C-reactive
protein (CRP) in a cohort of patients with clear cell renal carcinoma undergoing surgery.
Results show that dNLR was an independent predictor of cancer-specific survival and
metastasis-free survival, whereas CRP was confirmed as independent predictor of overall
survival, cancer-specific survival, and metastasis-free survival.
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Therefore, the authors conclude that in this cohort an elevated pretreatment CRP (≥ 10.0)
and elevated dNLR (> 2.0) were robust independent predictors of cancer-specific survival
and metastasis-free survival. In addition, their data suggest that CRP might be superior to
both NLR and dNLR (1149).

By contrast, Yilmaz et al. report that NLR is superior to C-reactive protein (CRP) and white
blood cell count (WBC) for predicting the development of acute kidney injury (AKI) in
patients with severe sepsis. In this retrospective study, 118 consecutive patients with severe
sepsis admitted to the ICU were enrolled and CRP, and WBC were recorded on admission
and patients’ renal function was monitored for 7 consecutive days. Results showed that
NLR levels were significantly higher in the group that developed AKI than in the non-AKI
group. AKI development was independently associated with NLR, Acute Physiology and
Chronic Health Evaluation II (APACHE II) and duration of invasive ventilation. The cut-off
value of 10.15 for NLR had the highest validity for predicting AKI in patients with severe
sepsis. The sensitivity, specificity, negative-predictive value, and positive predictive value
for this cut-off value was 90,2%, 92,9%, 90,4%, and 92,7%, respectively (1150).

Ishihara’s group reports that systemic inflammation is associated with survival after secondline molecular-targeted therapy. In particular, CRP is reported to be a strong predictive
biomarker of prognosis in patients with metastatic renal cell carcinoma (1151).

Finally, Boissier and colleagues have recently performed a review analysis in which the
prognostic value of the NLR in renal oncology was investigated. Their results show that for
localized renal cell carcinoma, a NLR < 3.0 was predictive of a reduced risk of recurrence.
The prognostic value of NLR was stronger for metastatic or locally advanced renal cell
carcinoma. A NLR < 3.0 predicted increased overall survival, progression free survival, and
a response to systemic treatment. Therefore, the authors conclude that in current practice,
NLR is a simple and inexpensive prognostic tool with potential improvement in the
prognostic performance of normograms used in renal oncology (1152).
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These findings support the hypothesis that the inflammatory stress response is a common
pathway through which the body deals with different kinds of threats affecting the integrity
of the body.

Although there is some evidence that perioperative intravenous lidocaine administration
might reduce the requirement of opioids, improve bowel function and shorten the length of
hospital stay, Wuethrich and colleagues were unable to confirm these findings. In their
randomized double blind, placebo-controlled study, systemic perioperative administration of
lidocaine over 24 hours did not influence any of the above mentioned. The inflammatory
and stress response were also not influenced after laparoscopic renal surgery (1153).

Baik et al. have conducted a prospective, randomized, controlled and observer-blinded study
in which the effects of an additional preoperative single thoracic paravertebral block
(TPVB) to intravenous patient-controlled analgesia was studied in patients undergoing
nephrectomy. Results showed that a single ultrasound-guided PVTB improved analgesia by
reducing pains score and opioid consumption in patients undergoing nephrectomy (1154).

Copik and co-workers support the finding that TPVB reduces opioid consumption and pain
intensity, and therefore is an effective part of a multimodal analgesia regimen in patients
undergoing renal surgery. In their randomized and controlled trial, patients in the TPVB
group required 39% less intravenous opioids over the first 48 hours, and had experienced
less pain at rest throughout the first 24 hours. Furthermore, these patients also experienced
fewer opioid-related adverse events and were less sedated during the first 12 postoperative
hours (1155).

Interestingly, Karami and colleagues claim that acetaminophen may increase the risk of
developing renal cel carcinoma. This claim is based on the results of their case-control,
cohort and meta-analytic study (1156).

Interestingly, Jin’s group claims that postoperative pain is not significantly different
between patients who undergo robot-assisted partial nephrectomy and patients who undergo
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laparoscopic partial nephrectomy. Also, the incidence of opioid-related complications and
duration of hospital stay were not significantly different between the two groups (1157).

Based on the results of their prospective, randomized, controlled trial, Khajavi and
colleagues report that the combined subcutaneous infiltration of ketamine (0.5 mg/kg) and
tramadol (0.5 mg/kg) at the incision site after renal surgery produces better analgesia and an
opioid sparing effect during the first 24 hours when compared with placebo and infiltration
with only ketamine or tramadol (1158).

Parker and co-workers have retrospectively evaluated the association between beta-blocker
use and survival among surgically managed hypertensieve patients with clear-cell renal cell
carcinoma. Their results show that beta-blocker use for hypertension within 90 days prior to
surgery was not associated with the risk of progression, death from renal cell carcinoma, or
death from any cause (1159).

Siemens et al. report that perioperative allogeneic blood transfusions are associated with
substantially worse early outcomes and long-term survival in patients undergoing radical
cystectomy for renal cancer (1160).

Liang’s group demonstrates that the administration of dexmedetomidine protects against
cisplatin-induced acute kidney injury in mice through the regulation of apoptosis and
inflammation (1161).

Finally, Kovac and colleagues have conducted a retrospective chart review in which the
effects of additional epidural analgesia on survival following renal cancer surgery were
investigated. Their results show that epidural analgesia at the time of surgical excision of
localized renal cell carcinoma does not significantly impact cancer-specific survival.
Nonetheless, epidural analgesia was associated with significantly improved overall survival
(1162).
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5.2 Prostate/ Testicular/ Penile cancer

Carcinoma of the prostate is (one of) the most common malignancy (-ies) in men. In spite of
this, relatively few study results have been published.

For instance, Biki and Forget found lower probability of carcinoma recurrence when
epidural analgesia was given instead of intravenous opioids during radical prostatectomy. In
both retrospective studies, postoperative levels of biochemical markers were studied, the socalled prostate specific antigen (1163,1164).
Lee and colleagues have performed a meta-analysis in which the effects of neuraxial
analgesia on recurrence and mortality after prostatectomy were investigated. They report
that the anaesthetic technique used during oncologic prostatectomy is not associated with
longer biochemical recurrence-free survival. By contrast, the use of neuraxial analgesia
appeared to improve overall survival (1165).

Hong et al. have conducted a randomized, double-blinded study, in which the effects of
epidural ropivacaine and sufentanil on the perioperative stress response after radical
retropubic prostatectomy were studied. Based on the results, the authors state that epidural
ropivacaine blunts the postoperative stress response in elderly patients undergoing radical
retropubic prostatectomy. Cortisol levels increased significantly in the control group
(patients receiving saline epidurally), as did the concentrations of epinephrine and
norepinephrine, compared to the ropivacaine group. Furthermore, pain scores and analgesic
requirement were lower in the ropivacaine group (1166).

As mentioned previously in the case of oesophageal cancer, Han and et al. claim that the use
of propofol and/or dexmedetomidine as an induction agent in patients undergoing radical
prostatectomy results in less oxidative stress compared to the use of midazolam. In their
prospective and randomized trial oxidative stress indicators were assessed prior to and at 2
and 24 hours after oesophageal cancer surgery and radical prostatectomy. The patient group
in which midazolam was used for induction of anaesthesia showed significantly higher
oxidative stress compared with the propofol and dexmedetomidine group (621).

226

Lei and colleagues have performed a meta-analysis on the effects of combined generalepidural anaesthesia compared with general anaesthesia alone on survival and cancer
recurrence. Although heterogeneous data were used for analysis, results showed that
epidural-general analgesia might be associated with improvement of prognosis in patients
with operable prostate cancer. No obvious relationship between improvement in prognosis
of colorectal cancer and combined epidural-general anaesthesia was detected (1167).

Scavonetto concludes that, based on their large retrospective analysis, regional anaesthetic
techniques (with hydrophilic opioids) may have a possible beneficial effect on oncological
outcomes after prostate surgery for cancer (1168).
Interestingly, the same group reports that, based on their retrospective non-randomized
matched cohort study, postoperative epidural analgesia with fentanyl is not associated with
improvement in oncologic outcome compared with general anaesthesia with systemic
opioids in patients undergoing radical prostatectomy for cancer (1169).
In the latter study, patients were divided into two groups: one group receiving general
anaesthesia with systemic opioids for analgesia, the other group receiving lumbar epidural
anaesthesia and analgesia with fentanyl. In the epidural group, patients were treated with
amide-linked local anaesthetics and fentanyl intraoperatively. During the operation patients
also received sedation with (small doses of) fentanyl and/or midazolam. Postoperatively,
epidural analgesia was provided via continuous infusion of fentanyl (70-100 µg/hour) for 1
to 3 days postoperatively. The authors claim that the lack of improved oncologic outcome in
the epidural group is caused by the fact that a lipophilic opioid was used. Lipophilic opioids
administered in the epidural space are known to undergo rapid systemic uptake and thus
induce analgesia via supraspinal rather than spinal mechanisms. Since systemically
administered opioids have been shown to induce a prolonged suppression of immunity, no
opioid sparing effect and consequently no “expected” improved oncologic outcome was
achieved. By contrast, in their previous study, hydrophilic opioids were used. These are
known to remain in the epidural space (for a longer time) and therefore lead to a reduction
of opioid consumption and subsequently result in improved outcome.

Tsui and Wuethrich were also not able to demonstrate any beneficial effects of epidural
blockades in relation to cancer recurrence in their (relatively small) studies in patients
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undergoing radical prostatectomy (1170,1171). The same holds true for the adjunctive use
of spinal anaesthesia on outcome in two other studies (1172,1173).

Interestingly, Maquoi et al. have performed a prospective, randomized study in which the
analgesic effects of TAP blockade and intravenous lignocaine were analyzed following
open prostate surgery. Their results reveal that additional TAP blockade and intravenous
lignocaine do not improve postoperative analgesia after open prostatectomy, when
compared to placebo (1174).

Despite these inconsistencies, Corsia and colleagues point out the importance of regional
anaesthesia, avoiding pain and stress and reducing opioid consumption (1175).

Forget in his paper offers a possible explanation for these contradictory results. In general,
prostate cancer is regarded as a cancer with a low to medium malignancy grade. The
Gleason scoring system is traditionally used to grade prostate cancer. Broadly speaking,
prostate cancer in older men tends to behave less aggressively than in younger men. Less
aggressive prostate cancer also appears to be associated with a lower inflammatory grade, as
expressed by a lower NLR (Neutrophil-to-Lymphocyte Ratio). By contrast, more aggressive
types of prostate cancer appear to be associated with a higher inflammatory grade, a higher
NLR. In case of breast cancer, the inflammatory grade has been shown to be a determinant
factor in the success of (anti-tumour, anti-inflammatory) treatment. Accordingly, in patients
with breast cancer and a high preoperative NLR (≥ 4), the use of NSAID’s was associated
with a reduction of the relative risk of cancer recurrence and mortality by more than 50%,
compared to patients with a NLR < 4. In other words, breast cancer patients with a high
NLR, a higher inflammatory grade and probably more aggressive cancer, profited most of
the anti-inflammatory treatment with diclofenac (137).
Doat and co-workers endorse this hypothesis. In their population-based case-control study,
men using NDAIDs had a decreased risk of prostate cancer, particularily men using
preferential anti-COX-2 activity NSAIDs. The protective effect of NSAIDs appeared more
pronounced in aggressive prostate cancer and in men with a personal history of prostatitis
(1176). TOT HIER
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This theory is further supported by the results from the REDUCE study. In this study, the
use of aspirin and/or NSAID was significantly associated with decreased total and highgrade prostate cancer risk, but not with low-grade prostate cancer risk (166).

In other words, the grade of inflammation appears to have predictive value in determining
how successful anti-inflammatory treatment will be in reducing the inflammation, and
consequently the outcome after the surgical procedure. Therefore, study results could very
well be affected by the diversity of studied tumours with respect to their inflammatory
grade, malignancy and consequently response to treatment.

Dell’Atti, Wang and Bhindi confirm the chemo protective effects of anti-inflammatory
drugs on prostate cancer (1177-1179). Furthermore, Bhindi et al. report that men who
develop elevated prostate-specific antigen (PSA) levels while on NSAID’s may be less
likely to have an inflammatory aetiology and more likely to harbour prostate carcinoma. In
other words, men who develop elevated PSA while on NSAID’s, and undergo biopsy have
an elevated probability that prostate cancer is detected. Therefore, it may be warranted for
clinicians to consider the influence of NSAID’s when evaluating patients being considered
for biopsy (1179).

Veitonmäki et al. have studied the effect of NSAIDs use on prostate cancer survival in the
Finnish prostate cancer screening trial. Results revealed that both pre- and postdiagnostic
NSAID use was associated with an increased risk of prostate cancer. There was an
increasing risk trend by cumulative dose and intensity of NSAID use. However, when the
last three years were excluded from the analysis, the death risk diminished to a protective
level. The authors conclude that the survival decrease among NSAID users is likely
explained by symptomatic treatment of metastatic pain in patients with advanced prostate
cancer. Otherwise, a preventive action of NSAIDs could be observed. Aspirine use was not
significanty associated with prostate cancer survival (1180).

By contrast, Skriver’s group reports that long-term, consistent low-dose aspirin use may
provide modest protection against prostate cancer. However, non-aspirin NSAID use was
associated with a slightly increased risk for prostate cancer (1181).
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Interestingly, Kang et al. report similar findings. In their population-based cohort study,
NSAIDs use was significantly associated with increased risk of prostate cancer, whilst
aspirin and statin use were associated with elevated risk of kidney cancer (1182).

Based on the results of their cohort study, Templeton cum suis conclude that NLR can be
used as a good prognostic score for metastatic castration-resistant prostate cancer (159). A
high NLR (> 3.0) was clearly associated with worse overall survival.

Langsenlehner et al. confirm the prognostic relevance of NLR in patients with prostate
cancer. In their retrospective cohort study a NLR ≥ 5.0 was significantly associated with
worse distant metastases-free survival, clinical progression-free survival and overall
survival (1183).
Minardi and colleagues report that a NLR ≥ 3.0 is associated with significantly higher
incidence of prostate cancer recurrence. Furthermore, the authors also report that NLR was
the most important factor able to predict recurrence in multivariate analysis, including age,
total PSA and NLR (1184).
Özsoy and co-workers claim that a high preoperative NLR (≥ 3.0) is associated with
aggressive prostate cancer and might be used to predict upgrading at radical prostatectomy
(1185).

Gokce et al. state that NLR is a cost-effective and easily accessible tool that can be used in
the decision-making process for treatment of low-risk prostate cancer cases (1186).
Finally, Tanik even claims that NLR is able to predict benign prostate hyperplasia (1187).

Maeda’s group, on the other hand, was unable to detect any association between NLR and
biochemical failure after radical prostatectomy (1188).

Flamiatos et al. demonstrate that celecoxib has no effect on apoptosis, prostaglandins or
androgen receptor levels in cancerous or benign prostate tissues (1189).
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As mentioned previously, Huang and co-workers report that strong evidence exists that
isoflurane, in contrast to propofol, should not be used in prostate cancer surgery. This claim
is based on the finding that isoflurane enhances cancer cell characteristics associated with
malignancy in exposed prostate cancer cells. In other words, prostate cancer cell line (PC3)
exposed to isoflurane showed characteristics associated with malignancy with an increase of
proliferation and migration, as well as development of chemo resistance. Exposure to
propofol, on the other hand, resulted in partial reduction of cancer cell malignant activities
(45).

Pond et al. report that baseline NLR is significantly associated with survival in patients with
locally advanced penile squamous cell carcinoma who received concurrent chemo- and
radiotherapy (1190).
Kasuga and colleagues support the idea that pretreatment NLR may function as a biomarker
to predict the prognosis in patients with penile cancer. A pretreatment NLR ≥ 2.8 was
significantly associated with poorer cancer-specific survival (1191).

Lorente et al. report similar findings. In their study, focussing on patients with metastatic
castration-resistant prostate cancer, pre-treatment NLR was associated with overall survival
and response to treatment with second-line chemotherapy. Furthermore, this association was
independent of pre-treatment corticosteroid use. In other words, patients with high NLR (≥
3.0) had lower response to treatment and overall survival. Conversion from high to low
NLR (< 3.0) after treatment was associated with improved survival (1192).
Van Soest and co-workers report comparable results in patients with metastatic castrationresistant prostate cancer receiving first-line chemotherapy. The reported NLR cut-off value
was 2.0 (1193).
Finally, Uemura and colleagues report that a high NLR (≥ 3.83) is associated with worse
overall survival in patients with castration-resistant prostate cancer treated with Cabazitaxel
chemotherapy (1194).

Kawahara and Huang et al. support the importance of NLR in predicting prostatic
carcinoma in men undergoing needle biopsy of the prostate (1195,1196).
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Based on the results their retrospective trial, Lee and colleagues report that high NLR is
significantly related to unfavourable clinicopathological outcomes and worse biochemical
recurrence in patients with localized prostate cancer after radical prostatectomy (1197).
Luo et al. have performed a meta-analysis to investigate the association between the NLR
and prognosis of urologic tumours. Their results show that all overall survival, cancerspecific survival, recurrence-free survival, progression-free survival, and metastatic-free
survival were significantly different between patients with an elevated NLR and those with
a low NLR in various urologic tumours. Patients with a high NLR were deemed to have a
poor prognosis (1198).

Bahig cum suis highlight the importance of the neutrophil count as a marker of survival in
patients with localized prostate cancer. Based on the results of their retrospective survery,
they conclude that the neutrophil count is an independent prognostic marker for overall
survival in patients with localized prostate cancer undergoing radiotherapy (1199).

Oh et al. even report that NLR may be a potentially useful clinical marker in the detection of
prostate cancer (1200).

Gu et al. have performed a meta-analysis in which the significance of NLR in patients with
prostate cancer was investigated. Their results reveal that NLR showed consistent
prognostic value in metastatic castration-resistant prostate cancer patients and predicted
poor progression-free survival and recurrence-free survival in Asians, but not in Caucasians
(1201).

Yuksel and co-workers confirm the prognostic value of NLR (and the white blood cell
count) in the diagnosis of testicular cancer (1202).
Finally, Grytli and colleagues have studied the association between β-blocker usage and
prostate cancer-specific mortality. Based on the results of their observational cohort study,
the authors conclude that the usage of β-blockers is associated with reduced prostate cancerspecific mortality. Furthermore, this observed reduction in mortality was independent of the
use of statins or acetylsalicylic acid. The reported median follow-up was 39 months (1203).
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Lu et al. have performed a meta-analysis including 16825 patients with prostate cancer. In
this analysis the association between beta-blocker use and mortality of prostate cancer was
also examined. Results revealed that beta-blocker use was significantly associated with
reduced cancer-specific mortality. However, no association was observed with all-cause
mortality (1204).

As mentioned previously in the case of head and neck cancers, Chang and co-workers state
that propranolol might reduce the risk of head and neck, oesophagus, stomach, colon and
prostate cancers (275).

Cardwell, on the other hand, was not able to detect any relation between beta-blocker use
and improved survival in patients with prostate cancer. In this nested case-control analysis,
patients dying from prostate cancer were compared with up to three controls alive at the
time of their death, matched by age and year of diagnosis. There was little evidence of a
reduction in the risk of cancer-specific death in post-diagnostic beta-blocker users compared
with non-users (1205).

As mentioned previously, Numbere et al. were also unable to confirm any protective effect
of β-blockade on prostate cancer risk. In their case-control study, adrenergic blocker use
was not associated with a reduced risk of prostate, breast, bowel and/or lung cancer (387).
The same applies to Kao and colleagues. In their population-based cohort study, antiarrhythmic drug usage was not associated with prostate cancer risk. This included sodium
channel blockers, potassium channel blockers, beta-blockers, calcium channel blockers, and
digoxin (1206).

In fact, Krönig’s group claims that diabetes and beta 1-adrenergic receptor blockage are
significant risk factors for lymph node metastasis and positive surgical margins in prostate
cancer. This claim is based on the results of their retrospective chart analysis (1207).
A satisfactory explanation for these findings can not readily be given.
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Based on the results of their retrospective cohort study, Kaapu and colleagues report that
digoxin or other antiarrhythmic drugs use is not associated with any clear decrease in
prostate cancer risk. However, the authors conclude that digoxin might have a benefit in
long-term use by reducing the risk of high-grade disease (1208).
Nevertheless, Zahalka and co-workers demonstrate that endothelial β-adrenergic receptor
signalling, via adrenergic nerve-derived norepinephrine in the prostate stroma, plays a key
role in the activation of an angiogenic switch that fuels exponential tumour growth (1209).
In their paper, Braadland et al. expand further on the role of β-adrenergic receptor signalling
in prostate cancer (1210).
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5.3 Ovarian carcinoma

In several epidemiological studies, a correlation is found between the use of NSAID’s and a
decreased probability of developing ovarian carcinoma (1211).

Valle et al. report that the NSAID’s diclofenac and indomethacin exert an anti-proliferative
effect in ovarian cancer in vitro and in vivo. The effects of NSAID’s may be mediated, in
part, by down regulation of the E2F1 protein (1212).

In turn, Zerbini and colleagues report that combining NSAID treatment with NF-kB
(Nuclear Factor kappa B) inhibitors results in enhanced apoptosis of ovarian cancer cells
(1213). The transcription factor NF-kB is suggested to play a pivotal role in the regulation
of the immune system. Hayden et al. expand further on the importance of NF-kappaB and
the immune response (1214).

Wong et al. describe a negative feedback in which the critical soluble mediators of type-1
immune effector cells, IFNγ and TNFα, synergize in the induction of COX-2 and the
subsequent hyperactivation of myeloid-derived suppressor cells within the tumour
microenvironment of ovarian cancer patients. This myeloid-derived suppressor cells
hyperactivation and the resultant overexpression of indoleamine 2,3-dioxygenase, inducible
nitric oxide synthase, Interleukin-10, and additional COX-2 result in a strong feedback
suppression of type-1 immune responses. This paradoxical immune suppression driven by
type-1 immune cell activation was foud to to depend on the synergistic action of IFNγ and
TNFα, and could not be reproduced by either of these factors alone. Particularly, these
negative feedback limiting type-1 responses could be eliminated by COX-2 blockade, thus
allowing amplification of type-1 immunity in the ovarian cancer tumour microenvironment
(1215).

Based on the results of a nationwide case-control study, Baandrup reports that low-dose
aspirin use is associated with a reduced risk of epithelial ovarian cancer. Furthermore, a
strong inverse association was detected between prescription use of paracetamol and risk of
epithelial ovarian cancer. The risk estimates decreased with increasing duration and
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intensity of paracetamol use, reaching a more than 50% reduction for the longest duration
(>10 years) and the highest doses. By contrast, an inverse association between use of nonaspirin NSAIDs and risk of epithelial ovarian cancer was not observed. Finally, there was
no apparent association between statin use and epithelial ovarian cancer risk, although the
analysis by histologic type suggested an inverse association with the risk of mucinous
tumors (1216).

Peres et al. have performed a population-based case-control study in African Americans in
which the effects of aspirin and /or NSAIDs use on ovarian cancer risk were investigated.
Their results support previous evidence that any NSAID use is inversely associated with
epithelial ovarian cancer risk (1217).

As mentioned previously, propofol has been show to effectively inhibit proliferation and to
induce apoptosis in human epithelial ovarian cancer cells (24).

Melhem and co-workers caution for administrating glucocorticosteroids on a standard basis
to patients undergoing ovarian cancer surgery. Dexamethasone is often given as an antiemetic during chemotherapy treatment. However, in their small (n = 19) study they
demonstrated that administration of dexamethasone results in an increase of anti-apoptotic
gene expression. This could subsequently result in a decrease in effectiveness of
chemotherapeutic treatment (1218).

By contrast, De Oliveira and colleagues were not able to find any relation between
perioperative treatment with dexamethasone and ovarian cancer recurrence in their
propensity-matched study. Their results therefore do not support avoiding low-dose
perioperative (4-10 mg) dexamethasone for prevention of postoperative nausea, vomiting
and pain in ovarian cancer surgery (1219).
Based on the results of their retrospective study, Merk et al. conclude that dexamethasone
administration is not associated with an increased risk of cancer recurrence in women
having surgery for endometrial cancer (1220).
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In case of breast cancer no potentially adverse effects of dexamethasone have been reported.
Quite the opposite in fact, Bischofs and colleagues found an inhibitory effect of
dexamethasone on breast cancer cell adhesion to endothelial cells. Thus, potentially
decreasing the probability of developing metastases (404).

Rivard and colleagues claim that the use of patient controlled epidural anaesthesia after
laparotomy for gynaecologic malignancy is associated with decreased intravenous and
postoperative narcotic use and improved pain control without increasing complications or
length of hospital stay. This claim is based on their retrospective study in which 112 women
were studied. These patients were categorized into one of three groups: 1. Patient controlled
analgesia (PCA); 2. PCA combined with transversus abdominis plane block (TAP); 3.
Patient controlled epidural analgesia (PCEA). Apart from the abovementioned findings, a
significant difference in the rate of intraoperative complications was reported, with lower
rates in the PCEA group. In this study, bupivacaine was used as local anaesthetic (1221).

Courtney-Brooks and co-workers state that the use of continuous epidural analgesia in
patients undergoing surgery for gynaecologic oncology results in lower pain scores without
affecting the length of hospital stay. However, patients with continuous epidural analgesia
(CEI) did have a longer length of unrinary catheterization but not an increased rate of
urinary tract infection. There was a higher rate of postoperative venous thromboembolic
events and CEI users (1222). A remarkable finding since Hollmann et al. have shown that
epidural analgesia prevents immediate postoperative hypercoagulability without affecting
physiologic aggregation and coagulation processes (1030).

Moslemi et al. have performed a prospective, randomized study in which patient controlled
epidural analgesia was compared with intravenous patient controlled analgesia for
postoperative pain management in patients undergoing major gynaecologic oncologic
surgery. Results showed that both analgesic techniques provide proper postoperative pain
control without any significant complications. But, regarding the lower sedative and
respiratory depressant effects of epidural analgesia, is seems that epidural analgesia is a
safer technique for postoperative pain relief in patients undergoing major open surgery
(1223).
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Oh and colleagues conclude that patient-controlled epidural analgesia is more effective for
postoperative pain management in the first 3 postoperative days compared with patientcontrolled intravenous analgesia in patients with ovarian cancer undergoing cytoreductive
surgery, without increasing morbidity (1224).

Han’s group also concludes that combined general anaesthesia with epidural analgesia is
more suitable than general anaesthesia alone for patients undergoing ovarian cancer surgery.
This conclusion is based on the results of theire retrospective analysis in which the effects
of additional epidural analgesia on cellular immune functioning and prognosis were
investigated. Results showed that the levels of TNF-α and IL-2 recovered faster in the
epidural group, after an initial decrease, compared with the general anaesthesia alone group.
Also, at 72 hours post surgery, the 5-year survival rate significantly increased in the
combined general anaesthesia and epidural analgesia group compared with the general
anaesthesia alone group (1225).

With respect to pro-inflammatory cytokines, Sanguinete and colleagues demonstrate that
increased levels of IL-6 and IL-8 are associated with factors of worse prognosis in ovarian
cancer. In the case of IL-6, higher serum levels were associated with overall survival less
than 60 months; in case of IL-8, higher serum levels were associated with higher NLR (≥
4.0), higher PLR (≥ 200), altered values of CA125, and stage IIIC disease (1226).
The same group also reports that patients with ovarian malignancies have higher levels of
IL-6, IL-8, and nitric oxide (NO) compared to patients with benign ovarian neoplasms.
Once more, elevated intracystic cytokine levels, especially IL-6 and IL-8, were associated
with worse prognosis in patients with ovarian cancer (1227).

Dong and co-workers studied the effects of epidural analgesia during ovarian surgery. The
results of their prospective, randomized study show that that when general anaesthesia is
combined with epidural analgesia, levels of tumour enhancing cytokines (IL-1β and IL-8)
decrease, whilst those of tumour inhibiting cytokines (IL-10 and IFN-γ) increase, as well as
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overall NK-cell activity. Therefore, they conclude that epidural analgesia enhances antitumour activity when administered perioperatively in ovarian surgical oncology (1228).

Based on the results of their retrospective study, Lin et al report that general anaesthesia
combined with epidural analgesia results in better 3- and 5-yr survival when compared to
general anaesthesia combined with intravenous opioids (1229).

De Oliveira et al. demonstrated that the intraoperative use of neuraxial analgesia in ovarian
surgical oncology is associated with an increase in disease-free interval, compared to
administration of neuraxial analgesia in the postoperative phase only. This study was
performed in patients undergoing primary cytoreductive surgery (1230).

Elias reports that addition of epidural analgesia in patients undergoing primary
cytoreductive surgery for stage III epithelial ovarian cancer is associated with a lower
overall rate of cancer recurrence compared with general anaesthesia alone. Longer median
disease-free survival was associated with more than 48 hours of epidural use, compared
with fewer than 48 hours. Finally, the use of desflurane was also associated with lower
overall rate of ovarian cancer recurrence compared with sevoflurane (1231).

By contrast, Iwasaki and colleagues report that the volatile anaesthetics isoflurane,
sevoflurane and desflurane enhance the metastasis related cellular signalling of ovarian
cancer cells. In other words, at clincally relevant concentrations these volatile anaesthetics
appear to have strong effects on cancer cell biology which in turn could enhance ovarian
cancer metastatic potential (1232).

Capmas, on the other hand, was not able to find an association between epidural analgesia
and better survival in cytoreductive ovarian cancer surgery. However, there appeared to be a
trend in disease-free interval favouring epidural analgesia (1233).

In their propensity-matched study, Lacassie et al. were also unable to find any beneficial
effects of epidural analgesia on overall survival or time of cancer recurrence in patients
undergoing ovarian cancer debulking surgery (1234).
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Based on the results of their prospective study, Xu’s group reports that combined
general/epidural anaesthesia can improve the quality and efficiency in laparoscopy for
ovarian neoplasms, with the advantages of reduced anaesthetic dosage, satisfactory
postoperative analgesia, maintained hemodynamic stability, excellent uterine relaxation, and
reduced time of anaesthesia induction, surgery, recovery, and extubation (1235).

Hotujec et al. have studied the efficacy of transversus abdominis plane block (TAP) on 24hour postoperative opioid use after robotic surgery for gynaecologic cancer. In their
prospective trial, 64 patients with a gynaecologic malignancy were randomized into two
groups. The first group received preoperatively a unilateral TAP block to the side of the
assistant port via ultrasound guidance, comprised of 0.25% bupivacaine 30 ml with 3
mcg/ml epinephrine. The second group received a TAP block comprised of 30 ml saline.
Opioid use measured. Results showed no significant differences in 24-hour postoperative
opioid use in both groups. The authors therefore conclude that TAP block is safe and
feasible in this patient population, but TAP block does not significantly decrease opioid use.
However, it is not mentioned why TAP block was performed unilaterally instead of
bilaterally. The exact type of surgery is also not mentioned (1236).

Yoshida and colleagues have conducted a prospective, randomized, placebo-controlled
study in which the analgesic efficacy of bilateral continuous block in patients undergoing
laparotomy for gynaecologic cancer was investigated. Their results show that the addition of
continuous TAP blocks to single-injection TAP blocks reduces pain and morphine
consumption following laparotomy for gynaecological cancer. It is worth mentioning that
the bilateral oblique subcostal TAP blocks were performed after surgery (1237).

Yoshiyama and co-workers claim that the posterior TAP block provides more effective
analgesia in the first 24 hours than the lateral TAP block in patients undergoing
laparoscopic gynaecologic surgery (1238).

Sousa’s group demonstrates that magnesium sulfate displays analgesic properties following
laparoscopic gynaecologic surgery. In their double-blinded, randomized controlled trial,
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intravenous magnesium sulfate (20 mg/kg in bolus followed by a continuous infusion of 2
mg/kg/hr during surgery) improved postoperative pain control, acting as an opioid sparing
adjuvant. The analgesic effect was comparable to ketorolac 30 mg administered
intravenously in the beginning of surgery (1239).

Melnikov et al. have compared the analgesic effects of thoracic paravertebral blockade with
TAP blockade in patients undergoing major gynaecological surgery. In this prospective,
randomized, controlled study, patients scheduled for a midline vertical laparotomy received
either a bilateral TAP block or a bilateral paravertebral block at the level of Th10. Both
blockades were performed preoperatively as a single injection of bupivacaine. All patients
received patient-controlled postoperative analgesia via a pump. Results revealed that both
blockades were associated with a reduction in opioid consumption and pain scores up to 48
hours postoperatively compared with the control patients. Therefore, the authors conclude
that both blockades can serve as effective adjuncts in patients undergoing major
gynaecological surgery. Although thoracic paravertebral blockade appeared to be more
effective than TAP blockade, the latter performed under ultrasound guidance seems to be a
more controlled and safe alternative (1240). However, it has to be mentioned that the
analgesic effect of both blockades is maximal in the first postoperative day (532,1055). In
case longer analgesic effects and a more pronounced attenuation of the inflammatory stress
response are required thoracic epidural analgesia appears to be the preferred blockade in our
opinion.

Murouchi and colleagues have performed a prospective, randomized study in which the
changes in ropivacaine concentration and analgesic effects following bilateral single-shot
TAP blockade and bilateral rectus sheath blockade (RSB) were investigated in patients
undergoing laparoscopic ovarian surgery. Results showed that peak arterial ropivacaine
concentrations were comparable during TAP and RSB, but peaked earlier during TAPB.
Furthermore, duration of analgesia was significantly longer for TAPB than RSB following
injection of 15 ml of 0.5% ropivacaine per side (1241).

As reported earlier in the case of S-ketamine, stimulation of beta-adrenergic receptors (as
occurs during surgical stress) has the potential to enhance tumour growth in ovarian
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carcinoma (1242). Fortunately, these tumour-enhancing properties proved fully reversible
by beta-blockade.

Watkins and co-workers even claim that use of non-selective beta-blockers in patients with
epithelial ovarian cancer is associated with longer overall survival. This claim is based on
their multicentre review in which over 1400 patients with ovarian cancer were studied
(1243).

Hefner and Csef state that the available evidence does not justify the use of beta-blockers in
clinical practice at the present time. However, preclinical research findings are described as
very impressive (1244).

Finally, Carus et al. conclude that a neutrophil index comprising elevated baseline
neutrophils and absence of neutropenia was able to identify a high-risk group of ovarian
cancer patients with only modest effect of chemotherapy (341).

In turn, Williams and colleagues confirm that an elevated neutrophil-to-lymphocyte ratio
(NLR) before any form of treatment signals more aggressive disease and predicts poorer
survival. Furthermore, CA125 was shown to directly correlate with neutrophils and
inversely with lymphocytes (1245). Cho, Thavaramara, Yesilyurt, Wang and BadoraRybicka corroborate the prognostic significance of NLR in patients with ovarian cancer
(1246-1250).

Ashrafganjoei and co-workers also report that both NLR and PLR seem to be useful
methods for the prediction of surgical outcomes in patients with epithelial ovarian cancer.
The gained cut-off points were NLR > 3.0, and PLR > 192.3 (1251).

Yildirim et al. confirm the predictive value of the NLR and platelet-to-lymphocyte ratio
(PLR) in the benign-malignant differentiation of adnexal masses. Based on this
retrospective study, they report that both NLR and PLR appear to be useful parameters that
can be applied together with Ca-125, due to the relatively high sensitivity values for the
malign-benign differentiation of ovarian masses. Although the NLR and PLR show a lower
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specificity compared to Ca-125, their sensitivity appears higher. They conclude that, from
the point of early detection of ovarian cancer, this may indeed prove very promising (1252).

In the case of early detection of cancer, a positive test result from a diagnostic test with a
high sensitivity means that probability is low that a patient with cancer will be missed.
Conversely, a positive test result from a diagnostic test with a 100% specificity means that
all patients who test positive will prove to have cancer (1253).

Bakacak and co-workers also support the predictive value of NLR and PLR in ovarian
malignancies. Based on the results of their retrospective analysis, they conclude that NLR,
PLR, and lymphocyte count in combination with age and CA-125 levels, may be helpful to
preoperatively distinguish malignant from benign ovarian masses (1254).

Based on the results of their meta-analysis, Prodromidou et al. conclude that both NLR and
PLR appear to be promising screening and prognostic factors of epithelial ovarian cancer.
However, the actual diagnostic cut-off value remains undefined until now (1255).

Hu and colleagues also have investigated the predictive value of PLR in patients with
resected high-grade serous ovarian carcinoma. Their resuts show that a high PLR (> 188.8)
was significantly associated with higher death rate (two-fold) and shorter median overall
survival. Furthermore, the risk of a CA-125 level of > 640 U/ml was significantly greater in
the high PLR group. Therefore, the authors conclude that PLR has potential as a prognostic
biomarker for predicting survival of patients with resected high-grade serous ovarian
carcinoma (1256).
Feng’s group reports that a high NLR (≥ 3.24) is significantly associated with worse
progression-free survival, but not overall survival in patients with high-grade serous ovarian
cancer (1257).

Based on the results of their systematic review and meta-analysis, Yang and co-workers
conclude that NLR is an important predictor of prognosis in epithelial ovarian cancer
(1258).
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Komura et al. support the predictive value of NLR in ovarian cancer patients. In their
retrospective analysis, neutrophilia (neutrophil count > 8.000/µl) and elevated NLR (≥ 4.0)
were significantly associated with shorter survival. Consequently, they conclude that pretreatment neutrophilia and elevated NLR are independent poor prognostic factors in
epithelial ovarian cancer patients. Of these two prognostic factors, elevated NLR proved
superior to neutrophil count in predicting survival (1259).

In their retrospective study, Kemal and colleagues show that NLR, PLR, and mean platelet
volume (MPV) are significantly higher in epithelial ovarian cancer patients compared to
healthy subjects. Furthermore, surgical tumour resection results in a significant decrease in
MPV and NLR levels. Therefore, the authors conclude that MPV and NLR could be
promising and easily available biomarkers for monitoring epithelial ovarian cancer patients
(1260).

Interestingly, Zhang et al. have studied the prognostic significance of preoperative PLR and
compared this ratio to other systemic inflammatory response markers in ovarian cancer
patients. Their results show that preoperative PLR appears to be superior to other SIR
markers (CA-125, NLR, fibrinogen, CRP, and albumin) as a predictor of survival in ovarian
cancer patients (1261).

By contrast, Luo’s group claims that elevated fibrinogen levels are more important for
predicting survival than serum CA-125 levels, NLR, and PLR in patients with epithelial
ovarian cancer, in particular, in advanced stage disease. This claim is based on the results of
their cohort study and meta-analysis (1262).

However, Topcu and co-workers claim that NLR is an ineffective marker in predicting the
malignant characteristics of a pelvic mass (1263).

Sood et al. have studied the effects of stress-associated hormones norepinephrine,
epinephrine, and cortisol on the (in vitro) invasive potential of ovarian cancer cells. The
results of their study showed that stress levels of norepinephrine increased the in vitro
invasiveness of ovarian cancer cells by 98 %. Epinephrine also increased invasiveness,
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albeit to a lesser extent than norepinephrine. Cortisol, on the other hand, did not
significantly affect invasiveness. The β-adrenergic antagonist propranolol (1μmol/L)
completely blocked the norepinephrine-induced increase in invasiveness. This indicates that
stress hormones/catecholamines can enhance the invasive potential of ovarian cancer cells
(1264).

This possible mechanism is reflected in the study performed by Diaz and colleagues. In
their institutional retrospective review of patients with epithelial ovarian cancer, who
underwent cytoreductive surgery followed by platinum-based chemotherapy, beta-blocker
use was associated with a 54% reduced chance of death compared with that of non-users
(1265).

Al-Niaimi et al. have retrospectively investigated the impact of perioperative beta-blocker
use on patient outcomes after primary cytoreductive surgery in ovarian carcinoma. Their
results show that perioperative beta-blocker use is associated with longer overall survival in
patients undergoing primary ovarian cytoreductive surgery (1266).

Desale’s group reports that perioperative fluid excess is common in patients undergoing
cytoreductive surgery for advanced epithelial ovarian cancer and is independently
associated with surgical site infections (1267).

Finally, Cai and colleagues suggest that dexmedetomidine may act to enhance the immune
function by inhibiting the p38MAPK/NF-kB signalling pathway in rats with ovarian cancer.
(1268). Further study results in humans have to be awaited.
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5.4 Cervical carcinoma

Only relatively few studies could be identified focussing on cervical cancer recurrence in
relation to anaesthesia. In a retrospective cohort study 132 consecutive patients who were
treated with brachytherapy were analysed. The use of neuraxial anaesthesia during the first
brachytherapy appeared not to be associated with a reduced risk of local or systemic cancer
recurrence, long-term mortality from tumour recurrence, or all-cause mortality compared
with general anaesthesia (1269).

Hong and Lim state that pre-emptive epidural analgesia is a reasonable approach for
controlling perioperative immune function and preventing postoperative pain in patients
undergoing cancer surgery. This statement is based on the results of their prospective,
randomized, double blind trial in which forty women undergoing elective laparoscopic
radical hysterectomy for cervical cancer were studied. Before induction of anaesthesia,
these women were divided into two groups. One group received a mixture of
lidocaine and morphine via an epidural catheter (pre-emptive group), the other group
received the same volume of saline (control group) using sealed syringes. After peritoneal
closure, the sealed syringes were administered in the reverse manner. All patients were then
administered lidocaine plus morphine over a 72-hour period, using a patient-controlled
epidural analgesia pump. In both groups, the interleukin-6 levels increased significantly
after surgery. However, these elevations were significantly less pronounced in the preemptive group than in the control group. The opposite was observed with respect to
interleukin-2 levels. The interleukin-2 level in both groups decreased significantly after
surgery. Seventy-two hours after surgery, the interleukin-2 level returned to its baseline
value in the pre-emptive group but not in the control group. The number of lymphocytes in
both groups decreased significantly after surgery. The pain scores at 6 and 12 hours after
surgery in the pre-emptive group were also significantly lower than in the control group
(1270).

Li and colleagues report similar findings. In their prospective cohort study, patients
undergoing radical resection for cervical cancer were randomized to either combined
general/epidural anaesthesia or general anaesthesia alone. In the group receiving
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general/epidural anaesthesia NK cell activity was less suppressed, there were higher levels
of antitumorigenic cytokines (IL-2 and IFN-γ), and lower levels of protumorigenic
cytokines (IL-1β, IL-6, and IL-8) at 4 and 24 hours after skin incision. The authors therefore
conclude that combined general/epidural anaesthesia seems to be helpful to maintain the
body’s perioperative immune function compared to general anaesthesia alone in cervical
carcinoma patients undergoing readical resection (1271).

Raghvendra et al. have compared the effects of epidural analgesia on postoperative pain
with TAP blockade in patients undergoing total abdominal hysterectomy. In this single
centre, prospective and randomized study patients were randomized to either the epidural
group (epidural block placement combined with general anaesthesia) or the TAP group
(single shot TAP block combined with general anaesthesia). Results revealed that the total
opioid consumption in 24 hours was greater in the TAP group as compared to the epidural
group. Pain scores at rest and on coughing were higher in the TAP group as compared with
the epidural group at 6, 8, 12 and 24 hours postoperatively. Therefore, the authors conclude
that epidural analgesia provides a greater tramadol-sparing effect with superior analgesia
postoperatively as compared with TAP block in patients up to 24 hours following
abdominal hysterectomy (1272).

Iyer’s group reports similar results. In their randomized trial, patients either received
postoperative epidural anaesthesia (10 ml bupivacaine 0,125% as a bolus and 10 ml 8th
hourly for 48 hours), or ultrasound-guided TAP block through intravenous cannulas placed
bilaterally. Analgesia at rest was comparable between the two groups in the first 16 hours
postoperatively. However, at 24 and 48 hours postoperatively, the epidural group had
significantly better analgesia at rest. Furthermore, in this group of patients, there was a
significantly higher number of patients with nil or mild pain on coughing at all times.
Paracetamol consumption was comparable in both groups, but tramadol consumption was
significantly higher in the TAP block group at the end of 48 hours.
Based on these results, the authors conclude that the quality of analgesia provided by the
epidural catheter is superior to that provided by TAP catheters both at rest and on coughing
with reduced opioid consumption (1273).
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Based on the results of their prospective and randomized trial, Chen and co-workers
conclude that multimodal pre-emptive analgesia (including epidural analgesia) could
significantly lower pain score, inhibit stress response, and reduce inflammatory response in
patients undergoing transabdominal hysterectomy (1274).

Amsbaugh et al. conclude that epidural analgesia provides safe and effective pain control
for patients receiving interstitial brachytherapy for gynaecologic cancer. In their
retrospective analysis, combined modality epidural analgesia (consisting of a mixture of
local anaesthetic with either fentanyl or hydromorphone) improved pain control and
lessened oral and intravenous opioid requirements without increased risk of adverse effects
compared with epidural analgesia with local anaesthetic alone (1275).

Nigam’s group reports that the addition of clonidine (75 µg) to epidural ropivacaine
provides superior analgesia than the addition of fentanyl (75 µg) to epidural ropivacaine
without much difference in side effect profile in lower abdominal surgeries (1276).

Based on the results of their prospective, randomized, controlled trial, Ghisi and colleagues
conclude that TAP blockade does not reduce morphine consumption during the first 24
postoperative hours after elective total laparoscopic hysterectomy (1277).

Rana and co-workers demonstrate that magnesium sulphate (150 mg), as an adjunct to
bupivacaine in ultrasound-guided TAP block, reduces postoperative pain scores, prolongs
the duration of analgesia and decreases demands for rescue analgesics in patients
undergoing total abdominal hysterectomy under subarachnoid block (1278).

Hiller’s group reports that neuraxial analgesia/anaesthesia reduces lymphatic flow and thus
might, in theory, protect against iatrogenic dissemination of cancer cells during surgery. The
most likely mechanism for reduction of lymphatic flow is thought to be temporary
sympathectomy caused by neuraxial anaesthesia (1279).

As mentioned previously, there is also growing evidence that surgery per se might increase
cancer risk and promote cancer metastasis by activating beta-adrenergic signaling, and thus
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suppressing cell-mediated immunity and promoting angiogenesis and metastasis. Long and
co-workers demonstrate that by activating beta-adrenergic signalling, surgery does increase
angiogenesis and accelerates growth of endometriotic lesions in a mouse model.
Furthermore, this facilitory effect of surgery is completely abrogated by beta-blokkade
(1280). Obviously, further studies are needed to determine to what extent surgery can
promote cancer growth in humans.

Although there is some evidence that perioperative intravenous administration of lidocaine
might reduce the requirement of opioids, improve bowel function and shorten the length of
hospital stay following abdominal surgery, Bryson and colleagues were unable to confirm
these findings. In their randomized double blind, placebo-controlled study, systemic
intraoperative administration of lidocaine (as an intravenous bolus followed by an infusion)
did not influence any of the above mentioned (1281).

Meanwhile, Wang and co-workers claim that the intraoperative and systemic administration
of lidocaine exerts a protective effect on cell-mediated immunity in patients undergoing
radical hysterectomy (1282).

Grady et al., on the other hand, conclude that intraoperative infusion of lidocaine may
improve postoperative pain levels and may shorten the time to return of bowel function after
laparoscopic abdominal gynaecologic procedures. This conclusion is based on the results of
their prospective, double blind, placebo-controlled study, in which patients undergoing
laparoscopic abdominal surgery were randomly assigned to two groups. Both groups
received an intravenous lidocaine bolus of 1 mg/kg. The Lidocaine group received a
continuous lidocaine infusion of 2 mg/kg/hr following induction of anaesthesia and
discontinued 15 to 30 minutes before skin closure. In contrast, the Control group received a
placebo infusion. Results showed that patients in the Lidocaine group had significantly
lower postoperative day 3 pain scores and required less opioids. Furthermore, time interval
from surgical start to return of first flatus was shorter in the Lidocaine group (1283).

Samimi and co-workers have compared intravenous lidocaine infusion with intraperitoneal
lidocaine infusion with respect to postoperative analgesia in patients undergoing abdominal
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hysterectomy. In this prospective, double blind and placebo controlled study patients
(n=109) were randomly allocated to three groups: 1. The IV (intravenous) group: patients in
this group received a bolus of 2% 1.5 mg/kg intravenous lidocaine 30 minutes before
incision, followed by a continuous lidocaine infusion of 2 mg/kg, and before wound closure
an intraperitoneal injection of normal saline; 2. The IP (intraperitoneal) group received
normal saline intravenously and intraperitoneal lidocaine 3 mg/kg; 3. The P (placebo) group
received normal saline both intravenously and intraperitoneally. Results revealed that pain
scores were significantly lower in IP and IV groups compared with placebo. Furthermore,
total morphine consumption and time to first request of rescue analgesic were also lower in
the IP and IV groups. The incidence of vomiting was comparable between the three groups,
but nausea was more frequently reported in the P group. IP and IV groups were not
statistically different for all investigated variables. There were no notable lidocaine-related
adverse effects. Therefore, the authors conclude that lidocaine administration, both
intravenously and intraperitoneally, is effective in reducing postoperative pain and also has
an opioid sparing effect in abdominal hysterectomy without any major adverse effects
(1284).

Xu and colleagues demonstrate that intravenous lidocaine combined with dexmedetomidine
infusion significantly improves postoperative pain and enhances recovery of bowel function
following abdominal hysterectomy. In this prospective, randomized study, patients received
either normal saline infusion, lidocaine infusion (1.5 mg/kg bolus, and 1.5 mg/kg/h
continuous infusion), dexmedetomidine (0.5 µg/kg bolus and 0.4 µg/kg/h infusion, or
lidocaine and dexmedetomidine infusion in the mentioned dosages (1285).

By contrast, Dewinter et al. report that intravenous lidocaine failed to improve postoperative
pain and reduce opioid consumption in patients undergoing laparoscopic sterilization.
Although they were no beneficial effects on pain and opioid consumption in this doubleblind, randomized, placebo-controlled trial, intravenous lidocaine infusion did reduce time
to discharge readiness in this group of patients. Remarkebly, patients in the placebo group
suffered significantly less from nausea and required less postoperative nausea and vomiting
rescue medication compared with the lidocaine group (1286).
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Chung et al. have studied the ON-Q pain management system in elective gynaecologic
cancer patients undergoing lower midline laparotomy (1287). As mentioned previously, the
ON-Q® Pain Relief System is a non-narcotic elastomeric pump, placed by the surgeon
intraoperatively, that automatically and continuously delivers a regulated flow of local
anaesthetic to a patient’s surgical site or in close proximity to nerves, providing targeted
pain relief for up to five days (Halyard).
In this prospective study, twenty gynaecologic cancer patients who underwent elective
extended lower midline laparotomy were divided into two groups. One group received
continuous wound perfusion with ropivacaine 0.5% during 72 hours into the supraperitoneal
layer of the abdominal incision via the ON-Q pump. The other group received intravenous
patient-controlled analgesia using fentanyl and ondansetron. Postoperative pain was
assessed immediately and at 6, 24, 48, 72, and 96 hours after surgery. Postoperative pain
scores at 24, 48, and 72 hours after surgery were lower in the ON-Q group than the IV PCA
group. Therefore, the authors conclude that the ON-Q pain management system is a more
effective approach than IV PCA for acute postoperative pain after extended lower midline
laparotomy.

Lee and colleagues have studied the effects of additional continuous wound infiltration on
postoperative pain management in patients undergoing surgery for gynaecologic cancer.
Based on the results of their retrospective study, they conclude that combining a continuous
wound infiltration system (ON-Q pain management system) with intravenous patientcontrolled analgesia significantly lowers mean NRS scores during the first 48 postoperative
hours (1288).

Turner et al. have investigated postoperative pain scores and opioid use in robotic-assisted
versus traditional laparoscopic hysterectomy in patients undergoing hysterectomy for
endometrial cancer. Their results indicate that a robotic-assisted approach was not
associated with a reduced postoperative opioid or anti-emetic use compared to the
traditional laparoscopic approach (1289).

As mentioned previously, Shoar et al. demonstrate that patients undergoing laparoscopic
surgery with low-pressure pneumoperitoneum experience the same level of systemic stress
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response compared to patients undergoing laparoscopy with standard-pressure
pneumoperitoneum (905).

Although postoperative cell-mediated immune function is better preserved in patients after
laparoscopic-assisted surgery than after open surgery, the inflation of the abdomen alone
results in a significant stress response. In our opinion, one should therefore take the effects
of pneumoperitoneum during laparoscopic surgery into account when deciding which
anaesthetic technique should be used with resepct to the attenuation of the surgical stress
response.

Based on the results of their retrospective cohort study, Rivard and colleagues claim that the
administration of intraperitoneal bupivacaine is associated with improved postoperative pain
control in patients undergoing minimally invasive gynaecologic cancer surgery. Patients
who received intraperitoneal bupivacaine had lower median narcotic use on the day of
surgery and the first postoperative day compared with those who did not receive
intraperitoneal bupivacaine. Furthermore, median patient-reported pain scores were lower
on the day of surgery in the intraperitoneal bupivacaine group (1290).

As mentioned previously in the case of thocacotomy (543), the use of liposomal
bupivacaine in additional locoregional analgesic techniques also appears to be promising in
the case of robotic assisted hysterectomy. Hutchins et al. have conducted a prospective
randomized controlled observer-blinded study in which ultrasound-guided subcostal
transversus abdominis plane (TAP) blocks with bupivacaine were compared with TAP
blocks with liposomal bupivacaine in patienst undergoing robotic assisted hysterectomy.
Results showed that total opioid use in the first 72 hours after injection was significantly
decreased in the group that received liposomal bupivacaine compared to bupivacaine.
Furthermore, patients in the liposomal bupivacaine group had significantly lower maximal
pain scores at all time periods studied, as well as decreased incidence of nausea and
vomiting (1291).

Kim and co-workers claim that the intravenous administration of a single-dose
dexamethasone (10 mg 1 hour pre-intervention) as an adjunct to fentanyl-based intravenous
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PCA is effective in reducing inflammation and pain during the first 24 hours after uterine
artery embolization. Furthermore, the incidence of severe nausea and vomiting was
significantly lower in the dexamethasone group (1292).

Brøns et al have investigated the effect of NSAID use on endometrial cancer risk. The
results of their nationwide case-control study revealed no association between NSAID use
and endometrial cancer risk overall. However, there were some indications of risk
reductions associated with low-dose aspirin use among nulliparous women and with nonaspirin NSAID use among women having used hormone replacement therapy (1293).

Meanwhile, Verdoodt et al. report that (based on the results of their meta-analysis) regular
use of aspirin or non-aspirin NSAIDs is associated with a marginally reduced risk of
endometrial cancer. Larger risk reductions were linked wth high frequency of NSAID use
and high body mass index (BMI > 30) (1294).

By contrast, Brasky and co-workers claim that the use of NSAIDs is associated with
increased endometrial carcinoma-specific mortality, especially in patients with
endometrioid type tumours (1295).

Zhang and colleagues claim that the preoperative Neutrophil-to-Lymphocyte ratio (NLR) is
able to predict clinical outcome in patients with cervical cancer treated with radical
hysterectomy and pelvic lymphadenectomy (160). Their results show a significant
association between a higher preoperative NLR and lower progression-free survival. They
also studied the importance of platelet-lymphocyte ratio but were unable to find any
predictive properties.

Mete Ural et al. report that in patients with endometrial cancer NLR is significantly higher
compared with patients with normal endometrium (1296).
Haruma and colleagues also state that pre-treatment NLR is a predictor of poor prognosis in
patients with endometrial cancer. Unfortunately, in this study, the NLR cut off point was not
mentioned (1297).
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On the other hand and based on the resuts of their retrospective study, Cummings et al.
report that a NLR ≥ 2.4 is a strong prognostic indicator for endometrial cancer.
Furthermore, PLR (≥ 240) also proved to be an independent predictor of survival.
Combining NLR with PLR scores stratified patients into low (NLR low and PLR low),
intermediate (NLR high or PLR high) and high-risk (NLR high and PLR high) groups
(1298).

Takahashi confirms that an elevated neutrophil or leucocyte count at the time of the initial
diagnosis is an independent prognostic factor in patients with surgically treated endometrial
cancer (1299).

Cakmak et al. have studied 110 patients with abnormal uterine bleeding. Peripheral blood
was collected and both NLR and PLR were calculated before endometrial curettage was
performed. Based on pathology results, patients were then divided into 3 groups: group 1,
patients with endometrial hyperplasia (EH) without atypia; group 2, patients with EH and
atypia; group 3, patients with neither hyperplasia, nor atypia as control group. Blood cell
counts, NLRs and PLRs were compared among these groups. Results showed that leucocyte
and neutrophil counts were higher in patients with endometrial hyperplasia and atypia
compared with those in group 1 and group 3. Furthermore, NLR of patients with
hyperplasia and atypia was significantly elevated when compared to groups 1 and 3.
Therefore, the authors conclude that NLR can be used as a predictor of atypical endometrial
hyperplasia in patients with abnormal uterine bleeding (1300).

Wang’s group has retrospectively investigated the predictive value of NLR, PLR and red
cell distribution width (RDW) in patients with cervical cancer. They report that NLR and
PLR values were higher in patients with cancer compared with controls, and these values
were consistently elevated during tumour progression while the RDW was uninformative.
Increased NLR was associated with lymph node metastasis and depth of stromal infiltration,
and increased PLR correlated only with lymph node metastasis. The pretreatment NLR and
PLR value was a significant predictor of lymph node metastasis, which enhanced when
NLR and PLR values were combined. Furthermore, NLR and PLR were as effective as
squamous cell carcinoma antigen (SCC-Ag) for predicting distant tumour metastasis.
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However, no prognostic significance of NLR or PLR was found in patients with early
cancer stages. Based on these results, they conclude that pretreatment NLR and PLR might
be helpful to predict the presence of distant and lymph node metastasis in patients with
cervical carcinoma, but do not represent adequate prognostic factors for early stage cervical
cancer patients (1301).

Onar and colleagues report that pretreatment NLR and PLR are associated with large
tumours, lymph node metastasis, and poorer therapeutic responses to definitive
chemoradiotherapy in patients with cervical cancer. Furthermore, NLR and lymph node
metastasis were found independently predictive of overall survival and progression-free
survival (1302).

Based on the results of their meta-analysis, Huang’s group concludes that elevated
pretreatment NLR could serve as a predictive factor of poor prognosis for cervical cancer
patients (1303).

As reported earlier in the case of colon cancer (1029), Seebacher and co-workers confirm
the prognostic value of pre-treatment plasma fibrinogen levels in patients treated for
endometrial cancer. In their retrospective multi-centre study, low pre-treatment levels of
fibrinogen (< 388.9 mg per 100 ml) were associated with better overall survival and diseasefree survival (1304).
Furthermore, Guzel and colleagues claim that pre-treatment NLR also can be used as a
biomarker of invasion in gestational trophoblastic disease (1305).

Gungorduk et al. have studied the prognostic significance of NLR (and PLR) in primary
fallopian tube carcinoma and conclude that preoperative NLR is a prognostic factor. In this
multicentre study, NLR ˃ 2.7 was significantly associated with worse overall survival.
Apart from a high NLR, advanced stage, suboptimal surgery and staging type were also
associated with worse outcome. In addition, patients with primary fallopian tube carcinoma
who underwent bilateral pelvic and para-aortic lymphadenectomy had longer overall
survival (1306).
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Kim and co-workers report that anaesthetic techniques have an effect on NLR after
laparoscopy-assisted vaginal hysterectomy. This claim is based on the results of their
prospective, randomized study in which 40 patients scheduled for vaginal hysterectomy
were included. Patients were divided into 2 groups: one group received total intravenous
anaesthesia with propofol and remifentanil (PR-group), the other group received
inhalational anaesthesia with sevoflurane (S-group). Differential counts of leukocytes with
NLR were obtained just prior to induction (T1), at the end of surgery (T2), 2 hours after
surgery (T3), and 24 hours after after surgery (T4).
There was a significant increase in total leukocytic count, neutrophil count and NLR, and a
decrease in lymphocytic count at all time points after surgery in both groups. NLR was
significantly lower in group PR compared with group S at T3. Furthermore, in group PR the
increase in NLR at T2 and T3 was significantly lower compared with that in group S
(1307).

As mentioned previously, Turner and colleagues have investigated the postoperative pain
scores and narcotic use in robotic-assisted versus laparoscopic hysterectomy for endometrial
cancer staging. In their retrospective analysis, a robotic-assisted approach was not
associated with reduced PACU narcotic or anti-emetic use compared with the traditional
laparoscopic approach. Twenty-four-hour narcotic and anti-emetic use was also not
different between the 2 approaches (1289).

Merk et al. state that dexamethasone administration (as a prophylactic for postoperative
nausea and vomiting) is not associated with an increased risk of recurrence in women
having surgery for endometrial cancer (1220).

With respect to dexamethasone, Corcoran and co-workers have prospectively investigated
the effects of intraoperative dexamethasone on immunity and inflammation in patients
undergoing elective laparoscopic gynaecological surgery. Their results show that a single
intravenous administration of 4 mg dexamethasone following induction of anaesthesia
attenuates the inflammatoty reaction and alters immune cell counts at 24 hours
postoperatively. There was no effect on white cell counts at 48 hours and 6 weeks
postoperatively. The clinical importance of these findings remains yet unknown (1308).
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Ke’s group reports that prostaglandin E2 promotes proliferation and invasion by enhancing
SUMO-1 activity via EP4 receptor in endometrial cancer (1309).

Dickson and colleagues have performed a randomized, controlled trial in which the
introduction of a formal enhanced recovery after surgery program (ERAS) was investigated
on length of hospital stay following gynaecologic oncologic surgery. The protocol elements
included: preoperative counseling, regional anaesthesia, intraoperative fluid restriction, and
early postoperative ambulation and feeding. Results showed that when compared with usual
care, the introcuction of a formal enhanced recovery after surgery protocol did not
significantly reduce length of stay following laparotomy (1310).

As mentioned previously, Bashandy and Elkholy have studied the effects of an ultrasoundguided pre-emptive single-injection rectus sheath block on postoperative pain in patients
undergoing abdominal cancer surgery with midline incision, and conclude that ultrasoundguided rectus sheath block is an easy technique to learn, and when it is used with general
anaesthesia, it is more effective in reducing pain scores and opioid consumption compared
with general anaesthesia alone (1070).

Yassin and colleagues have prospectively compared the analgesic efficiency of ultrasound
guided rectus sheath block (RSB) with thoracic epidural analgesia (TEA) following
abdominal surgery with a midline incision. Based on the results of this randomized,
controlled trial, they conclude that continuous TEA has better opioid sparing effects
markedly during the early 72 hours postoperatively than that of intermittent RSB with
catheters inserted under real-time ultrasound guidance. RSB could thus be used as an
alternative when TEA can not be employed in patients undergoing laparotomies with an
extended midline incision, especially after the first postoperative day (1311).

As mentioned previously in the case of mastectomy, thoracic surgery, and robotic assisted
hysterectomy, the use of liposomal bupivacaine results in an opioid sparing effect and
longerlasting analgesia (478,543,1291).
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Seagle’s group has performed a cost-effectiveness analysis between TAP block with
liposomal bupivacaine and opioids for acute postoperative pain following laparoscopic
hysterectomy for endometrial cancer. Based on the results, the authors conclude that TAP
with liposomal bupivacaine is robustly cost-effective at conventional willingness-to-pay
thresholds. Furthermore, TAP was cost-saving compared to opioids-only when the sameday discharge rate among TAP users was greater than among opioid-only users (1312).

Wang et al. have conducted a meta-analysis in which the effects of preoperative pregabalin
administration on acute postoperative pain following hysterectomy were investigated.
Results show that perioperative use of pregabalin reduces postoperative pain, total morphine
consumption, and morphine-related complications following hysterectomy. However,
different doses of pregabalin were used and the optimal dose still has to be determined
(1313).

Finally, Sanni et al. report that, based on their UK population-based study, no significant
associations were observed for post-diagnostic use of statins, β-blockers, or low-dose
aspirin and endometrial cancer survival (1314).

5.5 We were unable to identify any study results focussing on vulvar carcinoma (recurrence)
and its relation to anaesthesia.
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6. Skin/ soft tissue, muscle and bone malignancies

Relatively few study results are available focussing on surgical oncology of skin, soft tissue,
muscle, and bone malignancies.

As far as traceable, 3 studies focussed on controlling pain. Two studies showed that addition
of S-ketamine to the pain medication not only results in decreased opioid consumption but
also in better pain management, compared to treatment with morphine only in orthopaedic
malignancies (1315,1316).

Weinbroum’s study demonstrated that postoperative epidural analgesia results in better pain
management than intravenous morphine by PCA-technique in patients undergoing surgery
for orthopaedic malignancies (1317).
Meng et a. support this finding. In their meta-analysis, epidural analgesia provided
significantly superior analgesia, higher patient satisfaction, and decreased overall opioid
consumption compared with intravenous pantient-controlled analgesia following major
spine surgery (1318).

With respect to epidural analgesia, Bindra and colleagues state that ropivacaine and
bupivacaine provide effective epidural analgesia for lower limb surgery. However,
postoperative pain was less with 0.5% bupivacaine and 0.75% ropivacaine as compared to
0.5% ropivacaine (1319).

Van Waesberghe and co-workers have performed a systematic review and meta-analysis in
which epidural anaesthesia was compared with general anaesthesia with respect to mortality
in patients with a hip fracture. Results suggest that neuraxial anaesthesia is associated with a
reduced in-hospital mortality and length of hospitalisation. However, there was no
difference in 30-day mortality between the general anaesthesia and epidural analgesia
groups (1320).
Smith et al. report similar findings. In their systematic review and meta-analysis, neuraxial
anaesthesia, either combined with general anaesthesia or used alone, was not associated
with with decreased 30-day mortality in patients undergoing major truncal and lower limb
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surgery. However, neuraxial anaesthesia may improve pulmonary outcomes and reduce
resource use when compared with general anaesthesia (1321).

Based on the results of their meta-analysis, Zorrilla-Vaca et al. claim that existing evidence
supports the overall beneficial effects of neuraxial anaesthesia in decreasing the
development of surgical site infections after joint arthroplasty (1322).

Szucs’group reports that a single dose of dexamethasone 0.1 mg/kg administered before
operative fixation of fractured neck of femur significantly improves the early postoperative
analgesia (1323).

Interestingly, a larger retrospective study on melanoma excision showed that the use of
volatile anaesthetics as part of general anaesthesia was associated with worse survival when
compared to the use of local anaesthetics (41).

Cata and colleagues claim in their paper that no studies could be identified reporting that
regional anaesthesia and analgesia have a beneficiary effect on survival after
musculoskeletal cancer surgery (1324).

Gottschalk et al. report that, based on their retrospective analysis, a trend towards a better
cumulative survival rate was demonstrated for patients with malignant melanoma
undergoing inguinal lymph-node dissection under spinal anaesthesia, compared with general
anaesthesia (1325).

Based on their meta-analysis, Zhang and co-workers were unable to find any statistically
significant chemo protective effects of NSAID’s on non-melanoma skin cancer (NMSC)
(1326).

Muranushi and colleagues, on the other hand, have conducted a systematic review based on
published epidemiological studies and investigated whether use of aspirin and other
NSAID’s reduces the risk of cutaneous squamous cell carcinoma (SCC). Their results show
a significantly reduced risk of SCC among users of non-aspirin NSAID’s and among users
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of any NSAID’s compared with non-users. Among aspirin users, a reduced risk was also
observed, though with borderline statistical significance. Based on these findings, the
authors conclude that NSAID’s collectively have the potential to prevent the development
of cutaneous SCC (1327).
This same group has also performed a meta-analysis in which the effect of oral NSAIDs on
basal cell carcinoma (BCC) was studied. Once again, their results indicate that the intake of
NSAIDs may help prevent BCC, particularly in high-risk populations (1328).

Based on the results of their phase II, randomized controlled trial, Brinkhuizen and
colleagues even report that topical diclofenac is a promising new treatment for superficial
basal cell carcinoma. Patients who were treated with topical diclofenac showed a significant
decrease in the levels of proliferation and anti-apoptosis compared with patients who were
not treated with topical diclofenac (1329).

Reinau et al. report comparable results and conclude that patients predisposed to nonmelanoma skin cancer might benefit from chemoprevention with NSAID’s (1330).

Hua and co-workers have studied the expression of COX-2 in squamous cell carcinoma and
keratoacanthoma, and state that the positive expression rate of COX-2 is associated with the
malignant degree of the tumour. Furthermore, they state that it may also help differentiate
squamous cell carcinoma from keratoacanthoma (1331).

Al-Nimer et al. report that aspirin and diclofenac inhibit the growth of fibroblast and
rhabdomyosarcoma cell by inhibiting the up-regulation of cyclooxygenases enzymes in
cancer cells. Aspirin proved more effective than diclofenac against the growth of
rhabdomyosarcoma cell line (1332).

Upadhyay and colleagues conclude that ibuprofen reduces proteasome activity, enhances
the aggregation of ubiquitylated abnormal proteins, and also elevates the accumulation of
crucial proteasome substrates. Ibuprofen treatment thus causes mitochondrial abnormalities
and releases cytochrome C into cytosol (1333).
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Panza et al. demonstrate that a positive COX-2 expression ≥ 10%, as opposite to a positive
expression ≤ 9%, is associated with a significant reduction of progression-free survival of
about 3 years in patients with metastatic melanoma. These findings suggest that COX-2
expression may become an useful diagnostic tool in defining melanoma malignancy as well
as argue for a possible therapeutic use of NSAID as add on therapy in selected cases (1334).

As mentioned previously in the case of prostate and breast cancer, the absence of chemo
protective effects of NSAID’s on NMSC could possibly be attributed to the fact that NMSC,
including basal cell carcinoma and squamous cell carcinoma, is regarded as a cancer with a
relatively low to medium malignancy grade. These types of cancer are often associated with
a lower NLR, compared with more aggressive cancers. As in the case of breast cancer, the
inflammatory grade has been shown to be a determinant factor in the success of (antitumour, anti-inflammatory) treatment. Accordingly, in patients with breast cancer and a
high preoperative NLR (≥ 4), the use of NSAID’s was associated with a reduction of the
relative risk of cancer recurrence and mortality by more than 50%, compared to patients
with a NLR < 4. In other words, breast cancer patients with a high NLR, a higher
inflammatory grade and probably more aggressive cancer, profited most of the antiinflammatory treatment with NSAID’s (137). A cancer patient with a lower NLR may
therefore benefit less from anti-inflammatory treatment than a cancer patient with a higher
NLR.

Cananzi and Di Giacomo report that NLR is prognostic in patients treated for metastatic
melanoma, either with ipilimumab or surgery (1335,1336). These findings are in accordance
with the study results published by Jensen and co-workers, stating that neutrophil
infiltration in primary melanoma cells is independently associated with poor prognosis
(1337).

Szkandera et al. claim that the derived NLR predicts poor clinical outcome in patients with
soft tissue sarcoma. This claim is based on the results of their retrospective study, in which
the pre-operative derived NLR was investigated in relation to disease-free survival and
overall survival. Patients with a dNLR ≥ 2.39 had a significantly decreased disease-free and
overall survival (1338).
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Jiang and co-workers have evaluated the association between possible risk factors and
survival for metastatic soft tissue sarcoma. The results of their study indicate that both
monocyte ratio and NLR are significant prognostic predictors of overall survival and
progression-free survival. The authors therefore conclude that patients with a monocyte
ratio or NLR > 1.0 should be screened out as candidates for more intensive or aggressive
multimodality treatments and more aggressive follow-up (1339).
Broecker’s group confirms that postoperative complications following resection of truncal
and extremity soft tissue sarcoma are associated with decreased disease-free survival
(1340).

Liu (T) et al. claim that low preoperative lymphocyte-to-monocyte ratio (LMR) is
associated with a poor prognosis in patients suffering from osteosarcoma (1341).
Liu (B) and colleagues, on the other hand, state that NLR, Glasgow prognostic score, and
occurrence of metatstase were top risk factors associated with death of osteosarcoma
patients in their retrospective analysis (1342).

Xia and colleagues confirm the prognostic value of pretreatment NLR in patients with
osteosarcoma. Pre-surgery NLR was an independent prognostic indicator for overall
survival and progression-free survival (1343).

As mentioned previously in the case of S-ketamine, gastric and breast cancer, the use of
beta-blockers also appears to be associated with a decreased risk of melanoma-related
recurrence, metastasis and death (185).
Calvani and colleagues report that β3-adrenoreceptor (β3-AR) expression correlates with
melanoma aggressiveness. Furthermore, the authors highlight that β3-AR expression is not
only restricted to cancer cells, but it is also expressed in vivo in stromal, inflammatory and
vascular cells of the melanoma microenvironment. In other words, norepinephrine promotes
tumour microenvironment reactivity through β3-adrenoreceptors during melanoma
progression (1344).
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Based on the results of their literature search, Colucci and Moretti report that activation of
β-adrenoreceptors by catecholamines, usually released under stress conditions, has been
found to trigger pro-tumorigenic pathways contributing to cell proliferation and motility,
immune system regulation, apoptosis, epithelial-mesenchymal transition, invasion and
neoangiogenesis (1345).

Lemeshow and co-workers have performed a population-based cohort study in which the
use of beta-blockers in patients with malignant melanoma was studied in relation to
survival. Based on the results, the authors conclude that increased survival time of patients
with melanoma receiving β-blockers suggests that this class of drugs may hold promise in
treatment strategy for these patients (1346).
Chang et al. report to have demonstrated that the β-blocker carvedilol has the ability to
inhibit epidermal growth factor-induced malignant transformation of cells. This may
suggest that carvedilol has chemo preventive activity against skin cancer. However, in
models of established cancer, carvedilol had modest to no inhibitory effects on tumour
growth of human cancer cells. Based on these results, the authors conclude that the βblocker carvedilol may be repurposed for skin cancer chemoprevention, but may not be an
effective treatment of established tumours (1347).

Zhou and colleagues demonstrate that propranolol may inhibit melanoma by activating the
intrinsic apoptosis pathway and inactivating the MAPK and AKT pathways (1348).

However, as in the case of breast, colorectal and prostate cancer, Cardwell and co-workers
were unable to detect any relation between post-diagnosis beta-blocker use and mortality in
patients with malignant melanoma (582,983,1077,1205). In their population-based nested
case-control study, beta-blocker medications were prescribed after malignant melanoma
diagnosis to 20.2% of 242 patients who died from malignant melanoma and 20.3% of 886
matched controls. Consequently, the authors conclude that there was no association between
post diagnosis beta-blocker use and melanoma-specific death (1349).
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Interestingly, Wrobel and Le Gal have investigated the effect of non-cardioselective and
cardioselective β-blockers on melanoma progression at the cellular, molecular and tumour
levels. Their results show that the non-cardioselective β-blocker propranolol inhibits
proliferation and induces apoptosis in primary cell cultures derived from a primary and a
metastasis of human melanoma and in melanoma cell lines. By contrast, the cardioselective
β-blocker metoprolol hardly affects melanoma cell survival or proliferation (1350).
Apparently, with respect to tumour growth inhibition, β-2 adrenergic receptor blockage
appears to be more important than β-1 adrenergic receptor blockage.
Based on the results of their prospective study, De Giorgi and colleagues report that βblockers protect patients with thick cutaneous melanoma from disease recurrence (1351).
Wnorowski et al. confirm the importance of β-2 adrenergic receptors in the proliferation of
melanoma cells. In their study, motility of human-derived melanoma cells was dosedependently and time-dependently inhibited by the highly-selective β-2 adrenergic receptor
agonist (R,R’)-4’-methoxy-1-naphthylfenoterol (1352).

As mentioned previously, de Lorenzo and colleagues have demonstrated that sleepdeprivation (in mice) reduces both the number of NK cells and their cytotoxic activity
against melanoma cells in vitro. Treatment with the non-cardioselective β-blocker
propranolol reversed these effects, indicating that a significant role of β-adrenergic
receptors on NK cell function. Furthermore, sleep deprivation also resulted in an increase in
corticosterone levels and expression of β-2 adrenergic receptors in NK cells (14).
In their review, Yang and Eubank expand further on the role of beta-adrenergic receptors
and the potential use of β-blockers in adjuvant cancer therapy (1353).
Surprisingly, Tang et al. claim that current evidence from observational studies suggests that
the use of diuretics or β-adrenergic blocking agents may be associated with an increased
risk of malignant melanoma (1354).
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Finally, Fitzgerald, in his paper, provides us with an epidemiological overview of the use of
beta-blockers, the role of norepinephrine and carcinogenesis (1355).

In summary, evidence is mounting that increased norepinephrine/epinephrine release in the
body, or increased numbers or sensitivity of norepinephrine/epinephrine receptors, is
associated with increased occurrence of cancer in different organs. Adrenergic receptors are
distributed over the entire body, and stimulation of these receptors modulates various
intracellular processes. This stimulation may promote carcinogenesis through immune
system dysfunction and pathological inflammation.

However, a few clinical studies show opposite results. In these studies, chronic beta-blocker
use appears to be associated with an increased, instead of a decreased, risk of cancer. A
possible explanation for these contradictory results could be the fact that certain patients
already have and elevated endogenous (possibly genetic) norepinephrine signalling. For
instance, patients with a genetically elevated norepinephrine tone are more likely to use
antihypertensive medication, like beta-blockers, and are also predisposed to various types of
cancer. The same holds true for, for instance, psychological stress. A distinction therefore
should be made between the rapid and “phasic” adrenergic output, and the more steady,
baseline adrenergic “tone”. It is possible that the adverse effects of a longer-lasting elevated
norepinephrine tone prevail over the beneficiary effects of beta-blockade.
Furthermore, there appear to be genetic differences in the norepinephrine component of the
sympathetic nervous system within different persons.

A key component of the stress response involves the locus coeruleus and norepinephrine
sympathetic system. The locus coeruleus (LC) is the major noradrenergic nucleus of the
brain, giving rise to fibres innervating extensive areas throughout the neuraxis.
The other major neuroendocrine response to stress is via activation of the hypothalamic–
pituitary–adrenal (HPA) axis, consisting of consequent release of corticotrophin releasing
hormone and vasopressin, which stimulate pituitary adrenocorticotropic hormone (ACTH)
release. This leads to stimulation of glucocorticoid secretion by the adrenal cortex, which is
essential for stress adaptation.

266

Chronic stress is associated with dysregulation of the HPA axis and the locus coeruleus and
norepinephrine sympathetic system, with a consequent increase in the secretion of the
hormone cortisol and elevated levels of norepinephrine and epinephrine.

Based on the results of their prospective randomized study, Chloropoulou et al. conclude
that epidural anaesthesia followed by epidural analgesia produces less inflammatory stress
response compared with spinal anesthesia followed by intravenous morphine analgesia in
patients undergoing total knee arthroplasty (1356).

Horvathova’s group has conducted a study in mice in which the effects of sympathectomy
on melanoma characteristics were investigated. Their results show that sympathectomy
induces complex changes in the tumour microenvironment reducing tumour weight and
affecting expression of tumour-related genes in melanoma tissue, in other words reducing
melanoma growth (1357). This finding might explain why epidural analgesia results in less
severe inflammatory response and consequently better preservation of immune function in
patients undergoing cancer surgery.

Velasquez and colleagues have investigated the immune response following surgery for
malignant bone tumours. Their results show that both the number of NK-cells and their
function decreases significantly after surgery. The maximal decrease in function occurred 5
days postoperatively. Furthermore, the serum concentrations of IL-6 were significantly
increased on postoperative days 1, 3 and 5. By contrast, serum concentrations of IL-2 and
IL-4 did not change postoperatively. In other words, a significant inflammatory response
and innate immune suppression occurres after surgery for bone cancer (1358). Strikingly,
the immune suppression is once more reported to last for several days.

Wei et al. demonstrate in their prospective and randomized trial that epidural anaesthesia
combined with general anesthesia has a beneficial effect on the preservation and restoration
of immune function in patients with osteosarcoma undergoing radical resection (1359).

267

Two other randomized studies support the conclusion that epidural analgesia combined with
general anaesthesia suppresses the surgical stress response in patients undergoing hip and
knee arthroplasty, and total hip replacement (1360,1361).

As mentioned previously, Joy and co-workers have shown that epidural ropivacaine with
dexmedetonidine significantly reduced the total propofol dose required for induction of
anaesthesia in patients undergoing lower extremity and abdominal surgery. Furthermore,
this combination decreased the onset time of sensory and motor block and provides good
haemodynamic stability (673).

Based on the results of their retrospective study, Janssen et al. report that allogeneic blood
transfusion did not decrease survival in patients who underwent surgery for long-bone
metastatic fractures (1362).

Haughom and co-workers claim that neuraxial anaesthesia is associated with fewer blood
transfusions in patients undergoing total hip arthroplasty (1363).

Finally, Liu and colleagues have retrospectively investigated 16.555 patients following knee
arthroplasty. Patients who had received spinal or epidural anaesthesia had a significantly
lower infection risk within 30 days of surgery compared with patients who had received
general anaesthesia (1364).
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7. Neuroendocrine malignancies

No study results could be identified dealing with neuroendocrine malignancies in relation to
recurrence and anaesthesia.

However, Derikx et al. report that colonic neuroendocrine tumours are more prevalent in
patients with inflammatory bowel disease compared to the general population (1365).

Pan and colleagues have performed a randomized, controlled study in which the effects of
epidural preemtive analgesia on stress reaction were investigated in patients undergoing
retroperitoneal laparoscopic adrenalectomy. Their results show that compared with general
anaesthesia, general anaesthesia combined with epidural analgesia alleviates the stress
response in patients undergoing laparoscopic adrenalectomy (1366).

Finally, Salman et al. report that NLR and PLR are simple laboratory findings that can be
used to identify neuroendocrine tumours with a worse outcome (1367).
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8. Radiofrequency ablation in lung/liver/kidney/adrenal gland malignancies
Radiofrequency ablation (RFA) in oncology is a frequently used therapy in our Institute.
Shah and co-workers provide an overview of its general features and outline its role in
oncology (1368).

Lai and colleagues focussed in their study on cancer recurrence after transcutaneous RFA in
hepatocellular carcinoma. They differentiated between RFA under general anaesthesia and
RFA combined with epidural analgesia. In this limited, retrospective study the type of
anaesthesia appeared of no influence on overall survival. On the contrary, RFA under
general anaesthesia was associated with a reduced risk of cancer recurrence compared to
RFA with epidural analgesia. A satisfying explanation for this finding cannot be given
(1369).

In case of RFA of pulmonary tumours too, no differences could be detected with respect to
anaesthetic technique and the effectiveness of treatment and/or the risk of complications
(1370).

Schneider and colleagues have studied the effects of RFA-mediated necrosis on the immune
responses in 12 non-small cell lung cancer patients undergoing RFA. In patients developing
local or lymphogenic tumour relapse (n=4) there was an early significant increase in the
concentration of tumour necrosis factor (TNF)-α. This change was associated with an
elevated activity of circulating myeloid-derived suppressor cells indicated by an increased
nitric oxide production in these cells. According to the authors, this might be an early
indicator of the incomplete RFA and subsequently a potential tumour relapse in non-small
cell lung cancer (1371).

Piccioni et al. have studied the use of thoracic paravertebral block as the sole anaesthetic in
percutaneous hepatic radiofrequency ablation and conclude that this block produces
satisfactory unilateral anaesthesia and minor adverse effects (1372).

Meanwhile, Gazzera and colleagues report that although thoracic paravertebral blockade
was achieved successfully in all the patients undergoing conscious percutaneous thermal
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ablation of liver tumours, 33% of these patients reported medium to severe pain and
intravenous sedation was required (1373).

Tohme and colleagues performed a retrospective study in patients with unresectable
colorectal cancer undergoing hepatic radio embolization, and examined whether the
Neutrophil-to-Lymphocyte ratio (NLR) predicts survival following this treatment. Their
results show a median NLR of 4.6. Furthermore, a high NLR (≥ 5) was clearly associated
with worse survival. Therefore, the authors conclude that NLR is a simple and novel
biomarker for prediction of survival after radio embolization for metastatic colorectal cancer
(1374).

As mentioned previously, D’Emic and co-workers confirm that both pre- and/or posttreatment NLR and/or PLR are predictive of clinical outcome in patints undergoing
selective internal radiation. Furthermore, they report that the largest increase in risk of death
as well as local and extrahepatic disease progression was related to change in PLR (806).

Dubut et al. state that CT-guided paravertebral blockade for microwave ablation of kidney
tumours is a promising new technique and may be used as an alternative to general
anaesthesia or conscious sedation (1375).
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9. Transarterial chemoembolization of the liver (TACE)

For some time, TACE procedures are being performed in a select group of patients in the
Netherlands Cancer Institute-Antoni van Leeuwenhoek Hospital. Most of these patients
have been diagnosed with (solitary) liver metastases from colorectal carcinoma. The aim of
this procedure is to obliterate the metastasis by trans-arterial embolization using the
chemotherapeutic drug irinotecan.

Previous experience in our hospital revealed that our “standard” anaesthetic practice was not
fully effective in preventing and/or treating the physical complaints related to this
procedure. Our usual anaesthetic support, consisting of thoracic epidural analgesia (using a
fractionated initial bolus of 50 mg of bupivacaine in combination with 25 mcg of sufentanil,
followed by a continuous administration of a 0,05% bupivacaine and 0,02% morphine
solution via a pump with an infusion rate of up to 20 ml/hour) in combination with
intravenous propofol sedation, could not prevent patients from experiencing acute severe
pain (NRS 10) in the epigastric area radiating into the back, shortly after the procedure had
ended. Profound perspiration, severe nausea and vomiting accompanied this pain.
Strikingly, nor pain, nausea, and vomiting could be influenced by administering an extra
bolus of epidural bupivacaine and/or intravenous S-ketamine and anti-emetics.

An extensive literature search revealed only two papers focussing on this issue (1376,1377).
The first paper underlines the complaints following this procedure as described above, and
several recommendations are provided. The second paper demonstrates that the
perioperative administration of parecoxib significantly improves postoperative pain control
following TACE.

Interestingly, Wei and colleagues claim that the neutrophil-to-lymphocyte ratio (NLR) is a
good predictor of survival in patients with hepatocellular carcinoma undergoing TACE
combined with Sorafenib. In their study, high NLR proved to be an independent factor
associated with worse survival (1378).
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Huang et al. confirm that a high pretreatment NLR (> 3.3) is associated with worse survival
in patients with unresectable hepatocellular cancer undergoing transarterial
chemoembolization. However, increased NLR after transarterial chemoembolization was
associated with a better outcome (1379).

Zhou and colleagues support the prognostic value of NLR in patients with hepatocellular
carcinoma following transarterial chemoembolization. NLR > 2.6 following TACE was
significantly associayed with shorter overall survival (1380).

Kim et al. report that transarterial radioembolization (TARE) is an emerging intra-arterial
brachytherapy characterized by potent anti-cancer effect given by radiation but minimal
embolic effect (1381). Until now, no studies have been published focussing on TARE in
relation to anaesthesia, anaesthetic techniques and/or recurrence of cancer.
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10. Chemosaturation

Chemosaturation represents a new technique by which higher doses of chemotherapeutics
can be delivered to cancer sites in the liver, allegedly more safely than by intra-hepatic
artery perfusion. Its advantages are reported to be less invasive for the patient and, in case of
cancer recurrence, the procedure can be repeated.
Basically, the procedure consists of three steps:
1. Isolation of hepatic venous outflow;
2. Catheter-directed saturation of the hepatic artery with very high doses of melphalan.
“Embolizing” branches of the artery to prevent the chemotherapeutic from leaking
into the arteries that supply other organs;
3. Filtration of the blood in the liver, which is shunted out and the put back in the body
through the jugular vein.
For a more comprehensive overview on this procedure we refer to the articles published by
Deneve and Uzgare (1382,1383).

We could only find one study focussing on the anaesthetic considerations regarding this
procedure. The authors state that this procedure can be associated with transient but
significant hemodynamic and metabolic perturbations. Therefore, they recommend
administration of general anaesthesia, rather than sedation, for this procedure (1384).
Our experience with this technique is limited, but we share the same hemodynamic and
metabolic findings. In nearly all cases, high doses of norepinephrine are needed to maintain
blood pressure. Since profound anticoagulation is needed, we perform this procedure under
general anaesthesia without epidural analgesia. Until now, no further study results have
been published focussing on the implications of this procedure in relation to type of
anaesthesia, anaesthetics used and cancer recurrence.
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II Recommendations

Recent research in the treatment of cancer shows a trend towards tracing and attacking
tumour specific DNA mutations. On this basis, one in fact ought to discard the existence of
organ specific cancers, and consequently their organ specific treatment, and focus on the
treatment of each cancer as a unique entity. This development will hopefully lead to a
situation in which increasingly more types of cancer will be classified as a chronic disease.
In spite of this development, surgery will undoubtedly hold its leading part in the treatment
of (solid) cancer.
For the purpose of clarity, we still have used the traditional classification of organ specific
cancers in this compendium.

It may be obvious that results obtained from, for instance, animal research cannot directly
be extrapolated to humans. Although there still is lack of prospective, randomized studies,
and available study results are relatively scarce and frequently based on experimental,
animal and/or retrospective studies, we do believe that disregarding this information could
prove non-prudential on the longer term. As stated by Tavare and colleagues, there is an
urgent need to determine the most appropriate anaesthetic strategy for surgical oncology to
ensure that long-term survival is maximized, by using the most optimal anaesthetic
techniques (1385).

Fodale and co-workers point out that current data support the use of intravenous
anaesthetics, like propofol, for its anti-tumoural protective effects by inhibiting
cyclooxygenase 2 and prostaglandin E2 in cancer cells and stimulation of immunity;
restriction in the use of volatile anaesthetics; restriction in the use of opioids (suppression of
humoral and cellular immunity, and promotion of angiogenesis and development of
metastases); use of neuraxial/loco regional anaesthesia. However, they caution that these
findings must be interpreted cautiously (1386).

Based on the results of their systematic review, Soltanizadeh et al. state that currently four
propensity-adjusted retrospective studies suggest that total intravenous anaesthesia might be
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the preferred anaesthetic choice in cancer surgery instead of inhalational anaesthesia.
However, evidence is of low quality and randomized clinical trials are required (1387).

In their paper, Das and colleagues indorse that perioperative care has an important role in
cancer survival and suggest modifying their current practice (1388). Kaye cum suis, based
on their evidence-based review, stress that clinical anaesthesiologists should be aware of the
fact that immune responses from all components of the immune system appear to be
suppressed by anaesthetics and analgesics. These factors should therefore be considered in
the application of technique, especially in cancer surgery (1389).
Kim concludes that amide type local anaesthetics increase NK cell activity. Anaesthetics
such as propofol and locoregional anaesthesia, which decreases surgery-induced
neuroendocrine responses through the hypothalamic-pituitary-adrenal axis and sympathetic
nervous system suppression, may cause less immunosuppression and recurrence of certain
types of cancer compared to volatile anaesthetics and opioids (1390).

Divatia and Ambulkar state that perioperative care has a definitive role in cancer-free
survival and suggest modifying our current practice. This statement is based on literature
review (1391).
O’Dwyer and colleagues support the concept that consideration should be given to
anaesthesia techniques and perioperative treatments. Although not immediately harmful,
they may be associated with poor outcomes temporally distant from the treatment,
secondary to induced immunosuppression (1392).
Iwasaki and co-workers report that increasing evidence shows that anaesthesia and adjuvant
locoregional techniques may have an impact on cancer growth and/or progression.
However, they claim that there is not sufficient evidence to support an alteration of current
clinical practice and that further research is warranted (1393).
Vaghari et al. expand further on the role of regional anaesthesia-analgesia in preservation of
immune function (1394).

Kurosawa states that accumulated basic and clinical data suggest that total intravenous
anaesthesia with propofol, cyclooxygenase antagonists, and regional anaesthesia can
decrease negative consequences associated with perioperative immunosuppression. On the
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other hand, volatile anaesthesia, systemic morphine administration, unnecessary blood
transfusions, intraoperative hypoxia, hypotension, hypothermia, and hyperglycaemia should
be avoided (1395).
Hiller’s group expands further on perioperative events potentially influencing cancer
recurrence risk following surgery (1396).

Sun et al. have performed a systematic review and meta-analysis in which they have
evaluated the effects of perioperative regional anaesthesia and analgesia on survival and
cancer recurrence after cancer surgery. Perioperative regional analgesia use was associated
with improved overall survival following cancer surgery. However, no association was
detected with respect to cancer recurrence (1397).
In their meta-analysis, Grandhi, Lee and Abd-Elsayed also failed to identify any benefit of
regional anaesthesia on overall survival, recurrence –free survival, or biochemical
recurrence-free survival (1398).

Le-Wendling and colleagues state that the benefits of regional anaesthesia in reducing
cancer recurrence have a sound theoretical basis, and in certain cancers, are supported by
the existing body of literature (1399).
Byrne et al. also conclude that current laboratory research suggests that perioperative
interventions may impact recurrence or metastasis through effects on cancer cell signalling,
the immune response, or modulation of the neuroendocrine stress response. With limited
data upon which to make strong recommendations, the authors state that anaesthesiologists
should seek optimal anaesthesia and analgesia for their patients based on individual riskbenefit analysis and best available evidence on outcomes other than cancer recurrence
(1400).
Green and Tsui state that recommendations for a specific anaesthetic technique based on
cancer outcome alone cannot be made. A pragmatic solution would be to offer regional
anaesthesia in isolation or combined with propofol infusion to cancer patients if appropriate
and if local expertise is available. Regional anaesthesia offers excellent analgesia, a low
incidence of postoperative nausea and vomiting, and a favourable immunological profile
based on current understanding of laboratory evidence (1401).
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Sekandarzad cum suis conclude that the perioperative period in the cancer patient represents
a unique environment where surgically mediated stress response leads to immune
suppression. Regional anaesthesia techniques when indicated in combination with
multimodal analgesia that includes NSAIDs, opioids, and local anaesthetics to prevent the
pathophysiologic effects of pain and neuroendocrine stress response should be viewed as an
essential part of balanced anaesthesia (1402).

Tohme, Simmons and Tsung expand further on the effects of surgery on cancer (1403).

Consequently and in contrast to for instance Heaney et al. (1404), Xuan et al. (1405),
Cakmakkaya et al. (1406), the published Consensus statement from the BJA Workshop on
Cancer and Anaesthesia (1407), Jakobsson and Johnson (1408), and Ciechanowicz and Ma
(1409), we take the view that it is defendable, even in this still early stage, to incorporate
some acquired study results to a certain level into daily practice, awaiting further findings.
If, at a later moment in time, certain recommendations prove to be of no or limited value to
human patients, they can be adjusted or even completely deleted. This in fact comprises the
essence of this compendium. Increasing knowledge of the effects of anaesthesia on surgical
oncology will automatically result in expansion and adaption of this compendium.

The anesthesiologist has to be aware that anaesthetic agents and anaesthesia techniques may
have a significant impact on tumour evolution (1410,1411).
Consequently, we support Cassinello’s conclusion that anaesthesiologists should follow
current best clinical practice and include all strategies that effectively decrease pain and
attenuate stress. Regional anaesthesia and multimodal analgesia, adding anti-inflammatory
drugs, plays an unquestionable role in the control of perioperative pain and may improve
recurrence-free survival (1412).

In our opinion, simply stating that current research data are insufficient to indicate a change
in clinical practice does not sound very sophisticated. The fact is that by doing so, one is
forced to conclude that administering anaesthesia to, for instance, orthopaedic patients does
not differ from administering anaesthesia to cancer patients. The fact that surgical cancer
patients are more susceptible to the potentially deleterious effects of surgery hardly needs
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further elaboration. Applying the same yardsticks to all surgical patients shows little
understanding of the impact of surgery on the human body.
Selecting the most appropriate technique in order to maximize patient comfort without
unnecessarily burdening the patient should be our goal.

As described previously, surgery has a profound impact on the human body. Tissue damage
caused by surgery ensues that various processes take place. This so-called surgical stress
response results in an inflammatory reaction and ultimately in suppression of immunity. As
expected, this suppression of immunity appears to be dose-dependent. The larger the
surgically induced tissue damage, the more profound the inflammatory reaction and hence
more pronounced and longer lasting the suppression of immunity. Based on these premises,
attenuating this surgical inflammatory stress response is one of the principal goals in
anaesthesia. It is obvious that in the absence of anaesthesia, tissue damage caused by major
surgery would inevitably result in the patient’s death. To prevent this, administering
anaesthesia with adequate perioperative analgesia is a condition sine qua non. Historically,
opioids play a key role in restraining surgical stress. Although there is ample evidence that
opioids exert a favourable effect on restraining the inflammatory stress response caused by
the surgical procedure, evidence is growing that opioids also may exert unfavourable effects
through immunomodulation.

Apart from the fact that pain and surgery appear to play a role in suppressing immunity, and
consequently may be of influence on the oncologic process, there are several indications
that anaesthetics and pharmaceuticals administered during surgery can be of influence on
tumour progression and cancer recurrence by interfering with various processes.
Therefore, awaiting further evidence, we strongly believe that consumption of opioids
should be limited, if possible. Needless to state, this limitation should never be at the
expense of analgesic quality. Should this be the case, the adverse effects of the surgical
inflammatory stress response will clearly prevail over the adverse effects caused by the
treatment with opioids. Especially in surgical oncology, anaesthesia should focus on
maximal reduction of surgical inflammatory stress with minimal impact on immunity and
autonomous defence mechanisms. As inflammation is claimed to play a central role in
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tumour growth and metastasis, perhaps that by using specific anaesthetics the
anaesthesiologist will be able to fight cancer in a proactive manner.

Horowitz and colleagues offer an interesting overview of the impact of the perioperative
period on long-term cancer outcomes (1413).
Kim expands further on this issue (1414).
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II.1 With respect to surgical oncology of the head, throat and neck we have derived the
following recommendations:

-

General anaesthesia combined with adequate multimodal perioperative analgesia,
with the aim to attenuate the surgical stress response and reduce the need for opioids,
if possible.

-

In extended surgery, intravenous administration of S-ketamine in analgesic doses can
be considered next to administration of intravenous opioids, partly to reduce the need
for opioids, partly to reduce the development of hyperalgesia and chronic pain.
However, as mentioned previously, there is evidence that the use of S-ketamine
results in a decrease of the number of NK-cells with an associated reduction of
autonomic defence mechanisms. Furthermore, S-ketamine has been shown to have
beta-adrenergic stimulating properties and an evident correlation has been found
between stimulation of the beta-adrenergic system and increased chance of
developing metastases (182-185). Fortunately, the tumour-enhancing effects of Sketamine can largely be undone by administering beta-blockade. One could therefore
consider administering beta-blockade to surgical patients treated with S-ketamine, to
neutralize it’s potentially tumour promoting effects.
Clearly, further studies are needed on this topic.

-

Superficial cervical plexus blockade in unilateral surgery. Attention should be given
to the location of needle insertion: obviously, it would be wise to insert the needle at
a safe distance from the tumour to prevent local tumour spread. Based on previous
study results, one could advocate the use of ropivacaine, rather than bupivacaine,
because of its more pronounced tumour inhibiting properties (58-60).

-

Co-medication, using paracetamol and NSAID’s such as diclofenac. In view of
recent findings, it may be wise to withhold diclofenac in patients with a history of
heart disease.
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-

With respect to the technique of general anaesthesia, there is some evidence that the
use of volatile anaesthetics on their own may exhibit adverse oncologic effects. In
anticipation of further study results, we would therefore advise to combine the use of
volatile anaesthetics with intravenous propofol. Thus reducing the need for volatile
anaesthetics. At this time, we use intravenous propofol as a basis and regulate the
depth of anaesthesia with a volatile anaesthetic like desflurane or sevoflurane. We
use this strategy partly because of cost savings aspects. The use of a volatile
anaesthetic in a low-flow setting is obviously far more cost saving than the use of
intravenous propofol in case of prolonged surgery.

-

Since neuraxial blockades are not readily feasible for this type of surgery, one could
theoretically expect beneficiary effects of perioperative intravenous administration of
lidocaine. Partly because of its opioid reducing effects, partly because of the antitumour properties of amide-linked local anaesthetics. Unfortunately, no study results
have been published at this stage that back-up these assumptions. Further study
results have to be awaited.

-

As far as fluid administration is concerned, administration of balanced solutions, like
for instance Ringers lactate, may have some beneficiary effects on attenuating the
inflammatory stress response. Furthermore, there is some evidence that the use of
balanced solutions results in less alteration of plasmatic electrolytes, acid-base
equilibrium and kidney function.
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II.2 In case of intra-thoracic tumours:

-

In case of thoracotomy, we advise general anaesthesia combined with thoracic
epidural analgesia. In our opinion, the benefits of adequate epidural analgesia
outweigh the risk of potential complications. This holds only true if the
anaesthesiologist has ample experience and inserts epidural catheters on a regular
basis. Especially the insertion of high thoracic epidural catheters is a skill that has to
be acquired and maintained by frequent performance. Our experience shows that in
case of a high thoracic epidural, adding an opioid to the local anaesthetic, more
frequently leads to side effects caused by the opioid, such as nausea, vomiting and
itching. Therefore, we replace the opioid by clonidine. The most frequently used
mixture in our department consists of bupivacaine (50 ml of a 0,5% solution in 500
ml saline 0,9%) to which 300 micrograms clonidine is added, instead of the usual
100 µg of sufentanil. This mixture is then infused at a rate of 16-20 ml/hour using an
electrical syringe pump. We have deliberately chosen for a lower concentration of
the local anaesthetic in favour of a higher volume, in order to achieve proper
expansion of the block.

-

As far as (diagnostic) thoracoscopy is concerned, we recommend unilateral
paravertebral blockade combined with general anaesthesia. To our opinion,
administration of merely a long acting amide-linked local anaesthetic, like
ropivacaine, suffices to attenuate the stress response and reduce the need for opioids
adequately. However, recent reports suggest that the addition of clonidine to the local
anaesthetic results in an even more intense block.
We share the view that adjuvant locoregional analgesia should be administered using
ultrasound. Thus achieving better postoperative pain scores and reducing the
requirement of additional opioids (1415).

In case of more extensive thoracoscopic surgery, like for instance pleurodesis, we
recommend thoracic epidural analgesia combined with general anaesthesia. Partly for
its more pronounced analgesic effects, but also in view of a more adequate
attenuation of the surgical inflammatory stress response.
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-

As in the case of surgery to the head, throat and neck, we support the idea of
combining intravenous propofol with volatile anaesthetics. Propofol as a basis and
desflurane to regulate the depth of anaesthesia.

-

Co-medication with paracetamol and NSAIDs like diclofenac (in the absence of
contra-indications for the use of NSAIDs and/or a history of heart disease) is once
more indicated. All the more so, in case the patient requires treatment for
concomitant ipsilateral post-thoracotomy shoulder pain.

-

In case neuraxial blockade is contra-indicated or technically impossible,
perioperative supplementary analgesia with intravenous S-ketamine seems a
reasonable alternative. Again, combining S-ketamine with beta blockade to minimize
its potentially adverse effects should be considered.

-

As mentioned previously, administration of balanced solutions may have some
beneficiary effects on attenuating the inflammatory stress response and preserving
electrolytes, acid-base equilibrium and kidney function.

-

Theoretically, one could expect beneficiary effects of simultaneous intravenous
administration of lidocaine. Partly because of its opioid reducing effects, partly
because of the anti-tumour properties of amide-linked local anaesthetics.
Unfortunately, no study results have been published at this stage that back-up these
assumptions. Further study results have to be awaited.
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II.3 In case of breast cancer:

-

Especially in the case of breast cancer surgery, it appears to be advisable to attenuate
the surgical stress response as much as possible and to reduce the use of opioids
without affecting pain perception.

-

In case of bilateral mastectomy, we recommend general anaesthesia (volatile and
intravenous) combined with high thoracic epidural analgesia. The restrictions
mentioned for intra-thoracic tumours apply here as well: using lower concentrations
of the local anaesthetic in a higher volume, and replacing the opioid with clonidine.

-

If, for whatever reason, neuraxial blockade is impossible, supplementary treatment
with S-ketamine once again may be an alternative. Our experience shows that in
patients undergoing bilateral mastectomy side effects attributable to the use of Sketamine are more frequently reported. These effects consist primarily of
psychological complaints such as hallucinations. Combining S-ketamine with betablockade for reasons previously mentioned should once more be considered.

-

In case unilateral mastectomy or wide local excision of the breast is performed, local
infiltration of the breast is advised as preferred technique for analgesia in order to
decrease opioid use and to attenuate the stress response (1416). A dose of 40 ml of
ropivacaine 0.5% results in sufficient analgesia without toxic side effects. We believe
this is also the best analgesic technique in case of bilateral wide local excision of the
breast. The field block can then be performed bilaterally, using up to a total of 60 ml
of ropivacaine 0.5% (1417).

-

Patients undergoing unilateral mastectomy followed by immediate breast
reconstruction represent a different category. Immediate reconstruction of the breast
implies that layers of muscle tissue have to be exposed, resulting in more extensive
surgery and hence greater surgical stress response. In our experience, field blockade
alone reduces opioid consumption inadequately in case of extended breast
reconstruction. A favourable alternative would be a (unilateral) paravertebral
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blockade, as mentioned in the case of thoracoscopy. To which extent paravertebral
blockade prevails over field blockade in case of mastectomy followed by direct
reconstruction of the breast is a matter of discussion in our department and is
currently being investigated. Evidence so far suggests that ropivacaine may be the
local anaesthetic of choice for paravertebral blockades.

-

The same previously mentioned recommendations apply for type of general
anaesthesia and co-medication with paracetamol and diclofenac. Especially in case of
breast cancer surgery additional treatment with an NSAID, like diclofenac, appears
to be more than reasonable.

-

Standard administration of dexamethasone 4-8 mg can be considered for patients
undergoing breast surgery. Partly for its anti-emetic effect, but also because of its
potentially inhibitory effect on the spreading of breast cancer cells, and hence
reduced potential to metastasize.

-

The recently introduced paravertebral lamina technique and PECS I and II blockades
may hold a future role in breast cancer surgery. Further study results on their
effectiveness in surgical oncology have to be awaited.

-

The same applies for treatment with intravenous lidocaine. However, recent study
results showed little beneficiary effects of intravenous lidocaine on opioid
consumption, pain score, and postoperative nausea and vomiting (PONV), fatigue
and or duration of postoperative hospital stay (561,598,600,651,658,659,1153,1281,
1286). Once more, further study results have to be awaited.

-

As mentioned previously, administration of balanced solutions may have some
beneficiary effects on attenuating the inflammatory stress response and preserving
electrolytes, acid-base equilibrium and kidney function.
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II.4 Based on the published study results on intra-abdominal and intra-pelvic surgical
oncology, the following general recommendations can be postulated:

-

In case of (limited) laparoscopic surgery, general anaesthesia with opioid reduction
appears to be the best choice. In this setting, ultrasound-guided Transverse
Abdominal Plane blockade (TAP) is frequently used (1418). Apart from its analgesic
effects, a significant reduction of bladder spasms has been reported in laparoscopic
surgery of the bladder and/or prostate. Furthermore, evidence shows that TAP
blockade attenuates the surgically induced stress response. There is also evidence
that ropivacaine is the local anaesthetic of choice for TAP blockades in laparoscopic
surgical oncology (58,59). Unfortunately, both the analgesic effects (reduced opioid
use) and the attenuation of the stress response appear to last for a relatively short
period of time and do not exceed the first postoperative day (1419,1420).
Once again, in our view, adjuvant locoregional analgesia should be administered
ultrasound-guided, if possible.

In case of more extensive laparoscopic surgery, which is accompanied by a more
marked surgical stress response, we recommend general anaesthesia combined with
thoracic epidural analgesia. The ratio for doing so lies in the fact that epidural
analgesia attenuates the stress response to a greater extent and during a longer period
of time compared to TAP-blockade. Although postoperative immune function is
better preserved in patients after laparoscopic-assisted surgery than after open
surgery, the introduction of pneumoperitoneum alone results in a significant stress
response (905). In our opinion, one should take these effects during laparoscopic
surgery into account when deciding which anaesthetic technique should be used with
respect to the attenuation of the stress response.
In each case, the advantages of a more profound and longer lasting attenuation of the
stress response and the disadvantage of increased invasiveness should be balanced.

-

In case of laparotomy, we recommend general anaesthesia combined with thoracic
epidural analgesia. As mentioned previously, the administration of a higher volume
of local anaesthetics is required in order to obtain sufficient expansion of the
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analgesic block. In contrast to high thoracic epidurals, neuraxially administered
opioids in the middle and lower thoracic area, are tolerated better and fewer side
effects are reported. Therefore, we add a relatively small dose of morphine to the
epidural mix in order to achieve a more intense sensory blockade. In the event of
known morphine intolerance, morphine can be replaced by clonidine as described
previously.

Once more, it must be stressed that intraoperative volume resuscitation, in the
presence of an epidural, should focus on goal-directed euvolemia in order not to
impede the healing of a potential anastomosis (966).

In case epidural analgesia is contraindicated or (technically) not possible, the
administration of S-ketamine can be considered. Once more, it must be emphasized
that S-ketamine has been shown to stimulate the beta-adrenergic system with
possible subsequent adverse oncologic effects. Simultaneous beta-blockade might
therefore be considered. Unfortunately, there are no data available on the required
level of beta-blockade in surgical cancer patients receiving S-ketamine.

-

For laparoscopy as well as laparotomy, the same recommendations apply for the type
of general anaesthesia and co-medication with paracetamol and diclofenac.
However, it has to be mentioned that the use of diclofenac, especially in the setting
of non-elective surgery, may be associated with a greater risk for anastomotic leak in
case of anastomosis of the ileum and possibly the proximal colon. To what extent the
beneficiary anti-tumour effects of diclofenac outweigh the greater risk for
anastomotic leak has not (yet) been studied. Especially not in conjunction with the
simultaneous use of thoracic epidural analgesia in elective surgery.

In case of anastomosis of the proximal colon or the ileum, the use of NSAID’s in
conjunction with thoracic epidural analgesia should be evaluated on an individual
basis. In case of a high preoperative NLR, it appears to be advisable to initiate
treatment with NSAID’s 24 hours postoperatively.
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In case of a low NLR and anastomosis of the ileum, the use of NSAID’s remains
arguable. In our opinion, as far as colorectal surgery is concerned, the beneficiary
effects of diclofenac definitely outweigh the potentially deleterious effects on the
integrity of the anastomosis. This is all the more so when epidural anaesthesia is
being administered simultaneously in an elective setting.

-

As mentioned previously, administration of balanced solutions may have some
beneficiary effects on attenuating the inflammatory stress response and preserving
electrolytes, acid-base equilibrium and kidney function.

-

Theoretically, one could also expect beneficiary effects of simultaneous perioperative
intravenous administration of lidocaine. However, a recent Cochrane study indicates
that there is low to moderate evidence that perioperative continuous intravenous
infusion of lidocaine, when compared to placebo, has an impact on pain scores
and/or postoperative nausea. Furthermore, there is also limited evidence that this
intervention has further impact on other relevant clinical outcomes, such as
gastrointestinal recovery, length of hospital stay, and opioid requirements
(68,561,563,598,600,657-659,1153,1281). Obviously, further study results have to be
awaited.

II.5 When considering surgery of the vulva, soft tissue malignancies and surgery of the
extremities, the same recommendations can be followed principally.

In case of less extended surgery, spinal anaesthesia is preferred. This on the basis of faster
patient recovery, a decreased chance of side effects but also because of the previously
described tumour inhibiting effects of amide-linked local anaesthetics. In this
understanding, a future role may lie ahead for the intravenous use of lidocaine.
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II.6 For radiofrequency ablation in lung, liver, kidney and adrenal gland we use (partly for
logistic reasons) thoracic epidural analgesia combined with intravenous propofol sedation
when necessary.

II.7 Since very little is known in relation to anaesthetic support in transarterial chemoembolization of the liver (TACE), we follow the recommendations postulated by
Giammaria Fiorentini et al (1376):

-

Ample pre-hydration before and during insertion of the thoracic epidural catheter in a
monitored setting. Obviously, the patient’s cardiac condition will determine the
degree of pre-hydration. Needless to mention, a urinary catheter has to be placed.

-

As mentioned previously, administration of balanced solutions may have some
beneficiary effects on attenuating the inflammatory stress response and preserving
plasmatic electrolytes, acid-base equilibrium and kidney function.

-

Administration of ranitidine 50 mg intravenously, for gastric protection.

-

Administration of granisetron 1 mg and dexamethasone 8 mg intravenously, for
maximal prevention of nausea and vomiting.

-

Administration of cefazolin 1000 mg intravenously for antibiotic prophylaxis.

-

Administration of our standard epidural medication (initial bolus of bupivacaine
0,5% 10 ml followed by a mix of bupivacaine 0,05% with the addition of sufentanil
100 μg at a rate of 20 ml/hour). At the time of the initial bolus 25 mcg of sufentanil is
also administered epidurally.

For reasons not yet understood, patients undergoing this procedure appear to require
opioids in order to attenuate the stress response. Treatment with merely local
anaesthetics appears to control the complaints insufficiently. The level of stress
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response is obviously determined by the exact location of injection, the amount of
Irinotecan injected and its injection rate.

-

Administration of lidocaine intra-arterially by the radiologist, just at the beginning of
the procedure.

-

One could consider administering parecoxib perioperatively to improve postoperative
pain control following this procedure (1377).

291

II.8

Chemosaturation

We could only find one study focussing on the anaesthetic considerations regarding this
procedure (1384). The authors state that this procedure can be associated with transient but
significant hemodynamic and metabolic perturbations. Therefore, they recommend
administration of general anaesthesia, rather than sedation, for this procedure.

Our experience with this technique is limited, but we share the same hemodynamic and
metabolic findings. In nearly all cases, high doses of norepinephrine are needed to maintain
blood pressure. Since profound anticoagulation is needed, we perform this procedure under
general anaesthesia without epidural analgesia. Until now, no further study results have
been published focussing on the implications of this procedure in relation to type of
anaesthesia, anaesthetics used and cancer recurrence.
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III Epilogue

Major developments take place in the field of Medicine. Our own Institute has recently
launched a campaign in which a promise has been made that within considerable time 90%
of all cancers will be classified as a chronic disease. The traditional treatment of (solid)
cancer, consisting of treatment with chemotherapeutics, radiation therapy and/or surgical
excision, will increasingly focus on mutations in cancer DNA, making specific and
individual treatment available. Until then, surgical excision of the tumour will remain an
important pillar in the treatment of cancer.

It is a well-known fact that surgery has a profound impact on the body. Although surgery is
performed to “cure” the body, a considerable prize has to be paid for this cure. The integrity
of the body is affected and consequently numerous processes are triggered to ensure that
homeostasis is maintained. Simply put, although the human body is a highly complex entity,
the way the body is able to cope with various threats appears to be limited. To a certain
degree, all threats, varying from an infection to major (surgical) trauma, are dealt with by an
inflammatory stress response. This inflammatory response triggers several processes, and
these processes eventually lead to a catabolic state in which immunity and defence
mechanisms are adversely affected. It may be obvious that immunomodulation may have a
direct impact on tumour growth and progression.

Furthermore, evidence is growing that this inflammatory stress response plays a key role in
the perioperative period by influencing tumour growth, tumour progression and metastasis.
An increasing number of studies suggest that the neutrophil-to-lymphocyte ratio (NLR) may
be used as an inexpensive biomarker that reflects the individual degree of inflammation.
Furthermore, the NLR also appears to be useful as a prognostic tool for several types of
cancer and their treatment. Apart from cancer, NLR also appears to be related to mortality
in different disease groups, such as cardiovascular, cerebrovascular and pulmonary
conditions.

Recent study results even suggest that NLR is an independent indicator of short- and longterm mortality in critically ill patients, and prognostic of cancer, acute kidney injury in
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septic patients, bacteriaemia and sepsis, cardiovascular, cerebrovascular mortality and
pulmonary diseases (1421-1442). For instance, Giede-Jeppe et al. state that NLR represents
an independent parameter associated with increased mortality in patients with spontaneous
intracerebral haemorrhage. Therefore, stroke physicians should focus intensely on patients
with increased NLR, as these patients appear to represent a population at risk for infectious
complications and increased short-term mortality (1438).
A recent study even demonstrates that NLR can be used as an independent predictor of
acute myocardial infarction in patients with renal insufficiency, in whom troponin assays
are affected by the elevated serum creatinine (1443).

Caimi and co-workers report that in juvenile acute myocardial infarction patients mean NLR
value was significantly increased compared to normal controls. However, NLR did not
discriminate between STEMI and non-STEMI, or diabetics and non-diabetics. NLR did
discriminate between smokers and non-smokers (1444). The effects of smoking on NLR are
are endorsed by Al’s study results (251).

Kalelioglu et al. even claim that NLR might play an important role in certain psychiatric
disorders as well (1445).
Toptas and colleagues endorse the prognostic value of NLR (and PLR) in patients with
acute mesenteric ischaemia (1446).
Venkatraghavan and co-workers have investigated the prevalence of elevated NLR in
preoperative patients and report an elevated NLR (> 3.3) in 26.6% of all preoperative
patients. Furthermore, malignancy proved to be a constant predictor of elevated NLR (>
4.5) (1447).

In fact, Kumar and colleagues claim that NLR (> 3.0) is a validated independent prognostic
factor for overall survival in cancer patients treated in phase I trials with no association with
therapeutic steroid use (1448).
Nakamura et al. have studied the prognostic value of NLR in terminal cancer patients and
they report that NLR appears to be a useful and simple parameter to predict the clinical
outcomes of patients with terminal cancer (1449).
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Mitsuya’s group reports that an elevated NLR (≥ 5.0) is a predictor of worse survival after
resection of brain metastases (1450).
Nishijima and co-workers even suggest that frailty and inflammation might be associated
with each other in older patients with cancer (1451).

All these findings support the hypothesis that the inflammatory stress response is a common
pathway through which the body deals with different kinds of threats affecting the integrity
of the body.
In addition, there are indications that even symptomatic treatment of the (surgical)
inflammatory stress response might have beneficial effects in patients undergoing cancer
surgery. For instance, anti-inflammatory treatment with NSAID’s and treatment with betablockers has been shown to be able to affect tumour progression.

Recent developments in anaesthesia have been spectacular. Nowadays, anaesthesia is
administered worldwide and is reported extremely safe. It has evolved in such a way that
most of the patient’s complaints after surgery can be attributed to the impact of surgery and
not to anaesthesia itself. Opposite to what the general public believes, most patients
experience and tolerate anaesthesia well.

Although we have come a long way, a long path still has to be followed. Evidence is
growing that anaesthesia may have an impact on tumour evolution. Although anaesthesia
has never been shown to induce cancer, recent study results suggest that certain anaesthetics
and anaesthesia techniques may have an effect on cancer growth and its potency to
metastasize. In that view, anaesthesia should not merely focus on minimizing the (surgical)
stress response, but also on preserving immunity and the body’s own autonomous defence
mechanisms. We trust that by modulating the inflammatory response, the anaesthesiologist
will be able to contribute to the successful surgical treatment of cancer.

Growing insight into the role of inflammation and the NLR as a biomarker will hopefully
enable us to modify the inflammatory environment perioperatively.
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As mentioned previously, anaesthesia has evolved spectacularly over the last few decades.
However, this was achieved by gradually adapting our clinical practice and not by endorsing
the status quo. We hope that this compendium, even in this still rudimentary form, will
provide some guidelines in choosing the most appropriate anaesthetics and anaesthesia
techniques for the administration of anaesthesia in surgical oncology.

296

IV Literature

1.

Buggy DJ, Smith E. Epidural anaesthesia and analgesia: better outcome after major surgery? Growing evidence
suggests so. Br Med J 1999;319:530-1.

2.

Forget P, Collet V, Lavand’homme P, De Kock M. Does analgesia and condition influence immunity after
surgery? Effects of fentanyl, ketamine and clonidine on natural killer activity at different ages. Eur J Anaesthesiol
2010 Mar;27(3):233-40.

3.

Lewis JW, Shavit Y, Terman GW, et al. Apparent involvement of opioid peptides in stress-induced enhancement
of tumor growth. Peptides 1983;4:635-8.

4.

Bar-Yosef S, Melamed R, Page GG, et al. Attenuation of the tumor-promoting effect of surgery by spinal blockade
in rats. Anesthesiology 2001;94:1066-73.

5.

Shakhar G, Ben-Eliyahu S. Potential prophylactic measures against postoperative immunosuppression: could they
reduce recurrence rates in oncological patients? Ann Surg Oncol 2003;10:972-92.

6.

Coffey JC, Wang JH, Smith MJ, et al. Excisional surgery for cancer cure: therapy at a cost. Lancet Oncol
2003;4:760-8.

7.

Vittimberga FJ, Foley DP, et al. Laparoscopic surgery and the systemic immune response. Ann Surg
1998;227:326-34.

8.

Tsuchiya Y, Sawada S, Yoshioka I, et al. Increased surgical stress promotes tumor metastasis. Surgery
2003;133:547-55.

9.

Ananth AA, Tai LH, Lansdell C, Alkayyal AA, Baxter KE, Angka L, Zhang J, Taneze de Souza C, Stephenson
KB, Parato K, Bramson JL, Bell JC, Lichty BD, Auer RC. Surgical stress abrogates pre-existing protective T cell
mediated ani-tumor immunity leading to postoperative cancer recurrence. PLoS One. 2016 May
19;11(5):e0155947.

10.

Vallejo R, Hord ED, et al. Perioperative immunosuppression in cancer patients. J Environ Toxicol Oncol
2003;22(2):139-46.

11.

Snyder GL, Greenberg S. Effect of anaesthetic technique and other perioperative factors on cancer recurrence. Br J
Anaesth 2010 Aug;105(2):106-15.

12.

Mao L, Lin S, Link J. The effects of anesthetics on tumour progression. Int J Physiol Pathophysiol Pharmacol,
2013;5(1):1-10.

13.

Brittenden J, Heys SD et al. Natural killer cells and cancer. Cancer 1996;77:1226-43.

297

14.

De Lorenzo BH, de Oliveira Marchioro L, Greco CR, Suchecki D. Sleep-deprivation reduces NK cell number and
function mediated by β-adrenergic signalling. Psychonuroendocrinology. 2015 Jul;57:134-43.

15.

Ben-Eliyahu S, Page GG et al. Evidence that stress and and surgical interventions promote tumor development by
suppressing natural killer cell activity. Int J Cancer 1999;80:880-8.

16.

Page GG, et al. Evidence that postoperative pain is a mediator of the tumor-promoting effectsof surgery in rats.
Pain 2001;90:191-9.

17.

Gupta K, Kshirsagar S, Chang L, et al. Morphine stimulates angiogenesis by activating proangiogenic and
survival-promoting signalling and promotes breast tumor growth. Cancer Res 2002;62:4491-8.

18.

Angka L, Khan ST, Kilgour MK, Xu R, Kennedy MA, Auer RC. Dysfunctional Natural Killer Cells in the
aftermath of cancer surgery. Int J Mol Sci. 2017 Aug 17;18(8).pii:E1787.

19.

Garib V et al. Propofol-induced calcium signalling and actin reorganization within breast carcinoma. Eur J
Anaesthesiol 2005 22;609-15.

20.

Mammoto T et al. Intravenous anesthetic, propofol inhibits invasion of cancer cells. Cancer Lett 2002, 184:16570.

21.

Miao Y, et al. GABA-receptor agonist, propofol inhibts invasion of colon carcinoma cells. Biomed Pharmacother
2010, 64:583-588.

22.

Zhang L, Wang N, et al. Propofol induces proliferation and invasion of gallbladder cancer cells through activation
of Nrf2. J Exp Clin Cancer Res 2012 Aug 19;31(1):66.

23.

Song J, Shen Y, Zhang J, Lian Q. Mini profile of potential anticancer properties of propofol. PLoS One. 2014
DEC 11;9(12):e114440.

24.

Su Z, Hou XK, Wen QP. Propofol induces apoptosis of epithelial ovarian cancer cells by upregulation of
microRNA let-7i expression. Eur J Gynaecol Oncol. 2014;35(6):688-91.

25.

Zhang J, Shan WF, Jin TT, Wu GQ, Xiong XX, Jin HY, Zhu SM. Propofol exerts anti-hepatocellular carcinoma
by microvesicle-mediated transfer of miR-142-3p from macrophage to cancer cells. J Transl Med. 2014 Oct
9;12:279.

26.

Wang ZT, Gong HY, Zheng F, Liu DJ, Xue XQ. Propofol suppresses proliferation and invasion of gastric cancer
cells via downregulation of microRNA-221 expression. Genet Mol Res. 2015 Jul 17;14(3):8117-24.

27.

Wang ZT, Gong HY, Zheng F, Liu DJ, Dong TL. Propofol suppresses proliferation and invasion of pancreatic
cancer cells by upregulating of microRNA-133a expression. Genet Mol Res. 2015 Jul 6;14(3):7529-37.

298

28.

Yang N, Liang Y, Yang P, Ji F. Propofol suppresses LPS-induced nuclear accumulation of HIF-1α and tumor
aggressiveness in non-small cell lung cancer. Oncol Rep. 2017 Mar 17. [Epub ahead of print]

29.

Wu Q, Zhao Y, Chen X, Zhu M, Miao C. Propofol attenuates BV2 microglia inflammation via NMDA receptor
inhibition. Can J Physiol Pharmacol. 2017 Aug 17. [Epub ahead of print]

30.

Wang J, Cheng CS, Lu Y, Ding X, Zhu M, Miao C, Chen J. Novel findings of anti-cancer property of propofol.
Anticaner Agents Med Chem. 2017 Sep 12. [Epub ahead of print]

31.

Liu TC. Influence of propofol, isoflurane and enflurane on levels of serum interleukin-8 and interleukin-10 in
cancer patients. Asian Pac J Canc Prev. 2014;15(16):6703-7.

32.

Ammar AS, Mahmoud KM. Comparative effect of propofol versus sevoflurane on renal ischaemia/reperfusion
injury after elective open abdominal aortic aneurysm repair. Saudi J Anaesth. 2016 Jul-Sep;10(3):301-7.

33.

Kitano H, Kirsch JR, Hurn PD, Murphy SJ. Inhalational anesthetics as neuroprotectants or chemical
preconditioning agents in ischemic brain. J Cereb Blood Flow Metab 2007;27:1108-1128.

34.

Markovic SN, Knight PR, Murasko DM. Inhibition if interferon stimulation of natural killer cell activity in mice
anesthetized with halothane or isoflurane. Anesthesiology 1993;78:700-6.

35.

Mitsuhata H, Shimizu R, Yokoyama MM. Suppressive effects of volatile anesthetics on cytokine release in human
peripheral blood mononuclear cells. Int J Immunopharmacol 1995;17:529-34.

36.

Kawaraguchi Y, Horikawa YT, Murphy AN, Murray F et al. Volatile anesthetics protect cancer cells against
tumor necrosis factor-related apoptosis-inducing ligand-induced apoptosis via caveolins. Anesthesiology 2011
Sep;115(3):499-508.

37.

Miyata T, Kodama T, Honma R, Nezu Y, Harada Y, Yogo T, Hara Y, Tagawa M. Influence of general anesthesia
with isoflurane following propofol-induction on natural killer cell cytotoxic activities of peripheral blood
lymphocytes in dogs. J Vet Med Sci. 2013 Jul 31;75(7):917-21.

38.

Zhang W, Shao X. Isoflurane Promotes Non-Small Cell Lung Cancer Malignancy by Activating the Akt
Mammalian Target of Rapamycin (mTOR) Signaling Pathway. Med Sci Monit. 2016 Nov 29;22:4644-4650.

39.

Wei GH, Zhang J, Liao DQ, Li Z, Yang J, Luo NF, Gu Y. The common anesthetic, sevoflurane, induces apotosis
in A549 lung alveolar epithelial cells. Mel Med Rep. Jan;9(1):197-203.

40.

Zheng B, lai R, Li J, Zuo Z. Critical role of P2X7 receptors in the neuroinflammation and cognitive dysfunction
after surgery. Brain Beh Immun. 2017 Mar;61:365-74.

41.

Schlangenhauff B, Ellwanger U, et al. Prognostic impact of the type of anaesthesia used during the excision of
primary cutaneous melanoma. Melanoma Res 2000;10:165-9.

299

42.

Lindholm ML, Granath F, Eriksson LI, Sandin R. Malignant disease within 5 years after surgery in relation to
duration of sevoflurane anesthesia and time with bispectral index under 45. Anesth Analg. 2011 Oct;113(4):77883.

43.

Wigmore T, Mohammed K, Jhanji S. Long-term survival for patients undergoing volatile versus iv anesthesia for
cancer surgery: a retrospective analysis. Anesthesiology 2015 Nov 9. [Epub ahead of print]

44.

Ecimovic P, McHugh B, Murray D, Doran P, Buggy DJ. Effects of sevoflurane on breast cancer cell function in
vitro. Anticancer Res 2013 Oct;33(10):4255-60.

45.

Huang H, Benzonana LL, Zhao H, Watts HR, Perry NJ, Bevan C, Brown R, Ma D. Prostate cancer cell
malignancy via modulation of HIF-1α pathway with isoflurane and propofol alone and in combination. Br J
Cancer. 2014 Jul 29. [Epub ahead of print]

46.

Jaura AL, Flood G, Gallagher HC, Buggy DJ. Differential effects of serum from patients administered distinct
anaesthetic techniques on apoptosis in breast cancer cells in vitro: a pilot study. Br J Anaesth. 2014 Jul;113 Suppl
1:i63-7.

47.

Muller-Edenborn B, Roth-Z’graggen B, Bartnicka K, Borgeat A, Hoos A, Borsig L, Beck-Schimmer B. Volatile
anesthetics reduce invasion of colorectal cancer cells through down-regulation of matrix metalloproteinase-9.
Anesthesiology 2012;117:293-301.

48.

Liang H, Gu M, Yang C, Wang H, Wen X, Zhou Q. Sevoflurane inhibits invasion and migration of lung cancer
cells by inactivating the p38 MAPK signaling pathway. J Anesth 2012;26:381-392.

49.

Marana E, Russo A, Colicci S, Polidori L, Bevilacqua F, Viviani D, Di Stasio E. Desflurane versus sevoflurane: a
comparison on stress response. Minerva Anaesthesiol. 2013 Jan;79(1):7-14.

50.

Fassoulaki A, Melemeni A, Paraskeva A, Siafaka I, Sarantopoulos C. Postoperative pain and analgesic
requirements after anesthesia with sevoflurane, desflurane or propofol. Anesth Analg. 2008 Nov;107(5):1715-9.

51.

Shapiro J, Jersky J, Katzav S, et al. Anesthetic drugs accelerate the progression of postoperative metastases of
Mouse tumors. J Clin Invest 1981;68:6678-85.

52.

Fleischmann E, Schlemitz K, Dalton JE et al. Nitrous oxide may not increase the risk of cancer recurrence after
colorectal surgery: a follow-up of a randomized controlled trial. BMC Anestheiol 2009;9:9.

53.

Lucchinetti E, Awad AE, Rahman M, Feng J, Lou PH, Zhang L, Ionescu L, Lemieux H, Thebaud B, Zaugg M.
Antiproliferative effects of local anesthetics on mesenchymal stem cells: potential implications fot tumor
spreading and wound healing. Anesthesiology. 2012;116:841-856.

54.

Sakaguchi M, Kuroda Y, Hirose M. The antiproliferative effect of lidocaine on human tongue cancer cells with
inhibition of the activity of epidermal growth factor receptor. Anesth Analg 2006;102:1103-7.

300

55.

Mammoto T, Higashiyama S, Mukai M, et al. Infiltration anesthetic lidocaine inhibits cancer cell invasion by
modulating ectodomain shedding of heparin-binding epidermal growth factor-like growth factor (HB-EGF). J Cell
Physiol 2002;192:351-8.

56.

Martinsson T. Ropivacaine inhibits serum-induced proliferation of colon adenocarcinoma cells in vitro. J
Pharmacol Exp Ther 1999;288:660-4.

57.

Piegeler T, Votta-Velis EG, Liu G, Place AT, Schwartz DE, Beck-Schwimmer, Minshall RD, Borgeat A.
Antimetastatic potential of amide-linked local anesthetics: inhibition of lung adenocarcinoma cells migration and
inflammatory Src signaling independent of sodium channel blockade. Anesthesiology 2012 Sep;117(3):548-59.

58.

Lirk P, Hollmann MW, Fleischer M, Weber NC, Fiegl H. Lidocaine and ropivacaine, but not bupivacaine,
demethylate deoxyribonucleic acid in breast cancer cells in vitro. Br J Anaesth. 2014 113 (supp1):i32-i38.

59.

Lucchinetti E, Awad AE, Rahman M, Feng J, Lou PH, Zhang L, Ionescu L, Lemieux H, Thébaud B.
Antiproliferative effects of local anesthetics on mesenchymal stem cells: potential implications for tumor
spreading and wound healing. Anesthesiology. 2012 Apr;116(4):841-56.

60.

Chang YC, Liu CL, Chen MJ, Hsu YW, Chen SN, Lin CH, Chen CM, Yang FM, Hu MC. Local anesthetics
induce apoptosis in human breast tumor cells. Anesth Analg. 2014 Jan;118(1):116-24.

61.

Chang YC, Hsu YC, Liu CL, Huang SY, Hu MC, Cheng SP. Local anesthetics induce apoptosis in human thyroid
cancer cells through the mitogen-activated protein kinase pathway. PLoS One. 2014 Feb 21;9(2):e89563.

62.

Xuan W, Zhao H, Hankin J, Chen L, Yao S, Ma D. Local anesthetic bupivacaine induced ovarian and prostate
cancer apoptotic cell death and underlying mechanisms in vitro. Sci Rep. 2016 May 19;6:26277.

63.

Ramirez MF, Tran P, Cata JP. The effect of clinically therapeutic plasma concentrations of lidocaine on natural
killer cell cytotoxicity. Reg Anesth Pain Med. 2015 Jan-Feb;40(1):43-8.

64.

Cata JP, Ramirez MF, Velasquez JF, Di Al, Popat KU, Gottumukkala V, Black DM, Lewis VO, Vauthey JN.
Lidocaine stimulates the function of Natural Killer Cells in different experimental settings. Anticancer Res. 2017
Sep;37(9):4727-32.

65.

Chamaraux-Tran TN, Piegeler T. The amide local anesthetic lidocaine in cancer surgery – potential antimetastatic
effects and preservation of immune cell function? A narrative review. Front Med (Lausanne). 2017 Dec 20;4:235.

66.

Le Gac G, Angenard G, Clement B, Laviolle B, Coulouarn C, Beloeil H. Local anesthetics inhibit the growth of
human hepatocellular carcinoma cells. Anesth Analg. 2017 Aug 29. [Epub ahead of print]

67.

Bundscherer A, Malsy M, Gebhardt K, Metterlein T, Plank C, Wiese CH, Gruber M, Graf BM. Effects of
ropivacaine, bupivacaine and sufentanil in colon and pancreatic cancer cells in vitro. Pharmacol Res. 2015 Mar 31.
[Epub ahead of print]

301

68.

Gonzalez MM, Altermatt F. Is intravenous lidocaine effective for decreasing pain and speeding up recovery after
surgery? Medwave. 2017 Dec 29;17(9):e7121.

69.

Yousefshahi F, Predescu O, Francisco Asenjo J. The efficacy of systemic lidocaine in the management of chronic
pain: a literature review. Anesth Pain Med. 2017 Apr 22;7(7):e44732.

70.

Votta-Velis EG, Piegeler T, Minshall RD, Aguirre RD, Beck-Schimmer B, Schwartz DE, Borgeat A. Regional
anaesthesia and cancer metastases: the implication of local anaesthetics. Acta Anaesthesiol Scand. 2013
Nov;57(10:1211-29.

71.

Hahnenkamp K, Herroeder S, Hollmann MW. Regional anaesthesia, local anaesthetics and the surgical stress
response. Best Pract Clin Anaesthesiol. 2004 Sep;18(3):509-27.

72.

Picardi S, Cartellieri S, Groves D, Hahnenkamp K, Gerner P, Durieux ME, Stevens MF, Lirk P, Hollmann MW.
Local anesthetic-induced inhibition of human neutrophil priming: the influence of structure, lipophilicity, and
charge. Reg Anesth Pain Med. 2013 Jan-Feb;38(1):9-15.

73.

Shavit Y, Martin FC. Opioids, stress and immunity: animal studies. Ann Behav Med 1987;9:11-15.

74.

Sessler DI. Does regional analgesia reduce the risk of cancer recurrence? A hypothesis. Eur J Cancer Prev
2008;17:269-72.

75.

Vallejo R, de Leon-Casasola O, Benyamin R. Opioid therapy and immunosuppression: a review. Am J Ther
2004;11:354-65.

76.

Beilin B, Martin FC, Shavit Y, et al. Suppression of natural killer cell activity by high-dose narcotic anesthesia in
rats. Brain Behav Immun 1989;3:129-37.

77.

Farooqui M, Li Y, Rogers T, et al. COX-2 inhibitor celecoxib prevents chronic morphine-induced promotion of
angiogenesis, tumor growth, metastasis and mortality, without compromising analgesia. Br J Cancer
2007;97:1523-31.

78.

Beilin B, Shavit Y, Hart J, et al. Effects of anesthesia based on large versus small doses of fentanyl in natural killer
cell toxicity in the perioperative period. Anesth Analg 1996;82:492-7.

79.

Page GC, McDonald JS, et al. Pre-operative versus postoperative administration of morphine: impact on the
neuroendocriene, behavioural, and metastatic-enhancing effects of surgery. Br J Anaesth 1998;81:216-223.

80.

Grace PM, Ramos KM, Rodgers KM, Wang X, Hutchinson MR, Lewis MT, Morgan KN, Kroll JL, Taylor FR,
Strand KA, Zhang Y, Berkelhammer D, Huey MG, Greene LI, Cochran TA, Yin H, Barth DS, Johnson KW, Rice
KC, Maier SF, Watkins LR. Activation of adult rat CNS endothelial cells by opioid-induced toll-like receptor 4
(TLR4) signalling induces proinflammatory, biochemical, morphological, and behavioural sequelae.
Neuroscience. 2014 Nov 7;280:299-317.

302

81.

Xie N, Khabbazi S, Nassar ZD, Gregory K, Vithanage T, Anand-Apte B, Cabot PJ, Sturgess D, Shaw PN, Parat
MO. Morphne alters the circulating proteolytic profile in mice: functional consequences on celllar migration and
invasion. FASEB J. 2017 Aug 7. [Epub ahead of print]

82.

Cata JP, Keerty V, Keerty D, Feng L, Norman PH, Gottumukkala V, Mehran JR, Engle M. A retrospective
analysis of the effect of intraoperative opioid dose on cancer recurrence after non-small cell lung cancer resection.
Cancer Med 2014 Apr 2. doi:10.1002.

83.

Maher DP, Wong W, White PF, McKenna R Jr, Rosner H, Shamloo B, Louy C, Wender R, Yumul R, Zhang V.
Association of increased postoperative opioid administration with non-small-cell cancer recurrence: a
retrospective analysis. Br J Anaesth 2014 Jul 9.pii :aeu192. [Epub ahead of print]

84.

Agyemang P, Hayes-Jordan A, Van Meter A, Williams UU, Zavala AM, Kapoor R, Popovich SM, Rebello E,
Feng L, Cata JP. Assessing the survival impact of perioperative opioid consumption in children and adolescents
undergoing cytoreductive surgery with hyperthermic intraperitoneal chemotherapy. Paediatr Anaesth. 2017 Apr
17. [Epub ahead of print]

85.

Grandhi RK, Lee S, Abd-Elsayed A. Does opioid use cause angiogenesis and metastasis? Pain Med. 2016 Jun 26.
[Epub ahead of print]

86.

Lennon FE, Mirzapoiazova T, Mambetsariev B, Poroyko VA, Salgia R, Moss J, Singleton PA. The Mu Opioid
Receptor Promotes Opioid and Growth Factor-Induced Proliferation, Migration and Epithelial Mesenchymal
Transition (EMT) in Human Lung Cancer. PLoS One. 2014;9(3):e91577.

87.

Fujioka N, Nguyen J, Chen C, Li Y, Pasrija T, et al. Morphine-induced epidermal growth factor pathway
activation in non-small cell lung cancer. Anesth Analg 2011;113:1353-64.

88.

Thiery JP. Epithelial-mesenchymal transitions in tumour progression. Nat Rev Cancer 2002;2:442-54.

89.

Yao D, Dai C, Peng S. Mechanism of the Mesenchymal-Epithelial Transition and its Relation with Metastatic
Tumor Formation. Mol Cancer Res 2011 Dec;9:1608.

90.

Demicheli R, Retsky MW, Hrushesky WJ, Baum M, Gukas ID. The effects of surgery on tumor growth: a century
of investigations. Ann Oncol 2008;19(11):1821–1828.

91.

Hormbrey E, Han C, Roberts A, McGrouther DA, Harris AL. The relationship of human wound vascular
endothelial growth factor (VEGF) after breast cancer surgery to circulating VEGF and angiogenesis. Clin. Cancer
Res. 2003;9:4332–4339.

92.

Chiarella P, Bruzzo J, Meiss RP, Ruggiero RA. Concomitant tumor resistance. Cancer Lett. 2012;324(2):133–141.

93.

Chang HY, Nuyten DSA, Sneddon JB, Hastie T, Tibshirani R, Sørlie T, Dai H, He YD, Veer van ‘t L, Bartelink
H, Rijn van de M, Brown PO, Vijver van de MJ. Robustness, scalability, and integration of a wound-response
gene expression signature in predicting breast cancer survival. Proc Natl Acad Sci U S A. Mar 8, 2005; 102(10):
3738–3743.

303

94.

Janku F, Johnson LK, Karp DD, Atkins JT, Singleton PA, Moss J. Treatment with methylnaltrexone is associated
with increased survival in patients with advanced cancer. Ann Oncol. 2016 Aug 29. [Epub ahead of print]

95.

Kim JH, Hwang YJ, Han SH, Lee YE, Kim S, Kim YJ, Cho JH, Kwon KA, Kim JH, Kim SH. Dexamethasone
inhibits hypoxia-induced epithelial-mesenchymal transition in colon cancer. World J Gastroenterol. 2015 Sep
14;21(34):9887-99.

96.

Dinarello CA. The paradox of pro-inflammatory cytokines in cancer. Cancer Metastasis Rev 2006;25(3):307-13.

97.

Peach G, Kim C, Zacharakis E, Purkayastha S, Ziprin P. Prognostic significance of circulating tumour cells
following surgical resection of colorectal cancers: A systematic review. Br J Cancer. 2010;102:1327-34.

98.

Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002 Dec 19;420(6917):860-7.

99.

Demaria S, Pikarsky E, Karin M, Coussens LM, Chen YC, et al. Cancer and inflammation: promise for biological
therapy. J Immunother 2010;33(4):335-51.

100. Forget P, de Kock M. Perspectives in anaesthesia for cancer surgery. J Cancer Res Clin Oncol Sept 2013.
101. Roxburgh CS, Horgan PG, McMillann DC. The perioperative immune/inflammatory insult in cancer surgery.
Time for intervention? OncoImmunology 2:12, e27324; December 2013
102. Sasamura T, Nakamura S, Iida Y, et al. Morphine analgesia suppresses tumor growth and metastasis in a Mouse
model of cancer pain produced by orthoptic tumor inoculation. Eur J Pharmacol 2002;441:185-91.

103. Afsharimani B, Cabot PJ, Parat MO. Morphine use in cancer surgery. Front Pharmacol 2011;2:46.

104. Juneja R. Opioids and cancer recurrence. Curr Opin Support Palliat Care. 2014 Jun;8(2):91-101.
105. Gaspani L, Bianchi M, Limiroli E, Panerai AE, Sacerdote P. The analgesic drug tramadol prevents the effect of
surgery on natural killer cell activity and metastatic colonization in rats. J Neuroimmunol 2002;129:18-24.
106. Sacerdote P, Bianchi M, Gaspani L, Manfredi B, Maucione A, Terno G, Ammatuna M, Panerai AE. The effects of
tramadol and morphine on immune responses and pain after surgery in cancer patients. Anesth Analg 2000
Jun;90(6):1411-4.
107. Wojtowicz-Praga S. Reversal of tumour-induced immunosuppression by TGF-beta inhibitors. Invest New Drugs
2003;21:21-32.

108. Leahy KM, Ornberg RL, Wang Y, Zweifel BS, Koki AT, Masferrer JL. Cyclooxygenase-2 inhibition by celecoxib
reduces proliferation and induces apoptosis in angiogenic endothelial cells in vivo. Cancer Res 2002;62:625-31.

109. Benish MBI, Goldfarb Y, Levi B, Avraham R, Raz A, Ben-Elyahu S. Perioperative use of beta-blockers and COX2 inhibitors may improve immune competence and reduce the risk of tumor metastasis. Ann Surg Oncol
2008:15(7):2042-52.

304

110. Roche-Nagle G, Connolly EM, Eng M, et al. Antimetastatic activity of a cyclooxygenase-2 inhibitor. Br J Cancer
2004;91:359-65.

111. Sinicrope FA, Gill S. Role of cyclooxygenase-2 in colorectal cancer. Cancer Metastasis Rev 2004;23:63-75.

112. Zha S, Yegnasubramanian V, Nelson WG, et al. Cyclooxygenases in cancer: progress and perspective. Cancer Lett
2004;215:1-20.

113. Kaur J, Sanyal SN. Diclofenac, a selective COX-2 inhibitor, inhibits DMH-induced colon tumorgenesis through
suppression of MCP-1, MCP-1α and VEGF. Mol Carcinog 2011 Sep;50(9): 707-18.
114. Kaur J, Sanyal SN. Intracellular pH and calcium signalling as molecular targets of dicofenac-induced apoptosis
against colon cancer. Eur J Cancer Prev. 2011 Jul;20(4):263-76.

115. Johannesdottir SA et al. Nonsteroidal anti-inflammatory drugs and the risk of skin cancer: a population-based
case-control study. Cancer 2012 Oct 1;118(19):4768-76.

116. Singh R, Cadeddu RP et al. The non-steroidal anti-inflammatory drugs Sulindac and Diclofenac induce apoptosis
and differentiation in human acute myeloid leukemia cells through an AP-1 dependent pathway. Apoptosis 2011
Sep;16(9):889-901.

117. Mayorek N et al. Diclofenac inhibits tumor growth in a murine model of pancreatic cancer by modulation of
VEGF levels and arginase activity. PLoSOne 2010 Sep 15;5(9): e12715.
118. Amanullah A, Upadhyay A, Chhangani D, Joshi V, Mishra R, Yamanaka K, Mishra A. Proteasomal Dysfunction
induced by diclofenac engenders apoptosis through mitochondrial pathway. J Cell Biochem. 2016 Aug 2. [Epub
ahead of print]
119. Pantziarka P, Sukhatme V, Bouche G, Meheus L, Sukhatme VP. Repurposing drugs in oncology (ReDO)diclofenac as an anti-cancer agent. Ecancermedicalscience. 2016 Jan 11;10:610.
120. Paul-Clark M, Elsheikh W, Kirkby N, Chan M, Devchand P, Agbor TA, Flannigan KL, Cheadle C, Freydin M,
Ianaro A, Mitchell JA, Wallace JL. Profound chemopreventative effects of a hydrogen sulphide-releasing NSAID
in the APCMin/+ mouse model of intestinal tumorigenesis. PlosOne. 2016 Feb 24;11(2):e0147289.

121. Will OM, Purcz N, Chalaris A, Heneweer C, Boretius S, Purcz L, Nikkola L, Ashammakhi N, Kalthoff H, Gluer
CC, Wiltfang J, Acil Y, Tiwari S. Increased survival rate by local release of diclofenac in a murine model of
recurrent oral carcinoma. Int J Nanomedicine. 2016 Oct 12;11:5311-21.
122. Kumar R, Siril PF, Javid F. Unusual anti-leukemia activity of nanoformulated naproxen and other non-steroidal
anti-inflammatory drugs. Mater Sci Eng C Mater Biol Appl. 2016 Dec 1;69:1335-44.

305

123. Intini FP, Zajac J, Novohradsky V, Saltarella T, Pacifico C, Brabec V, Natile G, Kasparkova J. Novel antitumor
platinum(II) conjugates containing the nonsteroidal anti-inflammatory agent diclofenac: synthesis and dual
mechanisms of antiproliferative effects. Inorg Chem. 2017 Feb 6;56(3):1483-97.
124. Aran D, Lasry A, Zinger A, Biton M, Pikarsky E, Hellman A, Butte AJ, Ben-Neriah Y. Widespread
parainflammation in human cancer. Genome Biol. 2016 Jul 8;17(1):145.
125. Umar A, Steele VE, Menter DG, Hawk ET. Mechanisms of nonsteroidal anti-inflammatory drugs in cancer
prevention. Semin Oncol. 2016 Feb;43(1):65-77.

126. Suthar SK, Sharma M. Recent developments in chimeric NSAIDs as anticancer agents: teaching an old dog new
tricks. Mini Rev Med Chem. 2016 Apr 28. [Epub ahead of print]
127. Santilli F, Boccatonda A, Davi G. Aspirin, platelets and cancer: the point of view of the internist. Eur J Intern
Med. 2016 Jun 22. [Epub ahead of print]
128. Todoric J, Antonucci L, Karin M. Targetting inflammation in cancer prevention anf therapy. Cancer Prev Res
(Phila). 2016 Dec;9(12):895-905.
129. Ghosh R, Goswami SK, Feitoza LF, Hammock B, Gomes AV. Diclofenac induces proteasome and mitochondrial
dysfunction in murine cardiomyocytes and hearts. Int J Cardiol. 2016 Aug 13:223:923-935.
130. Thöne K, Kollhorst B, SchinkT. Non-steroidal anti-inflammatory drug use and the risk of acute myocardial
infarction in the general German population: a nested case-control study. Drugs Real World Outcomes. 2017 Jul 4.
[Epub ahead of print]
131. Bryant AE, Aldape MJ, Bayer CR, Katahira EJ, Bond L, Nicora CD,Fillmore TL, Clauss TR, Metz TO, WebbRobertson BJ, Stevens DL. Effects of delayed NSAID administration after experimental eccentric contraction
injury – a cellular and proteomics study. PLoS One. 2017 Feb;12(2):e0172486.
132. Pitt MA. Increased temperature and entropy production in cancer: the role of anti-inflammatory drugs.
Inflammaopharmacology. 2014 Dec 12. [Epub ahead of print]
133. Deegan CA, Murray D, Doran P, Moriarty DC, Sessler DI, Mascha E, Kavanagh BP, Buggy DJ. Anesthetic
technique and the cytokine and matrix metalloproteinase response to primary breast cancer surgery. Reg Anesth
Pain Med 2010;35(6):490-5.
134. Von Dossow V, Baehr N, Moshirzadeh M, von Heymann C, Braun JP, Hein OV, Sander M, Wernecke KD,
Konertz W, Spies CD. Clonidine attenuated early proinflammatory response in T-cell subsets after cardiac
surgery. Anesth Analg 2006;103:809-14.
135. Moselli NM, Baricochi E, Ribero D, Sottile A, Suita L, Debernardi F. Intraoperative epidural analgesia prevents
the early proinflammatory response to surgical trauma. Results from a prospective randomized clinical trial of
intraoperative epidural versus general analgesia. Ann Surg Oncol 2011 Oct;18(10):2722-31.

306

136. Bartal I, Melamed R, Greenfeld K, Atzil S, Glasner A, Domankevich V, Naor R, Beilin B, Yardeni IZ, BenEliyahu S. Immune pertubations in patients along the perioperative period: alterations in cell surface markers and
leucocyte subtypes before and after surgery. Brain Behav Immun 2010;24(3):376-86.
137. Forget P, Bentin C, Machiels JP, Berlière M, Coulie PG, De Kock M. Intraoperative use of ketorolac or diclofenac
is associated with improved disease-free survival and overall survival in conservative breast cancer surgery. Br J
Anaesth 2014 Jan 23. [Epub ahead of print]
138. Christopherson R, James KE, Tableman M, Marshall P, Johnson FE. Long-term survival after colon cancer
surgery: a variation associated with choice of anesthesia. Anesth Analg 2008;107(1):352-32.
139. Shebl FM, Hsing AW, Park Y, Hollenbeck AR, Chu LW, Meyer TE, Koshiol J. Non-steroidal Anti-inflammatory
drugs use is associated with reduced risk of inflammation-associated cancers: NIH-AARP study. PLoS One. 2014
Dec 31;9(12):e114633.
140. Forget P, Moreau N, Engel H, Cornu O, Boland B, De Kock M, Yomby JC. The postoperative neutrophil-tolymphocyte ratio (NLR) is a major prognostic factor of outcome and mortality after surgery for hip fracture.
[Abstract] European Society of Anesthesiology, Annual Congress, Barcelona, Spain.
141. Hung HY, Chen JS, Yeh CY, Changchien CR, Tang R, Hsieh PS, Tasi WS, You JF, You YT, Fan CW, Wang JY,
Chiang JM. Effect of preoperative neutrophil-lymphocyte ratio on the surgical outcomes of stage II colon cancer
patients who do not receive adjuvant chemotherapy. Int J Colorectal Dis 2011. 26(8):1059-65.
142. Tomita M, Shimizu T, Ayabe T, Yonei A, Onitsuka T. Preoperative neutrophil to lymphocyte ratio as a prognostic
predictor after curative resection for non-small cell lung cancer. Anticancer Res 2011; 31(9):2995-8.
143. Sharaiha RZ, Halazun KJ, Mirza F, Port JL, Lee PC, Neugut AI, Altorki NK, Abrams JA. Elevated preoperative
neutrophil:lymphocyte ratio as a predictor of postoperative disease recurrence in esophageal cancer. Ann Surg
Oncol 2011; 18(12):3362-69.
144. Kim HS, Han KH, Chung HH, Kim JW, Park NH, Song YS, Kang SB. Neutrophil to lymphocyte ratio for
preoperative diagnosis of uterine sarcomas: a case-matched comparison. Eur J Surg Oncol 2010; 36(7):691-8.
145. Garcea G, Ladwa N, Neal CP, Metcalfe MS, Dennison AR, Berry DP. Preoperative neutrophil-to-lymphocyte
ratio (NLR) is associated with reduced disease-free survival following curative resection of pancreatic
adenocarcinoma. World J Surg 2011; 35(4):868-72.
146. Azab B, Bhatt VR, Phookan J, Murukutla S, Kohn N, Terjanian T, Widmann WD. Usefulness of the neutrophil-tolymphocyte ratio in predicting short- and long-term mortality in breast cancer patients. Ann Surg Oncol.
2012;19:217-24.
147. Noh H, Eomm M, Han A. Usefullness of pretreatment neutrophil to lymphocyte ratio in predicting diseasespecific survival in breast cancer patients. J Breast Cancer. 2013;16:55-9.

307

148. Keizman D, Ish-Shalom M, Huang P, Eisenberger MA, Pili R, Hammers H, Carducci MA. The association of pretreatment neutrophil to lymphocyte ratio with response rate, progression free survival and overall survival of
patients treated with sunitinib for metastatic renal cell carcinoma. Eur J Cancer 2011; [Epub ahead of print].
149. Proctor MJ, Morrison DS, Talwar D, Balmer SM, Fletcher CD, O’Reilly DS, Foulis AK, Horgan PG, McMillan
DC. A comparison of inflammation-based prognostic scores in patients with cancer. A Glasgow inflammation
outcome study. Eur J Cancer 2011. 47(17):2633-41.
150. Mano R, Baniel J, Shoshany O, Margel D, Bar-On T, Nativ O, Rubinstein J, Halachmi S. Neutrophil-tolymphocyte ratio predicts progression and recurrence of non-muscle-invasive bladder cancer. Urol Oncol. 2014 Jul
21. S1078-1439(14)00216-6. [Epub ahead of print]
151. Paramanathan A, Saxena A, Morris DL. A systematic review and meta-analysis on the impact of pre-operative
neutrophil-lymphocyte ratio on long term outcomes after curative intent resection of solid tumours. Surg Oncol
2014;23:31–9.
152. Roxburgh CS, McMillan DC. Role of systemic inflammatory response in predicting survival in patients with
primary operable cancer. Future Oncol 2010;6:149–63.
153. Wei Y, Jiang YZ, Qian WH. Prognostic role of NLR in urinary cancers: a meta-analysis. PLoSOne
2014;9:e92079.
154. Can C, Baseskioglu B, Yilmaz M, Colak E, Ozen A,Yenilmez A. Pre-treatment parameters obtained from
peripheral blood sample predicts invasiveness of bladder carcinoma. Urol Int2012;89:468–72.
155. Young CA, Murray LJ, Karakaya E, Thygesen HH, Sen M, Prestwich RJ. The Prognostic Role of the Neutrophilto-Lymphocyte Ratio in Oropharyngeal Carcinoma Treated with Chemoradiotherapy. Clin Med Insights Oncol.
2014 Jun 29;8:81-6.
156. Nakano K, Hosoda M, Yamamoto M, Yamashita H. Prognostic significance of pre-treatment Neutrophil:
Lymphocyte ratio in Japanese patients with breast cancer. Anticancer Res. 2014 Jul;34(7):3819-24.
157. Kubo T, Ono S, Ueno H, Shinto E, Yamamoto J, Hase K. Impact of the perioperative neutrophil-to-lymphocyte
ratio on the long-term survival following an elective resection of colorectal carcinoma. Int J Colorectal Dis. 2014
Jul 22. [Epub ahead of print]
158. Vliers BR, Houston Thompson R, Boorjian SA, Lohse CM, Leibovich BC, Tollefson MK. Preoperative
neutrophil-lymphocyte ratio predicts death among patients with localized clear cell renal carcinoma undergoing
nephrectomy. Urol Oncol. 2014 Jul 10. [Epub ahead of print]
159. Templeton AJ, Pezaro C, Omlin A, McNamara MG, Leibowitz-Amit R, Vera-Badillo FE, Attard G, de Bono JS,
Tannock IF, Amir E. Simple prognostic score for metastatic castration-resistant prostate cancer with incorporation
of neutrophil-to-lymphocyte ratio. Cancer 2014 Jul 3. Doi:10.1002/cncr.28890. [Epub ahead of print]

308

160. Zhang Y, Wang L, Liu Y, Wang S, Shang P, Gao Y, Chen X. Preoperative Neutrophil-Lymphocyte Ratio Before
Platelet-Lymphocyte Ratio Predicts Clinical Outcome in Patients with Cervical Cancer Treated with Initial
Radical Surgery. Int J Gynecol Cancer. 2014 Jul 16. [Epub ahead of print]
161. Sugiura T, Uesaka K, Kanemoto H, Mizuno T, Okamura Y. Elevated preoperative neutrophil-to-lymphocyte ratio
as a predictor of survival after gastroenterostomy in patients with advanced pancreatic adenocarcinoma. Ann Surg
Oncol. 2013 Dec;20(13):4330-7.
162. Tan CS, Read JA, Phan VH, Beae PJ, Peat JK, Clarke SJ. The relationship between nutritional status,
inflammatory markers and survival in patients with advanced cancer: a prospective cohort study. Support Care
Cancer. 2014 Aug 13. [Epub ahead of print]
163. Templeton AJ, McNamara MG, Šeruga B, Vera-Badillo FE, Aneja P, Ocana A, Leibowitz-Amit R, Sonpavde G,
Knox JJ, Tran B, Tannock IF, Amir E. Prognostic role of neutrophile-to-lymphocyte ratio in solid tumors: a
systematic review and meta-analysis. J Natl Cancer Inst. 2014 May 29;106(6):dju124.
164. Walsh SR, Cook EJ, Goulder F, Justin TA, Keeling NJ. Neutrophil-lymphocyte ratio as a prognostic factor in
colorectal cancer. J Surg Oncol. 2005;91(3):181-4.
165. Forget P, Tombal B, Scholtes JL, Nzimbala J, Meulders C, Legrand C, Van Cangh P, Cosyns JP, De Kock M. Do
intraoperative analgesics influence oncological outcomes after radical prostatectomy for prostate cancer? Eur J
Anesthesiol 2011;28(12):830-5.
166. Vidal AC, Howard LE, Moreira DM, Castro-Santamaria R, Adriole GL, Freedland SJ. Aspirin, NSAID and risk of
prostate cancer: Results from the REDUCE study. Clin Cancer Res. 2014 Dec 17. [Epub ahead of print]
167. Sanchez-Covarrubias L, Slosky LM, Thompson BJ, Zhang Y, Laracuente ML, DeMarco KM, Ronaldson PT,
Davis TP. P-glycoprotein modulates morphine uptake into the CNS: a role for the non-steroidal anti-inflammatory
drug diclofenac. Plos One. 2014 Feb 10;9(2):e88516.
168. Hooijmans CR, Geessink FJ, Ritskes-Hoitinga M, Scheffer GJ. A systematic review and meta-analysis of the
ability of analgesic drugs to reduce metastasis in experimental cancer models. Pain. 2015 Jul 14. [Epub ahead of
print]
169. Sveticic G, Eichenberger U, Curatolo M: Safety of mixture of morphine with ketamine for postoperative patientcontrolled analgesia: an audit with 1026 patients. Acta Anaesthesiol Scand. 2005 Jul;49(6):870-5.

170. Dal D, Celebi N, Elvan EG, Celiker V, Aypar U: The efficacy of intravenous or peritonsillar infiltration of
ketamine for postoperative pain relief in children following adenotonsillectomy. Paediatr Anaesth. 2007
Mar;17(3):263-9.

171. Atangana R, Ngowe Ngowe M, Binam F, Sosso MA: Morphine versus morphine-ketamine association in the
management of postoperative pain in thoracic surgery. Acta Anaesthesiol Belg. 2007;58(2):125-7.

309

172. Michelet P, Guervilly C, Hélaine A, Avaro JP, Blayac D, Gaillat F, Dantin T, Thomas P, Kerbaul F: Adding
ketamine to morphine for patient-controlled analgesia after thoracic surgery: influence on morphine consumption,
respiratory function, and nocturnal desaturation. Br J Anaesth. 2007 Sep;99(3):396-403

173. Webb AR, Skinner BS, Leong S, Kolawole H, Crofts T, Taverner M, Burn SJ: The addition of a small-dose
ketamine infusion to tramadol for postoperative analgesia: a double blinded, placebo-controlled, randomized trial
after abdominal surgery. Anesth Analg. 2007 Apr:104(4):912-7.

174. Heidari SM, Saghaei M, Hashemi SJ, Parvazinia P: Effect of oral ketamine on the postoperative pain and
analgesic requirement following orthopaedic surgery. Acta Anaesthesiol Taiwan. 2006 Dec;44(4):211-5.

175. Suzuki M, Haraguti S, Sugomoto K, Kikutani T, Shimada Y, Sakamoto A: Low-dose intravenous ketamine
potentiates epidural analgesia after thoracotomy. Anesthesiology. 2006 Jul;105(1):111-9.
176. Pirim A, Karaman S, Uyar M, Certuğ A: Addition of ketamine infusion to patient controlled analgesia with
intravenous morphine after abdominal hysterectomy. Agri 2006 Jan;18(1):52-8.
177. Bilgin H, Ozcan B, Bilgin T, Kerimoğlu B, Uckunkaya N, Toker A, Alev T, Osma S: The influence of timing of
systemic ketamine administration on postoperative morphine consumption. J Clin Anesth. 2005 Dec;17(8):592-7.

178. Aveline C, Hetet HL, Vautier P, Gautier JF, Bonnet F: Peroperative ketamine and morphine for postoperative pain
control after lumbar disk surgery. Eur J Pain. 2006 Oct ;10(7) :653-8.

179. Bell RF, Dahl JB, Moore RA, Kalso E: Peri-operative ketamine for acute post-operative pain: a quantitative and
qualitative systematic review (Cochrane review). Acta anaesthesiol Scand. 2005 Nov;49(10):1405-28.
180. Kafali H, Aldemir B, Kaygusuz K, Gűrsoy S, Kunt N: Small-dose ketamine decreases postoperative morphine
requirements. Eur J Anaesthesiol. 2004 Nov;21(11):916-7.
181. Adam F, Chauvin M, Du Manoir B, Langlois M, Sessler DI, Fletcher D: Small-dose ketamine infusion improves
postoperative analgesia and rehabilitation after total knee arthroplasty. Anesth Analg. 2005 Feb ;100(2) :475-80.

182. Melamed R, Bar-Yosef S et al. Suppression of natural killer cell activity and promotion of tumor metastasis by
ketamine, thiopental and halothane, but not propofol: mediating mechanisms and prophylactic measures. Anesth
Analg 2003;97:1331-9.

183. Shakhar G, Ben-Eliyahu S. In vivo beta-adrenergic stimulation suppresses natural killer activity and compromises
resistance to tumor metastasis in rats. J Immunol 1998;160:3251-8.

184. Botteri E, Munzone E, Rotmensx N, Cipolla C, De Giorgi V, Santillo B, Zanelotti B, Adamoli L, Colleoni M,
Viale G, Goldhirsch A, Gandini S. Therapeutic effect of β-blockers in triple-negative breast cancer
postmenopausal women. Breast Cancer Res Treat. 2013 Aug;140(3):567-75.

310

185. De Giorgi V, Gandini S, Grazzini M, Benemei S, Marchionni N, Geppetti P. Effect of β-blockers and other
antihypertensive drugs on the risk of melanoma recurrence and death. May Clin Proc. 2013 Nov;88(11):1196-203.
186. Cole SW, Sood AK. Molecular pathways: beta-adrenergic signalling in cancer. Clin Cancer Res. 2012 Mar
1;18(5):1201-6.
187. Cheong HI, Asosingh K, Stephens OR, Queisser KA, Xu W, Willard B, Hu B, Dermawan JK, Stark GR, Naga
Prasad SV, Erzurum SC. Hypoxia sensing through β-adrenergic receptors. JCI Insight. 2016 Dec 22;1(21):e90240.
188. Rains SL, Amaya CN, Bryan BA. Beta-adreneric receptors are expressed across diverse cancers. Oncoscience.
2017 Aug 23;4(7-8):95-105.
189. Salamon S, Podbregar E, Kubatka P, Büsselberg D, Caprnda M, Opatrilova R, valentova V, Adamek M, Kruzliak
P, Podbregar M. Glucose metabolism in cancer and ischemia: possible therapeutic consequences of the Warburg
effect. Nutr Cancer. 2017 Feb-Mar;69(2):177-83.
190. Malsy M, Gebhardt K, Gruber M, Wiese C, Graf B, Bundscherer A. Effects of ketamine, S-ketamine and MK 801
on proliferation, apoptosis, and necrosis in pancreatic cancer cells. BMC Anesthesiol. 2015 Jul 29;15:111.
191. Luggya TS, Roche T, Ssemogerere L, Kintu A, kasumba A, Kwizera A, Tindimwebwa JV. Effect of low-dose
ketamine on post-operative serum IL-6 production among elective surgical patients: randomized clinical trial. Afr
Health Sci. 2017 Jun;17(2):500-7.
192. Jonkman K, van de Donk T, Dahan A. Ketamine for cancer pain: what is the evidence? Curr Opin Supprt Palliat
Care. 2017 Jun;11(2):88-92.
193. Fan W, Yang H, Sun Y, Zhang J, Li G, Zheng Y, Liu Y. Ketamine rapidly relieves suicidal ideation in cancer
patients: a randomized controlled clinical trial. Oncotarget. 2017 Jan 10;8(2):2356-60.
194. Ben-Eliyahu S, Shakhar G, Rosenne E, et al. Hypothermia in barbiturate-anesthetized rats suppresses natural killer
cell activity and compromises resistance to tumor metastasis: a role for adrenergic mechanisms. Anesthesiology
1999;91:732-40.

195. Yücel Y, Barlan M, Lenhardt R, Kurz A, Sessler DI. Perioperative hypothermia does not enhance the risk of
cancer dissemination. Am J Surg 2005 Jun;189(6):651-5.

196. Ness PM, Walsh PC, Zahurak M, et al. Prostate cancer recurrence in radical surgery patients receiving autologous
or homologous blood. Transfusion 1992;32(1):31-36.

197. Amato A, Pescatori M. Perioperative blood transfusions for the recurrence of colorectal cancer. Cochrane
Database Syst Rev 2006;1:CD005033.
198. Kekre N, Mallick R, Allan D, Tinmouth A, Tay J. The impact of prolonged storage of red blood cells on cancer
survival. PLoS One, 2013 Jul 16;8(7):e68820.

311

199. Yeoh TY, Scavonetto F, Weingarten TN, Karnes RJ, van Buskirk CM, Hanson AC, Schroeder DR, Sprung J.
Perioperative allogenic nonleukoreduced blood transfusion and prostate cancer outcomes after radical
prostatectomy. Transfusion. 2014 Mar 24. doi:10.1111/trf.12595. [Epub ahead of print]
200. Carson JL, Sieber F, Cook DR, Hoover DR, Noveck H, Chaitman BR, Fleisher L, Beaupre L, Macaulay W,
Rhoads GG, Paris B, Zagorin A, Sanders DW, Zakriya KJ, Magaziner J. Liberal versus restrictive blood
transfusion strategy: 3 year survival and cause of death results from the FOCUS randomised controlled trial.
Lancet. 2014 Dec 9. [Epub ahead of print]
201. Bergamin FS, Almeida JP, Landoni G, Galas FR, Fukushima JT, Fominskiy E, Park CH, Osawa EA, Diz MP,
Oliveira GQ, Franco RA, Nakamura RE, Almeida EM, Abdala E, Freire MP, Filho RK, Auler JO Jr, Hajjar LA.
Liberal versus restrictive transfusion strategy in critically ill oncologic patients: the transfusion requirements in
critically ill oncologic patients randomized controlled trial. Crit Care Med. 2017 Feb 24. [Epub ahead of print]
202. Poveda VB, Nasciemento AS. The effect of intraoperative hypothermia upon blood transfusion needs and length
of stay among gastrointestinal system cancer surgery. Eur J Cancer Care (Engl). 2017 Apr 18. [Epub ahead of
print]
203. Yang R, Lin Q, Zhang P. Stress-related hormone norepinephrine induces interleukin-6 expression in GES-1 cells.
Braz J Med Res. 2014 Feb;47(2):101-9.
204. Choi CH, Song T, Kim TH, Choi JK, Park JY, Yoon A, Lee YY, Kim TJ, Bae DS, Lee JW, Kim BG. Metaanalysis of the effects of beta blocker on survival time in cancer patients. J Cancer Res Clin Oncol. 2014
Jul;140(7):1179-88.
205. Hwa YL, Shi Q, Kumar SK, Lacy MQ, Gertz MA, Kapoor P, Buadi FK, Leung N, Dingli D, Go RS, Hayman SR,
Gonsalves WI, Russell S, Lust JA, Lin Y, Vincent Rajkumar S, Dispenzieri A. Neta-blockers improve survival
outcomes in patients with multiple myeloma: a retrospective evaluation.
206. Coelho M, Soraes-Silva C, Brandao D, Marino F, Consentino M, Ribeiro L. β-adrenergic modulation of cancer
cell proliferation: available evidence and clinical perspectives. J Cancer Res Clin Oncol. 2016 Oct 5. [Epub ahead
of print]
207. Meier T, Noll-Hussong M. [The role of stress axes in cancer incidence and proliferation]. Psychother Psychosom
Med Psychol. 2014 Sep;64(9-10):341-4.
208. Eng JW, Kokolus M, Reed CB, Hylander BL, Ma WW, Repasky EA. A nervous tumor microenvironment: the
impact of adrenergic stress on cancer cells, immunosuppression, and immunotherapeutic response. Cancer
Immunol Immunother. 2014 Nov;63(11):1115-28.
209. Krizanova O, Babula P, Pacak K. Stress, catecholaminergic system and cancer. Stress. 2016 Jul 11;1-10. [Epub
ahead of print]
210. Tang J, Li Z, Lu L, Cho CH. Β-Adrenergic system, a backstage manipulator regulating tumour progression and
drug target in cancer therapy. Semin Cancer Biol. 2013 Dec;23(6 Pt B):533-42.

312

211. Nagaraja AS, Sadaoui NC, Lugtendorf SK, Ramondetta LM, Sood AK. Β-blockers: a new role in cancer
chemotherapy? Expert Opin Investig Drugs. 2013 Nov;22(11):1359-63.
212. Pedersen L, Idorn M, Oloffson GH, Lauenborg B, Nookaew I, Hansen RH, Johannesen HH, Becker JC, Pedersen
KS, Dethlefsen C, Nielsen J, Gehl J, Pedersen BK, Thor Straten P, Hojman P. Voluntary running suppresses tumor
growth through epinephrine- and IL-6-dependent NK cell mobilization and redistribution. Cell Metab. 2016 Feb
15. [Epub ahead of print]
213. He RH, He YJ, Tang YJ, Zhou HH, McLeod HL, Liu J. The potential anticancer effect of beta-blockers and the
genetic variations involved in the interindividual difference. Pharmacogenomics. 2016 Jan;17(1):74-9.
214. Rosenne E, Sorski L, Shaashua L, Neeman E, Matzner P, Levi B, Ben-Eliyahu S. In vivo suppression of NK cell
cytotoxicity by stress and surgery: glucocorticoids have a minor role compared to catecholamines and
prostaglandins. Brain Behav Immun. 2014 Mar;37:207-19.
215. Iglewicz A, Morrison K, Nelesen RA, Zhan T, Iglewicz B, Fairman N, Hirst JM, Irwin SA. Ketamine for the
treatment of depression in patienst receiving hospice care: a retrospective medical record review of thirty-one
cases.
216. Braun S, Gaza N, Werdehausen R, Hermanns H, Bauer I, Durieux ME, Hollmann MW, Stevens MF. Ketamine
induces apoptosis via the mitochondrial pathway in human lymphocytes and neuronal cells. Br J Anaesth. 2010
Sep;105(3):347-54.
217. Keijzer C, Buitelaar DR, Efthymiou KM, Srámek M, ten Cate J, Ronday M, Stoppa T, Huitink JM, Schutte PF. A
comparison of postoperative throat and neck complaints after the use of the i-Gel and the La Premiere disposable
laryngeal mask: a double-blinded, randomized, controlled trial. Anesth Analg 2009 Oct;109(4):1092-5.
218. Srámek M, Keijzer C. The use of the i-Gel in unexpected difficult airway. Br J Anaesth. 2014 Feb;112(2):386-7
219. Shanthanna H, Mendis N, Goel A. Cervical epidural analgesia in current anaesthesia practice: systematic review
of its clinical utility and rationale, and technical considerations. Br J Anaesth. 2016 Feb;116(2):192-207.
220. Singleton PA, Moss J. Effect of perioperative opioids on cancer recurrence: a hypothesis. Future Oncol 2010
Aug;6(8):1237-42.
221. Nesher N, Serovian I, et al. Ketamine spares morphine consumption after transthoracic lung and heart surgery
without adverse hemodynamic effects. Pharmacol Res 2008 Jul;58(1):38-44.
222. Messner M, Albrecht S, Lang W, Sittl R, Dinkel M. The superficial cervical plexus Block for postoperative pain
therapy in carotid artery surgery. A prospective randomised controlled trial. Eur J Endovasc Surg. 2007
Jan;33(1):50-4.
223. Karthikeyan VS, Sistla SC, Badhe AS, et al. Randomized Controlled Trial on the Efficacy of Bilateral Superficial
Cervical Plexus Block in Thyroidectomy. Pain Pract 2012 Dec 19.

313

224. Dieudonne N, Gomola A, Bonnichon P, Ozier YM. Prevention of postoperative pain after thyroid surgery: a
double-blind randomized study of bilateral superficial cervical plexus blocks. Anesth Analg. 2001
Jun;92(6):1538-42.
225. Cai HD, Lin CZ, Yu CX, Lin XZ. Bilateral superficial cervical plexus block reduces postoperative nausea and
vomiting and early postoperative pain after thyroidectomy. J Int Med Res 2012;40(4):1390-8.
226. Gan TJ – Diclofenac: an update on its mechanisms of action and safety profile. Curr Med Res Opin 2010
Jul;26(7):1715-31.
227. Parzefall T, Wolf A, Czeiger S, Frei K, Formanek M, Erovic BM. Effect of postoperative use of diclofenac on
pharyngocutaneous fistula development after primary total laryngopharyngectomy: results of a single-center
retrospective study. Head Neck. 2015 Dec 15. [Epub ahead of print]
228. Bhoyar K, Patil V, Shetmahajan M. Opioid sparing effect of diclofenac sodium when used as an intra-operative
analgesiac during maxillofacial surgery. Indian J Anaesth. 2015;59(11):748-52.
229. Hiller JG, Sampurno S, Millen R, Kuruvilla N, Ho KM, Ramsay R, Riedel B. Impact of celecoxib on
inflammation during cancer surgery: a randomized clinical trial. Can J Anaesth. 2017 May;64(5):497-505.
230. Merquiol F, Montelimard AS, Nourissat A, Molliex S, Zufferey PJ. Cervical epidural anesthesia is associated with
increased cancer-free survival in laryngeal and hypopharyngeal cancer surgery: a retrospective propensitymatched analysis. Reg Anesth Pain Med 2013;38(5):398-402.
231. Cata JP, Zafereo M, Villareal J, Unruh BD, Truong A, Truong DT, Feng L, Gottmukkala V. Intraoperative opioids
use for laryngeal squamous cell carcinoma surgery and recurrence: a retrospective study. J Clin Anesth. 2015 Sep
11. [Epub ahead of print]
232. Li X, Huo X, Zhang C, Ma X, Han F, Wang G. Role of continuous high thoracic epidural anesthesia in
hippocampal apoptosis after global cerebral ischemia in rats. Cell Physiol Biochem. 2014;34(4):1227-40.
233. Seyedmajidi M, Shafaee S, Siadati S, Khorasani M, Bijani A, Ghasemi N. Cyslo-oxygenase-2 expression in oral
squamous cell carcinoma. J Cancer Res Ther. 2014 Oct-Dec;10(4):1024-9.
234. Hsu JY, Chang KY, Chen SH, Lee CT, Chang ST, Cheng HC, Chang WC, Chen BK. Epidermal growth factorinduced cyclooxygenase-2 enhances head and neck squamous cell carcinoma metastasis through fibronectin upregulation. Oncotarget. 2014 Dec 22. [Epub ahead of print]
235. Klatka J, Grywalska E, Hymos A, Guz M, Polberg K, Rolinksi J, Stepulak A. Cyclooxygenase-2 inhibition
enhances proliferation of NKT cells derived from patients with laryngeal cancer. Anticancer Res. 2017
Aug;37(8):4059-66.
236. Zhang S, Bian H, Li X, Wu H, Bi Q, Tan Y, Wang Y. Hydrogen sulphide promotes cell proliferation of oral
cancer through activation of the COX2/AKT/ERK1/2 axis. Oncol Rep. 2016 May;35(5):2825-32.

314

237. Lee DY, Lim JH, Kim YJ, Kim SD, Park SW, Kwon SK, Hah JH, Kwon TK, Kim KH, Kim YH, Sung MW.
Effect of celecoxib on survival of mobile tongue cancer. Anticancer Res. 2015 Jul;35(7):4235-41.
238. Tang L, Hu H, Liu H, Jian C, Wang H, Huang J. Association of nonsteroidsl anti-inflammatory drugs and aspirin
use and the risk of head and neck cancers: a meta-analysis of observational studies. Oncotarget. 2016 Aug 12.
[Epub ahead of print]
239. Duzlu M, Karamert R, Tutar H, Karaloglu F, Sahin M, Cevizci R. Neutrophil-lymphocyte ratio findings and
larynx carcinoma: a preliminary study in Turkey. Asian Pac J Cancer Prev. 2015;16(1):351-4.
240. Charles KA, Harris BD, Haddad CR, Clarke SJ, Guminski A, Stevens M, Dodds T, Gill AJ, Back M, Veivers D,
Eade T. Systemic inflammation is an independent predictive marker of clinical outcomes in mucosal squamous
cell carcinoma of the head and neck in oropharyngeal and non-oropharyngeal patients. BMC Cancer. 2016 Feb
18;16(1):124
241. Liao LJ, Hsu WL, Wang CT, Lo WC, Cheng PVV, Shueng PVV, Hsieh CH, Chiu YL, Lin YC. Prognostic impact
of pretreatment neutrophil-to-lymphocyte ratio (NLR) in nasopharyngeal carcinoma – a retrospective study of 180
Taiwanese patients. Clin Otolaryngol. 2017 Sep 26 [Epub ahead of print]
242. Wang J, Wang S, Song X, Zeng W, Wang S, Chen F, Ding H. The prognostic value of systemic and local
inflammation in patients with laryngeal squamous cell carcinoma. Onco Targets Ther. 2016 Nov 21;9:7177-85.
243. Salim DK, Mutlu H, Eryilmaz MK, Salim O, Musri FY, Tural D, Gündüz S, Coskun HS. Neutrophil to
lymphocyte ratio is an independent prognostic factor in patients with recurrent or metastatic head and neck
squamous cell cancer. Mol Clin Oncol. 2015 Jul;3(4):839-42.
244. Bobdey S, Ganesh B, Mishra P, Jain A. Role of monocyte count and neutrophil-to-lymphocyte ratio in surviva of
oral cancer patients. Int Arch Otorhinolaryngol. 2017 Jan;21(1):21-7.
245. Ozturk K, Akyildiz NS, Uslu M, Gode S, Uluoz U. The effect of preoperative neutrophil, platelet and lymphocyte
counts on local recurrence and survival in early-stage tongue cancer. Eur Arch Otorhinolaryngol. 2016 May 17.
[Epub ahead of print]
246. Kawakita D, Tada Y, Imanishi Y, Beppu S, Tsukahara K, Kano S, Ozawa H, Okami K, Sato Y, Shimizu A, Sato
Y, Fushimi C, Takase S, Okada T, Sato H, Otsuka K, Watanabe Y, Sakai A, Ebisumoto K, Togashi T, Ueki Y, Ota
H, Shimura T, Hanazawa T, Murakami S, Nagao T. Impact of haematological inflammatory markers on clinical
outcome in patients with salivary duct carcinoma: a multi-institutional study in Japan. Oncotarget. 2016 Nov 24.
[Epub ahead of print]
247. Haddad CR, Guo L, Clarke S, Guminski A, Back M, Eade T. Neutrophil-to-lymphocyte ratio in head and neck
cancer. J Med Imaging Radiat Oncol. 2015 Apr 23. [Epub ahead of print]
248. Moon H, Roh JL, Lee SW, Kim SB, Choi SH, Nam SY, Kim SY. Prognostic value of nutritional and hematologic
markers in head and neck squamous cell carcinoma treated by chemoradiotherapy. Radiother Oncol. 2015 Nov 30.
[Epub ahead of print]

315

249. Fu Y, Liu W, OuYang D, Yang A, Zhang Q. Preoperative neutrophil-to-lymphocyte ratio predicts long-term
survival in patients undergoing total laryngectomy with advanced laryngeal squamous cell carcinoma: a singlecenter retrospective study. Medicine (Baltimore). 2016 Feb;95(6):e2689.
250. Chen S, Guo J, Feng C, Ke Z, Chen L, Pan Y. The preoperative platelet-lymphocyte ratio versus neutrophillymphocyte ratio: which is better as a prognostic factor in oral squamous cell carcinoma? Ther Adv Med Oncol.
2016 May;8(3):160-7.
251. Al S, Lakshmanan A, GK P, S A. Effect of intensity of cigarette smoking on haematological and lipid parameters.
J Clin Diagn Res. 2014 Jul;8(7):BC11-3.
252. Maruyama Y, Inoue K, Mori K, Gorai K, Shimamoto R, Onitsuka T, Iguchi H, Okazaki M, Nakagawa M.
Neutrophil-lymphocyte ratio and platelet-lymphocyte ratio as predictors of wound healing failure in head and neck
reconstruction. Acta Otolaryngol. 2016 Aug 24;1-5. [Epub ahead of print]
253. Katoumas K, Nikitakis N, Perrea D, Dontas I, Sklavounou A. In vivo antineoplastic effects of the NSAID sulindac
in an oral carcinogenesis model. Cancer Prev Res (Phila). 2015 May 4. [Epub ahead of print]
254. Macfarlane TV, Lefevre K, Watson MC. Aspirin and non-steroidal anti-inflammatory drug use and the risk of
upper aerodigestive tract cancer. Br J Cancer. 2014 Sep 11. doi:10.1038. [Epub ahead of print]
255. Macfarlane TV, Murchie P, Watson MC. Aspirin and other non-steroidal anti-inflammatory drug prescriptions and
survival after the diagnosis of head and neack and oesophageal cancer. Cancer Eidemiol. 2015 Nov
16;39(6):1015-22.
256. Becker C, Wilson JC, Jick SS, Meier CR. Non-steroidal anti-inflammatory drugs and the risk of head and neck
cancer: a case-control study. Int J Cancer. 2015 May 13. [Epub ahead of print]
257. Sun W, Zhang L, Luo M, Hu G, Mei Q, Liu D, Long G, Hu G. Pretreatment hematologic markers as prognostic
factors in patients with nasopharyngeal carcinoma: neutrophil-lymphocyte ratio and platelet-lymphocyte ratio.
Head Neck. 2015 Sep 11. [Epub ahead of print]
258. Chua ML, Tan SH, Kusumawidjaja G, Shwe MT, Cheah SL, Fong KW, Soong YL, Wee JT, Tan TW. Neutrophilto-lymphocyte ratio as a prognostic marker in locally advanced nasopharyngeal carcinoma: a pooled analysis of
two randomised controlled trials. Eur J Cancer. 2016 Sep 15;67:119-129.
259. Nakashima H, Matsuoka Y, Yoshida R, Nagata M, Hirosue A, Kawahara K, Sakata J, Arita H, Hiraki A,
Nakayama H. Pre-treatment neutrophil to lymphocyte ratio predicts the chemoradiotherapy outcome and survival
in patients with oral squamous cell carcinoma: a retrospective study. BMC Cancer. 2016 Jan 26;16(1):41.
260. Kum RO, Ozcan M, Baklaci D, Kum NY, Yilmaz YF, Gungor V, Unal A. Elevated neutrophil-to-lymphocyte
ratio in squamous cell carcinoma of larynx compared to benign and precancerous laryngeal lesions. Asian Pac J
Cancer Prev. 2014;15(17):7351-5.

261. Wong BY, Stafford ND, Green VL, Greenman J. Prognostic value of the neutrophil-to-lymphocyte ratio in
patients with laryngeal squamous cell carcinoma. Head Neck. 2015 Dec 26. [Epub ahead of print]

316

262. Kim SM, Kim EH, Kim BH, Kim JH, Park SB, Nam YJ, Ahn KH, Oh MY, Kim WJ, Jeon YK, Kim SS, Kim YK,
Kim IJ. Association of the preoperative neutrophil-to-lymphocyte count ratio and platelet-to-lymphocyte count
ratio with clinicopathological characteristics in patients with papillary thyroid cancer. Endocrinol Metab (Seoul).
2015 Sep 10. [Epub ahead of print]
263. Gong W, Yang S, Yang X, Guo F. Blood preoperative neutrophil-to-lymphocyte ratio is correlated with TNM
stage in patients with papillary thyroid cancer. Clinics (sao Paulo). 2016 Jul;71(6):311-4
264. Ozmen S, Timur O, calik I, Altinkaynak K, Simsek E, Gozcu H, Arslan A, Carlioglu A. Neutrophil-lymphocyte
ratio (NLR) and platelet-lymphocyte ratio (PLR) may be superior to C-reactive protein (CRP) for predicting the
occurrence of differentiated thyroid cancer. Endocr Regul. 2017 Jul 1;51(3):131-6.
265. Nakahira M, Sugasawa M, Matsumura S, Kuba K, Ohba S, Hayashi T, Minami K, Ebihara Y, Kogashiwa Y.
Prognostic role of the combination of platelet count and neutrophil-lymphocyte ratio in patients with
hypopharyngeal squamous cell carcinoma. Eur Arch Otorhinolaryngol. 2016 Mar 28. [Epub ahead of print]
266. Cho JS, Park MH, Ryu YJ, Yoon JH. The neutrophil to lymphocyte ratio can discriminate anaplastic thyroid
cancer against poorly or well differentiated cancer. Ann Surg Treat Res. 2015 Apr;88(4):187-92.
267. Liu JF, Ba L, Lv H, Du JT, Jing XM, Yang NJ, Wang SX, Li C, Li XX. Association between neutrophil-tolymphocyte ratio and differentiated thyroid cancer: a meta-analysis. Sci Rep. 2016 Dec 12;6:38551.
268. Huang SH, Waldron JN, Milosevic M, Shen X, Ringash J, Su J, Tong L, Perez-Ordonez B, Weinreb I, Bayley AJ,
Kim J, Hope A, Cho BC, Giuliani M, Razak A, Goldstein D, Shi W, Liu FF, Xu W, O’Sullivan B. Prognostic
value of pretreatment circulating neutrophils, monocytes, and lymphocytes in oropharyngeal cancer stratified by
human papillomavirus status. Cancer. 2014 Oct 21. [Epub ahead of print]
269. Valero C, Pardo L, Lopez M, Garcia J, Camacho M, Quer M, Leon X. Pretreatment count of peripheral
neutrophils, monocytes, and lymphocytes as independent prognostic factor in patients with head cancer. Head
Neck. 2016 Aug 18. [Epub ahead of print]
270. Turri-Zanoni M, Salzano G, Lambertoni A, Giovannardi M, Karligkiotis A, Battaglia P. Prognostic value of
pretreatment peripheral blood markers in paranasal sinus cancer: neutrophil-to-lymphcyte and platelet-tolymphocyte ratio. Head Neck. 2016 Dec 29. [Epub ahead of print]
271. Farhan-Alanie OM, McMahon J, McMillan DC. Systemic inflammatory response and survival in patients
undergoing curative resection of oral squamous cell carcinoma. Br J Maxillofac Surg. 2104 Nov 28. [Epub ahead
of print]
272. Shafique K, Proctor MJ, McMIllan DC, Leung H, Smith K, Sloan B, Morrison DS. The modified Glasgow
prognostic score in prostate cancer: results from a retrospective clinical series of 744 patients. BMC Cancer. 2013
Jun 17;13:292.

317

273. Selzer E, Grah A, Heiduschka G, Kornek G, Thurnher D. Primary radiotherapy or postoperative radiotherapy in
patients with head and neck cancer: comparative analysis of inflammation-based prognostic scoring systems.
Strahlenther Onkol. 2015 Jan 13. [Epub ahead of print]
274. Xie H, Li B, Li L, Zou XL, Zhu CR, Li Y, Gao N, Chen Q, Li L. Association of increased circulating
catecholamine and glucocorticoid levels with risk of psychological problems in oral neoplasma patients. PLoS
One. 2014 Jul 21;9(7):e99179.
275. Chang PY, Huang WY, Lin CL, Huang TC, Wu YY, Chen JH, Kao CH. Propranolol reduces cancer risk: a
population-based cohort study. Medicine (Baltimore). 2015 Jul;94(27):e1097.
276. Wei WJ, Shen CT, Song HJ, Qiu ZL, Luo QY. Propranolol sensitizes thyroid cancer cells to cytotoxic effect of
vemurafenib. Oncol Rep. 2016 Sep;36(3):1576-84.
277. Pantziarka P, Bouche G, Sukhatme V, Meheus L, Rooman I, Sukhatme VP. Repurposing drugs in Oncology
(ReDO)-Propranolol as an anticancer agent. Ecancermedicalscience. 2016 Oct 12;10:680.
278. Kim SA, Moon H, Roh JL, Kim SB, Choi SH, Nam SY, Kim SY. Postdiagnostic use of β-blockers and other
antihypertensive drugs and the risk of recurrence and mortality in head and neck cancer patients: an observational
study of 10.414 person-years of follow-up. Clin Transl Oncol. 2017 Jan 16. [Epub ahead of print]
279. Majumdar S, Das A, Kundu R, Mukherjee D, Hazra B, Mitra T. Intravenous paracetamol infusion: superior pain
management and earlier discharge from hospital in patients undergoing palliative head-neck cancer surgery.
Perspect Clin Res. 2104 Oct;5(4):172-7.
280. Wang LD, Gao X, Li JY, Yu HY, Su HW, Liu LZ, Qi J. Effects of preemptive analgesia with parecoxib sodium
on haemodynamics and plasma stress hormones in surgical patients with thyroid carcinoma. Asian Pac J Cancer
Prev. 2015;16(9):3977-80.
281. Patel D, Kitahara CM, Park Y, Liao LM, Linet M, Kebebew E, Nilubol N. Thyroid cancer and nonsteroidal antiinflammatory drug use: a pooled analysis of patients older than 40 years of age. Thyroid. 2015 Dec;25(12):135562.
282. Bae DS, Kim SJ, Koo DH, Paek SH, Kwon H, Chai YJ, Choi JY, Lee KE, Youn YK. Prospective, randomized
controlled trial on use of ropivacaine after robotic thyroid surgery: effects on postoperative pain. Head Neck. 2015
Mar 17. [Epub ahead of print]
283. Paek SH, Kang KH, Kang H, Park SJ. Comparison of postoperative surgical stress following robotic
thyroidectomy and open thyroidectomy: a prospective pilot study. Surg Endosc. 2016 Apr 12. [Epub ahead of
print]
284. Ferrell JK, Cattano D, Brown RE, Patel CB, Karni RJ. The effects of anesthesia on the morpho-proteomic
expression of head and neck squamous cell carcinoma: a pilot study. Transl Res. 2015 Sep 10. [Epub ahead of
print]

318

285. Pintaric TS, Hocevar M, Jereb S, Casati A, Novak Jankovic V. A prospective, randomized comparison between
combined (deep and superficial) and superficial cervical plexus block with levobupivacaine for minimally invasive
parathyroidectomy. Anesth Analg. 2007 Oct;105(4):1160-3.
286. El-Shmaa NS, El-Baradey GF. The efficacy of labetolol vs dexmedetomidine for attenuation of hemodynamic
stress response to laryngoscopy and endotracheal intubation. J Clin Anesth. 2016 Jun;31:267-73.

287. Long K, Ruiz J, Kee S, Kowalski A, Goravanchi F, Cerny J, French K, Hernandez M, Perrier N, Rebello E. Effect
of adjunctive dexmedetomidine on postoperative intravenous opioid administration in patients undergoing
thyroidectomy in an ambulatory setting. J Clin Anesth. 2016 Dec;35:361-4.
288. Abd El-Rahman AM, El Sherif FA. Efficacy of postoperative analgesia of local ketamine wound instillation
following total thyroidectomy; a randomized, double-blind, controlled-clinical trial. Clin J Pain. 2017 Jun 6. [Epub
ahead of print]

289. Kainulainen S, Törnwall J, Koivasulo AM, Suominen AL, Lassus P. Dexamethasone in head and neck cancer
patients with microvascular reconstruction: no benefit, more complications. Oral Oncol. 2017 Feb;65:45-50.

290. Corcoran T, Kasza J, Short TG, O’Loughlin E, Chan MT, Leslie K, Forbes A, Paech M, Myles P, ENIGMA-II
investigators. Intraoperative dexamtheasone does not increase the risk of postoperative wound infection: a
propensity score-matched post hoc analysis of the ENIGMA-II trial (EnDEX). Br J Anaesth. 2017
Feb;118(2):190-9.
291. Schiegnitz E, Kämmerer PW, Schön H, Blatt S, Berres M, Sagheb K, Al-Nawas B. proinflammatory cytokines as
serum biomarker in oral carcinoma – a prospective multi-marker approach. J Oral Pathol Med. 2017 Dec 22.
[Epub ahead of print]
292. Fan S, Zhong JL, Chen WX, Chen WL, Li QX, Wang YY, Lin ZY, Zhang HQ, Zhang DM, Yu X, Liang FY,
Huang XM, Dias-Ribeiro E, Liu Y, Lin XH, Zhou B, Liang QX, Sonoda CK, Li JS. Postoperative immune
response and surgical stress in selective neck dissection: comparison between endoscopically assisted dissection
and open techniques in cT1-2N0 oral squamous cell carcinoma. J craniomaxillofac Surg. 2017 Aug;45(8):1112-6.

293. Sun N, Ji H, Wang W, Zhu Q, Cao M, Zang Q. Inhibitory effect of dexamethasone on residual Lewis lung cancer
cells in mice following palliative surgery. Oncol Lett. 2017 Jan;13(1):356-62.
294. Thakur P, Sanyal SN. Chemopreventive action of diclofenac in dimethylbenzanthracene induced lung cancer in
female Wistar rats. J Environ Pathol Toxicol Oncol. 2010;29(3):255-65.
295. Moody TW, Switzer C, Santana-Flores W, Ridnour LA, Berna M, Thill M, Jensen RT, Sparatore A, Del Soldato
P, Yeh GC, Roberts DD, Giaccone G, Wink DA. Dithiolethione modified valproate and diclofenac increase Ecadherin expression and decrease proliferation of non-small cell lung cancer cells. Lung Cancer. 2010
May;68(2):154-60.

319

296. Li H, Li G, Liu L, Guo ZZ, Ma X, Cao N, Lin H, Han G, Duan Y, Du G. Tumor interstitial fluid promotes
malignant phenotypes of lung cancer independently of angiogenesis. Cancer Prev Res (Phila). 2015 Sep 4. [Epub
ahead of print]
297. Hou LC, Huang F, Xu HB. Does celecoxib improve the efficacy of chemotherapy for advanced non-small cell
lung cancer? Br J Clin Pharmacol. 2015 Aug 29. [Epub ahead of print]
298. Ling XM, Fang F, Zhang XG, Ding M, Liu QA, Cang J. Effect of parecoxib combined with thoracic epidural
analgesia on pain after thoracotomy. J Thorac Dis. 2016 May;8(5):880-7.
299. Mathews TJ, Churchhouse AM et al. Does adding ketamine to morphine patient-controlled analgesia safely
improve post-thoracotomy pain? Interact Cardiovasc Thorac Surg 2012 Feb;14(2):194-9.
300. Nesher N, Ekstein MP, Paz Y, Marouani N, Chazan S, Weinbroum AA. Morphine with adjuvant ketamine vs
higher dose of morphine alone for immediate postthoracotomy analgesia. Chest 2009 Jul;136(1):245-52.
301. Yoshioka M, Mori T, et al. The efficacy of epidural analgesia after video-assisted thoracoscopic surgery: a
randomized control study. Ann Thorac Cardiovasc Surg 2006 Oct;12(5):313-8.
302. Helms O, Mariano J, et al. Intra-operative paravertebral block for postoperative analgesia in thoracotomy patients:
a randomized, double-blind, placebo-controlled study. Eur J Cardiothorac Surg 2011 Oct;40(4):902-6.
303. Luyet C, Siegenthaler A, et al. The location of paravertebral catheters placed using the landmark technique.
Anaesthesia 2012;67:1321-6.
304. Kosinski S, Fryzlewicz E, Wilkojc M, Cmiel A, Zielinski M. Comparison of continuous epidural block and
continuous paravertebral block in postoperative analgaesia after video-assisted thoracoscopic surgery lobectomy: a
randomised, non-inferiority trial. Anaesthesiol Intensive Ther. 2016;48(5):280-87.
305. Mercanoglu E, Alanoglu Z, Ekmekci P, Demiralp S, Alkis N. Comparison of intravenous morphine, epidural
morphine with/without bupivacaine or ropivacaine in post-thoracotomy pain management with patient controlled
analgesia technique. Braz J Anesthesiol. 2013 Mar-Apr;63(2):213-9.
306. Shah AC, Nair BG, Spiekerman CF, Bollag LA. Continuous intraoperative epidural infusions affect recovery
room length of stay and analgesic requirements: a single-center observational study. J Anesth. 2017 Feb 9. [Epub
ahead of print]
307. Chen J, Luo F, Lei M, Chen Z. A study on cellular immune function of patients treated with redical resection of
pulmonary carcinoma with two different methods of anesthesia and analgesia. J BUON. 2017 NovDec;22(6):1416-21.
308. Alexin AA, Khoronenko VE. [Effects of postoperative thoracic epidural analgesia on the frequency of
postoperative atrial fibrillation in lung cancer surgery]. Anesteziol Reanimatol. 2014 Nov-Dec;59(6):10-4.
309. Özbek U, Poeran J, Mazumdar M, Memtsoudis SG. Patient safety and comparative effectiveness of anesthetic
technique in open lung resections. Chest. 2015 Mar 26. [Epub ahead of print]

320

310. Ke JD, Hou HJ, Wang M, Zhang YJ. The comparison of anesthesia effect of lung surgery through video-assisted
thoracic surgery: a meta-analysis. J Cancer Res Ther. 2015;11 Suppl:C265-70.
311. Dumans-Nizard V, Le Guen M, Sage E, Chazot T, Fischler M, Liu N. Thoracic epidural analgesia with
levobupivacaine reduces remifentanil and propofol consumption evaluated by closed-loop titration guided by the
Bispectral index: a double-blind placebo-controlled study. Anesth Analg. 2017 Aug;125(2):635-42.
312. Chan SM, Lin BF, Wong CS, Chuang WT, Chou YT, Wu ZF. Levobupivacaine-induced dissemination of A549
lung cancer cells. Sci Rep. 2017 Aug 17;7(1):8646.
313. Xu Q, Shi NJ, Zhang H, Zhu YM. Effects of combined general-epidural anesthesia and total intravenous
anesthesia on cellular immunity and prognosis in patients with non-small cell lung cancer: a comparative study.
Mol Med Rep. 2017 Aug 2. [Epub ahead of print]
314. Zawar BP, Mehta Y, Juneja R, Arora D, Raizada A, Trehan N. Nonanalgesic benefits of combined thoracic
epidural analgesia with general anesthesia in high risk elderly off pump coronary artery bypass patients. Ann Card
Anaesth. 2015 Jul-Sep;18(3):385-91.
315. Gebhardt R, Mehran RJ, Soliz J, Cata JP, Smallwood AK, Feeley TW. Epidural versus ON-Q local anestheticinfiltrating catheter for post-thoracotomy pain control. J Cardiothorac Vasc Anesth. 2013 Jun;27(3):423-6.
316. Ried M, Schilling C, Potzger T, Ittner KP, Rupp A, Szöke T, Hofmann HS, Diez C. Prospective, comparative
study of the On-Q® PainBuster® postoperative pain relief system and thoracic epidural analgesia after thoracic
surgery.
317. Engelhardt KE, Starnes SL, Hanseman DJ, Guitron J. Epidural versus subpleural analgesia for pulmonary
resections: a comparison of morbidities. Am Surg. 2014 Feb;80(2):109-116.
318. Miyazaki T, Sakai T, Sato S, Yamasaki N, Tsuchiya T, Matsumoto K, Kamohara R, Hatachi G, Doi R, Nagayasu
T. Is early postoperative administration of pregabalin beneficial for patients with lung cancer? – randomized
control trial. J Thorac Dis. 2016 Dec;8(12):3572-3579.
319. Tamura T, Mori S, Mori A, Ando M, Yokota S, Shibata Y, Nishiwaki K. A randomized controlled trial comparing
paravertebral block via the surgical field with thoracic epidural block using ropivacaine for post-thoracotomy pain
relief. J Anesth. 2017 Jan 23. [Epub ahead of print]
320. Khalil AE, Abdallah NM, Bashandy GM, Kaddah TA. Ultrasound-guided serratus anterior plane block versus
thoracic epidural analgesia for thoracotomy pain. J Cardiothorac Vasc Anesth. 2016 Aug 21. [Epub ahead of print]
321. Yamauchi Y, Isaka M, Ando K, Mori K, Kojima H, Maniwa T, Takahashi S, Ando E, Ohde Y. Continuous
paravertebral block using a thoracoscopic catheter-insertion technique for postoperative pain after thoracotomy: a
retrospective case-control study. J Cardiothorac Surg. 2017 Jan 25;12(1):5.

321

322. Cata JP, Gottumukkala V, Thakar D, Keerty D, Gebhardt R, Liu DD. Effects of postoperative epidural analgesia
on recurrence-free and overall survival in patients with nonsmall cell lung cancer. J Clin Anesth. 2014
Feb;26(1):3-17.
323. Lee EK, Ahn HJ, Zo JL, Kim K, Jung DM, Park JH. Paravertebral block does not reduce cancer recurrence, but is
related to higher overall survival in lung cancer surgery: a retrospective cohort study. Anesth Analg. 2017 Aug 29.
[Epub ahead of print]
324. Hassan ME, Mahran E. Evaluation of the role of dexmedetomidine in improvement of the analgesic profile of
thoracic paravertebral block in thoracic surgeries: a randomised prospective clinical trial. Indian J Anaesth. 2017
Oct;61(10):826-31.
325. Cata JP, Singh V, Lee BM, Villarreal J, Mehran JR, Yu J, Gottumukkala V, Lavon H, Ben-Eliyahu S.
Intraoperative use of dexmedetomidine is associated with decreased overall survival after lung cancer surgery. J
Anaesthesiol Clin Pharmacol. 2017 Jul-Sep;33(3):317-23.
326. Oh TK, Jeon JH, Lee JM, Kim MS, Kim JH, Cho H, Kim SE, Eom W. Investigation of opioid use and long-term
oncologic outcomes for non-small cell lung cancer treated with surgery. PLoS One. 2017 Jul 21;12(7):e0181672.
327. Jones RO, Anderson NH, Murchison JT, Brittan M, Simon EJ, Casali G, Simpson AJ, Walker WS. Innate immune
responses after resection for lung cancer via video-assisted thoracoscopic surgery and thoracotomy. Innovations
(Phila). 2014 Mar-Apr;9(2):93-103; discussion 103. doi: 10.1097/IMI.0000000000000061.
328. Asteriou C, Lazopoulos A, Rallis T, Gogakos AS, Paliouras D, Tsakiridis K, Zissimopoulos A, Tsavlis D,
Porpodis K, Hohenforst-Schmidt W, Kiournis I, Organtzis J, Zarogoulidis P, Barbetakis N. Video-assisted thoracic
surgery reduces early postoperative stress. A single-institutional prospective randomized study. Ther Clin Risk
Manag. 2016 Jan 12;12:59-65.
329. Cata JP, Bauer M, Sokari T, Ramirez MF, Mason D, Plautz G, Kurz A. Effects of surgery, general anesthesia, and
perioperative epidural analgesia on the immune function of patients with non-small cell lung cancer. J Clin
Anesth. 2013 Jun;25(4):255-62.
330. Xu P, Zhang P, Sun Z, Wang Y, Chen J, Miao C. Surgical trauma induces postoperative T-cell dysfunction in lung
cancer patients through the programmed death-1 pathway. Cancer Immunol Immunother. 2015 Jul 17. [Epub
ahead of print]
331. Ju NY, Gao H, Huang W, Niu FF, Lan WX, Li F, Gao W. Therapeutic effect of inhaled budesonide (Pulmicort®
Turbohaler) on the inflammatory response to one-lung ventilation. Anaesthesia. 2014 Jan;69(1):14-23.
332. Potočnik I, Novak Jankovic, Šostarič M, Jerin A, Štupnik T, Skitek M, Markovic-Božič J, Klokočovnik T.
Antiinflammatory effect of sevoflurane in open lung surgery with one-lung ventilation. Croat Med J. 2014
Dec;55(6):628-37.
333. Tian HT, Duan XH, Yang YF, Wang Y, Bai QL, Zhang X. Effects of propofol or sevoflurane anesthesia on the
perioperative function and cognitive function in patients receiving lung cancer resection. Eur Rev Med Pharmacol
Sci. 2017 Dec;21(23):5515-22.

322

334. Zhang W, Shao X. Isoflurane promotes non-small cell lung cancer malignancy by activating the Akt-Mammalian
Target of Rapamycin (mTOR) signalling pathway. Med Sci Monit. 2016 Nov 29;22:4644-50.
335. Sen O, Bakan M, Umutoglu T, Aydin N, Toptas M, Akkoc I. Effects of pressure-controlled and volume-controlled
ventilation on respiratory mechanics and systemic stress response during prone position. Springerplus. 2016 Oct
10;5(1):1761.
336. Zylla D, Kuskowski MA, Gupta K, Gupta P. Association of opioid requirement and cancer pain with survival in
advanced non-small cell lung cancer. Br J Anaesth. 2014 Oct 10. [Epub ahead of print]
337. Wang K, Qu X, Wang Y, Shen H, Liu Q, Du J. Effect of mu agonists on long-term survival and recurrence in nonsmall cell lung cancer patients. Medicine (Baltimore). 2015 Aug;94(33):e1333.
338. Kashiwagi Y, Iida T, Kunisawa T, Iwasaki H. [Efficacy of ultrasound-guided thoracic paravertebral block
compared with the epidural analgesia in patients undergoing video-assisted thoracoscopic surgery]. Masui. 2015
Oct;64(10):1010-4.
339. Rao Z, Zhou H, Pan X, Chen J, Wang Y, Wang Z, Ding Z. Ropivacaine wound infiltration: a fast-track approach
in patients undergoing thoracotomy surgery. J Surg Res. 2017 Dec;220:379-84.
340. Wang HW, Wang LY, Jiang L, Tian SM, Zhong TD, Fang XM. Amide-linked local anesthetics induce apoptosis
in human non-small cell lung cancer. J Thorac Dis. 2016. Oct;8(10):2748-57.
341. Carus A, Gurney H, Gebski V, Harnett P, Hui R, Kefford R, Wilcken N, Ladekarl M, von der Maase H, Donskov
F. Impact of baseline and nadir neutrophil index in non-small cell lung cancer and ovarian cancer patients:
Assessment of chemotherapy for resolution of unfavourable neutrophilia. J Tranl Med. 2013 Aug 15;11(1):189.
342. Clive AO, Kahan BC, Hooper CE, Bhatnagar R, Morley AJ, Zahan-Evans N, Bintcliffe OJ, Boshuizen RC, Fysh
ET, Tobin CL, Medford AR, Harvey JE, van den Heuvel MM, Lee YC, Maskell NA. Predicting survival in
malignant pleural effusion: development and validation of the LENT prognostic score. Thorax. 2014 Aug 6. [Epub
ahead of print]
343. Huang C, Yue J, Li N, Zhao J, Qi D. Usefulness of the neutrophil-to-lymphocyte ratio in predicting lymph node
metastasis in patients with non-small cell lung cancer. Tumour Biol. 2015 Apr 29. [Epub ahead of print]
344. Cannon NA, Meyer J, Iyengar P, Ahn C, Westover KD, Choy H, Timmerman R. Neutrophil-lymphocyte and
platelet-lymphocyte ratios as prognostic factors following stereotactic radiation for early-stage non-small cell lung
cancer. J Thorac Oncol. 2104 Oct 8. [Epub ahead of print]
345. Bar-Ad V, Palmer J, Li L, Lai Y, Lu B, Myers RE, Ye Z, Axelrod R, Johnson JM, Werner-Wasik M, Cowan SW,
Evans NR, Hehn BT, Solomides CC, Wang C. Neutrophil to lymphocyte ratio associated with prognosis of lung
cancer. Clin Transl Oncol. 2016 Dec 1. [Epub ahead of print]

323

346. Diem S, Schmid S, Krapf M, Flatz L, Born D, Jochum W, Templeton AJ, Früh M. neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) as prognostic markers in patients with non-small cell lung cancer
(NSCLC) treated with nivolumab. Lung cancer. 2017 Sep;111:176-181.
347. Derman BA, Macklis JN, Azeem MS, Sayidine S, Basu S, Baltus M, Esmail F, Borgia JA, Bonomi P, Fidler MJ.
Relationships between longitudinal neutrophil to lymphocyte ratios, body weight changes, and overall survival in
patients with non-small cell lung cancer. BMC Cancer. 2017 Feb 16;17(1):141.
348. Käsmann L, Bolm L, Schild SE, Janssen S, Rades D. Neutrophil-to-lymphocyte ratio predicts outcome in limited
disease small-cell lung cancer. Lung. 2017 Feb 2. [Epub ahead of print]
349. Lan H, Zhou L, Chi D, Zhou Q, Tang X, Zhu D, Yue J, Liu B. Preoperative platelet to lymphocyte and neutrophil
to lymphocyte ratios are independent prognostic factors for patients undergoing lung cancer radical surgery: a
single institutional cohort study. Oncotarget 2016 Nov 11. [Epub ahead of print]
350. Deng M, Ma X, Liang X, Zhu C, Wang M. Are pretreatment neutrophil-lymphocyte ratio and platelet-lymphocyte
ratio useful in predicting the outcomes of patients with small-cell lung cancer? Oncotarget. 2017 Mar 24. [Epub
ahead of print]
351. Jin F, Han A, Shi F, Kong L, Yu J. The postoperative neutrophil-to-lymphocyte ratio and changes in this ratio
predict survival after the complete resection of stage I non-small cell lung cancer. Onco Targets Ther. 2016 Oct
21;9:6529-6537.
352. Sanchez-Salcedo P, de-Rorres JP, Martinez-Urbistondo D, Gonzalez-Gutierrez J, Berto J, Campo A, Alcaide AB,
Zulueta JJ. The neutrophil to lymphocyte and platelet to lymphocyte ratios as biomarkers for lung cancer
development. Lung Cancer. 2016 Jul;97:28-34.
353. Han Y, Wang J, Hong L, Sun L, Zhuang H, Sun B, Wang H, Zhang X, Ren X. Platelet-lymphocyte ratio is an
independent prognostic factor in patients with ALK-positive non-small cell lung cancer. Future Oncol. 2016 Aug
15. [Epub ahead of print]
354. Kang MH, Go SI, Song HN, Lee A, Kim SH, Kang JH, Jeong BK, Kang KM, Ling H, Lee GW. The prognostic
impact of the neutrophil-to-lymphocyte ratio in patients with small-cell lung cancer. Br J Cancer. 2014 Jul
29;111(3):452-60.
355. Lee BM, Rodriguez A, Mena G, Gottumukkala V, Mehran RJ, Rice DC, Feng L, Yu J, Cata JP. Platelet-tolymphocyte ratio and use of NSAIDs during the perioperative period as prognostic indicators in patients with
NSCLC undergoing surgery. Cancer Control. 2106 Jul;23(3):284-94.
356. Zhang T, Jiang Y, Qu X, Shen H, Liu Q, Du J. Evaluation of preoperative hematologic markers as prognostic
factors and establishment of novel risk stratification in resected pN0 non-small-cell lung cancer. PLoS One. 2014
Oct 31;9(10):e111494.
357. Tang H, Ma H, Peng F, Bao Y, Hu X, Wang J, Xu Y, Chen M. Preognostic performance of inflammation-based
prognostic indices in locally advanced non-small-lung cancer treated with endostar and concurrent
chemoradiotherapy. Mol Clin Oncol. 2016 May;4(5):801-6.

324

358. Giuliani M, Sampson LR, Wong O, Gay J, Le LW, Cho BC, Brade A, Sun A, Bezjak A, Hope AJ. Prognostic
value of pretreatment circulating neutrophils, monocytes, and lymphocytes on outcomes in lung stereotactic body
radiotherapy. Curr Oncol. 2016 Aug;23(4):e362-8.
359. Lin GN, Peng JW, Liu PP, Liu DY, Xiao JJ, Chen XQ. Elevated neutrophil-to-lymphocyte ratio predicts poor
outcome in patients with advanced non-small-cell lung cancer receiving first-line gefitinib or erlotinib treatment.
Asia Pac J Clin Oncol. 2014 Oct 13. [Epub ahead of print]
360. Kos FT, Hocazade C, Kos M, Uncu D, Karakas E, Dogan M, Uncu HG, Ozdemir N, Zengin N. Assessment of
prognostic value of “neutrophil to lymphocyte ratio” and “prognostic nutritional index” as a systemic
inflammatory marker in non-small cell lung cancer. Asian Pac J Cancer Prev. 2015;16(9):3997-4002.
361. Dempsey DT, Buzby GP, Mullen JL. Nutritional assessment in the seriously ill patient. J Am Coll Nutr 1983; 2:
15-22.
362. Zhang H, Xia H, Zhang L, Zhang B, Yue D, Wang C. Clinical significance of preoperative neutrophil-lymphocyte
vs platelet-lymphocyte ratio in primary operable patients with non-small cell lung cancer. Am J Surg. 2015 Jun 1.
[Epub ahead of print]
363. Takahashi Y, Horio H, Hato T, Harada M, Matsutani N, Morita S, Kawamura M. Prognostic significance of
preoperative neutrophil-lymphocyte ratios in patients with stage I non-small cell lung cancer after complete
resection. Ann Surg Oncol. 2015 Jul 22. [Epub ahead of print]
364. Xie D, Marks R, Zhang M, Jiang G, Jatoi A, Garces YI, Mansfield A, Molina J, Yang P. Normograms predict
overall survival for patients with small-cell lung cancer incorporating pretreatment peripheral blood markers. J
Thorac Oncol. 2015 Aug;10(8):1213-20.
365. Berardi R, Rinaldi S, Santoni M, Newsom-Davis T, Tiberi M, Morgese F, Caramanti M, Savini A, Ferrini C,
Torniai M, Fiordoliva I, Bower M, Cascinu S. Prognostic models to predict survival in patients with advanced
non-small cell lung cancer treated with first-line chemo- or targeted therapy. Oncotarget. 2016 Mar 23. [Epub
ahead of print]
366. Sim SH, Beom SH, Ahn YO, Keam B, Kim TM, Lee SH, Kim DW, Heo DS. Pretreatment neutrophil-lymphocyte
ratio is not a significant prognostic factor in epidermal growth factor receptor-mutant non-small cell lung cancer
patients treated with tyrosine kinase inhibitors. Thorac Cancer. 2016 Mar;7(2):161-6.
367. Gu XB, Tian T, Tian XJ, Zhang XJ. Prognostic significance of neutrophil-to-lymphocyte ratio in non-small cell
lung cancer: a meta-analysis. Sci Rep. 2015 Jul 24;5:12493.
368. Yin Y, Wang J, Wang X, Gu L, Pei H, Kuai S, Zhang Y, Shang Z. Prognostic value of the neutrophil to
lymphocyte ratio in lung cancer: a meta-analysis. Clinics (Sao Paulo). 2015 Jul;70(7):524-530.
369. Shao N, Cai Q. High pretreatment neutrophil-lymphocyte ratio predicts recurrence and poor prognosis for
combined small cell lung cancer. Clin Transl Oncol. 2015 Aug 5. [Epub ahead of print]

325

370. Shaverdian N, Veruttipong D, Wang J, Schaue D, Kupelian P, Lee P. Pretreatment immune parameters predict for
overall survival and toxicity in early-stage non-small-cell lung cancer patients treated with stereotactic body
radiation therapy. Clin Lung Cancer. 2015 Aug 5. [Epub ahead of print]
371. Tong YS, tan J, Zhou XL, Song YQ, Song YJ. Systemic immune-inflammation index predicting chemoradiation
resistance and poort outcome in patients with stage III non-small cell lung cancer. J Transl Med. 2017 Oct
31;15(1):221.
372. Gao Y, Zhang H, Li Y, Wang D, Ma Y, Chen Q. Preoperative pulmonary function correlates with systemic
inflammatory response and prognosis in patients with non-small cell lung cancer: results of a single-institution
retrospective study. Oncotarget 2016 Dec 25. [Epub ahead of print]
373. Koh YW, Choi JH, Ahn MS, Choi YW, Lee HW. Baseline neutrophil-lymphocyte ratio is associated with baseline
and subsequent presence of brain metastases in advanced non-small-cell lung cancer. Sci Rep. 2016 Dec
7;6:38585.
374. Yu Y, Qian L, Cui J. Value of neutrophil-to-lymphocyte ratio for predicting lung cancer prognosis: a metaanalysis of 7219 patients. Mol Clin Oncol. 2017 Sep;7(3):498-506.
375. Choi JE, Villarreal J, Lasala J, Gottmukkala V, Mehran RJ, Rice D, Yu J, Feng L, Cata JP. Perioperative
neutrophil:lymphocyte ratio and postoperative NSAID use as predictors of survival after lung cancer surgery: a
retrospective study. Cancer Med. 2015 Jun;4(6):825-33.
376. Dirican N, Karakaya YA, Günes S, Daloglu FT, Dirican A. Association of intratumoral tumor infiltrating
lymphocytes and neutrophil-to-lymphocyte ratio are an independent prognostic factor in non-small cell lung
cancer. Clin Respir J. 2015 Nov 30. [Epub ahead of print]
377. Cata JP, Jones J, Sepesi B, Mehran RJ, Rodriguez-Restrepo A, Lasala J, Feng L, Gottumukkala V. Lack of
association between dexamethasone and long-term survival after non-small cell lung cancer surgery. J
Cardiothorac Vasc Anesth. 2016 Aug;30(4):930-5.
378. Cata JP, Gutierrez C, Mehran RJ, Rice D, Nates J, Feng L, Rodriguez-Restrepo A, Martinez F, Mena G,
Gottumukkala V. Preoperative anemia, blood transfusion, and neutrophil-to-lymphocyte ratio in patients with
stage I non-small cell lung cancer. Cancer Cell Microenviron. 2016;3(1):e1116.
379. Miyazaki T, Yamasaki N, Tsuchiya T, Matsumoto K, Kunizaki M, Taniguchi D, Nagayasu T. Inflammation-based
scoring is a useful prognostic predictor of pulmonary resection for elderly patients with clinical stage I non-smallcell lung cancer. Eur J Cardiothorac Surg. 2014 Dec 29. [Epub ahead of print]
380. Yuan ZY, Gao SG, Mu JW, Xue Q, Mao YS, Wang DL, Zhao J, Gao YS, Huang JF, He J. Prognostic value of
preoperative neutrophil-lymphocyte ratio is superior to platelet-lymphocyte ratio for survival of patients who
underwent complete resection of thymic carcinoma. J Thorac Dis. 2016 Jul;8(7):1487-96.
381. Song JG1, Shin JW, Lee EH, Choi DK, Bang JY, Chin JH, Choi IC. Incidence of post-thoracotomy pain: a
comparison between total intravenous anaesthesia and inhalation anaesthesia. Eur J Cardiothorac Surg. 2012
May;41(5):1078-82. doi: 10.1093/ejcts/ezr133. Epub 2012 Jan 18.

326

382. Schuller HM. Impact of neuro-psychological factors on smoking-associated lung cancer. Cancers (Basel). 2014
Mar 13;6(1):580-94.
383. Jang HJ, Boo HJ, Lee HJ, Lee HY. Chronic stress facilitates lung tumorigenesis by promoting exocytosis of IGF2
in lung epithelial cells. Cancer Res. 2016 Sep 20. [Epub ahead of print]
384. Lin CS, Lin WS, Lin CL, Kao CH. Carvedilol use in associated with reduced cancer risk: a nationwide populationbased cohort study. Int J Cardiol. 2015 Feb 10. [Epub ahead of print]
385. Yazawa T, Kaira K, Shimizu K, Shimizu A, Mori K, Nagashima T, Ohtaki Y, Oyama T, Mogi A, Kuwano H.
Prognostic significance of β2-adrenergic receptor expression in non-small cell lung cancer. Am J Transl Res.
2016. Nov 15;8(11):5059-70.
386. Zingone A, Brown D, Bowman ED, Vidal O, sage J, Neal J, Ryan BM. Relationship between anti-depressant use
and lung cancer survival. Cancer Treat Res Commun. 2017;10:33-9.
387. Numbere B, Fleming KM, Walker A, Card TR. Adrenergic blockers and the risk for common solid cancers: a
case-control study. Eur J Cancer Prev. 2015 Dec 8. [Epub ahead of print}
388. Yang P, Deng W, Han Y, Shi Y, Xu T, Shi J, Elhalawani H, Zhao Y, Xie X, Lou F, Zhang R, Jin H. Analysis of
the correlation among hypertension, the intake of β-blockers, and overall survival outcome in patients undergoing
chemoradiotherapy with inoperable stage III non-small cell lung cance. Am J Cancer Res. 2017 Apr 1;7(4):94654.
389. Weberpals J, jansen L, Haefeli WE, Hoffmeister M, Wolkewitz M, Herk-Sukel MPPV, Vissers PAJ, Brenner H.
Pre- and post-diagnostic β-blocker use and lung cancer survival: a population-based cohort study. Sci Rep. 2017
Jun 6;7(1):2911.
390. Lip S, Carlin C, McCallum L, Touyz RH, Dominiczak AF, Padmanabhan S. LB01.03: Incidence and prognosis of
cancer associated with digoxin and common antihypertensive drugs. J Hypertens. 2015 Jun;33 Suppl 1:e45.
391. Anker MS, Ebner N, Hildebrandt B, Springer J, Sinn M, riess H, Anker SD, Landmesser U, Haverkamp W, von
Haehling S. Resting heart rate is an independent predictor of death in patients with colorectal, pancreatic, and nonsmall-cell lung cancer: results of a prospective cardiovascular long-term study. Eur J Heart Fail. 2016
Dec;18(12):1524-34.
392. Lee SH, Kim N, Lee CY, Ban MG, Oh YJ. Effects of dexmedetominide on oxygenation and lung mechanics in
patients with moderate chronic obstructive pulmonary disease undergoing lung cancer surgery: a prospective
randomised double-blinded trial. Eur J Anesthesiol. 2015 Dec 24. [Epub ahead of print]
393. Lee SH, Lee CY, Lee JG, Kim N, Lee HM, Oh YJ. Intraoperative dexmedetomidine improves the quality of
recovery and postoperative pulmonary function in patients undergoing video-assisted thoracoscopic surgery: a
CONSORT-prospective, randomized, controlled trial. Medicine (Baltimore). 2016 Feb;95(7):e2854.

327

394. Bulow NM, Colpo E, Pereira RP, Correa EF, Waczuk EP, Duarte MF, Rocha JB. Dexmedetomidine decreases the
inflammatory response to myocardial surgery under mini-cardiopulmonary bypass. Braz J Med Biol Res.
2016;49(4):e4646. [Epub ahead of print]
395. Li XQ, Tan WF, Wang J, Fang B, Ma H. The effects of thoracic epidural analgesia on oxygenation and pulmonary
shunt fraction during one-lung ventilation: a meta-analysis. BMC Anesthesiol. 2015 Nov 19;15:166.
396. Cho YJ, Kim TK, Hong DM, Seo JH, Bahk JH, Jeon Y. Effect of desflurane-remifentanil vs. propofolremifentanil anesthesia on arterial oxygenation during one-lung ventilation for thoracoscopic surgery: a
prospective randomized trial. BMC Anesthesiol. 2017 Jan 18;17(1):9.
397. Liu J, Dong W, Wang T, Liu L, Zhan L, Shi Y, Han J. Effects of etomidate and propofol on immune function in
patients with lung adenocarcinoma. Am J Transl Res. 2016 Dec 15;8(12):5748-55.
398. Zhao X, Cui L, Wang W, Su Q, Li X, Wu J. Influence of psychological intervention on pain and immune
functions of patients receiving lung cancer surgery. Pak J Med Sci. 2016 Jan-Feb;21(1):155-9.
399. Robinson C, Alfonso H, Woo S, Olsen N, Bill Musk AW, Robinson BW, Nowak AK, Lake RA. Effect of
NSAIDS and COX-2 inhibitors on the incidence and severity of asbestos-induced mesothelioma: evidence from an
animal model and a human cohort. Lung Cancer. 2104 Aug 18. [Epub ahead of print]
400. Linton A, Pavlakis N, O’Connell R, Soeberg M, Kao S, Clarke S, Vardy J, van Zandwijk N. Factors associated
with survival in a large series of patients with malignant pleural mesothelioma in New South Wales. Br J Cancer.
2014 Sep 4. [Epub ahead of print]
401. Chen N, Liu S, Huang L, Li W, Yang W, Cong T, Ding L, Giu M. Prognostic significance of neutrophil-tolymphocyte ratio in patients with malignant pleural mesothelioma: a meta-analysis. Oncotarget. 2017 Feb 16.
[Epub ahead of print]
402. Yamagishi T, Fujimoto N, Nishi H, Miyamoto Y, Hara N, Asano M, Fuchimoto Y, Wada S, Kitamura K, Ozaki S,
Kishimoto T. Prognostic significance of the lymphocyte-to-monocyte ratio in patients with malignant pleural
mesothelioma. Lung Cancer. 2015 Jul 30. [Epub ahead of print]
403. Baum M, Demicheli R, Hrushesky W, Retsky M. Does surgery unfavourably perturb “the natural history” of early
breast cancer by accelerating the appearance of distant metastases? Eur J Cancer 2005 41;508-15.
404. Bischofs E, Lubs D. In vitro blockade of adhesion of breast cancer cells to endothelial cells using antiinflammatory drugs. Anticancer Res 2012 Mar;32(3):767-71.
405. Gomez-Hernandez J, et al. Preoperative dexamethasone reduces postoperative pain, nausea and vomiting
following mastectomy for breast cancer. BMC Cancer 2010 Dec 23;10:692.
406. Li Z, Dong J, Zou T, Du C, Li S, Chen C, Liu R, Wang K. Dexamethasone induces docetaxel and cisplatin
resistance partially through up-regulating Krüppel-like factor 5 in triple-negative breast cancer. Oncotarget. 2016
Dec 24. [Epub ahead of print]

328

407. Bowers LW, Maximo IX, Brenner AJ, Beeram M, Hursting SD, Price RS, Tekmal RR, Jolly CA, deGraffenried
LA. NSAID use reduces breast cancer recurrence in overweight and obese women: role of the prostaglandinaromatase interactions. Cancer Res. 2014 Aug 15;74(16): 4446-57.
408. Generali D, Buffa FM, Deb S, Cumming M, Reid LE, Taylor M, Andreis D, Allevi G, Ferrero G, Byrne D,
Martinotti M, Bottini A, Harris AL, Lakhani SR, Fox SB. COX-2 expression is predictive for early relapse and
aromatase inhibitor resistance in patients with ductal carcinoma in situ of the breast, and is a target for treatment.
Br J Cancer. 2014 Jul 8;111(1):46-54.
409. Simonsson M, Björner S, Markkula A, Nodin B, Jirstöm K, Rose C, Borgquist S, Ingvar C, Jerneström H. The
prognostic impact of COX-2 expression in breast cancer depends on oral contraceptive history, preoperative
NSAID use, and tumor size. Int J Cancer. 2016 Sep 15. [Epub ahead of print]
410. Serra KP, Peres RM, Sarian LO, Vassallo J, Pinto GA, Silva GR, Soares FA, da Cunha IW, Espinola J, Bento AM,
Del Corso LM, Derchain S. Cyclooxygenase-2 (COX) and p53 protein expression are interdependent in breast
cancer but no associated with clinicopathological surrogate subtypes, tumor aggressiveness and patient survival.
Acta Histochem. 2016 Mar;118(2):176-82.
411. Cheuk IW, Shin VY, Siu MT, Tsang JY, Ho JC, Chen J, Tse GM, Wang X, Kwong A. Association of EP2
receptor and SLC19A3 in regulating breast cancer metastasis. Am J Cancer Res. 2015 Oct 15;5(11):3389-99.
412. De Pedro M, Baeza S, Escudero MT, Dierssen-Sotos T, Gómez-Acebo I, Pollán M, Llorca J. Effect of COX-2
inhibitors and other non-steroidal inflammatory drugs on breast cancer risk: a meta-analysis. Breast Cancer Res
Treat. 2015 Jan 15. [Epub ahead of print]
413. Kim S, Shore DL, Wilson LE, Sanniez EI, Kim JH, Taylor JA, Sandler DP. Lifetime use of nonsteroidal antiinflammatory drugs and breast cancer risk: results from a prospective study of women with a sister with breast
cancer. BMC Cancer. 2015 Dec 16;15(1):960.
414. Vaughan LE, Prizment A, Blair CK, Thomas W, Anderson KE. Aspirin use and the incidence of breast, colon,
ovarian, and pancreatic cancers in eldely women in the Iowa Women’s Health Study. Cancer Causes control. 2016
Sep 27. [Epub ahead of print]
415. Allen JE, Patel AS, Prabhu VV, Dicker DT, Sheehan JM, Glantz MJ, El-Deiry WS. COX-2 drives metastatic
breast cells from brain lesions into the cerebrospinal fluid and systemic circulation. Cancer Res. 2014 May
1;74(9):2385-90.
416. Thill M, Reichert K, Woeste A, Polack S, Fischer D, Hoellen F, Rody A, Friedrich M, Köster F. Combined
treatment of breast cancer cell lines with vitamin D and COX-2 inhibitors. Anticancer Res. 2015 Feb;35(2):118995.
417. Cho JS, Lee MH, Kim SI, Park S, Park HS, Oh E, Lee JH, Koo BN. The effects of perioperative anaesthesia and
analgesia on immune function in patients undergoing breast cancer resection: a prospective randomized study. Int
J Med Sci. 2017 Aug 18;14(10):970-6.

329

418. Yang HF, Yu M, Jin HD, Yao JQ, Lu ZL, yabasin IB, Yan Q, Wen QP. Fentanyl promotes breats cancer cell
stemness and epithelial-mesenchymal transition by upregulating α1, 6-fucosylation via Wnt/β-catenin signalling
pathway. Front Physiol. 2017 Jul 26;8:510.
419. Goyal S, Gupta KK, Mahajan V. A comparative evaluation of intravenous dexmedetomidine and fentanyl in breast
cancer surgery: a prospective, randomized, and controlled trial. Anesth Essays Res. 2017 Jul-Sep;11(3):611-6.
420. Hugo HJ, Saunders C, Ramsay RG, Thompson EW. New insights on COX-2 in chronic inflammation driving
breast cancer growth and metastasis. J Mammary Gland Biol Neoplasia. 2015 Jul 21. [Epub ahead of print]
421. Li H, Yang B, Huang J, Lin Y, Xiang T, Jingyuan W, Li H, Chouaib S, Ren G. Cyclooxygenase-2 in tumorassociated macrophages promotes breast cancer cell survival by triggering a positive-feedback loop between
macrophages and cancer cells. Oncotarget. 2015 Aug 10. [Epub ahead of print]
422. Ghosh N, Chaki R, Mandal V, Mandal SC. COX-2 as a target for cancer chemotherapy. Pharmacol Rep.
2010;62:233-244.
423. Kan Z, Khan N, Tiwari RP, Sah NK, Prasad GB, Bisen PS. Biology of COX-2; an application in cancer
therapeutics. Curr Drug Targets. 2011;12:1082-93.
424. Medrek C, Ponten F, Jirstrom K, Leandersson K. The presence of tumor associated macrophages in tumor stroma
as a prognostic marker for breast cancer patients. BMC Cancer. 2012;12:306.
425. Vosooghi M, Amini M. The discovery and development of cyclooxygenase-2 inhibitors as potential anticancer
therapies. Expert Opin Drug Discov. 2014;9:255-67.
426. Maity G, De A, Das A, Banerjee S, Sarkar S, Banerjee SK. Aspirin blocks growth of breast tumor cells and tumorinitiating cells and induces reprogramming factors of mesenchymal to epithelial transition. Lab Invest. 2015 Apr
13. [Epub ahead of print]
427. Sutton ML, McGlone ME, Lambert MK. Do postoperative NSAIDs improve breast cancer outcomes? Int J Surg.
2016 Feb 26. [Epub ahead of print]
428. Dierssen-Sotos T, Gomez-Acebo I, de Pedro M, Perex-Gomez B, Servitja S, Moreno V, Amiano P, FernandezVilla T, Barricarte A, Tardon A, Diaz-Santos M, Peiro-Perez R, Marcos-Gragera R, Lope V, Gracia-Lavedan E,
Alonso MH, Michelena-Echeveste MJ, Garcia-Palomo A, Guevara M, Castano-Vinyals G, Aragones N,
Kogevinas M, Pollan M, Llorca J. Use of non-steroidal anti-inflammatory drugs and risk of beast cancer: The
Spanish Multi-Case-Control (MCC) study. BMC Cancer Aug 20;16(1):660.
429. Van Helmond N, Steegers MA, Filippini-de Moor GP, Vissers KC, Wilder-Smith OH. Hyperalgesia and persistent
pain after breast cancer surgery: a prospective randomized controlled trial with perioperative COX-2 inhibition.
PLoS One. 2016 Dec 9;11(12):e0166601.
430. Lee SK, Choi MY, Bae SY, Lee JH, Lee HC, Kil WH, Lee JE, Kim SW, Nam SJ. Immediate postoperative
inflammation is an important prognostic factor in breast cancer. Oncology. 2015 Feb 25. [Epub ahead of print]

330

431. Krenn-Pilko S, Langsenlehner U, Stojakovic T, Pichler M, Gerger A, Kapp KS, Langsenlehner T. The elevated
preoperative derived neutrophil-to-lymphocyte ratio predicts poor clinical outcome in breast cancer patients.
Tumour Biol. 2015 Jul 29. [Epub ahead of print]
432. Li Y, Zhou L, Li X, Chen G, Duan K, Ding B, Ouyang W. [Parecoxib suppresses the increase of neutrophil-tolymphocyte ratio after the modified radical mastectomy]. Zhnog Nan Da Xue Xue Bao Yi Xue Ban. 2017 Sep
28;42(9):1048-52. Article in Chinese.
433. Koh YW, Lee HJ, Ahn JH, Lee JW, Gong G. Prognostic significance of the ratio of absolute neutrophil to
lymphocyte counts for breast cancer patients with ER/PR-positivity and HER2-negativity in neoadjuvant setting.
Tumour Biol. 2014 Jul 2. [Epub ahead of print]
434. Orditura M, Galizia G, Diana A, Saccone C, Cobellis L, Ventriglia J, Ioviono F, Romano C, Morgillo F, Mosca L,
Diadema MR, Lietto E, Procaccini E, De Vita F, Ciardiello F. Neutrophil to lymphocyte ratio (NLR) for
prediction of distant metastasis-free survival (DMFS) in early breast cancer: a propensity score-matched analysis.
ESMO Open. 2016 Mar 7;1(2):e000038.
435. Ulas A, Avci N, Kos T, Cubukcu E, Fatih Olmez O, Bulut N, Degirmenci M. Are neutrophil/lymphocyte ratio and
platelet/lymphocyte ratio associated with prognosis in patients with HER2-positive early breast cancer receiving
adjuvant trastuzumab? J BUON. 2015 May-Jun;20(3):714-22.
436. Liu C, Huang Z, Wang Q, Sun B, Ding L, Meng X, Wu S. Usefulness of neutrophil-to-lymphocyte ratio and
platelet-to-lymphocyte ratio in hormone-receptor-negative breast cancer. Onco Targets Ther. 2016 Jul 27;9:465360.
437. Chen Y, Chen K, Xiao X, Nie Y, Qu S, Gong C, Su F, Song E. Pretreatment neutrophil-to-lymphocyte ratio is
correlated with response to neoadjuvant chemotherapy as an independent prognostic indicator in breast cancer
patients: a retrospective study. BMC Cancer. 2016 May 19;16:320.
438. Xu J, Ni C, Ma C, Zhang L, Jing X, Li C, Liu Y, Qu X. Association of neutrophil/lymphocyte ratio and
platelet/lymphocyte ratio with ER and PR in breast cancer patients and their changes after neoadjuvant
chemotherapy. Clin Transl Oncol. 2017 Feb 28. [Epub ahead of print]
439. Dirican A, Kucukzeybek BB, Alacacioglu A, Kucukzeybek Y, Erten C, Varol U, Somali I, Demir L, Bayoglu IV,
Yildiz Y, Akyol M, Koyuncu B, Coban E, Ulger E, Unay FC, Tarhan MO. Do the derived neutrophil to
lymphocyte ratio and the neutrophil to lymphocyte ratio predict prognosis in breast cancer? Int J Clin Oncol. 2014
Feb 18. [Epub ahead of print]
440. Pistelli M, De Lisa M, Ballatore Z, Caramanti Z, Pagliacci A, Batelli N, Ridolfi F, Santoni M, Maccaroni E,
Bracci R, Santinelli A, Biscotti T, Berardi R, Cascinu S. Pre-treatment neutrophil to lymphocyte ratio may be a
useful tool in predicting survival in early triple negative breast cancer patients. BMC Cancer. 2015 Mar
28;15(1):195. [Epub ahead of print]

331

441. Iwase T, Sangai T, Sakakibara M, Sakakibara J, Ishigami E, Hayama S, Nakagawa A, Masuda T, Tabe S,
Nagashima T. An increased neutrophil-to-lymphocyte ratio predicts poorer survival following recurrence for
patients with breast cancer. Mol Clin Oncol. 2017 Feb;6(2):266-70.
442. Yao M, Liu Y, Jin H, Liu X, Lv K, Wei H, Du C, Wang S, Wei B, Fu P. Prognostic value of preoperative
inflammatory markers in Chinese patients with breast cancer. Onco Targets Ther. 2104 Sep 26;7:1743-52.
443. Ozyalvacli G, Yesil C, Kargi E, Kizildag B, Kilitci A, Yilmaz F. Diagnostic and prognostic importance of the
neutrophil lymphocyte ratio in breast cancer. Asian Pac J Cancer Prev. 2014;15(23):10363-6.
444. Okuturlar Y, Gunaldi M, Tiken EE, Oztosun B, Inan YO, Ercan T, Tuna S, Kaya AO, Harmankaya O, Kumbasar
A. Utility of peripheral blood parameters in predicting breast cancer risk. Asaian Pac J Cancer Prev.
2015;16(6):2409-12.
445. Rimando J, Campbell J, Kim JH, Tang SC, Kim S. The pretreatment neutrophil/lymphocyte ratio is associated
with all-cause mortality in Black and White patients with non-metastatic breast cancer. Front Oncol. 2016 Mar
31;6:81.
446. Chen J, Deng Q, Pan Y, He B, Ying H, Sun H, Liu X, Wang S. Prognostic value of neutrophil-to-lymphocyte ratio
in beast cancer. FEBS Open Bio. 2105 May 12;5:502-7.
447. Ethier JL, Desautels D, templeton A, Shah PS, Amir E. Prognostic role of neutrophil-to-lymphocyte ratio in breast
cancer: a systematic review and meta-analysis. Breast Cancer Res. 2017 Jan 5;19(1):2.
448. Yersal Ö, Cetinkünar S, Aktimur R, Aziret M, Özdas S, Erdem H, Yildirim K. Neutrophil/lymphocyte and
platelet/lymphocyte ratios are not different among breast cancer subtypes. Asaian Pac J Cancer Prev. 2017 Aug
27;18(8):2227-31.
449. Cihan YB, Arslan A, Cetindag MF, Mutlu H. Lack of prognostic value of blood parameters in patients receiving
adjuvant radiotherapy for breast cancer. Asian Pac J Cancer Prev. 2014;15(10):4225-31.
450. Benevides L, da Fonseca DM, Donate PB, Tiezzi DG, de Carvalho DD, de Andrade JM, Martins GA, da Silva JS.
IL-17 promotes mammary tumor progression by changing the behaviour of tumor cells and eliciting tumorigenic
neutrophils recruitment. Cancer Res. 2015 Jul 24. [Epub ahead of print]
451. Li J, Jiang Y, Hu YF, Huang L, Yu J, Zhao LY, Deng HJ, Mou TY, Liu H, Yang Y, Zhang Q, Li G. Interleukin17-producing neutrophils link inflammatory stimuli to disease progression by promoting angiogenesis in gastric
cancer. Clin Cancer Res. 2016 Sep 12. [Epub ahead of print]
452. Barron TI, Flahavan EM, Sharp L, Bennett K, Visvanathan K. Recent prediagnostic aspirin use, lymph node
involvement, and 5-year mortality in women with stage I-III breast cancer: a nationwide population-based cohort
study. Cancer Res. 2014 Aug 1;74(15):4065-77.
453. Allott EH, Tse CK, Olshan AF, Carey LA, Moorman PG, Troester MA. Non-steroidal anti-inflammatory drug use,
hormone receptor status, and breast cancer-specific mortality in the Carolina Breast Cancer Study. Breast Cancer
Res Treat. 2014 Sep;147(2):415-21.

332

454. Deb J, Majumder J, Bhattacharyya S, Jana SS. A novel naproxen derivative capable of displaying anti-cancer and
anti-migratory properties against human breast cancer cells. BMC Cancer. 2104 Aug 7;567.
455. Mohammadinejad P, Arya P, Esfandbod M, Kaviani A, Najafi M, Kashani L, Zeinoddini A, Emami SA,
Akhondzadeh S. Celecoxib versus diclofenac in mild to moderate depression management among breast cancer
patients: a double-blind, placebo-controled randomized trial. Ann Pharmacother. 2015 Jul 2. [Epub ahead of print]
456. Cui Y, Deming-Halverson SL, Shrubsole MJ, Beeghly-Fadiel A, Cai H, Fair AM, Shu XO, Zheng W. Use of
nonsteroidal anti-inflammatory drugs and reduced breast cancer risk among overweight women. Breast Cancer
Res Treat. 2014 Jul;146(2):439-46.
457. Huang XZ, Gao P, Sun JX, Song YX, Tsai CC, Liu J, Chen XW, Chen P, Xu HM, Wang ZN. Aspirin and
nonsteroidal anti-inflammatory drugs after but no before diagnosis are associated with improved breast cancer
survival: a meta-analysis. Cancer Causes Control. 2015 Feb 21. [Epub ahead of print]
458. Niu DG, Peng F, Zhang W, Guan Z, Zhao HD, Li JL, Wang KL, Li TT, Zhang Y, Zheng FM, Xu F, Han QN, Gao
P, Wen QP, Liu Q. Morphine promotes cancer stem cell properties, contributing to chemoresiatnce in breast
cancer. Oncotarget. 2015 Jan 10. [Epub ahead of print]
459. Doornebal CW, Vrijland K, Hau CS, Coffelt SB, Ciampricotti M, Jonkers J, de Visser KE, Hollmann MW.
Morphine does not facilitate breast cancer progression in two preclinical mouse models for invasive lobular and
HER2+ breast cancer. Pain. 2015 Feb 13. [Epub ahead of print]
460. Cronin-Fenton DP, Heide-Jørgensen U, Ahern TP, Lash TL, Christiansen PM, Ejlertsen B, Sjøgren P, Kehlet H,
Sørensen HT. Opioids and breast cancer recurrence: a Danish population-based cohort study. Cancer. 2015 Oct
1;121(19):3507-14.
461. Hozumi J, Egi M, Sugita S, Sato T. Dose of intraoperative remifentanil administration is independently associated
with increase in the risk of postoperative nausea and vomiting in elective mastectomy under general anesthesia. J
Clin Anesth. 2016 Nov;34:227-31.
462. Hetta DF, Mohamed MA, Mohammad MF. Analgesic efficacy of pregabalin in acute postmastectomy pain:
placebo controlled dose range study. J Clin Anesth. 2016 No;34:303-9.
463. Satomoto M, Adachi YU, Makita K. A low dose of droperidol decreases the desflurane concentration needed
during breast cancer surgery: a randomized double-blinded study. Korean J Anesthesiol. 2017 Feb;70(1):27-32.
464. Forget P, Vandenhende J, Berliere M, Machiels JP, Nussbaum B, Legrand C, De Kock M. Do intraoperative
analgesics influence breast cancer recurrence after mastectomy? A retrospective analysis. Anesth Analg. 2010 Jun
1;110(6):1630-5.
465. Legeby M, et al. Analgesic efficacy of diclofenac in combination with morphine and paracetamol after
mastectomy and immediate breast reconstruction. Acta Anaesthesiol Scand 2005 Oct;49(9):1360-6.

333

466. Wen Y, Wang M, Yang J, Wang Y, Sun H, Zhao J, Liu W, Zhou Z, Deng H, Castillo-Pedraza C, Zhang Y,
Candiotti KA. A comparison of Fentanyl and Flurbiprofen Axetil on Serum VEGF-C, TNF-α, and IL-1β
Concentrations in Women Undergoing Surgery for Breast Cancer. Pain Pract. 2014 May 8.
Doi:10.1111/papr.12206 [Epub ahead of print]
467. Shirakami G, Teratani Y, et al. Omission of fentanyl during sevoflurane anesthesia decreases the incidence of
postoperative nausea and vomiting and accelerates postanesthesia recovery in major breast cancer surgery. J
Anesth 2006;20(3):188-95.
468. Boughey JC, Goravanchi F, Parris RN, Kee SS, Frenzel JC, Hunt KK, Ames FC, Kuerer HM, Lucci A. Improved
postoperative pain control using thoracic paravertebral block for breast operations. BREAST j 2009 SepOct;15(5):483-8.
469. Kairaluoma PM, Bachmann MS, Korpinen AK, Rosenberg PH, Pere PJ. Single-injection paravertebral block
before general anesthesia enhances analgesia after breast cancer surgery with and without associated lymph node
biopsy. Anesth Analg 2004 Dec;99(6):1837-43.
470. Yeager MP, Rosenkranz KM. Cancer recurrence after surgery: a role for regional anesthesia? Reg Anesth Pain
Med 2010 Nov-Dec;35(6):483-4.
471. Yilmaz O, Saracoglu A, Bezen O, Sengul T. Effects of thoracic paravertebral block on postoperative analgesia in
patients undergoing modified radical mastectomy. Agri. 2014 Oct;26(4):179-83. [Article in Turkish]
472. Abdallah FW, Morgan PJ, Cil T, McNaught A, Escallon JM, Semple JL, Wu W, Chan VW. Ultrasound-guided
multilevel paravertebral blocks and total intravenous anesthesia improve the quality of recovery after ambulatory
breast tumor resection. Anesthesiology. 2014 Mar;120(3):703-13.
473. Albi-Feldzer A, Mouret-Fourme EE, Hamouda S, et al. A Double-blind Randomized Trial of Wound and
Intercostal Space Infiltration with Ropivacaine during Breast Cancer Surgery: Effects on Chronic Postoperative
Pain. Anesthesiology 2013 Feb;118(2):318-326.
474. O’Riain SC, et al. Inhibition of the stress response to breast cancer surgery by regional anesthesia and analgesia
does not affect vascular endothelial growth factor and prostaglandin E2. Anesth Analg 2005 Jan;100(1):244-9.
475. Looney M, Doran P, Buggy DJ. Effect of anesthetic technique on serum vascular endothelial growth factor C and
transforming growth factor β in women undergoing anesthesia and surgery for breast cancer. Anesthesiology 2010
Nov;113(5):1118-25.
476. Perez Herrero MA, Lopez Alvarez S, Fadrique Fuentes A, Manzano Lorefice F, Bartolome Bartolome C,
Gonzalez de Zarate J. Quality of postoperative recovery after breast surgery. General anaesthesia combined with
paravertebral versus serratus-intercostal block. Rev Esp Anesthesiol Reanim. 2016 Apr 15. [Epub ahead of print]
477. Tam KW, Chen SY, Huang TW, Lin CC, Su CM, Li CL, Ho YS, Wang WY, Wu CH. Effect of wound infiltration
with ropivacaine or bupivacaine analgesia in breast cancer surgery: a meta-analysis of randomized controlled
trials. Int J Surg. 2015 Aug 12. [Epub ahead of print]

334

478. Abdelsattar JM, Boughey JC, Fahy AS, Jakub JW, Farley DR, Hieken TJ, Degnim AC, Goede W, Mohan AT,
Harmsen WS, Niesen AD, Tran NV, Bakri K, Jacobson SR, Lemaine V, Saint-Cyr M. Comparative study of
liposomal bupivacaine versus paravertebral block for pain control following mastectomy with immediate tissue
expander reconstruction. Ann Surg Oncol. 2016 Feb;23(2):465-70.
479. Rice D, Heil JW, Biernat L. Pharmacokinetic profile and tolerability of liposomal bupivacaine following a
repeated dose via local subcutaneous infiltration in volunteers. Clin Drug Investig. 2017 Mar;37(3):249-57.
480. Wolf O, Clemens MW, Purugganan RV, Crosby MA, Kowalski AM, Kee SS, Liu J, Goravanchi F. A prospective,
randomized, controlled trial of paravertebral block versus general anesthesia alone for prosthetic breast
reconstruction. Plast Reconstr Surg. 2016 Apr;137(4):660e-6e.
481. Fahy AS, Jakub JW, By BM, Eldin NS, Harmsen S, Sviggum H, Boughey JC. Paravertebral blocks in patients
undergoing mastectomy with or without immediate reconstruction provides improved pain control and decreased
postoperative nausea and vomiting. Ann Surg Oncol. 2014 Oct;21(10):3284-9.
482. Parikh RP, Sharma K, Guffey R, Myckatyn TM. Preoperative paravertebral block improves postoperative pain
control and reduces hospital length of stay in patients undergoing autologous breast reconstruction after
mastectomy for breast cancer. Ann Surg Oncol. 2016 Aug 3. [Epub ahead of print]
483. Župčic M, Graf Župčic S, Duzel V, Šimurina T, Šakic L, Fuduric J, Peršec J, Miloševic M, Stanec Z, Korušic A,
Barišin S. A combination of levobupivacaine and lidocaine for paravertebral block in breast cancer patients
undergoing quadrantectomy causes greater hemodynamic oscillations than levobupivacaine alone. Croat Med J.
2017 aug 31;58(4):270-280.
484. Mayur N, Das A, Biswas H, Chhaule S, Chattopadhyay S, Mitra T, Roybasunia S, Mandal SK. Effect of clonidine
as adjuvant in thoracic paravertebral block for patients undergoing breast cancer surgery: a prospective,
randomized, placebo-controlled, double-blind study. Anesth Essays Res. 2017 Oct-Dec;11(4):864-70.
485. Jin LJ, Wen LY, Zhang YL, Li G, Sun P, Zhou X. Thoracic paravertebral regional anesthesia for pain relief in
patients with breast cancer surgery. Medicine (Baltimore). 2017 Sep;96(39):e8107.
486. Sultan SS. Paravertebral block can attenuate cytokine response when it replaces general anesthesia for cancer
breast surgeries. Saudi J Anaesth 2013 Oct;7(4):373-7.
487. Cata JP, Chavez-MacGregor M, Valero V, Black W, Black DM, Goravanchi F, Ifeanyi IC, Hernandez M,
Rodriguez-Restrepo A, Gottumukkala V. The impact of paravertebral block analgesia on breast cancer survival
after surgery. Reg Anesth Pain Med. 2016 Sep 28. [Epub ahead of print]
488. Finn DM, Ilfeld BM, Unkart JT, Madison SJ, Suresh PJ, Sandhu NP, Kormylo NJ, Malhotra N, Loland VJ,
Wallace MS, Wen CH, Morgan AC, Wallace AM. Post-mastectomy cancer recurrence with and without a
continouos paravertebral block in the immediate postoperative period: a prospective multi-year follow-up pilot
study of a randomized, triple-masked, placebo-controlled investigation. J Anesth. 2017 Mar 31. [Epub ahead of
print]

335

489. Karmakar MK, samy W, Lee A, Li JW, Chan WC, Chen PP, Tsui BCH. Survival analysis of patients with breats
cancer undergoing a modified radical mastectomy with or without a thoracic paravertebral block: a 5-year followup of a randomized controlled trial. Anticancer Res. 2017 Oct;37(10):5813-20.
490. Perez-Gonzalez O, Cuellar-Guzman LF, Soliz J, Cata JP. Impact of regional anesthesia on recurrence, metastasis,
and immune response in breast cancer surgery: a systematic review of the literature. Reg Anesth pain Med. 2017
Sep 27. [Epub ahead of print]
491. Syal K, Chandel A. Comparison of the post-operative analgesic effect of paravertebral block, pectoral nerve block
and local infiltrations in patients undergoing modified radical mastectomy: a randomised double-blind trial. Indian
J Anaesth. 2017 Aug:61(8):643-8.
492. Compagnone C, Schiappa E, Bellantonio D, Ghirardi G, Rossini E, Tagliaferri F, Fanelli G. Paravertebral block
for patients older than 80 years in one day surgery elective mastectomy. Acta Biomed. 2014 Jan 23;84(3):234-6.
493. Cali Cassi L, Biffoli F, Francesconi D, Petrella G, Buonomo O. Anesthesia and analgesia in breast surgery: the
benefits of peripheral nerve block. Eur Rev Med Pharmacol Sci. 2017 Mar;21(6):1341-45.
494. Albi-Feldzer A, Duceau B, Nguessom W, Jayr C. A severe complication after ultrasound-guided thoracic
paravertebral block for breast cancer surgery: total spinal anaesthesia: a case report. Eur J Anaesthesiol. 2016
Dec;33(12):949-951.
495. Tsigonis AM, Al-Hamadani M, Linebarger JH, Vang CA, Krause FJ, Johnson JM, Marchese E, Marcou KA,
Hudak JM, Landercasper J. Are cure rates for breast cancer improved by local and regional anesthesia? Reg
Anesth Pain Med. 2016 Mar 1. [Epub ahead of print]
496. Kairaluoma P, Mattson J, Heikkilä P, Pere P, Leidenius M. Perioperative paravertebral regional anaesthesia and
breast cancer recurrence. Anticancer Res. 2016 Jan;36(1):415-8.
497. Agarwal RR, Wallace AM, Madison SJ, Morgan AC, Mascha EJ, Ilfeld BM. Single-injection thoracic
paravertebral block and postoperative analgesia after mastectomy: a retrospective cohort study. J Clin Anesth.
2015 May 6. [Epub ahead of print]
498. Glissmeyer C, Johnson W, Sherman B, Glissmeyer M, Garreau J, Johnson N. Effect of paravertebral nerve blocks
on narcotic use after mastectomy with reconstruction. Am J Surg. 2015 May;209(5):881-3.
499. Pei L, Zhou Y, Tan G, Mao F, Yang D, Guan J, Lin Y, Wang X, Zhang Y, Zhang X, Shen S, Xu Z, Sun Q, Huang
Y, Outcomes Research Consortium. Ultrasound-assisted thoracic paravertebral block reduces intraoperative opioid
requirement and improves analgesia after breast cancer surgery: a randomized, controlled, single-center trial.
PLoS One. 2015 Nov 20;10(11):e142249.
500. Sahu A, Kumar R, Hussain M, Gupta A, Raghwendra KH. Comparisons of single-injection thoracic paravertebral
block with ropivacaine and bupivacaine in breast cancer surgery: a prospective, randomized, double-blinded study.
Anesth Essays Res. 2016 Sep-Dec;10(3):655-660.

336

501. Amaya F, Hosokawa T, Okamoto A, Matsuda M, Yamaguchi Y, Yamakita S, Taguchi T, Sawa T. Can acute pain
treatment reduce postsurgical comorbidity after breast cancer surgery? A literature review. Biomed Res Int.
2015;2015:641508.
502. Pace MM, Sharma B, Anderson-Dam J, Fleischmann K, Warren L, Stefanovich P. Utrasound-guided thoracic
paravertebral blockade: a retrospective study of the incidence of complications. Anesth Analg. 2016 Jan 11. [Epub
ahead of print]
503. Andreae MH, Andreae DA. Regional anaesthesia to prevent chronic pain after surgery: a Cochrane systematic
review and meta-analysis. Br J Anaesth. 2013 Nov;111(5):711-20.
504. Ibarra MM, et al. Chronic postoperaitive pain after general anesthesia with or without a single-dose pre-incision
paravertebral nerve block in radical breast cancer surgery. Rev Esp Anestesiol Reanim 2011 May;58(5):290-4.
505. Fuzier R, Puel F, Izard P, Sommet A, Pierre S. Prospective cohort study assessing chronic pain in patients
following minor surgery for breast cancer. J Anesth. 2016 Nov 24. [Epub ahead of print]
506. Shin SW, Cho AR et al. Maintenance anaesthetics during remifentanil-based anaesthesia might affect
postoperative pain control after breast cancer surgery. Br J Anaesth 2010 Nov: 105(5):661-7.
507. Cho AR, Kwon JY, Kim KH, Lee HJ, Kim HK, Kim ES, Hong JM, Kim C. The effects of anesthetics on chronic
pain after breast cancer surgery. Anesth Analg 2013 Mar;116(3):685-93.

508. Steyaert A, Forget P, Dubois V, Lavand’homme P, De Kock M. Does the perioperative analgesic/anesthetic
regimen influence the prevalence of long-term chronic pain after mastectomy? J Clin Anesth. 2016 Sep;33:20-5.
509. Lee JH, Kang SH, Kim Y, Kim HA, Kim BS. Effects of propofol-based total intravenous anesthesia on recurrence
and overall survival in patients after modified radical mastectomy: a retrospective study. Korean J Anesthesiol.
2016 Apr;69(2):126-32.
510. Aufforth R, Jain J, et al. Paravertebral blocks in breast cancer surgery: is there a difference in postoperative pain,
nausea and vomiting? Ann Surg Oncol 2012 Feb;19(2):548-52.
511. Exadaktylos AK et al. Can anesthetic technique for breast cancer surgery affect recurrence or metastasis?
Anesthesiology 2008;109:180-7.
512. Deegan CA, Murray D, et al. Effect of anaesthetic technique on oestrogen receptor-negative breast cancer cell
function in vitro. Br J Anaesth 2009 Nov;103(5):685-9.
513. Buckley A, McQuaid S, Johnson P, Buggy DJ. Effect of anaesthetic technique on the natural killer cell antitumour activity of serum from women undergoing breast cancer surgery: a pilot study. Br J Anaesth. 2014 Jul;113
Suppl 1;i56-62.
514. Desmond F, McCormack J, Mulligan N, Stokes M, Buggy DJ. Effect of anaesthetic technique on immune cell
infiltration in breast cancer: a follow-up pilot study analysis of a prospective, randomised, investigator-masked
study. Anticancer Res. 2015 Mar;35(3):1311-9.

337

515. Woo JH, Baik HJ, Kim CH, Chung RK, Kim DY, Lee GY, Chun EH. Effect of propofol and desflurane on
immune cell populations in breast cancer patients: a randomized trial. J Korean Med Sci. 2015 Oct;30(10):1503-8.
516. Kim R, Kawai A, Wakisaka M, Funaoka Y, Ohtani S, Ito M, Kadoya T, Okada M. Differences in immune
response to anesthetics used for day surgery versus hospitalization surgery for breast cancer. Clin Transl Med.
2017 Sep 14;6(1):34.
517. Ramirez MF, Ai D, Bauer M, Vauthey JN, Gottumukkala V, Kee S, Shon D, Truty M, Kuerer HM, Kurz A,
Hernandez M, Cata JP. Innate immune function after breast, lung, and colorectal cancer surgery. J Surg Res. 2014
Oct 23. [Epub ahead of print]
518. Naja ZM, Ziade FM, El-Rajab MA, Naccash N, Ayoubi JM. Guided paravertebral blocks with versus without
clonidine for women undergoing breast surgery: a prospective double-blinded randomized study. Anesth Analg
2013 Jul;117(1):252-8.
519. Mohamed SA, Fares KM, Mohamed AA, Alieldin NH. Dexmedetomidine as an adjunctive analgesic with
bupivacaine in paravertebral analgesia for breast cancer surgery. Pain Physician. 2014 Sep-Oct;17(5):E589-98.
520. Mohta M, Kalra B, Sethi AK, Kaur N. Efficacy of dexmedetomidine as an adjuvant in paravertebral block in
breast cancer surgery. J Anesth. 2015 Dec 22. [Epub ahead of print]
521. Fan W, Xue H, Sun Y, Yang H, Zhang J, Li G, Zheng Y, Liu Y. Dexmedetomidine improves postoperative
patient-controlled analgesia following radical mastectomy. Front Pharmacol. 2017 May 9;8:250.
522. Goravanchi F, Kee SS, Kowalski AM, Berger JS, French KE. A case series of thoracic paravertebral blocks using
a combination of ropivacaine, clonidine, epinephrine, and dexamethasone. J Clin Anesth. 2012 Dec;24(8):664-7.

523. Coopey SB, Specht MC, Warren L, Smith BL, Winograd JM, Fleischmann K. Use of preoperative paravertebral
block decreases length of stay in patients undergoing mastectomy plus immediate reconstruction. Ann Surg Oncol
2013 Apr;20(4):1282-6.

524. Arunakul P, Ruksa A. General anesthesia with thoracic paravertebral block for modified radical mastectomy. J
Med Assoc Thai. 2010 Dec;93 Suppl 7:S149-53.
525. Fallatah S, Mousa WF. Multiple levels paravertebral block versus morphine patient-controlled analgesia for
postoperative analgesia following breast cancer surgery with unilateral lumpectomy, and axillary lymph node
dissection. Saudi J Anaesth. 2016 Jan-Mar;10(1):13-7.
526. Wu J, Buggy D, Fleischmann E, Parra-Sanchez I, Treschan T, Kurz A, Mascha EJ, Sessler DI. Thoracic
paravertebral regional anesthesia improves analgesia after breast cancer surgery: a randomized controlled
multicentre clinical trial. Can J Anaesth. 2015 Mar;62(3):241-51.
527. Karmakar MK, Samy W, Li JW, Lee A, Chan WC, Chen PP, Ho AM. Thoracic paravertebral block and its effects
on chronic pain and health-related quality of life after modified radical mastectomy. Reg Anesth Pain Med. 2014
Jul-Aug;39(4):289-98.

338

528. Ilfeld BM, Madison SJ, Suresh PJ, Sandhu NS, Kormylo NJ, Malhotra N, Loland VJ, Wallace MS, Mascha EJ, Xu
Z, Wen CH, Morgan AC, Wallace AM. Persistent postmastectomy pain and pain-related physical and emotional
functioning with and without a continuous paravertebral block: a prospective 1-year follow-up assessment of a
randomized, triple-masked, placebo-controlled study. Ann Surg Oncol. 2015;22(6):2017-25.
529. Bouman EAC, Theunissen M, Kessels AGH, Keymeulen AGH, Joosten EAJ, Marcus AE, Buhre WF, Gramke
HF. Continuous paravertebral block for postoperative pain compared to general anaesthesia and wound infiltration
for major oncological breast surgery. Springerplus. 2014;3:517.
530. Chiu M, Bryson GL, Lui A, Watters JM, Taljaard M, Nathan HJ. Reducing persistent postoperative pain and
disability 1 year after breast cancer surgery: a randomized, controlled trial comparing thoracic paravertebral block
to local anesthetic infiltration. Ann Surg Oncol. 2014 Mar;21(3):795-801.
531. Chen X, Lu P, Chen L, Yang SJ, Shen HY, Yu DD, Zhang XH, Zhong SL, Zhao JH, Tang JH. Perioperative
propofol-paravertebral anesthesia decreases the metastasis and progression of breast cancer. Tumour Biol. 2015
Sep 17. [Epub ahead of print]
532. Zhong T, Ojha M, Bagher S, Butler K, Srinivas C, McCluskey SA, Clarke H, O’Neill AC, Novak CB, Hofer SO.
Transversus abdominis plane block reduces morhine consumption in the early postoperative period following
microsurgical abdominal tissue breast reconstruction: a double-blind, placebo-controlled, randomized trial. Plast
Reconstr Surg. 2014 Nov;134(5):870-8.
533. Faria SS, Gomez RS. Clinical application of thoracic paravertebral anesthetic block in breast surgeries. Braz J
Anesthesiol. 2015 Mar-Apr;65(2):147-54.
534. Koonce SL, McLaughlin SA, Eck DL, Porter S, Bagaria S, Clendenen SR, Robards CB. Breast cancer recurrence
in patients receiving epidural and paravertebral anesthesia: a retrospective, case-control study. Middle East J
Anaesthesiol. 2014 Oct;22(6):567-71.
535. Siddiqui RA, Zerouga M, et al. Anticancer properties of propofol- docosahexaenoate and propofoleicosapentaenoate on breast cancer cells. Breast Cancer Res 2005;7:645-54.
536. Hards M, Harada A, Neville I, Harwell S, Babar M, Ravalia A, Davies G. The effect of serratus plane block
performed under direct vision on postoperative pain in breast surgery. J Clin Anesth. 2016 Nov;34:427-31.
537. Jüttner T, Werdehausen R, Hermanns H, Monaca E, Danzeisen O, Pannen BH, Janni W, Winterhalter M. The
paravertebral lamina technique: a new regional anesthesia approach for breast surgery. J Clin Anesth. 2011
Sep;23(6):443-50.
538. Hetta DF, Rezk KM. Pectoralis-serratus interfascial plane block vs thoracic paravertebral block for unilateral
radical mastectomy with axillary evacuation. J Clin Anesth. 2016 Nov;34:91-7.
539. Abdallah FW, MacLean D, Madjdpour C, Cil T, Bhatia A, Brull R. Pectoralis and serratus fascial plane blocks
each provide early analgesic benefits following ambulatory breast cancer surgery: a retrospective propensitymatched cohort study. Anesth Analg. 2017 Mar 21. [Epub ahead of print]

339

540. Bashandy GM, Abbas DN. Pectoral nerves I and II blocks in multimodal analgesia for breast cancer surgery: a
randomized clinical trial. Reg Anesth Pain Med. 2014 Nov 5. [Epub ahead of print]
541. Kulhari S, Bharti N, Bala I, Arora S, Singh G. Efficacy of pectoral nerve block versus thoracic paravertebral block
for postoperative analgesia after radical mastectomy: a randomized controlled trial. Br J Anaesth. 2016
Sep;117(3):382-6.
542. M N, Pandey RK, Sharma A, Darlong V, Punj J, Sinha R, Singh PM, Hamshi N, Garg R, Chandralekha C,
Srivastava A. Pectoral nerve blocks to improve analgesia after breast cancer surger: a prospective, randomized and
controlled trial. J Clin Anesth. 2017 Dec 11;45:12-7.
543. Rice DC, Cata JP, Mena GE, Rodriguez-Restrepo A, Correa AM, Mehran RJ. Posterior intercostal nerve block
with liposomal bupivacaine: an alternative to thoracic epidural analgesia. Ann Thorac Surg. 2015 Apr 23. [Epub
ahead of print]
544. Chahar P, Cummings III KC. Liposomal bupivacaine: a review of a new bupivacaine formulation. J Pain Res.
2012;5:257-64.
545. Versyck B, van Geffen GJ, van Houwe PA. Prospective double blind randomized placebo-controlled clinical trial
of the pectoral nerves (Pecs) block type II. J Clin Anesth. 2017 Aug;40:46-50.
546. Kamiya A, Hasegawa M, Yoshida T, Takamatsu M, Koyama Y. Impact of pectoral nerve block on postoperative
pain and quality of recovery in patients undergoing breast cancer surgery: a randomised controlled trial. Eur J
Anaesthesiol. 2017 Dec 8. [Epub ahead of print]
547. Chakraborty A, Khemka R, Datta T, Mitra S. COMBIPECS, the single-injection technique of pectoral nerve
blocks 1 and 2: a case series. J Clin Anesth. 2016 Dec;35:365-8.
548. Othman AH, El-Rahman AM, El Sherif F. Efficacy and safety of ketamine added to local anesthetic in modified
pectoral block for management of postoperative pain in patients undergoing modified radical mastectomy. Pain
Physician. 2016 Sep-Oct;19(7):485-94.

549. Takahashi H, Suzuki T. Complete antethoracic block for analgesia after modified radical mastectomy: a case
report. A A Case Rep. 2017 Feb 8. [Epub ahead of print]
550. Li NL, Yu BL, Hung CF. Paravertebral block plus thoracic wall block versus paravertebral block alone for
analgesia of modified radical mastectomy: a retrospective cohort study. PLoS One. 2016 Nov 9;11(11):e0166227.
551. Veiga M, Costa D, Brazao I. Erector spinae plane block for radical mastectomy: a new indication? Rev Esp
Anestesiol Reanim. 2007 No 1. [Epub ahead of print]
552. Bonvicini D, Tagliapietra L, Giacomazzi A, Pizzirani E. J Clin Anesth. 2017 Oct 21;44:3-4.
553. Forero M, Rajarathinam M, Adhikary S, Chin KJ. Erector spinae plane (ESP) block in the management of post
thoracotomy pain syndrome: a case series. Scand J Pain. 2017 Sep 11. [Epub ahead of print]

340

554. Kulkarni K, Namazi IJ, Deshpande S, Goel R. Cervical epidural anaesthesia with ropivacaine for modified radical
mastectomy. Kathmandu Univ Med J (KUMJ). 2013 Apr-Jun;11(42):126-31.
555. Channabasappa SM, Venkatarao GH, Girish S, Lahoti NK. Comparative evaluation of dexemedetomidine and
clonidine with low dose ropivacaine in cervical epidural anesthesia for modified radical mastectomy: a prospective
randomized, double-blind study. Anesth Essays Res. 2016 Jan-Apr;10(1):77-81.
556. Lou F, Sun Z, Huang N, Hu Z, Cao A, Shen Z, Shao Z, Yu P, Miao C, Wu J. Epidural combined with general
anesthesia versus general anesthesia alone in patients undergoing free flap breast reconstruction. Plast Reconstr
Surg. 2016 Mar;137(3):502e-9e.
557. Claroni C, Torregiani G, Covotta M, Sofra M, Scotto di Uccio A, Marcelli ME, Naccarato A, Forastiere E.
Protective effect of sevoflurane preconditioning on ischemia-reperfusion injury in patients undergoing plastic
surgery with microsurgical flap, a randomized controlled trial. BMC Anesthesiol 2016 Aug 22;16(1):66.
558. Kronowitz SJ, Mandujano CC, Liu J, Kuerer HM, Smith B, Garvey P, Jagsi R, Hsu L, Hanson S, Valero V.
Lipofilling of the breast does not increase the risk of recurrence of breast cancer: a matched controlled study. Plast
Reconstr Surg. 2016 Feb;137(2):385-93.
559. Bharti N, Bala I, Narayan V, Singh G. Effect of gabapentin pretreatment on propofol consumption, hemodynamic
variables, and postoperative pain relief in breast cancer surgery. Acta Anaesthesiol Taiwan. 2013 Mar;51(1):10-3.
560. Rai AS, Khan JS, Dhaliwal J, Busse JW, Choi S, Devereaux PJ, Clarke H. Preoperative pregabalin or gabapentin
for acute and chronic postoperative pain among patients undergoing breast cancer surgery: a systematic review
and meta-analysis of randomized controlled trials. J Plast Reconstr Aesthet Surg. 2017 Jun 9. pii:S17486815(17)30232-2.
561. Kim MH, Lee KY, Park S, Kim SI, Park HS, Yoo YC. Effects of systemic lidocaine versus magnesium
administration on postoperative functional recovery and chronic pain in patients undergoing breast cancer surgery:
a prospective, randomized, double-blind, comparative clinical trial. PLoS One. 2017 Mar 2;12(3):e0173026.
562. Grigoras A, Lee P, Sattar F, Shorten G. Perioperative intravenous lidocaine decreases the incidence of persistent
pain after breast surgery. Clin J Pain. 2012 Sep;28(7):567-72.
563. Kendall MC, McCarthy RJ, Panaro S, Goodwin E, Bialek JM, Nader A, De Olivera GS Jr. The effect of
intraoperative systemic lidocaine on postoperative persistent pain using initiative on methods, measurement, and
pain assessment in clinical trials criteria assessment following breast cancer surgery: a randomized, double-blind,
placebo-controlled trial. Pain Pract. 2017 Jul 10. [Epub ahead of print]
564. Christie BM, Kapur S, Kempton SJ, Hanson SE, Ma Y, Rao VK. A prospective randomized trial comparing the
effects of lidocaine in breast reduction surgery. Plast Reconstr Surg. 2017 May;139(5):1074e-1079e.
565. Cheng GS, Ilfeld BM. A review of postoperative analgesia for breast cancer surgery. Pain Manag. 2016 Aug 2.
[Epub ahead of print]

341

566. Cheng GS, Ilfeld BM. An evidence-based review of the efficacy of perioperative analgesic techniques for breast
cancer-related surgery. Pain Med. 2016 Aug 22. [Epub ahead of print]
567. Zhou L, Li Y, Li X, Chen G, Liang H, Wu Y, Tong J, Ouyang W. Propranolol attenuates surgical-stress induced
elevation of the regularory T cell response in patients undergoing radical mastectomy. J Immunol. 2016 Mar 11.
[Epub ahead of print]
568. Shaashua L, Shabat-Simon M, Haldar R, Matzner P, Zmora O, Shabtai M, Sharon E, Allweis T, Barshack I,
Hayman L, Arevalo J, Ma J, Horowitz M, Cole S, Ben-Eliyahu S. Perioperative COX-2 and β-adrenergic blockade
improves metastatic biomarkers in breast cancer patients in a Phase-II randomized trial. Clin Cancer Res. 2017
Aug 15;23(16):4651-61.
569. Childers WK, Hollenbeak CS, Cheriyath P. β-Blockers reduce breast cancer recurrence and breast cancer death: a
meta-analysis. Clin Breast Cancer. 2015 Dec;15(6):426-31.
570. Wang T, Li Y, Lu HL, Meng QW, Cai L, Chen XS. Β-adrenergic receptors: new target in breast cancer. Asian Pac
J Cancer Prev. 2015;16(18):8031-9.
571. Zhao Y, Wang Q, Zhao X, Meng H, Yu J. Effect of antihypertensive drugs on breast cancer risk in female
hypertensive patients: evidence from observational studies. Clin Exp Hypertens. 2017 Nov 8:1-6.
572. Ni H, Rui Q, Zhu X, Yu Z, Gao R, Liu H. Antihypertensive drug use and breast cancer ris: a meta-analysis of
observational studies. Oncotarget. 2017 Jul;8(37):62545-60.
573. Spera G, Fresco R, Fung H, Dyck JRB, Pituskin E, Paterson I, Mackey JR. Beta blockers and improved
progression free survival in patients with advanced HER2 negative breast cancer: a retrospective analysis of the
ROSE/TRIO-012 study. Ann Oncol. 2017 May 18. [Epub ahead of print]
574. Parada-Huerta E, Alvarez-Dominguez T, Uribe-Escamilla R, Rodriguez-Joya J, Ponce-Medrano JD, Padron-Lucio
S, Alfaro-Rodriguez A, Bandala C. Metastasis risk reduction related with beta-blocker treatment in Mexican
women with breast cancer. Asian Pac J Cancer Prev. 2016;17(6):2953-7.
575. Kim HY, Jung YJ, Lee SH, Jung HJ, Pak K. Is beta-blocker use beneficial in breast cancer? A meta-analysis.
Oncology. 2017 Jan 28. [Epub ahead of print]
576. Wilson JM, Lorimer E, Tyburski MD, Williams CL. Β-adrenergic receptors suppress Rap1B prenylation and
promote the metastatic phenotype in breast cancer cells. Cancer Biol Ther. 2015 Jul 24:0. [Epub ahead of print]
577. Pon CK, Lane JR, Sloan EK, Halls ML. The β2-adrenoreceptor activates a positive cAMP-calcium feedforward
loop to drive breast cancer cell invasion. FASEB J. 2015 Nov 17. [Epub ahead of print]
578. Iseri OD, Sahin FI, Terzi YK, Yurtcu E, Erdem SR, Sarialioglu F. Beta-Adrenoreceptor antagonists reduce cancer
cell proliferation, invasion, and migration. Pharm Biol. 2014 Nov;52(11):1374-81.

342

579. Mahdian D, Shafiee-Nick R, Mousavi SH. Different effects of adenylyl cyclase activators and phosphodiesterases
inhibitors on cervical cancer (HeLa) and breast cancer (MCF-7) cells proliferation. Toxicol Mech Methods. 2014
May;24(4):307-14.
580. Kim TH, Gill NK, Nyberg KD, Nguyen AV, Hohlbauch SV, Geisse NA, Nowell CJ, Sloan EK, Rowat AC.
Cancer cells become less deformable and more invasive with activation of β-adrenergic signalling. J Cell Sci.
2016 Dec 15;129(24):4563-75.
581. Montoya A, Amaya CN, Belmont A, Diab N, Trevino R, Villanueva G, Rains S, Sanchez LA, Badri N, Otoukesh
S, Khammanivong A, Liss D, Baca ST, Aguilera RJ, Dickerson EB, Torabi A, Dwiwedi AK, Abbas A, Chambers
K, Bryan BA, Nahleh Z. Use of non-selective β-blockers is associated with decreased tumour proliferative indices
in early stage breast cancer. Oncotarget. 2016 Dec 23. [Epub ahead of print]
582. Cardwell CR, Coleman HG, Murray LJ, Entschladen F, Powe DG. Beta-blocker usage and breast cancer survival:
a nested case-control study within a UK clinical practice research datalink cohort. Int J Epidemiol. 2013
Dec;42(6):1852-61.
583. Sakellakis M, Kostaki A, Starakis I, Koutras A. β-blocker use and risk of recurrence in patients with early breast
cancer. Chemotherapy. 2015 May 13;60(5):288-289. [Epub ahead of print]
584. Melhem-Bertrandt A, Chavez-MacGregor M, Lei X, Brown EN, Lee RT, Meric-Bernstam F, Sood AK, Conzen
SD, Hortobagyi GN, Gonzalez-Angulo AM. Beta-blocker use is associated with improved relapse-free survival in
patients with triple-negative breast cancer. J Clin Oncol. 2011 Jul 1;29(19):2645-52.
585. Choy C, Raytis JL, Smith DD, Duenas M, Neman J, Jandial R, Lew MW. Inhibition of β2-adrenergic receptor
reduces triple-negative breast cancer brain metastases: the potential benefit of perioperative β-blockade. Oncol
Rep. 2016 Mar 28. [Epub ahead of print]
586. Powe DG, Voss MJ, Zänker KS, Habashy HO, Green AR, Ellis IO, Entschladen F. Beta-blocker therapy reduces
secondary cancer formation in breast cancer and improves cancer specific survival. Oncotarget. 2010
Nov;1(7):628-38.
587. Zhong S, Yu D, Zhang X, Chen X, Yang S, Tang J, Zhao J, Wang S. β-blocker use and mortality in cancer
patients: systematic review and meta-analysis of observational studies. Eur J Cancer Prev. 2015 Sep 3. [Epub
ahead of print]
588. Gargiulo L, Copsel S, Rivero EM, Gales C, Senard JM, Luthy IA, Davio C, Bruzzone A. Differential β2adrenergic receptor expression defines the phenotype of non-tumorigenic and malignant human breast cell lines.
Oncotarget. 2014 Oct 30;5(20):10058-69.
589. Gargiulo L, May M, Rivero EM, Copsel S, Lamb C, Lydon J, Davio C, Lanari C, Lüthy IA, Bruzzone A. A novel
effect of β-adrenergic receptor on mammary branching morphogenesis and its possible implications in breast
cancer. J Mammary Gland Biol Neoplasia. 2017 Jan 11. [Epub ahead of print]

343

590. Goldvaser H, Rizel S, Hendler D, Neiman V, Shepshelovich D, Shochat T, Sulkes A, Brenner B, Yerushalmi R.
The association between angiotensin receptor blocker usage and breast cancer characteristics. Oncology.
2016;91(4):217-23.
591. Raimondi S, Botteri E, Munzone E, Cipolla C, Totmensz N, DeCensi A, Gandini S. Use of beta-blockers,
angiotensin-converting enzyme inhibitors and angiotensin receptor blockers and breast cancer survival: systematic
review and meta-analysis. Int J Cancer. 2016 Feb 24. [Epub ahead of print]
592. Lamkin DM, Sung HY, Yang GS, David JM, Ma JC, Cole SW, Sloan EK. α2-Adrenergic blockade mimics the
enhancing effect of chronic stress on breast cancer progression. Psychoneuroendocrinology. 2014 Oct
12;51C:262-270.
593. Obeid EI, Conzen SD. The role of adrenergic signaling in breast cancer biology. Cancer Biomark. 2013;13(3):1619.
594. Søgaard M, Farkas DK, Ehrenstein V, Jørgensen JO, Dekkers OM, Sørensen HT. Hypothyroidism and
hyperthyroidism and breast cancer risk: a nationwide cohort study. Eur J Endocrinol. 2016 Apr;174(4):409-14.
595. Bachman ES, Hampron TG, Dhillin H, Amende I, Wang J, Morgan JP, Hollenberg AN. The metabolic and
cardiovascular effects of hyperthyroidism are largely independent of beta-adrenergic stimulation. Endocrinology
2004 Jun;145(6):2767-74.
596. Akbari ME, Kashani FL, Ahangari G, Pornour M, Hejazi H, Nooshinfar E, Kabiri M, Hosseini L. The effects of
spiritual intervention and changes in dopamine receptor gene expression in breast cancer patients. Breast Cancer.
2015 Nov 23. [Epub ahead of print]
597. Chen H, Liu D, Guo L, Cheng X, Guo N, Shi M. Chronic psychological stress promotes lung metastatic
colonization of circulating breast cancer cells by decorating a pre-metastatic niche through activating β-adrenergic
signalling. J Pathol 2017 Sep 22. [Epub ahead of print]
598. Terkawi AS, Durieux ME, Gottschalk A, Brenin D, Tiouririne M. Effect of intravenous lidocaine on postoperative
recovery of patients undergoing mastectomy: a double-blind, placebo-controlled randomized trial. Reg Anesth
Pain Med. 2014 Nov-Dec;39(6):472-7.
599. Terkawi AS, Sharma S, Durieux ME, Thammishetti S, Brenin D, Tiouririne M. Perioperative lidocaine infusion
reduces the incidence of post-mastectomy chronic pain: a double-blind, placebo-controlled randomized trial. Pain
Physician. 2015 Mar-Apr;18(2):E139-46.
600. Couceiro TC, Lima LC, Burle LM, Valenҫa MM. Intravenous lidocaine for postoperative pain treatment:
randomized, blind, placebo controlled clinical trial. Braz J Anesthesiol. 2015 May-Jun;65(3):207-12.
601. Lefebvre-Kuntz D, Dualé C, Albi-Feldzer A, Nougarede B, Falewee MN, Ouchchane L, Soule-Sonneville S,
Bonneau J, Dubray C, Schoeffler P. General anaesthetic agents do not influence persistent pain after breast cancer
surgery: a prospective nationwide cohort study. Eur J Anaesthesiolo. 2015 Feb 13. [Epub ahead of print]

344

602. Li K, Yang Y, Han X. Lidocaine sensitizes the cytotoxicity of cisplatin in breast cancer cells via up-regulation of
RARβ2 and RASSF1A demethylation. Int J Mol Sci. 2014 Dec 17;15(12):23519-36.
603. Liu J, Xi H, Jiang Y, Feng Z, Hou L, Li W. Association of CYP450 single nucleotide polymorphisms with the
efficacy of epidural ropivacaine during mastectomy. Acta Anaesthesiol Scand. 2015 May;59(5):640-7.
604. Mahalingaiah PK, Ponnusamy L, Singh KP. Chronic oxidative stress causes estrogen-independent aggressive
phenotype, and epigenetic inactivation of receptor alpha in MCF-7 breast cancer cells. Breast Cancer Res Treat.
2015 Jul 26. [Epub ahead of print]
605. Rivero EM, Pinero CP, Gargiulo L, Entschladen F, Zänker K, Bruzzone A, Lüthy IA. The β2-adrenergic agonist
salbutamol inhibits migration,invasion and metastasis of the human breast cancer MDA-MB-231 cell line. Curr
Cancer Drug Targets. 2017 Mar 30. [Epub ahead of print]
606. Oh TK, Jeon JH, Lee JM, Kim MS, Kim JH, Lim H, Kim SE, Eom W. Association of high-dose postoperative
opioids with recurrence risk in esophageal squamous cell carcinoma: reinterpreting ERAS protocols for long-term
oncologic surgery outcomes. Dis Esophagus. 2017 Oct 1;30(10):1-8.
607. Michelet P, D’Journo XB, Roch A, Papazian L, Ragni J, Thomas P, Auffray JP. Perioperative risk factors for
anastomotic leakage after esophagectomy: influence of thoracic epidural analgesia. Chest 2005 Nov;128(5):34616.
608. Lai R, Lu Y, Li Q, Guo J, Chen G, Zeng W. Risk factors for anastomotic leakage following anterior resection for
colorectal cancer: the effect of epidural analgesia on occurrence. Int J Colorectal Dis 2012, Sep 27.
609. Andreou A, Biebl M, Dadras M, Struecker B, Sauer IM, Thuss-Patience PC, Chopra S, Fikatas P, Bahra M,
Seehofer D, Pratschke J, Schmidt SC. Anastomotic leak predicts diminished long-term survival after resection for
gastric and esophageal cancer. Surgery. 2016 Apr 8. [Epub ahead of print]
610. Fumagalli U, Melis A, Balazova J, Lascari V, Morenghi E, Rosati R. Intra-operative hypotensive episodes may be
associated with post-operative esophageal anastomotic leak. Updates Surg. 2016 May 5. [Epub ahead of print]
611. Baker EH, Hill JS, Reames MK, Symanowski J, Hurley SC, Salo JC. Drain amylase aids detection of anastomotic
leak after esophagectomy. J Gastrointest Oncol. 2016 Apr;7(2):181-8.
612. Xu YB, Du QH, Zhang MY, Yun P, He CY. Propofol suppresses proliferation, invasion and angiogenesis by
down-regulating ERK-VEGF/MMP-9 signaling in Eca-109 esophageal squamous cell carcinoma cells. Eur Rev
Med Pharmacol Sci. 2013 Sep;17(18):2486-94.
613. Hiller JG, Hacking MB, Link EK, Wessels KL, Riedel BJ. Perioperative epidural analgesia reduces cancer
recurrence after gastro-oesophageal surgery. Acta Anaesthesiol Scand 2014. 58(3):281-90.

614. Heinrich S, Janitz K, Merkel S, Klein P, Schmidt J. Short- and long term effects of epidural analgesia on
morbidity of esophageal cancer surgery. Langenbecks Arch Surg. 2014 Sep 21. [Epub ahead of print]

345

615. Feltracco P, Bortolato A, Barbieri S, Michieletto E, Serra E, Ruol A, Merigliano S, Ori C. Perioperative benefit
and outcome of thoracic epidural in esophageal surgery: a clinical review. Dis Esophagus. 2017 Dec 2. [Epub
ahead of print]
616. Visser E, Marsman M, van Rossum PSN, Cheong E, Al-Naimi K, van Klei WA, Ruurda JP, van Hillegersberg R.
Postoperative pain management after esophagectomy: a systematic review and meta-analysis. Dis Esophagus.
2017 Oct 1;30(10):1-11.
617. Hughes M, Yim I, Deans DAC, Couper GW, Lamb PJ, Skiporth RJE. Systemic review and meta-analysis of
epidural analgesia versus different analgesic regimes following oesophagogastric resection. Worl J Surg. 2017 Jul
24. [Epub ahead of print]
618. Fares KM, Muhamed SA, Hamza HM, Sayed DM, Hetta DF. Effect of thoracic epidural analgesia on proinflammatory cytokines in patients subjected to protected lung ventilation during Ivor Lewis esophagectomy. Pain
Physician. 2014 Jul-Aug;17(4):305-15.
619. Li W, Li Y, Huang Q, Ye S, Rong T. Short and long-term outcomes of epidural on intravenous analgesia after
esophagectomy: a propensity-matched cohort study. PLoS One. 2016 Apr 25;11(4):e0154380.
620. Gu CY Zhang J, Qian YN, Tang QF. Effects of epidural anesthesia and postoperative epidural analgesia on
immune function in esophageal carcinoma patients undergoing thoracic surgery. Mol Clin Oncol. 2015
Jan;3(1):190-196. Epub 2014 Sep 1.
621. Han C, Ding W, Jiang W, Chen YU, Hang D, Gu D, Jiang G, Tan Y, Ge Z, Ma T. A comparison of the effects of
midazolam, propofol and dexmedetomidine on the antioxidant system: a randomized trial. Exp Ther Med. 2015
Jun;9(6):2293-2298.
622. Jun IJ, Jo JY, Kim JI, Chin JH, Kim WJ, Kim HR, Lee EH, Choi IC. Impact of anesthetic agents on overall and
recurrence-free survival in patients indergoing esophageal cancer surgery: a retrospective observational study. Sci
Rep. 2017 Oct 25;7(1):14020.
623. Zhang GH, Wang W. Effects of sevoflurane and propofol on the development of pneumonia after esophagectomy:
a retrospective cohort study. BMC Anesthesiol. 2017 Dec 4;17(1):164.
624. Zhang W, Fang C, Li J, Geng QT, Wang S, Kang F, Pan JH, Chai XQ, Wei X. Single-dose, bilateral paravertebral
block plus intravenous sufentanil analgesia in patients with esophageal cancer undergoing combined
thoracoscopic-laparoscopic esophagectomy: a safe and effective alternative. J Cardiothorac Vasc Anesth. 2014
Aug;28(4):978-84.
625. Ma M, Jiang H, Gong L, Tang P, Duan X, Shang X, Yu Z. [Comparative study between thoracoscopic and open
esophagectomy on perioperative complications and stress response]. Zhounghua Wei Chang Wai Ke Za Zhi. 2016
Apr;19(4):401-5.
626. Thrift AP, Anderson LA, Murray LJ, Cook MB, Shaheen NJ, Rubenstein JH, El-Serag HB, Vaughan TL,
Schneider JL, Whiteman DC, Corley DA. Nonsteroidal anti-inflammatory drug use is not associated with reduced
risk of Barrett’s esophagus. Am J Gastroenterol. 2016 Aug 30. [Epub ahead of print]

346

627. Hu D, Zhang M, Wang S, Wang Z. High expression of cyclooxygenase 2 is an indicator of prognosis for patients
with esophageal squamous cell carcinoma after Ivor Lewis esophagectomy. Thorac Cancer. 2016 Apr 26;7(3):3105.
628. Van Staalduinen J, Frouws M, Reimers M, Bastiaannet E, van Herk-Sukel MP, Lemmens V, de Steur WO,
Hartgrink HH, van de vElde CJ, Liefers GJ. The effect of aspirin and nonsteroidal anti-inflammatory drug use
after diagnosis of oesophageal cancer patients. Br J Cancer. 2016 Apr 26;114(9):1053-9.
629. Yuan D, Zhu K, Li K, Yan R, Jia Y, Dang C. The preoperative neutrophil-lymphocyte ratio predicts recurrence
and survival among patients undergoing R0 resections of adenocarcinomas of the esophagogastric junction. J Surg
Oncol. 2104 Sep;110(3):333-40.
630. Xiao Q, Zhang B, Deng X, Wu J, Wang H, Wang Y, Wang W. The preoperative neutrophil-to-lymphocyte ratio is
a novel immune parameter for the prognosis of esephageal basaloid squamous cell carcinoma. PLoS One. 2016
Dec 13;11(12):e0168299.
631. Grenader T, Plotkin Y, Mohammadi B, Dawas K, Hashemi M, Mughal M, Bridgewater JA. Predictive value of the
neutrophil/lymphocyte ratio in peritoneal and/or metastatic disease at staging laparoscopy for gastric and
esophageal cancer. J Gastrointest Cancer. 2015 May 8. [Epub ahead of print]
632. Yoo EJ, Park JC, Kim EH, Park CH, Shim CN, Lee HJ, Chung HS, Lee H, Shin SK, Lee SK, Lee CG, Lee YC.
Prognostic value of neutrophil-to-lymphocyte ratio in patients treated with concurrent chemoradiotherapy for
locally advanced oesophageal cancer. Dig Liver Dis. 2014 Sep;46(9):846-53.
633. Ji WH, Jiang YH, Ji YL, Li B, Mao WM. Prechemotherapy neutrophil:lymphocyte ratio is superior to the
platelet:lymphocyte ratio as a prognostic indicator for locally advanced esophageal squamous cell cancer treated
with neoadjuvant chemotherapy. Dis Esophagus. 2015 Jan 27. [Epub ahead of print]
634. Sürücü E, Demir Y, Sengöz T. The correlation between the metabolic tumor volume and haematological
parameters in patients with esophageal cancer. Ann Nucl Med. 2015 Aug 22. [Epub ahead of print]
635. Yutong H, Xiaoli X, Shumei L, Shan S, Di L, Baoen S. Increased neutrophil-lymphocyte ratio is a poor prognostic
factor in patients with esophageal cancer in a high incidence area in China. Arch Med Res. 2015 Sep 15. [Epub
ahead of print]
636. He YF, Luo HQ, Wang W, Chen J, Yao YW, Yan Y, Wu SS, Hu XX, Ke LH, Niu JY, Li HM, Ji CS, Hu B.
Preoperative NLR and PLR in the middle or lower ESCC patients with radical operation. Eur J Cancer Care
(Engl). 2016 Mar 7. [Epub ahead of print]
637. Hirahara N, Matsubara T, Kawahara D, Nakada S, Ishibashi S, Tajima Y. Prognostic significance of preoperative
inflammatory response biomarkers in patients undergoing curative thoracoscopic esophagectomy for osephageal
squamous cell carcinoma. Eur J Surg Oncol. 2016 Dec 14. [Epub ahead of print]
638. Feng JF, Huang Y, Chen QX. A new inflammation index is useful for patients with esophageal squamous cell
carcinoma. Onco Targets Ther. 2014 Sep 30;7:1811-5.

347

639. Xie X, Luo KJ, Hu Y, Wang JY, Chen J. Prognostic value of preoperative platelet-lymphocyte and neutrophillymphocyte ratio in patients undergoing surgery for esophageal squamous cell cancer. Dis Esophagus. 2014 Nov
19. [Epub ahead of print]
640. Yodying H, Matsuda A, Miyashita M, Matsumoto S, Sakurazawa N, Yamada M, Uchida E. Prognostic
significance of neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio in oncologic outcomes of
esophageal cancer: a systematic review and meta-analysis. Ann Surg Oncol. 2015 Sep 28. [Epub ahead of print]

641. Jung J, Park SY, Park SJ, Park J. Prognostic value of the neutrophil-to-lymphocyte ratio for overall and diseasefree survival in patients with surgically treated esophageal squamous cell carcinoma. Tumour Biol. 2015 Dec 12.
[Epub ahead of print]
642. Hyder J, Boggs DH, Hanna A, Suntharalingam M, Chuong MD. Changes in neutrophil-to-lymphocyte and
platelet-to-lymphocyte ratios during chemoradiation predict for survival and pathologic complete response in
trimodality esophageal cancer patients. J Gastrointest Oncol. 2016 Apr;7(2):189-95.
643. Kijima T, Arigami T, Uchikado Y, Uenosono Y, Kita Y, Owaki T, Mori S, Kurahara H, Kijima Y, Okumura H,
Maemura K, Ishigami S, Natsugoe S. Combined fibrinogen and neutrophil-lymphocyte ratio as a prognostic
marker of advanced esophageal squamous cell carcinoma. Cancer Sci. 2016 Nov 27. [Epub ahead of print]
644. Matsuda S, Takeuchi H, Kawakubo H, Fukuda K, Nakamura R, Takahashi T, Wada N, Saikawa Y, Kitagawa Y.
Correlation between intense postoperative inflammatory response and survival of esophageal cancer patients who
underwent thransthoracic esophagectomy. Ann Surg Oncol. 2015 Apr 18. [Epub ahead of print]
645. Horikoshi Y, Goyagi T, Kudo R, Kodama S, Horiguchi T, Nishikawa T. The suppressive effects of landiolol
administration on the occurrence of postoperative atrial fibrillation and sinus tachycardia, and plasma IL-6
elevation in patients undergoing esophageal surgery: a randomized controlled clinical trial. J Clin Anesth. 2017
May;38:111-6.
646. Bameshki A, Peivandi Yazdi A, Sheybani S, Rezaei Boroujerdi H, Taghavi Gilani M. The assessment of addition
of either intravenous paracetamol or diclofenac suppositories to patient-controlled morphine analgesia for
postgastrectomy pain control. Anesth Pain Med. 2015 Oct 10;5(5):e29688.
647. Shen JC, Sun HL, Zhang MQ, Liu HY, Wang Z, Yang JJ. Fluriprofen improves dysfunction of T-lymphocyte
subsets and natural killer cells in cancer patients receiving post-operative morphine analgesia. Int J Clin
Pharmacol Ther. 2014 Aug;52(8):669-75.
648. Sun HL, Dong YC, Wang CQ, Qian YN, Wang ZY. Effects of postoperative analgesia with the combination of
tramadol and lornoxicam on serum inflammatory cytokines in patients with gastric cancer. Int J Clin Pharmacol
Ther. 2014 Dec;52(12):1023-9.
649. Jiang A, Chen LJ, Wang YX, Li MC, Ding YB. The effects of different methods of anaesthesia for laparoscopic
radical gastrectomy with monitoring of entropy. Anticancer Res. 2016 Mar;36(3):1305-8.

348

650. Yon JH, Choi GJ, Kang H, Park JM, Yang HS. Intraoperative systemic lidocaine for pre-emptive analgesics in
subtotal gastrectomy: a prospective, randomized, double-blind, placebo-controlled study. Can J Surg. 2014
Jun;57(3):175-82.
651. Kang JG, Kim MH, Kim EH, Lee SH. Intraoperative intravenous lidocaine reduces hospital length of stay
following open gastrectomy for stomach cancer in men. J Clin Anesth. 2012 Sep;24(6):465-70.
652. Kim TH, Kang H, Choi YS, Park JM, Chi KC, Shin HY, Hong JH. Pre- and intraoperative lidocaine injection for
preemptive analgesics in laparoscopic gastrectomy: a prospective, randomized, double-blind, placebo-controlled
study. J Laparoendosc Adv Surg Tech A. 2013 Aug;23(8):663-8.
653. Kim JE, Choi JB, Koo BN, Jeong HW, Lee BH, Kim SY. Efficacy of intravenous lidocaine during endoscopic
submucosal dissection for gastric neoplasm: a randomized, double-blind, controlled study. Medicine (Baltimore).
2016 May;95(18):e3593.
654. Khan JS, Yousuf M, Victor JC, Sharma A, Siddiqui N. An estimation for an appropriate end time for an
intraoperative intravenous lidocaine infusion in bowel surgery: a comparative meta-analysis. J Clin Anesth. 2015
Sep 3. [Epub ahead of print]
655. Xing W, Chen DT, Pan JH, Chen YH, Yan Y, Li Q, Xue RF, Yuan YF, Zeng WA. Lidocaine induces apoptosis
and suppresses tumor growth in human hepatocellular carcinoma cells in vitro and in a xenograft model in vivo.
Anesthesiology. 2017 May;126(5):868-81.
656. Jurj A, Tomuleasa C, Tat TT, Berindan-Neagoe I, Vesa SV, Ionescu DC. Antiproliferative and apoptotic effects of
lidocaine on human hepatocarcinoma cells. A preliminary study. J Gastrointest Liver Dis. 2017 Mar;26(1):45-50.
657. Ortiz MP, Godoy MC, Schlosser RS, Ortiz RP, Godoy JP, Santiago ES, Rigo FK, Beck V, Duarte T, Duarte MM,
Menezes MS. Effect of endovenous lidocaine on analgesia and serum cytokines: double-blinded and randomized
trial. J Clin Anesth. 2016 Dec;35:70-77.
658. Dale GJ, Phillips S, Falk GL. The analgesic efficacy of intravenous lidocaine infusion after laparoscopic
fundoplication: a prospective, randomized double-blind, placebo-controlled trial. Local Reg Anesth. 2016 Dec
2;9:87-93.
659. Kranke P, Jokinen J, Pace NL, Schnabel A, Hollmann MW, Hahnenkamp K, Eberhart LH, Poepping DM, Weibel
S. Continuous intravenous perioperative lidocaine infusion for postoperative pain and recovery. Cochrane
Database Syst Rev. 2015 Jul 16:7.
660. Li YC, Wang Y, Li DD, Zhang Y, Zhao TC, Li CF. procaine is a specific DNA methylation inhibitor with antitumor effect for human gastric cancer. J Cell Biochem. 2017 Sep 19. [Epub ahead of print]
661. Kuo CP, Jao SW, Chen KM, Wong CS, Yeh CC, Sheen MJ, Wu CT. Comparison of the effects of thoracic
epidural analgesia and i.v. infusion with lidocaine on cytokine response, postoperative pain and bowel function in
patients undergoing colonic surgery. Br J Anaesth. 2006 Nov;97(5):640-6.

349

662. Li Y, Wang B, Zhang LL, He SF, Hu XW, Wong GT, Zhang Y. Dexmedetonidine combined with general
anesthesia provides similar intraoperative stress response reduction when compared with a combined general and
epidural anesthetic technique. Anesth Analg. 2016 Apr;122(4):1202-10.
663. Kim NY, Kwon TD, Bai SJ, Noh SH, Hong JH, Lee H, Lee KY. Effects of dexmedetomidine in combination with
fentanyl-based intravenous patient-controlled analgesia on pain attenuation after open gastrectomy in comparison
with conventional thoracic epidural and fentanyl-based intravenous patient-controlled analgesia. Int J Med Sci.
2017 Aug 18;14(10):951-60.
664. Dong W, Chen MH, Yang YH, Zhang X, Huang MJ, Wang HZ. The effect of dexmedetomidine on expressions of
inflammatory factors in patients with radical resection of gastric cancer. Eur Rev Med Pharmacol Sci. 2017 Aug
21(15):3510-5.
665. Yanagimoto Y, Takiguchi S, Miyazaki J, Makino T, Takahashi T, Kurokawa Y, Yamasaki M, Miyata H,
Nakajima K, Mori M, Doki Y. Comparison of pain management after laparoscopic distal gastrectomy with and
without epidural analgesia. Surg Today. 2015 Apr 11. [Epub ahead of print]
666. Zhang L, Chen C, Wang L, Cheng G, Wu WW, Li YH. Awakening from anesthesia using propofol or sevoflurane
with epidural block in radical surgery for senile gastric cancer. Int J Clin Exp Med. 2015 Oct 15;8(10):19412-7.
667. Wang Y, Wang L, Chen H, Xu Y, Zheng X, Wang G. The effets of intra- and post-operative anaesthesia and
analgesia choice on outcome after gastric cancer resection: a retrospective study. Oncotarget. 2017 Mar
30;8(37):62658-65.
668. Shin S, Kim HI, Kim NY, Kim KY, Kim DW, Yoo YC. Effect of postoperative analgesia technique on the
prognosis of gastric cancer: a retrospective analysis. Oncotarget 2017 Oct 20;8(61):104594-604.
669. Long AJ, Burton PR, De Veer MJ, Ooi GJ, Laurie CP, Nottle PD, Watt MJ, Brown WA. Radical gastric cancer
surgery results in widespread upregulation of pro-tumourigenic intraperitoneal cytokines. ANZ J Surg. 2017 Nov
30. [Epub ahead of print]
670. Ganapathi S, Roberts G, Mogford S, Bahlmann B, Ateleanu B, Kumar N. Epidural analgesia provides effective
pain relief in patiets undergoing open liver surgery. Br J Pain. 2015 May;9(2):78-85.
671. Zhu J, Zhang XR, Yang H. Effects of combined epidural and general anesthesia on intraoperative hemodynamic
response, postoperative cellular immunity, and prognosis in patients with gallbladder cancer: a randomized
controlled trial. Medicine (Baltimore). 2017 Mar;96(10):e6137.
672. Aloia TA, Kim BJ, Segraves-Chun YS, Cata JP, Truty MJ, Shi Q, Holmes A, Soliz JM, Popat KU, Rahlfs TF, Lee
JE, Wang XS, Morris JS, Gottumukkala VNR, Vauthey JN. A randomized controlled trial of postoperative
thoracic epidural analgesia versus intravenous patient-controlled analgesia after major hepatopancreatobiliary
surgery. Ann Surg. 2017 Sep;266(3):545-554.
673. Joy R, Pujari VS, Chadalawada MV, Cheruvathoor AV, Bevinguddaiah Y, Sheshagiri N. Epidural ropivacaine
with dexmedetomidine reduces propofol requirement based on bispectral index in patients undergoing lower
extremity and abdominal surgeries. Anesth Essays Res. 2016 Jan-Apr;10(1):45-9.

350

674. Misquith JC, Rao R, Ribeiro KS. Serial peak expiratory flow rates in patients undergoing upper abdominal
surgeries under general anaesthesia and thoracic epidural analgesia. J Clin Diagn Res. 2016 Feb;10(2):UC01-4.
675. Schreiber KL, Chelly JE, Lang RS, Abuelkasem E, Geller DA, Marsh JW, Tsung A, Sakai T. Epidural versus
paravertebral nerve block for postoperative analgesia in patients undergoing open liver resection: a randomized
clinical trial. Reg Anesth pain Med. 2016 Jul-Aug;41(4):460-8.
676. Xu Y, Sun Y, Chen H, Wang Y, Wang GN. Effects of two different anesthetic methods on cellular immunity of
patients after liver cancer resection. J Biol Regul Homeost Agents. 2016 Oct-Dec;30(4):1099-1106.
677. Allen S, DeRoche A, Adams L, Slocum KV, Clark CJ, Fino NF, Shen P. Effect of epidural compared to patientcontrolled intravenous analgesia on outcomes for patients undergoing liver resection for neoplastic disease. J Surg
Oncol. 2017 Feb 10. [Epub ahead of print]
678. Wang J, Guo W, Wu Q, Zhang R, Fang J. Impact of combination epidural and general anesthesia on the long-term
survival of gastric cancer patients: a retrospective study. Med Sci Monit. 2016 Jul 8;22:2379-85.
679. Wang Y, Wang L, Chen H, Xy Y, Zheng X, Wang G. The effects of intra- and postoperative anaesthesia and
analgesic choice on outcome after gastric cancer resection: a retrospective study. Oncotarget. 2017 Mar 30. [Epub
ahead of print]
680. Amini N, Kim Y, Hyder O, Spolverato G, Wu CL, Page AJ, Pawlik TM. A nationwide analysis of the use and
outcomes of perioperative epidural analgesia in patients undergoing hepatic and pancreatic surgery. Am J Surg.
2015 Sep;210(3):483-91.
681. Sugimoto M, Nesbit L, Barton JG, William Traverso L. Epidural anesthesia dysfunction is associated with
postoperative complications after pancreatectomy. J Hepatobilliary Pancreat Sci. 2016 Feb;23(2):102-9.
682. Pan PH, Bogard TD, Owen MD. Incidence and characteristics of failures in obstetric neuraxial analgesia and
anesthesia: a retrospective analysis of 19,259 deliveries. Int J Obstet Anesth 2004;13:227-33.
683. Hermanides J, Hollmann MW, Stevens MF, Lirk P. Failed epidural: causes and management. Br J Anaesth.
2012;109(2):144-54.
684. Sadowski SM, Andres A, Morel P, Schiffer E, Frossard JL, Platon A, Poletti PA, Bühler L. Epidural anesthesia
improves pancreatic perfusion and decreases the severity of acute pancreatitis. World J Gastroenterol. 2015 Nov
21;21(43):12448-56.
685. Jabaudon M, Belhadj-Tahar N, Rimmelé T, Joannes-Boyau O, Bulyez S, Lefrant JY, Malledant Y, Leone M,
Abback PS, Tamion F, Dupont H, Lortat-Jacob B, Guerci P, Kerforne T, Cinotti R, jacob L, verdier P, Dugernier
T, Pereira B, Constantin JM, Azurea Network. Thoracic epidural analgesia and mortality in acute pancreatitis: a
multicentre propensity analysis. Crit Care Med. 2017 Nov 30. [Epub ahead of print]

351

686. Kun L, Tang L, Wang J, Yang H, Ren J. Effect of combined general/epidural anesthesia on postoperative NK cell
activity and cytokine response in gastric cancer patients undergoing radical resection. Hepatogastroenterology.
2014 Jun;61(132):1142-7.
687. Zhao J, Mo H. The impact of different anesthesia methods on stress reaction and immune function of the patients
with gastric cancer during peri-operative period. J Med Assoc Thai. 2015 Jun;98(6):568-73.
688. Kasai M, Van Damme N, Berardi G, Geboes K, Laurent S, Troisi RI. The inflammatory response to stress and
angiogenesis in liver resection for colorectal liver metastases: a randomized controlled trial comparing open versus
laparoscopic approach. Acta Chir Belg. 2017 Nov 27:1-9. [Epub ahead of print]
689. Okholm C, Goetze JP, Svendsen LB, Achiam MP. Inflammatory response in laparoscopic vs. open surgery for
gastric cancer. Scand J Gastroenterol. 2014 Sep;49(9):1027-34.
690. Bartin MK, Kemik Ö, Caparlar MA, Bostanci MT, Öner MÖ. Evaluation of the open and laparoscopic
appendectomy operations with respect to their effect on serum IL-6 levels. Ulus Travma Acil Cerrahi Derg. 2016
Sep;22(5):466-70.
691. Schietroma M, Piccione F, Carlei F, Clementi M, Bianchi Z, de Vita F, Amicucci G. Peritonitis from perforated
appendicitis: stress response after laparoscopic or open treatment. Am Surg. 2012 May;78(5):582-90.
692. Freise H, Lauer S, Konietzny E, Hinkelmann J, Minin E, van Aken HK, Lerch MM, Sielenkaemper AW, Fischer
LG. Hepatic effects of thoracic epidural analgesia in experimental severe acute pancreatitis. Anesthesiology 2009
Dec;111(6):1249-56.
693. Freise H, Daudel F, Grosserichter C, Lauer S, Hinkelmann J, van Aken HK, Sielenkaemper AW, Westphal M,
Fischer LG. Thoracic epidural anesthesia reverses sepsis-induced hepatic hyperperfusion and reduces leukocyte
adhesion in septic rats. Crit Care 2009;13(4):R116.
694. Barlass U, Dutta R, Cheema H, George J, Sareen A, Dixit A, Yuan Z, Giri B, Meng J, Banerjee S, Dudeja V,
Dawra RK, Roy S, Saluja AK. Morphine worsens the severity and prevents pancreatic regeneration in mouse
models of acute pancreatitis. Gut. 2017 Jun 22. [Epub ahead of print]
695. Sidiropoulou I, Tsaousi GG, Pourzitaki C, Logotheti H, Tsantilas D, Vasilakos DG. Impact of anesthetic technique
on the stress response elicited by laparoscopic cholecystectomy: a randomized study. J Anesth. 2016
Jun;30(3):522-5.
696. Ozcan S, Ozer AB, Yasar MA, Erhan OL. Effects of combined general anesthesia and thoracic epidural analgesia
on cytokine response in patients undergoing laparoscopic cholecystectomy. Niger J Clin Pract. 2016 JulAug;19(4):436-42.
697. Gottschalk A, Poepping DM. [Epidural analgesia in combination with general anesthesia]. Anasthesiol
Intensivmed Notfallmed Schmerzther. 2015 Jul;50(7-08):484-95.
698. Aspinen S, Harju J, Juvonen P, Selander T, Kokki H, Pulkki K, Eskelinen MJ. The plasme 8-OHdG and oxidative
stress following cholecystectomy: a randomised multicentre study of patients with minilaparotomy

352

cholecystectomy versus laparoscopic cholecystectomy. Scand J Gastroenterol. 2016 Jul 19:1-5. [Epub ahead of
print]
699. Sen O, Umutoglu T, Aydin N, Toptas M, Tutuncu AC, Bakan M. Effects of pressure-controlled and volumecontrolled ventilation on respiratory mechanics and systemic stress response during laparoscopic cholecystectomy.
Springerplus. 2016 Mar 8;5:298.
700. Kadam VR, Howell S, Kadam V. Evaluation of postoperative pain scores following ultrasound guided transversus
abdominis plane block versus local infiltration following day surgery laparoscopic cholecystectomy-retrospective
study. J Anaesthesiol Clin Pharmacol. 2016 Jan-Mar;32(1):80-3.
701. Sinha S, Palta S, Saroa R, Prasad A. Comparison of ultrasound-guided transversus abdominis plane block with
bupivacaine and ropivacaine as adjuncts for postoperative analgesia in laparoscopic cholecystectomies. Indian J
Anaesth. 2016 Apr;60(4):264-9.
702. Al-Refaey K, Usama EM, Al-Hefnawey E. Adding magnesium sulfate to bupivacaine in transversus abdominis
plane block for laparoscopic cholecystectomy: a single blinded randomized controlled trial. Saudi J Anaesth. 2016
Apr-Jun;10(2):187-91.
703. Kim YS, Kang SH, Song KY, Cho ML, Her YM, Huh JW, Lee J. The immunomodulatory role of esmolol in
patients undergoing laparoscopic gastrectomy due to gastric cancer. Anaesthesia. 2013 Sep;68(9):924-30.
704. Liao X, Che X, Zhao W, Zhang D, Bi T, Wang G. The β-receptor antagonist, propranolol, induces human gastric
cancer cell apoptosis and cell cycle arrest via inhibiting nuclear factor kB signaling. Oncol Rep. 2010
Dec;24(6):1669-76.
705. Takahashi K, Kaira K, Shimizu A, Sato T, Takahashi N, Ogawa H, Yoshinari D, Yokobori T, Asao T, Takeyoshi
I, Oyama T. Clinical significance of β2-adrenergic receptor expression in patients with surgically resected
gastricadenocarcinoma. Tuour Biol. 2016 Oct;37(10):13885-92.
706. Pu J, Zhang X, Luo H, Xu L, Lu X, Lu J. Adrenaline promotes epithelial-to-mesenchymal transition via HuRTGFβ regularory axis in pancreatic cancer cells and the implication in cancer prognosis. Biochem Biophys Res
Commun. 2017 Nov 25;493(3):1273-79.
707. Meng C, Lu Z, Fang M, Zhou X, Dai K, Zhang S, Luo J, Luo Z. Effect of celecoxib combined with chemotherapy
drug on malignant biological behaviors of gastric cancer. Int J Clin Exp Pathol. 2014 Oct 15;7(11):7622-32.
708. Yagi K, Kawasaki Y, Nakamura H, Miura T, Takeda T, Esumi S, Matsunaga H, Kitamura Y, Sendo T.
Differential combined effect of COX inhibitors on cell survival suppressed by sorafenib in the HepG2 cell line.
Biol Pharm Bull. 2014;37(7):1234-40.
709. Hang J, Hu H, Huang J, Han T, Zhuo M, Zhou Y, Wang L, Wang Y, Jiao F, Wang L. Sp1 and COX2 expression is
positively correlated with a poor prognosis in pancreatic ductal adenocarcinoma. Oncotarget. 2106 Apr 5. [Epub
ahead of print]

353

710. Khalaf N, Yuan C, Hamada T, Cao Y, Babic A, Morales-Oyarvide V, Kraft P, Ng K, Giovannucci E, Ogino S,
Stampfer M, Cochrane BB, Manson JE, Clish CB, Chan AT, Fuchs C, Wolpin BM. Regular use of aspirin or nonaspirin nonsteroidal anti-inflammatory drugs is not associated with risk of incident pancreatic cancer in two large
cohort studies. Gastroenterology. 2017 Dec 8. [Epub ahead of print]
711. Bombardo M, Malagola E, Chen R, Rudnicka A, Graf R, Sonda S. Ibuprofen and diclofenac treatments reduce
proliferation of pancreatic acinar cells upon inflammatory injury and mitogenic stimulation. Br J Pharmacol. 2017
May 19. [Epub ahead of print]
712. Kho PF, Fawcett J, Fritschi L, Risch H, Webb PM, Whiteman DC, Neale RE. Nonsteroidal anti-inflammatory
drugs, statins, and pancreatic cancer risk: a population-based case-control study. Cancer Causes Control. 2016
Nov 5. [Epub ahead of print]
713. Petrick JL, Sahasrabuddhe VV, Chan AT, Alavanja MC, Beane Freeman LE, Buring JE, Chen J, Chong DQ,
Freedman ND, Fuchs CS, Gaziano JM, Giovannucci EL, Graubard BI, Hollenbeck AR, Hou L, Jacobs JE, King
LY, Koshiol J, Lee IM, Linet MS, Palmer JR, Purdue MP, Rosenberg L, Schairer C, Sesso HD, Sigurdson AJ,
Wactawski-Wende J, Zeleniuch-Jacquotte A, Campbell PT, McGlynn KA. NSAID use and risk of hepatocellular
carcinoma and intrahepatic cholangiocarcinoma: The Liver Cancer Pooling Project. Cancer Prev Res (Phila). 2015
Sep 21. [Epub ahead of print]
714. Boas FE, Ziv E, Yarmohammadi H, Brown KT, Erinjeri JP, Sofocleous CT, Harding JJ, Solomon SB. Adjuvant
medications that improve survival after locoregional therapy. J Vasc Interv Radiol. 2017 Jull;28(7):971-7.
715. Hagberg KW, Sahasrabuddhe VV, McGlynn KA, Jick SS. Does angiotensin-converting enzyme inhibitor and βblocker use reduce the risk of primary liver cancer? A case-control study using the UK Clinical Practice Research
Datalink. Pharmacotherapy. 2016 Feb;36(2):187-95.
716. Li J, Yang XM, Wang YH, Feng MX, Liu XJ, Zhang YL, Huang S, Wu Z, Xue F, Qin WX, Gu JR, Xia Q, Zhang
ZG. Monoamine oxidase A suppresses hepatocellular carcinoma metastasis by inhibiting the adrenergic system
and its transactivation of EGFR signaling. J Hepatol. 2014 Jun;60(6):1225-34.
717. Huan HB, Wen XD, Chen XJ, Wu L, Wu LL, Zhang L, Yang DP, Zhang X, Bie P, Qian C, Xia F. Sympathetic
nervous system promotes hepatocarcinogenesis by modulating inflammation through activation of alpha1adrenergic receptors of Kupffer cells. Brain Behav Immun. 2017 Jan;59:118-34.
718. Kim-Fuchs C, Le CP, Pimentel MA, Shackleford D, Ferrari D, Angst E, Hollande F, Sloan EK. Chronic stress
accelerates pancreatic cancer growth and invasion: a critical role for beta-adrenergic signaling in the pancreatic
microenvironment. Brain Behav Immun. 2014 Aug;40:40-7.
719. Beg MS, Gupta A, Sher D, Ali S, Khan S, Gao A, Stewart T, Ahn C, Berry J, Mortensen EM. Impact of
concurrent medication use on pancreatic cancer survival-SEER-Medicare analysis. Am J Clin Oncol. 2017 Jan 10.
[Epub ahead of print]
720. Partecke LI, Speerforck S, Käding A, Seubert F, Kühn S, Lorenz E, Schwandke S, Sendler M, Kessler W, Trng
DN, Oswald S, Weiss FU, Mayerle J, Henkel C, Menges P, Beyer K, Lerch MM, Heidecke CD, von Bernstorff W.

354

Chronic stress increases experimental pancreatic cancer growth, reduces survival and can be antagonised by betaadrenergic receptor blockade. Pancreatology. 2016 May-Jun. 16(3):423-33
721. Udumyan R, Montgomery S, Fang F, Almroth H, Valsimarsdottir U, Ekbom A, Smedby KE, Fall K. Beta-blocker
drug use and survival among patients with pancreatic adenocarcinoma. Cancer Res. 2017 Jul 1;77(13):3700-07.
722. Hefner J, Csef H, Kunzmann V. [Stress and pancreatic carcinoma—β-adrenergic signaling and tumor biology].
Dtsch Med Wochenschr. 2014 Feb;139(7):334-8.
723. Chisholm KM, Chang KW, Truong MT, Kwok S, West RB, Heerema-McKenney AE. Β-Adrenergic receptor
expression in vascular tumors. Mod Pathol. 2012 Nov;25(11):1446-51.
724. Takahashi K, Kaira K, Shimizu A, Sato T, Takahashi N, Ogawa H, Yoshinari D, Yokobori T, Asao T, Takeyoshi
I, Oyama T. Clinical significance of β2-adrenergic receptor expression in patients with surgically resected gastric
adenocarcinoma. Tumour Biol. 2016 Aug 3. [Epub ahead of print]
725. Shan T, Cui X, Li W, Lin W, Li Y, Chen X, Wu T. Novel regulatory program for norepinephrine-induced
epithelial-mesenchymal transition in gastric adenocarcinoma cell lines. Cancer Sci. 2014 Jul;105(7):847-56.
726. Lee JH, Park JH, Kil HK, Choi SH, Noh SH, Koo BN. Efficacy of Intrathecal Morphine Combined with
Intravenous Analgesia versus Thoracic Epidural Analgesia after Gastrectomy. Yonsei Med J. 2014 Jul
1;55(4):1106-14.
727. Cao L, Chang Y, Lin W, Zhou J, Tan H, Yuan Y, Zeng W. Long-term survival after resection of hepatocellular
carcinoma: a potential risk associated with the choice of postoperative analgesia. Anesth Analg. 2014
Jun;118(6):1309-16.
728. Tiouririne M. Epidural analgesia and cancer recurrence: timing matters. Anesthesiology. 2011;114:717–8; author
reply 718.
729. Wang XT, Lv M, Guo HY. Effects of epidural block combined with general anesthesia on antitumor
characteristics of T helper cells in hepatocellular carcinoma. J Biol Regul Homeost Agents. 2016 JanMar;30(1):67-77.
730. Song W, Wang K, Zhang RJ, Dai QX, Zou SB. The enhanced recovery after surgery (ERAS) program in liver
surgery: a meta-analysis of randomized controlled trials. Springerplus. 2016 Feb;5:207.
731. Bell R, Pandanaboyana S, Prasad KR. Epidural versus local anaesthetic infiltration via wound catheters in open
liver resection: a meta-analysis. ANZ J Surg. 2014 May 29. doi:10.1111/ans.12683. [Epub ahead of print]
732. Dalmau A, Fustran N, Camprubi I, Sanzol R, Redondo S, Ramos E, Torras J, Sabaté A. Analgesia with continuous
wound infusion of loacal anesthetic verus saline: double-blind randomized, controlled trial in hepatectomy. Am J
Surg. 2017 Sep 20. [Epub ahead of print]
733. Mungroop TH, Veelo DP, Busch OR, van Dieren S, van Gulik TM, Karsten TM, de Castro SM, Godfried MB,
Thiel B, Hollmann MW, Lirk P, Besselink MG. Continuous wound infiltration versus epidural analgesia after

355

hepato-pencreato-biliary surgery (POP-UP): a randomised controlled, open-label, non-inferiority trial. Lancet
Gastroenterol Hepatol. 2016 Oct;1(2):105-13.
734. Cummings KC 3rd, Patel M, Htoo PT, Bakaki PM, Cummings LC, Koroukian S. A comparison of the effects of
epidural analgesia versus traditional pain management on outcomes after gastric cancer resection: a populationbased study. Reg Anesth Pain Med. 214 May-Jun;39(3):200-7.
735. Zimmitti G, Soliz J, Aloia TA, Gottumukkala V, Cata JP, Tzeng CD, Vauthey JN. Positive impact of epidural
analgesia on oncologic outcomes in patients undergoing resection of colorectal liver metastases. Ann Surg Oncol.
2015 Oct 28. [Epub ahead of print]
736. Bouman EA, Theunissen M, Bons SA, van Mook WN, Gramke HF, van Kleef M, Marcus MA. Reduced incidence
of chronic postsurgical pain after epidural analgesia for abdominal surgery. Pain Pract. 2014 Feb;14(2):E76-84.
737. Lee HW, Lee H, Chung H, Park JC, Shin SK, Lee SK, Lee YC, Hong JH, Kim DW. The efficacy of single-dose
postoperative intravenous dexamethasone for pain relief after endoscopic submucosal dissection for gastric
neoplasm.
738. Ruiz-Tovar J, Munoz JL, Gonzalez J, Zubiaga L, Garcia A, Jimenez M, Ferrigni C, Duran M. Postoperative pain
after laparoscopic sleeve gastrectomy: comparison of three analgesic schemes (isolated intravenous analgesia,
epidural analgesia associated with intravenous analgesia and port-sites infiltration with bupivacaine associated
with intravenous analgesia). Surg Endosc. 2016 May 13. [Epub ahead of print]
739. Mohamed AA, Fares KM, Mohamed SA. Efficacy of intrathecally administered dexmedetomidine versus
dexmedetomidine with fentanyl in patients undergoing major abdominal surgery. Pain Physician. 2012 JulAug;15(4):339-48.
740. Wu HH, Wang HT, Jin JJ, Cui GB, Zhou KC, Chen Y, Chen GZ, Dong YL, Wang W. Does dexmedetomidine as
a neuraxial adjuvant facilitate better anesthesia and analgesia? A systematic review and meta-analysis. PLoS One.
2014 Mar 26;9(3):e93114.
741. Moro ET, Feitosa IMPSS, de Oliveira RG, Saraiva GFP, Rosalino R, Marossi VP, Bloomstone JA, Navarro LHC.
Ketamine does not enhance the quality of recovery following laparoscopic cholecystectomy: a randomized
controlled trial. Acta Anaesthesiol Scand. 2017 Aug;61(7):740-8.
742. Bakan M, Umutoglu T, Topuz U, Uysal H, Bayram M, Kadioglu H, Salihoglu Z. Opioid-free total intravenous
anesthesia with propofol, dexmedetomidine and lidocaine infusions for laparoscopic cholecystectomy: a
prospective, randomized, double-blinded study. Braz J Anesthesiol. 2015 May-Jun;65(3):191-9.
743. Song X, Sun Y, Zhang X, Li T, Yang B. Effect of perioperative intravenous lidocaine infusion on postoperative
recovery following laparoscopic cholecystectomy – a randomized controlled trial. Int J Surg. 2017 Sep;45:8-13.
744. Das NT, Deshpande C. Effects of intraperitoneal local anesthetics bupivacaine and ropivacaine versus placebo on
postoperative pain after laparoscopic cholecystectomy: a randomised double blind study. J Clin Diagn Res. 2017
Jul;11(7):UC08-UC12.

356

745. Chen Q, Yang LX, Li XD, Yin D, Shi SM, Chen EB, Yu L, Zhou ZJ, Zhou SL, Shi YH, Fan J, Zhou J, Dai Z. The
elevated preoperative neutrophil-to-lymphocyte ratio predicts poor prognosis in intrahepatic cholangiocarcinoma
patients undergoing hepatectomy. Tumour Biol. 2015 Feb 12. [Epub ahead of print]
746. Min GT, Li YM, Yao N, Wang J, Wang HP, Chen W. The pretreatment neutrophil-lymphocyte ratio may predict
prognosis of patients with liver cancer: meta-analysis. Clin Transplant. 2017 Nov 7. [Epub ahead of print]
747. Dumitrascu T, Brasoveanu V, Stroescu C, Ionescu M, Popescu I. Major hepatectomies for perihilar
cholangiocarcinoma: predictors for clinically relevant postoperative complications using the International Study
Group of Liver Surgery definitions. Asian J Surg. 2015 Jun 20. [Epub ahead of print]
748. Haruki K, Shiba H, Horiuchi T, Shirai Y, Iwase R, Fujiwara R, Furukawa K, Misawa T, Yanaga K. Neutrophil to
lymphocyte ratio predicts therapeutic outcome after pancreaticoduodenectomy for carcinoma of the ampulla of
Vater. Anticancer Res. 2016 Jan;36(1):403-8.
749. Lee BS, Lee SH, Son JH, Jang DK, Chung KH, Lee YS, Paik WH, Ryu JK, Kim YT. Neutrophil-lymphocyte ratio
predicts survival in patients with advanced cholangiocarcinoma on chemotherapy. Cancer Immunol Immunother.
2016 Jan 4. [Epub ahead of print]
750. Cho KM, Park H, OH DY, Kim TY, Lee KH, Han SW, Im SA, Kim TY, Bang YT. Neutrophil-to-lymphocyte
ratio, platelet-to-lymphocyte ratio, and their dynamic changes during chemotherapy is useful to predict a more
accurate prognosis of advanced biliary tract cancer. Oncotarget. 2016 Nov 30. [Epub ahead of print]
751. Sagib R, Pathak S, Smart N, Nunes Q, Rees J, Finch Jones M, Poston G. Prognostic significance of pre-operative
inflammatory markers in resected gallbladder cancer: a systematic review. ANZ J Surg. 2017 Dec 3. [Epub ahead
of print].
752. Zhou LH, Luo XF. Platelet to lymphocyte ratio in biliary tract cancer: review and meta-analysis. Clin Chim Acta.
2017 Sep 10. [Epub ahead of print]
753. Mao ZJ, Zhu GQ, Xiong M, Ren L, Bai L. Prognostic value of neutrophil distribution in cholangiocarcinoma.
World J Gastroenterol. 2015 Apr 28;21(16):4961-8.
754. Jiang N, Deng JY, Liu Y, Ke B, Liu HG, Liang H. The role of preoperative neutrophil-lymphocyte and plateletlymphocyte ratio in patients after radical resection for gastric cancer. Biomarkers. 2014 Sep;19(6):444-51.
755. Musri FY, Mutlu H, Eryilmaz MK, Salim DK, Gunduz S, Coskun HS. The neutrophil to lymphocyte ratio is an
independent prognostic factor in patients with metastatic gastric cancer. Asian Pac J Cancer Prev.
2016;17(3):1309-12.
756. Kim JH, Han DS, Bang HY, Kim PS, Lee KY. Preoperative neutrophil-to-lymphocyte ratio is a prognostic factor
for overall survival in patients with gastric cancer. Ann Surg Treat Res. 2015 Aug;89(2):81-6.
757. El Aziz LM. Blood neutrophil-lymphocyte ratio predicts survival in locally advanced stomach cancer treated with
neoadjuvant chemotherapy FOLFOX 4. Med Oncol. 2014 Dec;31(12):311.

357

758. Tanaka H, Muguruma K, Toyokawa T, Kubo N, Ohira M, Hirakawa K. Differential impact of the NeutrophilLymphocyte ratio on the survival of patients with stage IV gastric cancer. Dig Surg. 2014 Dec 3;31(4-5):327-333.
759. Dogan M, Eren T, Ozdemir N, Cigirgan CL, Zengin N. The relationship between platelet-lymphocyte ratio,
neutrophil-lymphocyte ratio, and survival in metastatic gastric cancer on firstline modified docetaxel and
cisplatinum plus 5 fluorourasil regimen: a single institute experience. Saudi J Gastroenterol. 2015 SepOct;21(5):320-4.
760. Ock CY, Nam AR, Lee J, Bang JH, Lee KH, Han SW, Kim TY, Im SA, Kim TY, Bang YJ, Oh DY. Prognostic
implication of antitumor immunity measured by the neutrophil-lymphocyte ratio and serum cytokines and
angiogenic factors in gastric cancer. Gastric Cancer. 2016 May 5. [Epub ahead of print]
761. Li Y, Wang C, Xu M, Kong C, Qu A, Zhang M, Zheng Z, Zhang G. Preoperative NLR for predicting survival rate
after radical resection combined with adjuvant immunotherapy with CIK and postoperative chemotherapy in
gastric cancer. J Cancer Res Clin Oncol. 2017 Jan 20. [Epub ahead of print]
762. Migita K, Matsumoto S, Wakatsuki K, Ito M, Kunishige T, Nakade H, Kitano M, Nakatani M, Sho M. The
prognostic significance of inflammation-based markers in patients with recurrent gastric cancer. Surg Today. 2017
Aug 23. [Epub ahead of print]
763. Min KW, Kwon MJ, Kim DH, Son BK, Kim EK, Oh YH, Wi YC. Persistent elevation of postoperative
neutrophil-to-lymphocyte ratio: a better predictor of survival in gastric cancer than elevated preoperative
neutrophil-to-lymphocyte ratio. Sci Rep. 2017 Oct 25;7(1):13967.
764. Aldemir MN, Turkeli M, Simsek M, Yildrim N, Bilen Y, Yetimoglu H, Bilici M, Tekin SB. Prognostic value of
baseline neutrophil-lymphocyte and platelet-lymphocyte ratios in local and advanced gastric cancer patients. Asian
Pac J Cancer Prev. 2015;16(14):5933-7.
765. Wang F, Liu ZY, Xia YY, Zhou C, Shen XM, Li XL, Han SG, Zheng Y, Mao ZQ, Gong FR, Tao M, Lian L, Li
W. Changes in neutrophil/lymphocyte and platelet/lymphocyte ratios after chemotherapy correlate with
chemotherapy response and prediction of prognosis in patients with unresectable gastric cancer. Onco Lett. 2015
Dec;10(6):3411-18.
766. Chen J, Hong D, Zhai Y, Shen P. Meta-analysis of associations between neutrophil-to-lymphocyte ratio and
prognosis of gastric cancer. World J Surg Oncol. 2015 Mar 26;13(1):122.
767. Kim EY, Lee JW, Yoo HM, Park CH, Song KY. The platelet-to-lymphocyte ratio versus neutrophil-tolymphocyte ratio: which is better as a prognostic factor in gastric cancer? Ann Surg Oncol. 2015 Mar 25. [Epub
ahead of print]
768. Deng Q, He B, Liu X, Yue J, Ying H, Pan Y, Sun H, Chen J, Wang F, Gao T, Zhang L, Wang S. Prognostic value
of pre-operative inflammatory response biomarkers in gastric cancer patients and the construction of a predictive
model. J Transl Med. 2015;13:409.

358

769. Gunaldi M, Goksu S, Erdem D, Gunduz S, Okuturlar Y, Tiken E, Kahraman S, Inan YO, Genc TB, Yildrim M.
Prognostic impact of platelet/lymphocyte and neutrophil/lymphocyte ratios in patients with gastric cancer: a
multicenter study. Int J Clin Exp Med. 2015 Apr 15;8(4):5937-42.
770. Sun X, Wang J, Liu J, Chen S, Liu X. Albumin concentrations plus neutrophil lymphocyte ratios for predicting
oveall survival after curative resection for gastric cancer. Onco Targets Ther. 2016 Jul 27;9:4661-9.
771. Mohri Y, Tanaka K, Toiyama Y, Ohi M, Yasuda H, Inoue Y, Kusunoki M. Impact of preoperative neutrophil to
lymphocyte ratio and postoperative infectious complications on survival after curative gastrectomy for gastric
cancer: a single institutional cohort study. Medicine (Baltimore). 2016 Mar;95(11):e3125.
772. Jiang Y, Xu H, Jiang H, Ding S, Zheng T. Pretreatment neutrophil-lymphocyte count ratio may associate with
gastric cancer presence. Cancer Biomark. 2016 Mar 4. [Epub ahead of print]
773. Lou N, Zhang L, Chen XD, Pang WY, Arvine C, Huang YP, Zhuang CL, Shen X. A novel scoring system
associating with preoperative platelet/lymphocyte and clinicopathologic features to predict lymph node metastasis
in early gastric cancer. J Surg Res. 2016 Oct 15;209:153-161. [Epub ahead of print]
774. Arigami T, Uenosono Y, Matsushita D, Yanagita S, Uchikado Y, Kita Y, Mori S, Kijima Y, Okumura H,
Maemura K, Ishigami S, Natsugoe S. Combined fibrinogen concentration and neutrophil-lymphocyte ratio as a
prognostic marker of gastric cancer. Oncol Lett. 2016 Feb;11(2):1537-1544.
775. Pan QX, Su ZJ, Zhang JH, Wang CR, Ke SY. A comparison of the prognostic value of preoperative inflammationbased scores and TNM stage in patients with gastric cancer. Onco Targets Ther. 2015 Jun 17;8:1375-85.
776. Sun J, Chen X, Gao P, Song Y, Huang X, Yang Y, Zhao J, Ma B, Gao X, Wang Z. Can the neutrophil to
lymphocyte ratio be used to determine gastric cancer treatment outcomes? A systematic review and meta-analysis.
Dis Markers. 2016;2016:7862469.
777. Tokumoto M, Tanaka H, Ohira M, Go Y, Okita Y, Sakurai K, Toyokawa T, Kubo N, Muguruma K, Maeda K,
Sawada T, Hirakawa K. A positive correlation between neutrophils in regional lymph nodes and progression of
gastric cancer. Anticancer Res. 2014 Dec;34(12):7129-36.
778. Lian L, Xia YY, Zhou C, Shen XM, Li XL, Han SG, Zheng Y, Mao ZQ, Gong FR, Wu MY, Chen K, Tao M, Li
W. Application of platelet/lymphocyte and neutrophil/lymphocyte ratios in early diagnosis and prognostic
prediction in patients with resectable gastric cancer. Cancer Biomark. 2015 Sep 25. [Epub ahead of print]

779. Chen Z, Chen W, Wang J, Zhu M, Zhuang Z. Pretreated baseline neutrophil count and chemotherapy-induced
neutropenia may be conveniently available as prognostic biomarkers in advanced gastric cancer. Intern Med J.
2015 Apr 14. [Epub ahead of print]
780. Atila K, Arslan NC, Derici S, Canda AE, Sagol O, Oztop I, Bora S. Neutrophil-to-lymphocyte ratio: could it be
used in the clinic as prognostic marker for gastrointestinal stroma tumor? Hepatogastroenterology. 2014
Sep;61(134):1649-53.

359

781. Kargin S, Çakır M, Gündeş E, Yavuz Y, Esen HH, Sinan İyisoy M, Kökbudak N, Küçükkartallar T. Relationship
of preoperative neutrophil lymphocyte ratio with prognosis in gastrointestinal stromal tumors. Ulus Cerrahi Derg.
2015 Jun 1;31(2):61-4.
782. Jiang C, Hu WM, Liao FX, Yang Q, Chen P, Rong YM, Guo GF, Yin CX, Zhang B, He WZ, Xia LP. Elevated
preoperative neutrophil-to-lymphocyte ratio is associated with poor prognosis in gastrointestinal stromal tumor
patients. Onco Targets Ther. 2016 Feb 23;9:877-83.
783. Stotz M, Liegl-Atzwanger B, Posch F, Mrsic E, Thalhammer M, Stojakovic T, Bezan A, Pichler M, Gerger A,
Szkandera J. Blood based biomarkers are associated with disease recurrence and survival in gastrointestinal stroma
tumor patients after surgical resection. PLoS One. 2016 Jul 25;11(7):e0159448.
784. Xiao WK, Chen D, Li SQ, Fu SJ, Peng PG, Liang LJ. Prognostic significance of neutrophil-lymphocyte ratio in
hepatocellular carcinoma: a meta-analysis. BMC Cancer. 2104 Feb 21;14:117.
785. Gomez D, Farid S, Malik HZ, Young AL, Toogood GJ, Lodge JP, Prasad KR. Preoperative neutrophil-tolymphocyte ratio as a prognostic predictor after curative resections for hepatocellular carcinoma. World J Surg.
2008;32:1757-62.
786. Yamamura K, Sugimoto H, Kanda M, Yamada S, Nomoto S, Nakayama G, Fujii T, Koike M, Fujiwara M, Kodera
Y. Comparison of inflammation-based prognostic scores as predictors in tumor recurrence in patients with
hepatocellular carcinoma after curative resection. J Hepatobiliary Pancreat Sci. 2014 Sep;21(9):682-8.
787. Okamura Y, Sugiura T, Ito T, Yamamoto Y, Ashida R, Mori K, Uesaka K. Neutrophil to lymphocyte ratio as an
indicator of the malignant behaviour of hepatocellular carcinoma. Br J Surg. 2016 Mar 23. [Epub ahead of print]
788. Yang T, Zhu J, Zhao L, Mai K, Ye J, Huang S, Zhao Y. Lymphocyte to monocyte ratio and neutrophil to
lymphocyte ratio are superior inflammation-based predictors of recurrence in patients with hepatocellular
carcinoma after hepatic resection. J Surg Oncol. 2017 Jan 27. [Epub ahead of print]
789. Lin G, Liu Y, Li S, Mao Y, Wang J, Shuang Z, Chen J, Li S. Elevated neutrophil-to-lymphocyte ratio is an
independent poor prognostic factor in patients with intrahepatic cholangiocarcinoma. Oncotarget. 2016 Feb 24.
[Epub ahead of print]
790. Heindryckx F, Gerwins P. Targeting the tumor stroma in hepatocellular carcinoma. World J Hepatol. 2015 Feb
27;7(2):165-76.
791. Neofytou K, Smyth EC, Giakoustidis A, Khan AZ, Cunningham D, Mudan S. Elevated platelet to lymphocyte
ratio predicts poor prognosis after hepatectomy for liver-only colorectal metastases, and it is superior to neutrophil
to lymphocyte ratio as adverse prognostic factor. Med Oncol. 2014 Oct;31(10):239.
792. Ahmad J, Grimes N, Farid S, Morris-Stiff G. Inflammatory response related scoring systems in assessing the
prognosis of patients with pancreatic ductal adenocarcinoma: a systematic review. Hepatobiliary Pancreat Dis Int.
2014 Oct;13(5):474-81.

360

793. Arima K, Okabe H, Hashimoto D, Chikamoto A, Kuroki H, Taki K, Kaida T, Higashi T, Nitta H, Komohara Y,
Beppu T, Takeya M, Baba H. The neutrophil-to-lymphocyte ratio predicts malignant potential in intraductal
papillary mucinous neoplasms. J Gastrointest Surg. 2015 Oct 6. [Epub ahead of print]
794. Goh BK, Tan DM, Chan CY, Lee SY, Lee VT, Thng CH, Low AS, Tai DW, Cheow PC, Chow PK, Ooi LL,
Chung AY. Are preoperative blood neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios useful in
predicting malignancy in surgically-treated mucin-producing pancreatic cystic neoplasms? J Surg Oncol. 2015
Aug 17. [Epub ahead of print]
795. Arima K, Okabe H, Hashimoto D, Chikamoto A, Tsuji A, Yamamura K, Kitano Y, Inoue R, Kaida T, Higashi T,
Taki K, Imai K, Komohara Y, Beppu T, Takeya M, Baba H. The diagnostic role of the neutrophil-to-lymphocyte
ratio in predicting pancreatic ductal adenocarcinoma in patients with pancreatic diseases. Int J Clin Oncol. 2016
Mar 29. [Epub ahead of print]
796. Qi Q, Geng Y, Sun M, Wang P, Chen Z. Clinical implications of systemic inflammatory response markers as
independent prognostic factors for advanced pancreatic cancer. Pancreatology. 2015 Jan 10. [Epub ahead of print]
797. Asari S, Matsumoto I, Toyama H, Shinzeki M, Goto T, Ishida J, Ajiki T, Fukumoto T, Ku Y. Preoperative
independent prognostic factors in patients with borderline resectable pancreatic ductal adenocarcinoma following
curative resection: the neutrophil-lymphocyte and platelet-lymphocyte ratios. Surg Today. 2015 Jun 25. [Epub
ahead of print]
798. Gemenetzis G, Bagante F, Griffin JF, Rezaee N, Javed AA, Manos LL, Lennon AM, Wood LD, Hruban RH,
Zheng L, Zaheer A, Fishman EK, Ahuja N, Cameron JL, Weiss MJ, He J, Wolfgang CL. Neutrophil-tolymphocyte ratio is a predictive marker for invasive malignancy in intraductal papillary mucinous neoplasms of
the pancreas. Ann Surg. 2016 Sep 14. [Epub ahead of print]
799. Lee JM, Lee HS, Hyun JJ, Choi HS, Kim ES, Keum B, Seo YS, Jeen YT, Chun HJ, Um SH, Kim CD. Prognostic
value of inflammation-based markers in patients with pancreatic cancer administered gemcitabine and erlotinib.
World J Gastrointest Oncol. 2016 Jul 15;8(7):555-62.
800. Alagappan M, Pollom EL, von Eyben R, Kozak MM, Aggarwal S, Poultsides GA, Koong AC, Chang DT.
Albumin and neutrophil-to-lymphocyte ratio (NLR) predict survival in patients with pancreaticadenocarcinoma
treated with SBRT. Am J Clin Oncol. 2016 Jan 11. [Epub ahead of print]
801. Chawla A, Huang TL, Ibrahim AM, Hardacre JM, Siegel C, Ammori JB. Pretherapy neutrophil to lymphocyte
ratio and platelet to lymphocyte ratio do not predict survival in resectable pancreatic cancer. HPB (Oxford). 2017
Dec 5. [Epub ahead of print]
802. Li X, Chen ZH, Ma XK, Chen J, Wu DH, Lin Q, Dong M, Wei L, Wang TT, Ruan DY, Lin ZX, Xing YF, Deng
Y, Wu XY, Wen JY. Neutrophil-to-lymphocyte ratio acts as a prognostic factor for patients with advanced
hepatocellular carcinoma. Tumour Biol. 2014 Aug 6. [Epub ahead of print]

361

803. da Fonseca LG, Barroso-Sousa R, Bento Ada S, Blanco BP, Valente GL, Pfiffer TE, Hoff PM, Sabbaga J. Pretreatment neutrophil-to-lymphocyte ratio affects survival in patients with advanced hepatocellular carcinoma
treated with sorafenib. Med Oncol. 2014 Nov;31(11)264.
804. Terashima T, Yamashita T, Iida N, Yamashima T, Nakagawa H, Arai K, Kitamura K, Kagaya T, Sakai Y,
Mizukoshi E, Honda M, Kaneko S. Blood neutrophil to lymphocyte ratio as a predictor in patients with advanced
hepatocellular carcinoma treated with hepatic arterial infusion chemotherapy. Hepatol Res. 2014 Oct 16. [Epub
ahead of print]
805. Sukato DC, Tohme S, Chalhoub D, Han K, Zajko A, Amesur N, Orons P, Marsh JW, Geller DA, Tsung A. The
prognostic role of Neutrophil-to-lymphocyte ratio in patients with unresectable hepatocellular carcinoma treated
with radioembolization. J Vasc Interv Radiol. 2015 Mar 27. [Epub ahead of print]
806. D’Emic N, Engelman A, Molitoris J, Hanlon A, Sharma NK, Moeslein FM, Chuong MD. Prognostic significance
of neutrophil-lymphocyte ratio and platelet-lymphocyte ratio in patients treated with selective internal radiation. J
Gastrointest Oncol. 2016 Apr;7(2):269-77.
807. Hu B, Yang XR, Xu Y, Sun Y, Guo W, Zhang X, Wang WM, Qiu SJ, Zhou J, Fan J. Systemic immuneinflammation index (SII) predicts prognosis of patients after resection for hepatocellular carcinoma. Clin Cancer
Res. 2014 Sep 30. [Epub ahead of print]
808. Luo G, Guo M, Liu Z, Xiao Z, Jin K, Long J, Liu L, Liu C, Xu J, Ni Q, Yu X. Blood Neutrophil-Lymphocyte ratio
predicts survival in patients with advanced pancreatic cancer treated with chemotherapy. Ann Surg Oncol. 2014
Aug 26. [Epub ahead of print]
809. Ben Q, An W, Wang L, Yu L, Yuan Y. Validation of the pretreatment Neutrophil-Lymphocyte Ratio as a
predictor of overall survival in a cohort of patients with pancreatic ductal adenocarcinoma. Pancreas. 2014 Nov
24. [Epub ahead of print]
810. Inoue D, Ozaka M, Matsuyama M, Yamada I, Takano K, Saiura A, Ishii H. Prognostic value of neutrophillymphocyte ratio and level of C-reactive protein in a large cohort of pancreatic cancer patients: a retrospective
study in a single institute in Japan. Jpn J Clin Oncol. 2014 Oct 23. [Epub ahead of print]
811. McNamara MG, Templeton AJ, Maganti M, Walter T, Horgan AM, McKeever L, Min T, Amir E, Knox JJ.
Neutrophil/lymphocyte ratio as a prognostic factor in biliary tract cancer. Europ J Cancer. 2014 June 50(9):15811589.
812. Graziosi L, Marino E, De Angelis V, Rebonato A, Cavazzoni E, Donini A. Prognostic value of preoperative
neutrophils to lymphocytes ratio in patients resected for gastric cancer. A J Surg. 2014 Aug 5. [Epub ahead of
print]
813. Ishizuka M, Oyama Y, Abe A, Kubota K. Combination of platelet count and neutrophil to lymphocyte ratio is a
useful predictor of postoperative survival in patients undergoing surgery for gastric cancer. J Surg Oncol. 2014
Aug 21. [Epub ahead of print]

362

814. Li S, Xu X, Liang D, Tian G, Song S, He Y. [Prognostic value of blood neutrophil-to-lymphocyte ratio (NLR) and
platelet-to-lymphocyte ratio (PLR) in patients with gastric cancer]. Zhonghua Zhong Liu Za Zhi. 2014
Dec;36(12):910-5. [Article in Chinese]
815. Teo M, Mohd Sharial MS, McDonnell F, Conlon KC, Ridgway PF, McDermott RS. Prognostic role of neutrophilto-lymphocyte ratio in advanced pancreatic ductal adenocarcinoma: impact of baseline fluctuation and changes
during chemotherapy. Tumori. 2013 Jul-Aug;99(4):516-22.
816. Jin HL, Zhang GE, Liu XS, Zhang Q, Yu JR. Blood neutrophil-lymphocyte ratio predicts the survival of
neoadjuvant chemotherapy in gastric cancer. Transl Gastrointest Cancer. 2013;2(S1):AB62.
817. Xue P, Kanai M, Mori Y, Nishimura T, Uza N, Kodama Y, Kawaguchi Y, Takaori K, Matsumoto S, Uemoto S,
Chiba T. Neutrophil-to-lymphocyte ratio for predicting palliative chemotherapy outcomes in advanced pancreatic
cancer patients. Cancer Med. 2014 Apr;3(2):406-415.
818. Nakayama Y, Gotohda N, Shibasaki H, Nomura S, Kinoshita T, Hayashi R. Usefulness of the
neutrophil/lymphocyte ratio measured preoperatively as a predictor of peritoneal metastasis in patients with
advanced gastric cancer. Surg Today. 2014 May 16. [Epub ahead of print]
819. Mohri Y, Tanaka K, Ohi M, Saigusa S, Yasuda H, Toiyama Y, Araki T, Inoue Y, Kusunoki M. Identification of
prognostic factors and surgical indications for metastatic gastric cancer. BMC Cancer. 2014 Jun 6;14:409.
820. Xu AM, Huang L, Zhu L, Wei ZJ. Significance of peripheral neutrophil-lymphocyte ratio among gastric cancer
patients and construction of a treatment-predictive model: a study based on 1131 cases. Am J Cancer Res. 2014
Mar 1;4(2):189-95.
821. Call TR, Pace NL, Thorup DB, Maxfield D, Chortkoff B, Christensen J, Mulvihill SJ. Factors associated with
improved survival after resection of pancreatic adenocarcinoma: a multivariate model. Anesthesiology. 2015
Feb;122(2):317-24.
822. Gao F, Li X, Gang M, Ye X, Liu H, Liu Y, Wan G, Wang X. Pretreatment neutrophil-lymphocyte ratio: an
independent predictor of survival in patients with hepatocellular carcinoma. Medicine (Baltimore). 2015
Mar;94(11)e639.
823. Jaramillo-Reta KY, Velazquez-Dohorn ME, Medina-Franco H. Neutrophil to lymphocyte ratio as predictor of
surgical mortality and survival in complex surgery of the upper gastrointestinal tract. Rev Invest Clin. 2015 MarApr;67(2):117-21.
824. Khan F, Vogel RI, Diep GK, Tuttle TM, Lou E. Prognostic factors for survival in advanced appendiceal cancers.
Cancer Biomark. 2016 Sep 30. [Epub ahead of print]
825. Singh PP, Lemanu DP, Taylor MH, Hill AG. Association between preoperative glucocorticoids and long-term
survival and cancer recurrence after colectomy: follow-up analysis of a previous randomized controlled trial. Br J
Anaesth. 2014;113 Suppl 1:i68-73.

363

826. Nan H, Hutter CM, Lin Y, Jacobs EJ, Ulrich CM, White E, Baron JA,Berndt SI, Brenner H, et al. Association of
aspirin and NSAID use with risk of colorectal cancer according to genetic variants. JAMA. 2015 Mar
17;313(11):1133-42.
827. Wakeman C, Keenan J, Eteuati J, Hollington P, Eglinton T, Frizelle F. Chemoprevention of colorectal neoplasia.
ANZ J Surg. 2015 Dec 21. [Epub ahead of print]
828. Cao Y, Nishihara R, Qian ZR, Song M, Mima K, Inamura K, Nowak JA, Drew DA, Lochhead P, Nosho K,
Morikawa T, Zhang X, Wu K, Wang M, Garrett WS, Giovannucci EL, Fuchs CS, Chan AT, Ogino S. Regular
aspirin use associates with lower risk of colorectal cancers with low numbers of tumor-infiltrating lymphocytes.
Gastroenterology. 2016 Jul 27. [Epub ahead of print]
829. Park SY, Wilkens LR, Kolonel LN, Monroe KR, Haiman CA, Le Marchand L. Exploring differences in the
Aspirin-Colorectal Cancer Association by sex and race/ethnicity: the multi-ethnic cohort study. Cancer Epidemiol
Biomarkers Prev. 2016 Oct 10. [Epub ahead of print]
830. Veettil SK, Lim KG, Ching SM, Saokaew S, Phisalprapa P, Chaiyakunapruk N. Effects of aspirin and non-asprin
nonsteroidal anti-inflammatory drugs on the incidence of recurrent colorectal adenomas: a systematic review with
meta-analysis and trial sequential analysis of randomized clinical trials. BMC Cancer. 2017 Nov 14;17(1):763.
831. Shaw E, Warkentin MT. McGregor SE, Town S, Hilsden RJ, Brenner DR. Intake of high dietary fibre and lifetime
non-steroidal anti-inflamatory drug (NSAID) use and the incidence of colorectal polyps in a population screened
for colorectal cancer. J Epidemiol Community Health. 2017 Oct;71(10):961-9.
832. Rigas B, Tsioulias GJ. The evolving role of NSAIDs in colon cancer prevention: a cause for optimism. J
Pharmacol Exp Ther. 2015 Jan 14. [Epub ahead of print]
833. Gupta et al. Reduction in mortality after epidural anaesthesia and analgesia in patients undergoing rectal but not
colonic cancer surgery: a retrospective analysis of data from 655 patients in central Sweden. Br J Anaesth 2011
Aug;107(2):164-70.
834. Gottschalk A, et al. Association between epidural analgesia and cancer recurrence after colorectal cancer surgery.
Anesthesiology 2010 Jul;113(1):27-34.
835. Sun X, Yang C, Li K, Ding S. The impact of anesthetic techniques on survival for patients with colorectal cancer:
evidence based on six studies. Hepatogastroenterology. 2015 Mar-Apr;62(138):299-302.
836. Cummings KC, Xu F, Cummings LC, Cooper GS. A comparison of epidural analgesia and traditional pain
management effects on survival and cancer recurrence: a population-based study. Anesthesiology, 2012
Apr;116(4):797-806.
837. Myles PS, Peyton P, Silbert B, Hunt J, Rigg JR, Sessler DI. Perioperative epidural analgesia for major abdominal
surgery for cancer and recurrence free survival: randomised trial. BMJ 2011 Mar 29;342.
838. Day A, Smith R, Jourdan I, Fawcett I, et al. Retrospective analysis of the effect of postoperative analgesia on
survival in patients after laparoscopic resection of colorectal cancer. Br J Anaesth, 2012 Aug;109(2):185-90.

364

839. Binczak M, Tournay E, Billard V, Rey A, Jayr C. Major abdominal surgery for cancer: does epidural analgesia
have a long-term effect on recurrence-free and overall survival? Ann Fr Anesth Reanim, 2013;32(5):e81-8.
840. Chen WK, Ren L, Wei Y, Zhu DX, Miao CH, Xu JM. General anesthesia combined with epidural anesthesia
ameliorates the effect of fast-track surgery by mitigating immunosuppression and facilitating intestinal functional
recovery in colon cancer patients. Int J Colorectal Dis. 2015 Apr;30(4):475-81.
841. Taupyk Y, Cao X, Zhao Y, Wang C, Wang Q. Fast-track laparoscopic surgery: a better option for treating
colorectal cancer than conventional laparoscopic surgery. Oncol Lett. 2015 Jul;10(1):443-8.
842. Senagore AJ, Whalley D, Delaney CP, Mekhail N, Duepree HJ, Fazio VW. Epidural anesthesia-analgesia shortens
length of stay after laparoscopic segmental colectomy for benign pathology. Surgery. 2001 Jun;129(6):672-6.
843. Senagore AJ, Delaney CP, Mekhail N, Dugan A, Fazio VW. Randomized clinical trial comparing epidural
anaesthesia and patient-controlled analgesia after laparoscopic segmental colectomy. Br J Surg. 2003
Oct;90(10):1195-9.
844. Zgaia AO, Lisencu CI, Rogobete A, Vlad C, Achimas-Cadariu P, Lazar G, Muntean M, Ignat F, Ormindean V,
Irimie A. Improvement of recovery parameters using patient-controlled epidural analgesia after oncological
surgery. A prospective, randomized single center study. Rom J Anaesth Intensive Care. 2017 Apr;24(1):29-36.
845. Liu H, Hu X, Duan X, Wu J. Thoracic epidural analgesia (TEA) vs. patient controlled analgesia (PCA) in
laparoscopic colectomy: a meta-analysis. Hepatogastroenterology. 2014 Jul-Aug;61(133):1213-9.
846. Barr J, Boulind C, Foster JD, Ewings P, Reid J, Jenkins JT, Williams-Yesson B, Francis NK. Impact of analgesic
modality on stress response following laparoscopic colorectal surgery: a post-hoc analysis of a randomized
controlled trial. Tech Coloprotocol. 2015 Apr;19(4):231-9.
847. Song P, Dong T, Zhang J, Li J, Lu W. Effects of different methods of anesthesia and analgesia on immune
function and serum tumour marker levels in critically ill patients. Exp Ther med. 2017 Sep;14(3):2206-10.
848. Gendall KA, Kennedy RR, Watson AJ, Frizelle FA. The effect of epidural analgesia on postoperative outcome
after colorectal surgery. Colorectal Dis. 2007 Sep;9(7):584-600.
849. Warschkow R, Steffen T, Lüthi A, Filipovic M, Beutner U, Schmied BM, Müller SA, Tarantino I. Epidural
analgesia in open resection of colorectal cancer: is there a clinical benefit? A retrospective study on 1470 patients.
J Gastrointest Surg. 2011 Aug;15(8):1386-93.
850. Fotiadis RJ, Badvie S, Weston MD, Allen-Mersh TG. Epidural analgesia in gastrointestinal surgery. Br J Surg.
2004 Jul;91(7):828-41.
851. Shi WZ, Miao YL, Yakoob MY, Cao JB, Zhang H, Jiang YG, Xu LH, Mi WD. Recovery of gastrointestinal
function with thoracic epidural vs. systemic analgesia following gastrointestinal surgery. Acta Anaesthesiol Scand.
2014 Sep;58(8):923-32.

365

852. An R, Pang QY, Chen B, Liu HL. Effect of anesthesia methods on postoperative major adverse cardiac events and
mortality after non-cardiac surgeries: a systematic review and meta-analysis. Minerva Anesthesiol. 2017 April 11.
[Epub ahead of print]
853. Eto K, Kondo I, Kosuge M, Ohkuma M, Haruli K, Neki K, Sugano H, Hashizume R, Yanaga K. Enhanced
recovery after surgery programs for laparoscopic colorectal resection may not need thoracic epidural analgesia.
Anticancer Res. 2017 Mar;37(3):1359-64.
854. Hanna MH, Jafari MD, Jafari F, Phelan MJ, Rinehart J, Sun C, Carmichael JC, Mills SD, Stamos MJ, Pigazzi A.
Randomized clinical trial of epidural compared with convential analgesia after minimally invasive colorectal
surgery. J Am Coll Surg. 2017 Aug 3. [Epub ahead of print]
855. Onoglu R, Narin C, Kiyici A, Sarkilar G, Hacibeyoglu G, Baba F, Sarigul A. The potential effect of epidural
anesthesia on mesenteric injury after supraceliac aortic clamping in a rabit model. Ann Vasc Surg. 2016 Feb 21.
[Epub ahead of print]
856. Bardia A, Sood A, Mahmood F, Orhurhu V, Mueller A, Montealegre-Gallegos M, Shnider MR, Ultee KH,
Schermerhorn ML, Matyal R. Combined epidural-general anesthesia vs general anesthesia alone for elective
abdominal aortic aneurysm repair. JAMA Surg. 2016 Sep 7. [Epub ahead of print]
857. Demaree CJ, Soliz JM, Gebhardt R. Cancer seeding risk from an epidural blood patch in patients with leukemia or
lymphoma. Pain Med. 2016 Aug 24. [Epub ahead of print]
858. Roeb MM, Wolf A, Gräber SS, Meiner W, Volk T. Epidural versus systemic analgesia: an international registry
analysis on postoperative pain and related perceptions after abdominal surgery. Clin J Pain. 2016 Jun 1. [Epub
ahead of print]
859. Guay J, Nishimori M, Kopp S. Epidural local anaesthetics versus opioid-based analgesic regimens for
postoperative gastrointestinal paralysis, vomiting and pain after abdominal surgery. Cochrane Database Syst Rev.
2016 Jul 16;7:CD001893.
860. Hodgson PS, Liu SS. Epidural lidocaine decreases sevoflurane requirement for adequate depth of anesthesia as
measured by the Bispectral Index Monitor. Anesthesiology. 2001 May;94(5):799-803.
861. Vogelaar FJ, Lips DJ, van Dorsten FR, Lemmens VE, Bosscha K. Impact of anaesthetic technique on survival in
colon cancer: a review of the literature. Gastroenterol Rep (Oxf). 2015 Feb 16. [Epub ahead of print]
862. Hasanin AM, Mokhtar AM, Amin SM, Sayed AA. Preprocedural ultrasound examination versus manual palpation
for thoracic epidural catheter insertion. Saudi J Anaesth. 2017 Jan-Mar;11(1):62-6.
863. Baptista-Hon DT, Robertson FM, Robertson BG, Owen SJ, Rogers GW, Lydon EL, Lee NH, Hales TG. Potent
inhibition by ropivacaine of metatstatic colon cancer SW620 cell invasion and NaV1.5 channel function. Br J
Anaesth. 2014 May 22.pii:aeu104. [Epub ahead of print]

366

864. Herroeder S, Pechser S, Schonherr ME, Kaulitz G, Hahnenkamp K, Friess H, Bottiger BW, Bauer H, Dijkgraaf
MG, Durieux ME, Hollmann MW. Systemic lidocaine shortens length of hospital stay after colorectal surgery: a
double-blinded, randomized, placebo-controlled trial. Ann Surg 2007;246:192-200.
865. Owusu-Agyemang P, Cata JP, Fournier KF, Zavala AM, Soliz J, Hernandez M, Hayes-Jordan A, Gottmukkala V.
Evaluating the impact of total intravenous anesthesia on the clinical outcomes and perioperative NLE and PLR
profiles of patients undergoing cytoreductive surgery with hyperthermic intraperitoneal chemotherapy. Ann Surg
Oncol. 2016 Mar 14. [Epub ahead of print]
866. Xu YJ, Chen WK, Zhu Y, Wang SL, Miao CH. Effect of thoracic epidural anaesthesia on serum vascular growth
factor C and cytokines in patients undergoing anaesthesia and surgery for colon cancer. Br J Anaesth. Advance
Access published June 25, 2014.
867. Tylman M, Sarbinowski R, Bengston JP, Kvarnström A, Bengtsson A. Inflammatory response in patients
undergoing colorectal cancer surgery: the effect of two different anesthetic techniques. Minerva Anesthesiol. 2011
Mar;77(3):275-82.
868. Desgranges FP, Steghens A, Rosay H, Méeus P, Stoian A, Daunizeau AL, Pouderoux-Martin S, Piriou V. Epidural
analgesia for surgical treatment of peritoneal carcinomatosis: a risky technique? Ann Fr Anesth Reanim. 2012
Jan;31(1):53-9.
869. Piccioni F, Casiraghi C, Fumagalli L, Kusamura S, Baratti D, Deraco M, Arienti F, Langer M. Epidural analgesia
for cytoreductive surgery with peritonectomy and heated intraperitoneal chemotherapy. Int J Surg. 2015 Mar 11.
[Epub ahead of print]
870. Owusu-Agyemang P, Soliz J, Hayes-Jordan A, Harun N, Gottumukkala V. Safety of epidural analgesia in the
perioperative care of patients undergoing cytoreductive surgery with hyperthermic intraperitoneal chemotherapy.
Ann Surg Oncol. 2014 May;21(5):1487-93.

871. Kajdi ME, Beck-Schimmer B, Held U, Kofmehl R, Lehmann K, Ganter MT. Anaesthesia in patients undergoing
cytoreductive surgery with intraperitoneal chemotherapy: retrospective analysis of a single centre three-year
experience. World Journal of Surgical Oncology. 2014, 12:136.
872. Korakianitis O, Daskalou D, Alevizos L, Stamou K, Mavroudis C, Iatrou C, Vogiatzaki T, Eleftheriadis S, Tentes
AA. Int J Hyperthermia. 2015 Dec;31(8):857-62.
873. Holler JP, Ahlbrandt J, Gruss M, Hecker A, Weigand MA, Padberg W, Röhrig R. The effect of peridural analgesia
on long-term survival after surgery in patients with colorectal cancer: a systematic meta-analysis. Chirurg. 2014
Oct 10. [Epub ahead of print]

874. Chen WK, Miao CH. The effect of anesthetic technique on survival in human cancers: a meta-analysis of
retrospective and prospective studies. PLoS One. 2013;8(2):e56540. Epub 2013 Feb 20.
875. He QH, Liu QL, Li Z, Li KZ, Xie YG. Impact of epidural analgesia on quality of life and pain in advanced cancer
patients. Pain Manag Nurs. 2014 Nov 13. [Epub ahead of print]

367

876. Vogelaar FJ, Abegg R, van der Linden JC, Cornelisse HG, van Dorsten FR, Lemmens VE, Bosscha K. Epidural
analgesia associated with better survival in colon cancer. Int J Colorectal Dis. 2015 Apr 28. [Epub ahead of print]
877. Weng M, Chen W, Hou W, Li L, Ding M, Miao C. The effect of neuraxial anesthesia on cancer recurrence and
survival after cancer surgery: an updated meta-analysis. Oncotarget. 2016 Feb 24. [Epub ahead of print]
878. Xu YJ, Li SY, Cheng Q, Chen WK, Wang SL, Ren Y, Miao CH. Effects of anaesthesia on proliferation, invasion
and apotosis of LoVo colon cancer cells in vitro. Anaesthesia. 2015 Dec 16. [Epub ahead of print]
879. Wu CL, Benson AR, Hobson DB, Roda CP, Demski R, Galante DJ, Page AJ, Pronovost PJ, Wick EC. Initiating
an enhanced recovery pathway program: an anesthesiology department’s perspective. Jt Comm J Qual Patient Saf.
2015;41(10):447-56.
880. Fujita F, Torashima Y, Takatsuki M, Kuroki T, Eguchi S. Is the serum level of reactive oxygen metabolites
appropriate for evaluating short-term surgical stress of patients undergoing colectomy? Int Surg. 2015 Jan 11.
[Epub ahead of print]
881. Day AR, Smith RV, Scott MJ, Fawcett WJ, Rockall TA. Randomized clinical trial investigating the stress
response from two different methods of analgesia after laparoscopic colorectal surgery. Br J Surg. 2015
Nov;102(12):1473-9.
882. Whelan RL, Franklin M, Holubar SD, Donahue J, Fowler R, Munger C, Doorman J, Balli JE, Glass J, Gonzalez
JJ, Bessler M, Xie H, Treat M. Postoperative cell mediated immune response is better preserved after laparoscopic
vs open colorectal resection in humans. Surg Endosc. 2003 Jun;17(6):972-8.
883. Sammour T, Kahokehr A, Chan S, Booth RJ, Hill AG. The humoral responses after laparoscopic versus open
colorectal surgery: a meta-analysis. J Surg Res. 2010;164:28-37.
884. Veenhof AA, Vlug MS, van der Pas MH, Sietses C, van der Peet DL, de Lange-de Klerk ES, Bonjer HJ,
Bemelman WA, Cuesta MA. Surgical stress response and postoperative immune after laparoscopy or open surgery
with fast track or standard perioperative care; a randomized trial. Ann Surg 2012;255:216-221.
885. Mari G, Crippa J, Costanzi A, Mazzola M, Rossi M, Maggioni D. ERAS protocol reduces IL-6 secretion in
colorectal laparoscopic surgery: results from a randomized clinical trial. Surg Laparosc Endosc Percutan Tech.
2016 Oct 25. [Epub ahead of print]
886. Siekmann W, Eintrei C, Magnuson A, Sjölander A, Mathiessen P, Myrelid P, Gupta A. Surgical and not analgesic
technique affects postoperative inflammation following colorectal cancer surgery: a prospective, randomized trial.
Colorectal Dis. 2017 March 4. [Epub ahead of print]
887. Krog AH, Thorsby PM, Sahba M, Pettersen EM, Sandven I, Jørgensen JJ, Sundhagen JO, Kazmi SS. Perioperative
humoral stress response to laparoscopic versus open aortobifemoral bypass surgery. Scan J Clin Lab Invest. 2017
Jan 9;1-10.

368

888. Behrenbruch C, Shembrey C, Paquet-Fifield S, Mølck C, Cho HJ, Michael M, Thomson BNJ, Heriot HG,
Hollande F. Surgical stress response and promotion of metastasis in colorectal cancer: a complex and
heterogeneous process. Clin Exp Metastasis. 2018 Jan 15. [Epub ahead of print]
889. Schietroma M, Pessia B, Carlei F, Cecilia EM, Amicucci G. Gut barrier function and systemic endotoxemia after
laparotomy or laparoscopic resection for colon cancer: a prospective randomized study. J Minim Access Surg.
2015 Nov 21. [Epub ahead of print]
890. Zaborin A, Krezalek M, Hyoju S, Defazio JR, Setia N, Belogortseva N, Bindokas VP, Guo Q, Zaborina O,
Alverdy JC. Critical role of microbiota within cecal crypts on the regenerative capacity of the intestinal epithelium
following surgical stress. Am J Physiol Gastrointest Liver Physiol. 2017 Feb 1;312(2):G112-G122.
891. Ekeloef S, Larsen MH, Schou-Pedersen AM, Lykkesfeldt J, Rosenberg J, Gögenür I. Endothelial dysfunction in
the early postoperative period after major colon cancer surgery. Br J Anaesth. 2017 Feb;118(2):200-6.
892. Jeon Y, Park JS, Moon S, Yeo J. Effect of intravenous high dose vitamin C on postoperative pain and morphine
use after laparoscopic surgery: a randomized controlled trial. Pain Res Manag. 2016;2016:9147279. Epub 2016
Oct 30.
893. Halabi WJ, Kang CY, Nguyen VQ, Carmichael JC, Mills S, Stamos MJ, Pigazzi A. Epidural analgesia in
laparoscopic colorectal surgery: a nationwide analysis of use and outcomes. JAMA Surg. 2014 Feb;149(2):130-6.
894. Waterland P, Ng J, Jones A, Broadley G, Nicol D, Patel H, Pandey S. Using CRP to predict anastomotic leakage
after open and laparoscopic colorectal surgery: is there a difference? Int J Colorectal Dis. 2016 Apr;31(4):861-8.
895. Facy O, Paquette B, Orry D, Santucci N, Rat P, Rat P, Binquet C, Ortega-Deballon P. Inflammatory markers as
early predictors of infection after colorectal surgery: the same cut-off values in laparoscopy and laparotomy? Int J
Colorectal Dis. 2017 Apr 6. [Epub ahead of print]
896. Juvany M, Guirao X, Oliva JC, Badia Pérez JM. Role of combined post-operative venous lactate and 48 hours Creactive protein values on the etiology and predictive capacity of organ-space surgical site infection after elective
colorectal operation. Surg Infect (Larchmt). 2017 Feb 6. [Epub ahead of print]
897. Labgaa I, Joliat GR, Kefleyesus A, Mantziari S, Schäfer M, Demartines N, Hübner M. Is postoperative decrease of
serum albumin an early predictor of complications after major abdominal; surger? A prospective cohort study in a
European centre. BMJ Open. 2017 Apr 8;7(4):e013966.
898. Han C, Ding Z, Fan J, Sun J, Gian Y. Comparison of the stress response in patients undergoing gynaecological
laparoscopic surgery using carbon dioxide pneumoperitoneum or abdominal wall-lifting methods. J Laparoendosc
Adv Surg Tech. 2012. May;22(4):330-5.
899. Wu HY, Li F, Tang QF. Immunological effects of laparoscopic and open cholecystectomy. J Int Med Res.
2010;38(6):2077-83.

369

900. Ahlers O, Nachtigall I, Lenze J, Goldmann A, Schulte E, Höhne C, Fritz G, Keh D. Intraoperative thoracic
epidural anaesthesia attenuates stress-induced immunosuppression in patients undergoing major abdominal
surgery. Br J Anaesth 2008 Dec;101(6):781-7.
901. Zhou D, Gu FM, Gao Q, Li QL, Zhou J, Miao CH. Effects of anesthetic methods on preserving anti-tumor Thelper polarization following hepatectomy. World J Gastroenterol. 2012 Jun 28;18(24):3089-98.
902. Hadimioglu N, Ulugol H, Akbas H, Coskunfirat N, Ertug Z, Dinckan A. Combination of epidural anesthesia and
general anesthesia attenuates stress response to renal transplantation surgery. Transplant Proc. 2012
Dec;44(10):2949-54.
903. Ezhevskaya AA, Mlyavykh SG, Anderson DG. Effects of continuous epidural anesthesia and postoperative
epidural analgesia on pain management and stress response in patients undergoing major spinal surgery. Spine
(Phila Pa 1976). 2013 Jul 1;38(15):1324-30.
904. Ezhevskaia AA, Prusakova ZhB, Maksimova LP, Sholkina MN, Balmusova EA, Ovechkin AM. [Effects of
epidural anesthesia on stress-induced immune suppression during major corrective spine surgery]. Anesteziol
Reanimatol. 2014 Nov-Dec;59(6):4-9. [Article in Russian]
905. Shoar S, Naderan M, Ebrahimpour H, Soroush A, Nasiri S, Movafegh A, Khorgami Z. A prospective doubleblinded randomized controlled trial comparing systemic stress response in laparoscopic cholecystectomy between
low-pressure and standard-pressure pneumoperitoneum. Int J Surg. 2016 Feb 16. [Epub ahead of print]
906. Borges MC, Takeuti TD, Terra GA, Ribeiro BM, Rodrigues-Júnior V, Crema E. Comparative analysis of
immunological profiles in women undergoing conventional and single-port laparoscopic cholecystectomy. Arq
Bras Cir Dig. 2016 Jul-Sep;29(3):164-9.
907. Zawadzki M, Krystek-Korpacka M, Gamian A, Witkiewicz W. Comparison of inflammatory responses following
robotic and open colorectal surgery: a prospective study. Int J Colorectal Dis. 2016 Nov 4. [Epub ahead of print]
908. Bedirli N, Akyürek N, Kurtipek O, Kavutcu M, Kartal S, Bayraktar AC. Thoracic epidural bupivacaine attenuates
inflammatory response, intestinal lipid peroxidation, oxidative injury, and mucosal apoptosis induced by
mesenteric ischemia/reperfusion. Anesth Analg. 2011 Nov;113(5):1226-32.
909. Singh PP, Lemanu DP, Soop M, Bisset IP, Harrison J, Hill AG. Perioperative simvastatin therapy in major
colorectal surgery: a prospective, double-blind randomized controlled trial. J Am Coll Surg. 2016 Apr 13. [Epub
ahead of print]
910. Kim SY, Kim NK, Baik SH, Min BS, Hur H, Lee J, Noh HY, Lee JH, Koo BN. Effects of postoperative pain
management on immune function after laparoscopic resection of colorectal cancer: a randomized study. Medicine
(Baltimore) 2016 May;95(19):e3602.
911. Meyhoff Ch S, Jorgensen LN, Wetterslev J, et al. Increased long-term mortality after a high perioperative
inspiratory oxygen fraction during abdominal surgery: follow-up of a randomized clinical trial. Anesth Analg
2012;115(4):849-854.

370

912. Schietroma M, Cecilia EM, Sista F, Carlei F, Pessia B, Amicucci G. High-concentration supplemental
perioperative oxygen and surgical site infection following elective colorectal surgery for rectal cancer: a
prospective, randomized, double-blind, controlled, single-site trial. Am J Surg. 2014 Jun 18. [Epub ahead of print]

913. Kurz A, Fleischmann E, Sessler DI, Buggy DJ, Apfel C, Akca O, Factorial Trial Investigators. Effects of
supplemental oxygen and dexamethasone on surgical site infection: a factorial randomised trial. Br J Anaesth.
2015 Apr 20. [Epub ahead of print]

914. Bitterman H. Bench-to-bedside review: oxygen as a drug. Crit Care 2009;13:205.
915. Qadan M, Battista C, Gardner SA et al. Oxygen and surgical site infection: a study of underlying immunologic
mechanisms. Anesthesiology 2010;113:369-77.
916. Staehr AK, Meyhoff CS, Henneberg SW, Christensen PL, Rasmussen LS. Influence of perioperative oxygen
fraction on pulmonary function after abdominal surgery: a randomized controlled trial. BMC Res Notes 2012 Jul
28;5:383.
917. Klein M, Gögenur I, Rosenberg J. Postoperative use of non-steroidal anti-inflammatory drugs in patients with
anastomotic leakage requiring reoperation after colorectal resection: cohort study based on prospective data. BMJ,
2012 Sep 26;345e6166.
918. Gorissen KJ, Benning D, Berghmans T, Snoeijs MG, Sosef MN, Hulsewe KW, Luyer MD. Ris of anastomotic
leakage with non-steroidal anti-inflammatory drugs in colorectal surgery. Br J Surg. 2012 May;99(5):721-7.
919. Mathiesen O, Wetterslev J, Kontinen VK, Pommergaard HC, Nikolajsen L, Rosenberg J, Hansen MS, Hamunen
K, Kier JJ, Dahl JB; Scandinavian Postoperative Pain Alliance (ScaPAlli). Acta Anaesthesiol Scand. 2014
Nov;58(10):1182-98.
920. Van der Vijver RJ, van Laarhoven CJ, Lomme RM, Hendriks T. Diclofenac causes more leakage than naproxen in
anastomoses in the small intestine of the rat. Int J Colorectal Dis. 2013 Sep;28(9):1209-16.
921. Yauw STK, Goor van H, Hendriks T, Lomme RMLM, Vijver van der RJ. Diclofenac veroorzaakt naadlekkage in
het ileum en proximale colon, maar niet in het distale colon. Chirurgendagen 2013.
922. Bakker N, Deelder JD, Richir MC, Cakir H, Doodeman HJ, Schreurs WH, Houdijk AP. Risk of anastomotic
leakage with nonsteroidal anti-inflammatory drugs within an enhanced recovery program. J Gastrointest Surg.
2015 Nov 4. [Epub ahead of print]
923. Peng F, Liu S, Hu Y, Yu M, Chen J, Liu C. Influence of perioperative nonsteroidal anti-inflammatory drugs on
complications after gastrointestinal surgery: a meta-analysis. Acta Anaesthesiol Taiwan. 2017 Jan 12. [Epub ahead
of print]
924. Leake PA, Plummer JM, Rhoden A, Frankson MA, Gordon-Strachan G, Powell LP, Roberts PO. Colorectal
anastomotic leakage at the university hospital of the west indies: an analysis of risk factors. Wet Indian Med J.
2013 Nov;62(9):711-5.

371

925. Paulasir S, Kaoutzanis C, Welch KB, Vandewarker JF, Krapohl G, Lampman RM, Franz MG, Cleary RK.
Nonsteroidal anti-inflammatory drugs: do they increase the risk of anastomotic leaks following colorectal
operations? Dis Colon Rectum.
926. Turrentine FE, Denlinger CE, Simpson VB, Garwood RA, Guerlain S, Agrawal A, Friel CM, LaPar DJ,
Stukenborg GJ, Jones RS. Morbidity, mortality, cost, and survival estimates of gastrointestinal anastomotic leaks.
J Am Coll Surg. 2015 Feb;220(2): 195-206.
927. Hakkarainen TW, Steele SR, Bastaworous A, Dellinger EP, Farrokhi E, Farjah F, Florence M, Helton S, Horton
M, Pietro M, Varghese TK, Flum DR. Nonsteroidal anti-inflammatory drugs and the risk for anastomotic failure: a
report from Washington State’s Surgical Care and Outcomes Assessment Program (SCOAP). Jama Surg. 2015 Jan
21. [Epub ahead of print]
928. Haddad NN, Bruns BR, Enniss TM, Turay D, Sakran JV, fathalizadeh A, Arnold K, Murry JS, Carrick MM,
Hernandez M, Lauerman MH, Zielinksi MD. Perioperative use of nonsteroidal anti-inflammatory drugs and the
risk of anastomotic failure in emergency general surgery. J trauma Acute Care Surg. 2017 May 22. [Epub ahead of
print]
929. Nikolian VC, Kamdar NS, Regenbogen SE, Morris AM, Byrn JC, Suwanabol PA, Campbell DA Jr, Hendren S.
Anastomotic leak after colorectal resection: a population-based study of risk factors and hospital variation.
Surgery 2017. Feb 18. [Epub ahead of print]
930. Burton TP, Mittal A, Soop M. Nonsteroidal anti-inflammatory drugs and anastomotic dehiscence in bowel
surgery: systematic review and meta-analysis of randomized, controlled trials. Dis Colon Rectum. 2013
Jan;56(1):126-34.
931. Tortorelli AP, Alfieri S, Sanchez AM, Rosa F, Papa V, Di MIcelli D, Bellantone C, Doglietto GB. Anastomotic
leakage after anterior resection for rectal cancer with mesorectal excision: incidence, risk factors, and
management. Am Surg. 2015 Jan;81(1):41-7.
932. Rutegård M, Westermark S, Kverneng Hultberg D, Haapamäki M, Matthiessen P, Rutegård J. Non-steroidal antiinflammatory drug use and risk of anastomotic leakage after anterior resection: a protocol-based study. Dig Surg.
2016 Jan 16;33(2):129-135.
933. Subendran J, Siddiqui N, Victor JC, McLeod RS, Govindarajan A. NSAID use and anastomotic leaks following
elective colorectal surgery: a matched case-control study. J Gastrointest Surg. 2014 Aug;18(8):1391-7.
934. Saleh F, Jackson TD, Ambrosini L, Gnanasegaram JJ, Kwong J, Quereshy F, Okrainec A. Perioperative
nonselective non-steroidal anti-inflammatory drugs are not associated with anastomotic leakage after colorectal
surgery. J Gastrointest Surg. 2014 Aug;18(8):1398-404.
935. Holte K, Kehlet H. Epidural analgesia and risk of anastomotic leakage. Reg Anesth Pain Med. 2001 MarApr;26(2):111-7.

372

936. Piccioni E, Mariani L, Negri M, Casiraghi C, Belli F, Leo E, Langer M. Epidural analgesia does not influence
anastomotic leakage incidence after open colorectal surgery for cancer: a retrospective study on 1474 patients. J
Surg Oncol. 2015 Jul 29. [Epub ahead of print]
937. Ryan P, Schweitzer S, Collopy B, Taylor D. Combined epidural and general anesthesia versus general anesthesia
in patients having colon and rectal anastomoses. Acta Chir Scand Suppl. 1989;550:146-9.
938. Rojas-Machado SA, Romero-Simo, Arroyo A, Rojas-Machado A, Lopez J, Calpena R. Prediction of anastomotic
leak in colorectal cancer surgery based on a new prognostic index PROCOLE (prognostic colorectal leakage)
developed from the meta-analysis of observational studies of risk factors. Int J Colorectal Dis. 2015 Oct 27.
939. Ortiz H, Biondo S, Codina A, Ciga MA, Enriquez-Navascues J, Espin E, Garcia-Granero E, Roig JV. Hospital
variation in anastomotic leakage after rectal cancer surgery in the Spanish Association of Surgeons project: the
contribution of hospital volume. Cir Esp. 2016 Feb 11. [Epub ahead of print]
940. Reisinger KW, Schellekens DH, Bosmans JW, Boonen B, Hulsewé KW, Sastrowijoto P, Derikx JP, Grootjans J,
Poeze M. Cyclooxygenase-2 is essential for colorectal anastomotic healing. Ann Surg. 2017 Mar;265(3):547-54.
941. Daams F, Luyer M, Lange JF. Colorectal anastomotic leakage: aspects of prevention, detection and treatment.
World J Gastroenterol. 2013 Apr 21;19(15):2293-7.
942. Qin C, Ren X, Xu K, Chen Z, He Y, Song X. Does preoperative radio(chemo)therapy increase anastomotic
leakage in rectal cancer surgery? A meta-analysis of randomized controlled trials. Gastroenterol Res Pract. 2014
Nov 12.
943. Shekarriz H, Eigenwald J, Shekarriz B, Upadhyay J, Shekarriz J, Zoubie D, Wedel T, Wittenburg H. Anastomotic
leak in colorectal surgery: are 75% preventable? Int J Colorectal Dis. 2015 Nov;30(11):1525-31.
944. Zakrison T, Nascimento BA Jr, Tremblay LN, Kiss A, Rizoli SB. Perioperative vasopressors are associated with
an increased risk of gastrointestinal anastomotic leakage. World J Surg. 2007 Aug;31(8):1627-34.
945. Jestin P, Påhlman L, Gunnarsson U. Risk factors for anastomotic leakage after rectal cancer surgery: a casecontrol study. Colorectal Dis. 2008 Sep;10(7):715-21.
946. Lim SB, Yu CS, Kim CW, Yoon YS, Park IJ, Kim JC. Late anastomotic leakage after low anterior resection in
rectal cancer patients: clinical characteristics and predisposing factors. Colorectal Dis. 2016 Feb 16. [Epub ahead
of print]
947. Marinello FG, Baguena G, Lucas E, Frasson M, Hervás D, Flor-Lorente B, Esclapez P, Espi A, Garcia-Granero E.
Anastomotic leaks after colon cancer resections: does the individual surgeon matter? Colorectal Dis. 2015 Nov 12.
[Epub ahead of print]
948. Käser SA, Mattiello D, Maurer CA. Distant metastasis in colorectal cancer is a risk factor for anastomotic leakage.
Ann Surg Oncol. 2015 Nov 13. [Epub ahead of print]

373

949. Rushfeldt CF, Agledahl UC, Sveinjørnsson B, Søreide K, Wilsgaard T. Effect of perioperative dexamethasone and
different NDAIDs on anastomotic leak risk: a propensity score analysis. World J Surg. 2016 Jul 7. [Epub ahead of
print]

950. Slim K, Joris J, Beloeil H; Groupe Francophone de Réhabilitation Améliorée après Chirurgie (GRACE). Colonic
anastomoses and non-steroidal anti-inflammatory drugs. J Visc Surg. 2016 Aug;153(4):269-75.

951. Duraes LC, Stocchi L, Dietz D, Kalady MF, Kessler H, Schroeder D, Remzi FH. The disproportionate effect of
perioperative complications on mortality within 1 year after colorectal cancer resection in octogenerians. Ann Surg
Oncol. 2016 Jul 26. [Epub ahead of print]
952. Shakhsheer BA, Versten LA, Luo JN, Defazio JR, Klabbers R, Christley S, Zaborin A, Guyton KL, Krtezalek M,
Smith DP, Ajami NJ, Petrosineo JF, Fleming ID, Belogortseva N, Zaborina O, Alverdy JC. Morphine promotes
colonization of anastomotic tissue with collagenase-producing enterococcus faecalis and causes leak. J
Gastrointest Surg. 2016 Aug 16. [Epub ahead of print]
953. Shakhsheer BA, Lec B, Zaborin A, Guyton K, Defnet AM, Bagrodia N, Kandel JJ, Zaborina O, Hernandez SL,
Alverdy J. Lack of evidence for tissue hypoxia as a contributing factor in anastomotic leak following colon
anastomosis and segmental devascularisation in rats. Int J Colorectal Dis. 2016 Dec 20. [Epub ahead of print]
954. Hyoju SK, Klabbers RE, Aaron M, Krezalek MA, Zaborin A, Wiegerinck M, Hyman NH, Zaborina O, Van Goor
H, Alverdy JC. Oral polyphosphate suppresses bacterial collagenase production and prevents anastomotic leak due
to Serratia marcescens and Pseudomonas aeruginosa. Ann Surg. 2017 Feb 3. [Epub ahead of print]
955. Zawadzki M, Czarnecki R, Rzaca M, Obuszko Z, Vlchuru VR, Witkiewicz W. C-reactive protein and
procalcitonin predict anastomotic leaks following colorectal cancer resections – a prospective study. Wideochir
Inne Tech Maloinwazyjne. 2016 Jan;10(4):567-73.
956. Sammour T, Singh PP, Zargar-Shoshtari K, Sua B, Hill AG. Peritoneal cytokine levels can predict anastomotic
leak on the first postoperative day. Dis Colon Rectum. 2016 Jun;59(6):551-6.
957. Mik M, Berut M, Dziki L, Dziki A. Does C-reactive protein monitoring after colorectal resection with anastomosis
give any practical benefit for patients with intra-abdominal septic complications? Colorectal Dis. 2016 May 17.
[Epub ahead of print]
958. Mik M, Dziki L, Berut M, Trzcinski R, Dziki A. Neutrophil to lymphocyte and C-reactive protein as two
predictive tools of anastomotic leak in colorectal cancer open surgery? Dig Surg. 2017 Jan 28. [Epub ahead of
print]
959. Holl S, Fournel I, Orry D, Facy O, Cheynel N, Rat P, Ortega-Deballon P. Should CT scan be performed when
CRP is elevated after colorectal surgery? Results from the inflammatory markers after colorectal surgery study. J
Visc Surg. 2016 Nov 15. [Epub ahead of print]
960. Haskins IN, Fleshman JW, Amdur RL, Agarwal S. The impact of bowel preparation on the severity of anastomotic
leak in colon cancer patients. J Surg Oncol. 2016 Dec;114(7):810-3.

374

961. Xu Y, Tan Z, Chen J, Lou F, Chen W. Intravenous flurbiprofen axetil accelerates restoration of bowel function
after colorectal surgery. Can J Anaesth. 2008 Jul;55(7):414-22.
962. Ghanghas P, Jain S, Rana C, Sanval SN. Chemopreventive action of non-steroidal anti-inflammatory drugs on the
inflammatory pathways in colon cancer. Biomed Pharmacother. 2016 Mar;78:239-47.
963. Paunescu E, McArthur S, Soudani M, Scopelliti R, Dyson PJ. Nonsteroidal anti-inflammatory-organometallic
anticancer compounds. Inorg Chem. 2016 Feb 15;55(4):1788-808.
964. Blouin M, Rhainds M. Use of nonsteroidal anti-inflammatory drugs in colorectal surgery: do the risks cast a
shadow on the benefits? Ann Pharmacother. 2014 Dec;48(12):1662-4.
965. Bhangu A, Singh P, Fitzgerald JE, Slesser A, Tekkis P. Postoperative nonsteroidal anti-inflammatory drugs and
risk of anastomotic leak: a meta-analysis of clinical and experimental studies. World J Surg. 2014 Sep;38(9):224757.
966. Nessim C, Sidéris L, Turcotte S, Vafiadis P, Lapostole AC, Simard S, Koch P, Fortier LP, Dubé P. The effect of
fluid overload in the presence of an epidural on the strength of colonic anastomoses. J Surg Res. 2013
Aug;183(2):567-73.
967. Alonso S, Pascual M, Salvan S, Mayol X, Mojal S, Gil MJ, Grande L, Pera M. Postoperative intra-abdominal
infection and colorectal cancer recurrence: a prospective matched cohort study of inflammatory and angiogenic
responses as mechanisms involved in this association. Eur J Surg Oncol. 2014 Nov 1. [Epub ahead of print]
968. Lu ZR, Rajendran N, Lynch AC, Heriot AG, Warrier SK. Anastomotic leaks after restorative resections for rectal
cancer compromise cancer outcomes and survival. Dis Colon Rectum. 2016 Mar;59(3):236-44.
969. Govaert JA, Fiocco M, van Dijk WA, Scheffer AC, de Graaf EJ, Tollenaar RA, Wouters MW; Dutch Value Based
Healthcare Study Group. Costs of complications after colorectal cancer surgery in the Netherlands: building the
business case for hospitals. Eur J Surg Oncol. 2015 Aug;41(8):1059-67.
970. Igarashi T, Suzuki T, Mori K, Inoue K, Seki H, Yamada T, Kosugi S, Minamishima S, Katori N, Sano F, Abe T,
Morisaki H. The effects of epidural anesthesia on growth of Escherichia Coli at pseudosurgical sites: the roles of
the lipocalin-2 pathway. Anesth Analg. 2015 Jul;121(1):81-9.
971. Flossmann E, Rothwell PM,. British Doctors Aspirin Trial and the UK-TIA Aspirin Trial: effect of aspirin on
long-term risk of colorectal cancer: consistent evidence from randomised and observational studies. Lancet.
2007;369:1603-13.
972. Din FV, Theodoratou E, Farrington SM, Tenesa A, Barnetson RA, Cetnarskyj R, Stark L, Porteous ME, Campbell
H, Dunlop MG. Effect of aspirin and NSAIDs on risk and survival from colorectal cancer. Gut. 2010;59:1670-9.
973. Bastiaannet E, Sampieri K, Dekkers OM, de Craen AJ, van Herk-Sukel MP, Lemmens V, van den Broeck CB,
Coebergh JW, Herings RM, van de Velde CJ, et al. Use of aspirin postdiagnosis improves survival for colon
cancer patients. Br J Cancer. 2012;106:1564-70.

375

974. Johnson CC, Jankowski M, Rolnick S, Yood MU, Alford SH. Influence of NSAID use among colorectal cancer
survivors on cancer outcomes. Am J Clin Oncol. 2014 Dec 10. [Epub ahead of print]
975. Wang X, Peters U, Potter JD, White E. Association of non-steroidal anti-inflammatory drugs with colorectal
cancer by subgroups in the VITamins And Lifestyle (VITAL) study. Cancer Epidemiol Biomarkers Prev. 2015 Jan
22. [Epub ahead of print]
976. Lönnroth C, Andersson M, Asting AG, Nordgren S, Lundholm K. Preoperative low dose NSAID treatment
influences the genes for stemness, growth, invasion and metastasis in colorectal cancer. Int J Oncol. 2014
Dec;45(6):2208-20.
977. Lundholm K, Gelin J, Hyltander A, Lönnroth C, Sandström R, Svaninger G, et al. Anti-inflammatory treatment
may prolong survival in undernourished patients with metastatic solid tumour. Cancer Res. 1994;54:5602-6.
978. Rana C, Piplani H, Vaish V, Nehru B, Sanyal SN. Downregulation of telomerase activity by diclofenac and
curcumin is associated with cell cycle arrest and induction of apoptosis in colon cancer. Tumour Biol. 2015 Mar 6.
[Epub ahead of print]
979. Shayl JW, Zou Y, Hiyama E, Wright WE. Telomerase and cancer. Hum Mol Gen. 2001;10(7):677-85.
980. Ye XF, Wang J, Shi WT, He J. Relationship between aspirin use after diagnosis of colorectal cancer and patient
survival: a meta-analysis of observational studies. Br J Cancer. 2014 Nov 25;111(11):2172-9.
981. Zhao Ll, Vogt PK. Class I PI3K in oncogenic cellular transformation. Oncogene. 2008 Sep 18;27(41):5486-96.

982. Friis S, Riis AH, Erichsen R, Baron JA, Sørensen HT. Low-dose aspirin or nonsteroidal anti-inflammatory drug
use and colorectal cancer risk: a population based, case-control study. Ann Intern Med. 2015 Aug 25. [Epub ahead
of print]
983. Cardwell CR, Kunzmann AT, Cantwell MM, Hughes C, Baron JA, Powe DG, Murray LJ. Low-dose aspirin use
after diagnosis of colorectal cancer does not increase survival: a case-control analysis of a population-based
cohort. Gastroenterology. 2014 Mar;146(3):700-8.

984. Burr NE, Hull MA, Subramanian V. Does aspirin or non-aspirin non-steroidal anti-inflammatory drug use prevent
colorectal cancer in inflammatory bowel disease? World J Gastroenterol. 2016 Apr 7;22(13):3679-86.
985. Dulai PS, Singh S, Marquez E, Khera R, Prokop LJ, Limburg PJ, Gupta S, Murad MH. Chemoprevention of
colorectal cancer in individuals with previous colorectal neoplasia: systemic review and network meta-analysis.
BMJ. 2016 Dec 5;355:i6188.
986. Tougeron D, Sha D, Manthravadi S, Sinicrope FA. Aspirin and colorectal cancer: back to the future. Clin Cancer
Res. 2014 Mar 1;20(5):1087-94.
987. Özgehan G, Kahramanca S, Kaya IO, Bilgen K, Bostanci H, Güzel H, Kücükpinar T, Kargici H. Neutrophillymphocyte ratio as a predictive factor for tumor staging in colorectal cancer. Turk J med Sci. 2014;44(3):365-8.

376

988. Rashtak S, Ruan X, Druliner BR, Liu H, Therneau T, Mouchli M, Boardman LA. Peripheral neutrophil to
lymphocyte ratio improves prognostication in colon cancer. Clin Colorectal Cancer. 2017 Jan 25. [Epub ahead of
print]
989. Kennelly RP, Murphy B, Larkin JO, Mehigan BJ, McCormick PH. Activated systemic inflammatory response at
diagnosis reduces lymph node count in colonic carcinoma. World J Gastrointest Oncol. 2016 Aug 15;8(8):623-8.
990. Emir S, Aydin M, Can G, Bali I, Öznur M, Yildiz ZD, Sözen S, Gürel A. Comparison of colorectal neoplastic
polyps and adenocarcinoma with regard to NLR and PLR. Eur Rev Pharmacol Sci. 2015 Oct;19(19):3613-8.
991. Azab B, Mohammad F, Shah N, Vonfrolio S, Lu W, Kedia S, Bloom SW. The value of the pretreatment
neutrophil lymphocyte ratio vs. platelet lymphocyte ratio in predicting the long-term survival in colorectal cancer.
Cancer Biomark. 2014 Jan 1;14(5):303-12.
992. Ying HQ, Deng QW, He BS, Pan YQ, Wang F, Sun HL, Chen J, Liu X, Wang SK. The prognostic value of
preoperative NLR, d-NLR, PLR and LMR for predicting clinical outcome in surgical colorectal cancer patients.
Med Oncol. 2014 Dec;31(12):305.
993. Choi WJ, Cleghorn MC, Jiang H, Jackson TD, Okrainec A, Quereshy FA. Preoperative neutrophil-yo-lymphocyte
ratio is a better prognostic serum biomarker than platelet-to-lymphocyte ratio in patients undergoing resection for
nonmetastatic colorectal cancer. Ann Surg Oncol. 2015 Apr 22. [Epub ahead of print]
994. Wu Y, Li C, Zhao J, Yang J, Liu F, Zheng H, Wang Z, Xu Y. Neutrophil-to-lymphocyte and platelet-tolymphocyte ratios predict chemotherapy outcomes and prognosis in patients with colorectal cancer and
synchronous liver metastasis. World J Surg Oncol. 2016 Nov 16;14(1):289.
995. Oh SY, Kim YB, Suh KW. Prognostic significance of systemic inflammatory response in stage II colorectal
cancer. J Surg Res. 2017 Feb;208:158-65.
996. Tsai PL, Su WJ, leung WH, Lai CT, Liu CK. Neutrophil-lymphocyte ratio and CEA level as prognostic and
predictive factors in colorectal cancer: a systematic review and meta-analysis. J Cancer Res Ther. 2016 AprJun;12(2):582-9.
997. Mahsuni Sevinc M, Riza Gunduz U, Kinaci E, Armagan Aydin A, Bayrak S, Umar Gursu R, Gunduz S.
Preoperative neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio as new prognostic factors for patients
with colorectal cancer. J BUON. 2016 Sept-Oct;21(5):1153-7.
998. Passardi A, Scarpi E, Cavanna L, Dall’Agata M, Tassinari D, Leo S, Bernardini I, Gelsomino F, Tamberi S,
Brandes AA, tenti E, Vespignani R, Frassineti GL, Amadori D, De Giorgi U. Inflammatory indexes as predictors
of prognosis and bevacizumab efficacy in patients with metastatic colorectal cancer. Oncotarget. 2016 Apr 21.
[Epub ahead of print]
999. Formica V, Luccchetti J, Cunningham D, Smyth EC, Ferroni P, Nardecchia A, Tesauro M, Cereda V, Guadagni F,
Roselli M. Systemic inflammation, as measured by the neutrophil/lymphocyte ratio, may have differential

377

prognostic impact before and during treatment with fluorouracil, irinotecan and bevacizumab in metastatic
colorectal cancer patients. Med Oncol. 2014 Sep;31(9):166.
1000. Chua W, Charles KA, Baracos VE, Clarke SJ. Neutrophil/lymphocyte ratio predicts chemotherapy outcomes in
patients with advanced colorectal cancer. Br J Cancer. 2011 Apr 12;104(8):1288-95.
1001. Turner N, Tran B, Tran PV, Sinnathamby M, Wong HL, Jones I, Croxford M, Deai J, Tie J, Field KM, Kosmider
S, Bae S, Gibbs P. Primary tumor resection in patients with metastatic colorectal cancer is associated with reversal
of systemic inflammation and improved survival. Clin Colorectal Cancer. 2015 Mar 7. [Epub ahead of print]
1002. Dirican A, Varol U, Kucukzeybek Y, Alacacioglu A, Erten C, Somali I, Can A, Demir L, Bayoglu IV, Akyol M,
Yildiz Y, Koyuncu B, Coban E, Tarhan MO. Treatment of metastatic colorectal cancer with or without
bevacizumag: can the neutrophil/lympho-cyte ratio predict the efficiency of bevacizumab? Aian Pac J Cancer
Prev. 2014;15(12):4781-6.
1003. Prete MD, Giampieri R, Loupakis F, Prochilo T, Salvatore L, Faloppi L, Bianconi M, Bittoni A, Aprile G,
Zaniboni A, Falcone A, Scartozzi M, Cascinu S. Prognostic clinical factors in pretreated colorectal cancer patients
receiving regorafenib: implications for clinical management. Oncotarget. 2015 Aug 17. [Epub ahead of print]
1004. Nagasaki T, Akiyoshi T, Fujimoto Y, Konishi T, Nagayama S, Fukunaga Y, Ueno M. Prognostic impact of
neutrophil-to-lymphocyte ratio in patients with advanced low rectal cancer treated with preoperative
chemoradiotherapy. Dig Surg. 2015;32(6):496-503.
1005. Lino-Silva LS, Salcedo-Hernandez RA, Ruiz-Garcia EB, Garcia-Perez L, Herrera-Gomez A. Pre-operative
neutrophils/lymphocyte ratio in rectal cancer patients with preoperative chemoradiotherapy. Med Arch. 2016
Jul;7(4):256-260.
1006. Galizia G, Lieto E, Zamboli A, De Vita F, Castellano P, Romano C, Auricchio A, Cardella F, De Stefano L,
Orditura M. Neytrophil to lymphocyte ration is a strong predictor of tumor recurrence in early colon cancers: a
propensity score-matched analysis. Surgery. 2015 Jul;158(1):112-20.
1007. Peng W, Li C, Wen TF, Yan LN, Li B, Wang WT, Yang YY, Xu MQ. Neutrophil to lymphocyte ratio changes
predict small hepatocellular carcinoma survival. J Surg Res. 2104 Jun 2. [Epub ahead of print]
1008. Cook EJ, Walsh SR, Farooq N, Alberts JC, Justin TA, Keeling NJ. Post-operative neutrophil-lymphocyte ratio
predicts complications following colorectal surgery. Int J Surg. 2007 Feb;5(1):27-30.
1009. Miyakita H, Sadahiro S, Saito G, Okada K, Tanaka A, Suzuki T. Risk scores as useful predictors of periopartive
complications in patients with rectal cancer who received radical surgery. Int J Clin Oncol. 2016 Oct 25. [Epub
ahead of print]
1010. Forget P, Dinant V, De Kock M. Is the Neutrophil-to-Lymphocyte Ratio more correlated than C-reactive protein
with postoperative complications after major abdominal surgery? Peer J. 2015 13;3:e713. doi: 10.7717/peerj.713.
eCollection 2015.

378

1011. Kilincalp S, Coban S, Akinci H, Hamamc M, Karaahmet F, Coskun Y, Ustun Y, Simsek Z, Erarslan E, Yuksel I.
Neutrophil/lymphocyte ratio, platelet/lymphocyte ratio, and mean platelet volume as potential biomarkers for early
detection and monitoring of colorectal adenocarcinoma. Eur J Cancer Prev. 2104 Oct 9. [Epub ahead of print]
1012. Malietzis G, Giacometti M, Kennedy RH, Athanasiou T, Aziz O, Jenkins JT. The emerging role of neutrophil to
lymphocyte ratio in determining colorectal cancer treatment outcomes: a systematic review and meta-analysis.
Ann Surg Oncol. 2014 May 28. [Epub ahead of print]
1013. Pine JK, Morris E, Hutchins GG, West NP, Jayne DG, Quirke P, Prasad KR. Systemic neutrophil-to-lymphocyte
ratio in colorectal cancer: the relationship to patient survival, tumour biology and local lymphocytic response to
tumour. Br J Cancer. 2015 Jun 30. [Epuib ahead of print]
1014. Kim IY, You SH, Kim YW. Neutrophil-lymphocyte ratio predicts pathologic tumor response and survival after
preoperative chemoradiation for rectal cancer. BMC Surg. 2014 Nov 18;14(1):94. [Epub ahead of print]
1015. Zou ZY, Liu HL, Ning N, Li SY, DU XH, Li R. Clinical significance of pre-operative neutrophil lymphocyte ratio
and platelet lymphocyte ratio as prognostic factors for patients with colorectal cancer. Oncol Lett. 2016
Mar;11(3):2241-2248.
1016. Shen L, Zhang G, Liang L, Li G, Fan M, Wu Y, Zhu J, Zhang Z. Baseline neutrophil-lymphocyte ratio (≥ 2.8) as a
prognostic factor for patients with locally advanced rectal cancer undergoing adjuvant chemoradiation. Radiat
Oncol. 2014 Dec 18;9(1):295 [Epub ahead of print]
1017. Toiyama Y, Inoue Y, Kawamura M, Kawamoto A, Okugawa Y, Hiro J, Saigusa S, Tanaka K, Mohri Y, Kusunoki
M. Eleveated platelet count as predictor of recurrence in rectal cancer patients undergoing preoperative
chemoradiotherapy followed by surgery. Int Surg. 2015 Feb;100(2):199-207.
1018. Ghanim B, Schweiger T, Jedamzik J, Glueck O, Glogner C, Lang G, Klepetko W, Hoetzenecker K. Elevated
inflammatory parameters and inflammation scores are associated with poor prognosis in patients undergoing
pulmonary metastasectomy for colorectal cancer. Interact Cardiovasc Thorac Surg. 2015 Aug 4. [Epub ahead of
print]
1019. Zhou WW, Chu YP, An GY. Significant difference of neutrophil-lymphocyte ratio between colorectal cancer,
adenomatous polyp and healthy people. Eur Rev Med Pharmacol Sci. 2017 Dec;21(23):5386-91.
1020. He WZ, Jiang C, Yin CX, Guo GF, Rong RM, Qiu HJ, Chen XX, Zhang B, Xia LP. Prognostic model built on
blood-based biomarkers in patients with metastatic colorectal cancer. Asian Pac J Cancer Prev. 2014;15(17):732731.
1021. Ikeguchi M, Urushibara S, Shimoda R, Yamamoto M, Maeta Y, Ashida K. Inflammation-based prognostic scores
and nutritional prognostic index in patients with locally-advanced unresectable colorectal cancer. World J Surg
Oncol. 2014 Jul 15;12:210.
1022. Wuxiao ZJ, Zhou HY, Wang KF, Chen XQ, Hao XB, Lu YD, Xia ZJ. A prognostic model to predict survival in
stage III colon cancer patients based on histological grade, preoperative carcinoembryonic antigen level and the
neutrophil lymphocyte ratio. Asian Pac J Cancer Prev. 2015;16(2):747-51.

379

1023. Chen ZY, Raghav K, Lieu CH, Jiang ZQ, Eng C, Vauthey JN, Chang GJ, Qiao W, Morris J, Hong D, Hoff P, Tran
H, Menter DG, Heymach J, Overman M, Kopetz S. Cytokine profile and prognostic significance of high
neutrophil-lymphocyte ratio in colorectal cancer. Br J Cancer. 2015 Feb 17. [Epub ahead of print]
1024. Watt DG, Martin JC, Park JH, Horgan PG, McMillan DC. Neutrophil count is the most important prognostic
component of the differential white cell count in patients undergoing elective surgery for colorectal cancer. Am J
Surg. 2015 Mar 12. [Epub ahead of print]
1025. Shibutani M, Maeda K, Nagahara H, Ohtani H, Sakurai K, Yamazoe A, Kimura K, Toyokawa T, Amano R, Kubo
N, Tanaka H, Muguruma K, Ohira M, Hirakawa K. Significance of markers of systemic inflammation for
predicting survival and chemotherapeutic outcomes and monitoring tumor progression in patients with
unresectable metastatic colorectal cancer. Anticancer Res. 2015 Sep;35(9):5037-46.
1026. Chen JH, Zhai ET, Yuan YJ, Wu KM, Xu JB, Peng JJ, Chen CQ, He YL, Cai SR. Systemic immune-inflammation
index for predicting prognosis of colorectal cancer. World J Gastroenterol. 2017 Sep 14;23(34):6261-72.
1027. Chan JC, Chan DL, Diakos CI, Engel A, Pavlakis N, Gill A, Clarke SJ. The lymphocyte-to-monocyte ratio is a
superior predictor of overall survival in comparison to established biomarkers of resectable colorectal cancer. Ann
Surg. 2016 Apr 8. [Epub ahead of print]
1028. Sun ZQ, Han XN, Wanh HJ, Tang Y, Zhao ZL, Qu YL, Xu RW, Liu YY, Yu XB. Prognostic significance of
preoperative fibrinogen in patients with colon cancer. World J Gatrsoenterol. 2014 Jul 14;20(26):8583-91.
1029. Hong T, Shen D, Chen X, Wu X, Hua D. Preoperative plasma fibrinogen, but not D-dimer might represent a
prognostic factor in non-metastatic colorectal cancer: a prospective cohort study. Cancer Biomark. 2017 Feb 27.
[Epub ahead of print]
1030. Hollmann MW, Wieczorek KS, Smart M, Durieux ME. Epidural anesthesia prevents hypercoagulation in patients
undergoing major orthopedic surgery. Reg Anesth Pain Med. 2001 May-Jun;26(3):215-22.
1031. Falanga Al, Marchetti M, Vignoli A. Coagulation and cancer: biological and clinical aspects. J Thromb Haemost.
2013 Feb;11(2):223-33.

1032. Mariani F, Sena P, Roncucci L. Inflammatory pathways in the early steps of colorectal cancer development. World
J Gastroenterol. 2014 Aug 7;20(29):9716-9731.
1033. Roncucci L, Mora E, Mariani F, Bursi S, Pezzi A, Rossi G, Pedroni M, Luppi D, Santoro L, Monni S, et al.
Myeloperoxidase-positive cell infiltration in colorectal carcinogenesis as indicator of colorectal cancer risk.
Cancer Epidemiol Biomarkers Prev. 2008;17:2291–2297.
1034. Mutoh M, Watanabe K, Kitamura T, Shoji Y, Takahashi M, Kawamori T, Tani K, Kobayashi M, Maruyama T,
Kobayashi K, et al. Involvement of prostaglandin E receptor subtype EP(4) in colon carcinogenesis. Cancer Res.
2002;62:28–32.

380

1035. Wasilewicz MP, Kołodziej B, Bojułko T, Kaczmarczyk M, Sulzyc-Bielicka V, Bielicki D, Ciepiela K.
Overexpression of 5-lipoxygenase in sporadic colonic adenomas and a possible new aspect of colon
carcinogenesis. Int J Colorectal Dis. 2010;25:1079–1085.
1036. Moussalli MJ, Wu Y, Zuo X, Yang XL, Wistuba II, Raso MG, Morris JS, Bowser JL, Minna JD, Lotan R, et al.
Mechanistic contribution of ubiquitous 15-lipoxygenase-1 expression loss in cancer cells to terminal cell
differentiation evasion. Cancer Prev Res (Phila) 2011;4:1961–1972.
1037. Nixon JB, Kim KS, Lamb PW, Bottone FG, Eling TE. 15-Lipoxygenase-1 has anti-tumorigenic effects in
colorectal cancer. Prostaglandins Leukot Essent Fatty Acids. 2004;70:7–15.
1038. Melstrom LG, Bentrem DJ, Salabat MR, Kennedy TJ, Ding XZ, Strouch M, Rao SM, Witt RC, Ternent CA,
Talamonti MS, et al. Overexpression of 5-lipoxygenase in colon polyps and cancer and the effect of 5-LOX
inhibitors in vitro and in a murine model. Clin Cancer Res. 2008;14:6525–6530.
1039. Zou JM, Qin J, Li YC, Wang Y, Li D, Shu Y, Luo C, Wang SS, Chi G, Guo F, Zhang GM, Feng ZH. IL-35
induces N2 phenotype of neutrophils to promote tumor growth. Oncotarget. 2017 Apr 4. [Epub ahead of print]
1040. Moore GY, Pidgeon GP. Cross-talk between cancer cells and the tumour microenvironment: the role of the 5lipoxygenase pathway. Int J Mol Sci. 2017 Jan 24;18(2).
1041. Lalmahomed ZS, Mostert B, Onstenk W, Kraan J, Ayez N, Gratama JW, Grünhagen D, Verhoef C, Sleijfer S.
Prognostic value of circulating tumour cells for early recurrence after resection of colorectal liver metastases. Br J
Cancer. 2015 Jan 6. [Epub ahead of print]
1042. Seeberg LT, Waage A, Brundborg C, Hugenschmidt H, Renolen A, Stav I, Bjørnbeth BA, Brudvik KW, Borgen
EF, Naume B, Wiedswang G. Circulating tumor cells in patients with colorectal liver metastasis predict impaired
survival. Ann Surg. 2015 Jan;261(1):164-71.
1043. Sagiv JY, Michaeli J, Assi S, Mishalian I, Kisos H, Levy L, Damti P, Lumbroso D, Polyansky L, Sionov RV,
Ariel A, Hovav AH, Henke E, Fridlender ZG, Granot Z. Phenotypic diversity and plasticity in circulating
neutrophil subpopulations in cancer. Cell Rep. 2015 Jan 21. [Epub ahead of print]
1044. Granot Z, Jablonska J. Distinct functions of neutrophil in cancer and its regulation. Mediators Inflamm.
2015;2015:701067.
1045. Yan J, Kloecker G, Fleming C, Bousamra M 2nd, Hansen R, Hu X, Ding C, Cai Y, Xiang D, Donninger H, Eaton
JW, Clark GJ. Human polymorphonuclear neutrophils specifically recognize and kill cancerous cells.
Oncoimmunology. 2014 Jul 3;3(7):e950163.
1046. Tohme S, Yazdani HO, Al-Khafaji AB, Chidi AP, Lougharn P, Mowen K, Wang Y, Simmons RL, Huang H,
Tsung A. Neutrophil extracellular traps promote the development and progression of liver metastases after surgical
stress. Cancer Res. 2016 Jan 12. [Epub ahead of print]
1047. Richardson JJR, Hendrickse C, Gao-Smith F, Thickett DR. Characterization of systemic neutrophil function in
patients undergoing colorectal cancer resection. J Surg Res. 2017 Sep 7. [Epub ahead of print]

381

1048. Gryglewski A, Szczepanik M. The effect of surgical stress on postoperative Tαβ and Tγδ cell distribution.
Immunol Invest. 2017 Mar 30:1-9.
1049. Wikberg ML, Ling A, Li X, Öberg A, EDin S, Palmqvist R. Neutrophil infiltration is a favourable prognostic
factor in early stages of colon cancer. Hum Pathol. 2017 Sep 4. [Epub ahead of print]
1050. Rahat MA, Coffelt SB, Granot Z, Muthana M, Amedei A. Macrophages and neutrophils: regulation of the
inflammatory microenvironment in autoimmunity and cancer. Mediators Inflamm. 2016;5894347.
1051. Yang F, Feng C, Zhang X, Lu J, Zhao Y. The diverse biological functions of neutrophils, beyond the defense
against infections. Inflammation. 2016 Nov 5. [Epub ahead of print]
1052. Tabuchi T, Shimazaki J, Satani T, Watanabe Y, Tabuchi T. The perioperative granulocyte/lymphocyte ratio is a
clinically relevant marker of surgical stress in patients with colorectal cancer. Cytokine. 2011 Feb;53(2):243-8.
1053. Navarro SL, White E, Kantor ED, Zhang Y, Rho J, Song X, Milne GL, Lampe PD, Lampe JW. Randomized trial
of glucosamine and chondroitin supplementation on inflammation and oxidative stress biomarkers and plasma
proteomics profiles in healthy humans. PLoS One. 2015 Feb 26;10(2):e0117534.
1054. Park JS, Choi GS, Kwak KH, Jung H, Jeon Y, Park S, Yeo J. Effect of local wound infiltration and transversus
abdominis plane block on morphine use after laparoscopic colectomy: a nonrandomized, single-blind prospective
study. J Surg Res. 2014 Dec 23. [Epub ahead of print]
1055. Pedrazzani C, Menestrina N, Moro M, Brazzo G, Mantovani G, Polati E, Guglielmi A. Local wound infiltration
plus transversus abdominis plane (TAP) block versus local wound infiltration in laparoscopic colorectal surgery
and ERAS program. Surg Endosc. 2016 Mar 22. [Epub ahead of print]
1056. Tikuisis R, Miliauskas P, Lukoseviciene V, Samalavicius N, Dulskas A, Zabuliene L, Zabulis V, Urboniene J.
Transversus abdominis plane block for postoperative pain relief after hand-assisted laparoscopic colon surgery: a
randomized, placebo-controlled clinical trial. Tech Coloproctol. 2016 Dec;20(12):835-44.
1057. Brogi E, Kazan R, Cyr S, Giunta F, Hemmerling TM. Transversus abdominis plane block for postoperative
analgesia: a systematic review and meta-analysis of randomized-controlled trials. Can J Anaesth. 2016 Jun 15.
[Epub ahead of print]
1058. Arora S, Chhabra A, Subramaniam R, Arora MK, Misra MC, Bansai VK. Transversus abdominis plane block for
laparoscopic inguinal hernia repair: a randomized trial. J Clin Anesth. 2016 Sep;33:357-64.
1059. Kim AJ, Yong RJ, Urman RD. The role of transversus abdominis plane blocks in ERAS pathways for open and
laparoscopic colorectal surgery. J Laparoendosc Adv Surg Tech A. 2017 Jul 25. [Epub ahead of print]
1060. El-Sherif FA, Mohamed SA, Kamal SM. The effect of morphine added to bupivacaine in ultrasound guided
transversus abdominis plane (TAP) block for postoperative analgesia following lower abdominal cancer surgery, a
randomized controlled study. J Clin Anesth. 2017 Jun;39:4-9.

382

1061. Torup H, Hansen EG, Bgeskov M, Rosenberg J, Mitchell AU, Petersen PL, Mathiesen O, Dahl JB, Møller AM.
Transversus abdominis plane block after laparoscopic colonic resection in cancer patients: a randomised clinical
trial. Eur J Anaesthesiol. 2016 Aug 3. [Epub ahead of print]
1062. Oh TK, Yim J, Kim J, Eom W, Lee SA, Park SC, Oh JH, Park JW, Park B, Kim DH. Effects of preoperative
ultrasound-guided transversus abdominis plane block on pain after laparoscopic surgery for colorectal cancer: a
double-blind randomized controlled trial. Surg Endosc. 2016 Apr 29. [Epub ahead of print]
1063. Tupper-Carey D, Fathil SM, Tan YK, Kan YM, Cheong CY, Siddiqui FJ, Assam PN. A randomized controlled
trial investigating the analgesiac efficacy of the transversus abdominis plane block for adult laparoscopic
appendectomy. Singapore Med J. 2016 Apr 8. [Epub ahead of print]
1064. Baeriswyl M, Kirkham KR, Kern C, Albrecht E. The analgesic efficacy of ultrasound-guided Transversus
Abdominis Plane Block in adult patients: a meta-analysis. Anesth Analg. 2015 Dec;121(6):1640-54.
1065. Jakobsson J, Wickerts L, Forsberg S, Ledin G. Transversus abdominal plane (TAP) block for postoperative pain
management: a review. F1000Res. 2015 Nov 26;4.
1066. Niraj G, Kelkar A, Hart E, Kaushik V, Fleet D, Jameson J. Four quadrant transversus abdominis plane block: a 3year prospective audit in 124 patients. J Clin Anesth. 2015 Nov;27(7):579-84.
1067. Qazi N, Bhat WM, Iqbal MZ, Wani AR, Gurcoo SA, Rasool S. Postoperative analgesic efficacy of bilateral
Transversus Abdominis Plane Block in patients undergoing midline colorectal surgeries using ropivacaine:a
randomized, double-blind, placebo-controlled trial. Anesth Essays Res. 2017 Jul-Sep;11(3):767-72.
1068. Shaker TM, Carroll JT, Chung MH, Koehler TJ, Lane BR, Wolf AM, Wright GP. Efficacy and safety of
transversus abdominis plane blocks versus thoracic epidural anesthesia in patients undergoing major abdominal
resections: a prospective, randomized, controlled trial. Am J Surg. 2017 Nov 16. [Epub ahead of print]
1069. Park SY, Park JS, Choi GS, Kim HJ, Moon S, Yeo J. Comparison of analgesic efficacy of laparoscope-assisted
and ultrasound-guided transversus abdominis plane block after laparoscopic colorectal operation: a randomized,
single-blind, non-inferiority trial. J Am Coll Surg. 2017 Jun 10. [Epub ahead of print]
1070. Bashandy GM, Elkholy AH. Reducing postoperative opioid consumption by adding an ultrasound-guided rectus
sheath block to multimodal analgesia for abdominal cancer surgery with midline incision. Anesth Pain Med. 2014
Aug 10;4(3):e18263.
1071. Purdy M, Kokki M, Anttila M, Aspinen S, Juvonen P, Korhonen R, Selander T, Kokki H, Eskelinen M. Does the
rectus sheath block analgesia reduce the inflammatory response biomarkers’ IL-1ra, IL-6, IL-8, IL-10 and IL-1β
concentrations following surgery? A randomized clinical trial of patients with cancer and benign disease.
Anticancer Res. 2016 Jun;36(6):3005-11.
1072. Godden AR, Marshall MJ, Grice AS, Daniels IR. Ultrasonography guided rectus sheath catheters versus epidural
analgesia for open colorectal cancer surgery in a single centre. Ann R Coll Surg Engl. 2013 Nov;95(8):591-4.

383

1073. El-Boghdadly K, Madjdpour C, Chin KJ. Thoracic paravertebral blockads in abdominal surgery – a systematic
review of randomized controlled trials. Br J Anaesth. 2016 Sep;117(3):297-308.
1074. Jansen L, Hoffmeister M, Arndt V, Chang-Claude J, Brenner H. Stage-specific associations between beta blocker
use and prognosis. Cancer 2014 Apr 15;120(8):1178-86.
1075. Engineer DR, Burney BO, Hayes TG, Garcia JM. Exposure to ACEI/ARB and β-blockers is associated with
improved survival and decreased tumor progression and hospitalizations in patients with advanced colon cancer.
Transl Oncol. 2013 Oct 1;6(5):539-45.

1076. Giampieri R, Scartozzi M, Del Prete M, Faloppi L, Bianconi M, Ridolfi F, Cascinu S. Prognostic value for
incidental antihypertensive therapy with β-blockers in metastatic colorectal cancer. Medicine (Baltimore). 2015
Jun;94(24):e719.
1077. Hicks BM, Murray LJ, Powe DG, Hughes CM, Cardwell CR. Β-Blocker usage and colorectal cancer mortality: a
nested case-control study in the UK Clinical Practice Research Datalink cohort. Ann Oncol. 2013
Dec;24(12):3100-6.

1078. Jansen L, Weberpals J, Kuiper JG, Vissers PA, Wolkewitz M, Hoffmeister M, Brenner H. Pre- and post-diagnostic
beta-blocker use and prognosis after colorectal cancer: results from a population-based study. Int J Cancer. 2017
Jul 1;141(1):62-71.
1079. Weberpals J, Jansen L, van Herk-Sukel MPP, Kuiper JG, Aarts MJ, Vissers PAJ, Brenner H. Immortal time bias in
pharmacoepidemiological studies on cancer survival: empirical illustration for beta-blocker use in four cancers
with different prognosis. Eur J Epidemiol. 2017 Sep 1. [Epub ahead of print]
1080. Lévesque LE, Hanley JA, Kezouh A, Suissa S. Problem of immortal time bias in cohort studies: example using
statins for preventing progression of diabetes. BMJ. 2010 Mar 12;340:b5087.
1081. Ciurea RN, Rogoveanu I, Pirici D, Tartea GC, Streba CT, Florescu C, Catalin B, Puiu I, Tartea EA, Vere CC. B2
adrenergic receptors and morphological changes of the enteric nervous system in colorectal adenocarcinoma.
World J Gastroenterol. 2017 Feb 21;23(7):1250-61.
1082. Liu J, Deng GH, Zhang J, Wang Y, Xia XY, Luo XM, Deng YT, He SS, Mao YY, Peng XC, Wei YQ, Jiang Y.
The effect of chronic stress on anti-angiogenesis of sunitinib in colorectal cancer models.
Psychoneuroendocrinology. 2014 Nov 16;52C:130-142. [Epub ahead of print]
1083. Chin CC, Li JM, Lee KF, Huang YC, Wang KC, Lai HC, Cheng CC, Kuo YH, Shi CS. Selective β2-AR blockage
suppresses colorectal cancer growth through regulation of EGFR-Akt/ERK1/2 signaling, G1-phase arrest, and
apoptosis. J Cell Physiol. 2015 Jul 19. [Epub ahead of print]
1084. Sorski L, Melamed R, Matzner P, Lavon H, Shaashua L, Rosenne E, Ben-Eliyahu S. Reducing liver metastases of
colon cancer in the context of extensive and minor surgeries through β-adrenoceptors blockade and COX2
inhibition. Brain Behav Immun. 2016 May 25. [Epub ahead of print]

384

1085. Singh PP, lemanu DP, Soop M, Bissett IP, Harrison J, Hill AG. Perioperative simvastatin therapy in major
colorectal surgery: a prospective double-blind randomized trial. J Am oll Surg. 2016 Apr 13. [Epub ahead of print]
1086. Boland MR, Reynolds I, McCawley N, Galvin E, El-Masry S, Deasy J, McNamara DA. Liberal perioperative fluid
administration is an independent risk factor for morbidity and is associated with longer hospital stay after rectal
cancer surgery. Ann R Coll Surgeons. 2016 Sep 23:1-6. [Epub ahead of print]
1087. Volta CA, Trentini A, Farabegoli L, Manfrinato MC, Alvisis V, Dallocchio F, Marangoni F, Alvisi R, Bellini T.
Effects of two different strategies of fluid administration on inflammatory mediators, plasma electrolytes and
acid/base disorders in patients undergoing major abdominal surgery: a randomized double blind study. J Inflamm
(Lond). 2013 Sep 24;10(1):29.
1088. Li Y, He R, Ying X, Hahn RG. Ringer’s lactate, but not hydroxyethyl starch, prolongs the food intolerance time
after major abdominal surgery; an open-labelled clinical trial. BMC Anesthesiol. 2015 May 6;15(1):72. [Epub
ahead of print]
1089. Behman R, Hanna S, Coburn N, Law C, Cyr DP, Truong J, Lam-McCulloch J, McHardy P, Sawyer J, Idestrup C,
Karanicolas PJ. Impact of fluid administration on major adverse events following pancreaticoduodenectomy. Am J
Surg. 2015 Jul 17. [Epub ahead of print]
1090. Yu HC, Luo YX, Peng H, Kang L, Huang MJ, Wang JP. Avoiding perioperative dexamethasone may improve the
outcome of patients with rectal cancer. Eur J Surg Oncol. 2015 Feb 19. [Epub ahead of print]
1091. Fares KM, Mohamed SA, Abd El-Rahman AM, Mohamed AA, Amin AT. Efficacy and safety of intraperitoneal
dexmedetomidine with bupivacaine in laparoscopic colorectal cancer surgery, a randomized trial. Pain Med. 2015
Jun;16(6):1186-94.
1092. Chen C, Huang P, Lai L, Luo C, Ge M, Hei Z, Zhu Q, Zhou S. Dexmedetomidine improves gastrointestinal
motility after laparoscopic resection of colorectal cancer: a randomized clinical trial. Medicine (Baltimore). 2016
Jul;95(29):e4295.
1093. Panchgar V, Shetti AN, Sunitha HB, Dhulkhed VK, Nadkarni AV. The effectiveness of intravenous
dexmedetomidine on perioperative hemodynamics, analgesic requirement, and side effects profile in patients
undergoing laparoscopic surgery under general anesthesia. Anesth Essays Res. 2017 Jan-Mar;11(1):72-77.
1094. Gao Y, Deng X, Yuan H, Leng Y, Zhang T, Xu X, Tian S, Fang J, Ouyang W, Wu X. Patient-controlled
intravenous analgesia with combination of dexmedetomidine and sufentanil on patients after abdominal operation:
a prospective, randomized, controlled, blinded, multicentre clinical study. Clin J Pain. 2017 Jun 16. [Epub ahead
of print]
1095. Deng F, Ouyang M, Wang X, Yao X, Chen Y, Tao T, Sun X, Xu L, Tang J, Zhao L. Differential role of
intravenous anesthetics in colorectal cancer progression: implications for clinical application. Oncotarget. 2016
Oct 21. [Epub ahead of print]
1096. Kahokehr A, Sammour T, Zargar Shoshtari K, Taylor M, Hill AG. Intraperitoneal local anesthestic improves
recovery after colon resection: a double-blinded randomized controlled trial. Ann Surg. 2011 Jul;254(1):28-38.

385

1097. Oh BY, Park YA, Koo HY, Yun SH, Kim HC, Lee WY, Cho J, Sim WS, Cho YB. Analgesic efficacy of
ropivacaine wound infusion after laparoscopic colorectal surgery. Ann Surg Treat Res. 2016 Oct;91(4):202-6.
1098. Campana JP, Pellegrini PA, Rossi GL, Ojea Quintana G, Mentz RE, Vaccaro CA. Right versus left laparoscopic
colectomy for colon cancer: does side make any difference? Int J Colorectal Dis. 2017 Feb 15. [Epub ahead of
print]
1099. Cui JH, Jiang WW, Liao YJ, Wang QH, Xu M, Li Y. Effects of oxycodone on immune function in patients
undergoing radical resection of rectal cancer under general anesthesia. Medicine (Baltimore). 2017
Aug;96(31):e7519.
1100. Maggiori L, Rullier E, Lefevre JH, Régimbeau JM, Berdah S, Karoui M, Loriau J, Alvès A, Vicaut E, Panis Y.
Does a combination of laparoscopic approach and full fast track multimodal management decrease postoperative
morbidity? A multicentre randomized controlled trial. Ann Surg. 2017 Aug 11. [Epub ahead of print]
1101. Benzonana LL, Perry NJS, Watts HR, Yang B, Perry IA, Coombes C, Takata M, Ma D. Isoflurane, a commonly
used volatile anaesthetic, enhances renal cancer growth and malignant potential via the hypoxia inducible factor
cellular signalling pathway in vitro. Anesthesiology. 2013;119:593-605.
1102. Kim HC, Hong WP, Lim YJ, Park HP. The effect of sevoflurane versus desflurane on postoperative catheterrelated bladder discomfort in patients undergoing transurethral excision of a bladder tumor: a randomized
controlled trial. Can J Anaesth. 2016 May;63(5):596-602.
1103. Tekgül ZT, Divrik RT, Turan M, Konyalioğlu E, Simsek E, Gönüllü M. Impact of obturator nerve block on the
short-term recurrence of superficial bladder tumors on the lateral wall. Urol J. 2014 Mar 3;11(1):1248-52.
1104. Mazul-Sunko B, Gilja I, Jelisavac M, Kozul I, Troha D, Osmancevic N, El-Saleh A, Markix A, Kovacevic M,
Bokarica P. Thoracic epidural analgesia for radical cystectomy improves nowel function even in traditional
perioperative care: a restrospective study in eighty-five patients. Acta Clin Croat. 2014 Sep;53(3):319-25.
1105. Karadeniz MS, Mammadov O, Ciftci HS, Usta SA, Pembeci K. Comparing the effects of combined
general/epidural anaesthesia and general anaesthesia on serum cytokine levels in radical cystectomy. Turk J
Anaesthesiol Reanim. 2017 Aug;45(4):203-9.
1106. Weingarten TN, Taccolini AM, Ahle ST, Dietz KR, Dowd SS, Frank I, Boorjian SA, Thapa P, Hanson AC,
Schroeder DR, Sprung J. Perioperative management and oncological outcomes following radical cystectomy for
bladder cancer: a matched retrospective cohort study. Can J Anaesth. 2016 May;63(5):584-95.
1107. Jang D, Lim CS, Shin YS, Ko YK, Park SI, Song SH, Kim BJ. A comparison of regional and general anesthesia
effects on 5 year survival and cancer recurrence after transurethral resection of the bladder tumor: a retrospective
analysis. BMC Anesthesiol. 2016 Mar 12;16(1):16.
1108. Christopher Doiron R, Jaeger M, Booth CM, Wei X, Robert Siemens D. Is there a measurable association of
epidural use at cystectomy and postoperative outcomes? A population-based study. Can Urol Assoc J. 2016 SepOct;10(9-10):321-7.

386

1109. Ahiskalioglu A, Ahiskalioglu O, Dostbil A, Abdullah C, Megnet A, Celik M, Ilker I, Husnu K. The effect of
epidural levobupivacaine and fentanyl on stress response and pain management in patients undergoing
percutaneous nephrolithotomy. West Indain Med J. 2016 Mar 14. [Epub ahead of print)
1110. Forget P, Machiels JP, Coulie PG, Berliere M, Poncelet AJ, Tombal B, Stainier A, Legrand C, Canon JL, Kremer
Y, De Kock M. Neutrophil:lymphocyte ratio and intraoperative use of ketorolac or diclofenac are prognostic
factors in different cohorts of patients undergoing breast, lung, and kidney cancer surgery. Ann Surg Oncol. 2013
Dec;20 Suppl 3:S650-60.
1111. Kaminska K, Szczylik C, Lian F, Czarnecka AM. The role of prostaglandin E2 in renal cell cancer development:
future implications for prognosis and therapy. Future Oncol. 2014 Nov;10(14):2177-87.
1112. Tabriz HM, Mirzaalizadeh M, Gooran S, Niki F, Jabri M. COX-2 expression in renal cell carcinoma and
correlations with tumor grade, stage and patient prognosis. Asian Pac J Cancer Prev. 2016;17(2):535-8.
1113. Nayan M, Juurlink DN, Austin PC, Macdonald EM, Finelli A, Kulkarni GS, Hamilton RJ, Canadian Drug Safety
and Effectiveness Research Network (CDSERN). Int J Cancer. 2017 Dec 11. [Epub ahead of print]
1114. Liu Q, Yuan W, Tong D, Liu G, Lan W, Zhang D, Xiao H, Zhang Y, Huang Z, Yang J, Zhang J, Jiang J.
Metformin represses bladder cancer progression by inhibiting stem cell repopulation via COX2/PGE2/STAT3
axis. Oncotarget. 2016 Apr 5. [Epub ahead of print]
1115. Sylvester RJ, van der Meijden AP, Oosterlinck W, et al. Predicting recurrence and progression in individual
patients with stage Ta T1 bladder cancer using EORTC risk tables: a combined analysis of 2596 patients from
seven EORTC trials. Eur Urol 2006;49:466–75; [discussion 475-7].
1116. Ozcan C, Telli O, Ozturk E, Suer E, Gokce MI, Gulpinar O, Oztuna D, Baltaci S, Gogus C. The prognostic
significance of preoperative leukocytosis and neutrophil-to-lymphocyte ratio in patients who underwent radical
cystectomy for bladder cancer. Can Urol Assoc J. 2015 Nov-Dec;9(11-12):E789-E794.
1117. Bhindi B, Hermanns T, Wei Y, Yu J, Wettstein MS, Templeton A, Li K, Sridhar SS, Jewett MA, Fleshner NE,
Zlotta AR, Kulkarni GS. Identification of the best blood count-based predictors for bladder cancer outcomes in
patients undergoing radical cystectomy. Br J Cancer. 2015 Dec 10. [Epub ahead of print]
1118. Kang M, Jeong CW, Kwak C, Kim HH, Ku JH. The prognostic significance of the early postoperative neutrophilto-lymphocyte ratio in patients with urothelial carcinoma of the bladder undergoing radical cystectomy. Ann Surg
Oncol. 2015 Jul 8. [Epub ahead of print]
1119. Favilla V, Catelli T, Urzi D, Reale G, Privitera S, Salici A, Russo GI, Cimino S, Morgia G. Neutrophil to
lymphocyte ratio, a biomarker in non-muscle invasive bladder cancer: a single-institutional study. Int Braz J Urol.
2016 Jul-Aug;42(4):685-93.
1120. Cimen HI, Halis F, Saglam HS, Gokce A. Can neutrophil to lymphocyte ratio predict lamina propria invasion in
patients with non invasive muscle cancer? Int Braz J Urol. 2017 Jan-Feb;43(1):67-72.

387

1121. Kang M, Balpukow UJ, Jeong CW, Kwak C, Kim HH, Ku JH. Can the preoperative neutrophil-to-lymphocyte
ratio significantly predict the conditional survival probability in muscle-invasive bladder cancer patients
undergoing radical cystectomy? Clin Genitourin Cancer. 2017 Jan 9. [Epub ahead of print]
1122. Kaynar M, Yildirim ME, Badem H, Cavis M, Tekinarslan E, Istanbulluoglu MO, Karatas OF, Climentepe E.
Bladder cancer invasion predictability based on preoperative neutrophil-lymphocyte ratio. Tumour Biol. 214
Jul;35(7):6601.
1123. Ozyalvacli ME, Ozyalvacli G, Kocaaslan R, Cecen K, Uyeturk U, Kemahli E, Gucuk A. Neutrophil-lymphocyte
ratio as a predictor of recurrence and progression in patients with high-grade pT1 bladder cancer. Can Urol Assoc
J. 2015 Mar-Apr;9(3-4):E126-31.
1124. Hermanns T, Bhindi B, Wei Y, Yu J, Noon AP, Richard PO, Bhatt JR, Almatar A, Jewett MA, Fleshner NE,
Zlotta AR, Templeton AJ, Kulkarni GS. Pre-treatment neutrophil-to-lymphocyte ratio as predictor of adverse
outcomes in patients undergoing radical cystectomy for urothelial carcinoma of the bladder. Br J Cancer. 2014 Jul
29;111(3):444-51.
1125. Ku JH, Kang M, Kim HS, Jeong CW, Kwak C, Kim HH. The prognostic value of pretreatment of systemic
inflammatory responses in patients with urothelial carcinoma undergoing radical cystectomy. Br J Cancer. 2015
Jan 13. [Epub ahead of print]
1126. Ohtake S, Kawahara T, Kasahara R, Ito H, Osaka K, Hattori Y, Teranishi JI, Makiyama K, Mizuno N, Umemoto
S, Miyoshi Y, Nakaigawa N, Miyamoto H, Yao M, Uemura H. Pretreatment neutrophil-to-lymphocyte ratio can
predict the prognosis in bladder cancer patients who receive gemcitabine and nedaplatin therapy. Biomed Res Int.
2016;2016:9846823.
1127. Morizawa Y, Miyake M, Shimada K, Hori S, Tatsumi Y, Nakai Y, Anai S, Tanaka N, Konishi N, Fujimoto K.
Neutrophil-to-lymphocyte ratio as a detection marker of tumor recurrence in patients with muscle-invasive bladder
cancer after radical cystectomy. Urol Oncol. 2016 Mar. [Epub ahead of print]
1128. De Giorgi U, Santoni M, Crabb SJ, Scarpi E, Rossi L, Burattini L, Shuet Yiu Chau C, Bianchi E, Savini A, Burgio
SL, Conti A, Conteduca V, Cascinu S, Amadori D. High Neutrophil to lymphocyte ratio persistent during first-line
chemotherapy to predict clinical outcome in patients with advanced urothelial cancer. J Clin Oncol. 204; 32:5s
(suppl;abstr 4540).
1129. Rossi L, Santoni M, Crabb SJ, Scarpi E, Burattini L, Chau C, Bianchi E, Savini A, Burgio SL, Conti A, Conteduca
V, Cascinu S, De Giorgi U. High Neutrophil-to-lymphocyte ratio persistent during first-line chemotherapy
predicts poor clinical outcome in patients with advanced urothelial cancer. Ann Surg Oncol. 2014 Sep 19. [Epub
ahead of print]
1130. Santoni M, De Giorgi U, Iacovelli R, Conti A, Burattini L, Rossi L, Luca Burgio S, Berardi R, Muzzonigro G,
Cortesi E, Amadori D, Cascinu S. Pre-treatment neutrophil-to-lymphocyte ratio may be associated with the
outcome in patients treated with everolimus for metastatic renal cell carcinoma. Br J Cancer. 2013 Oct
1;109(7):1755-9.

388

1131. Huang J, Dahl DM, Dong L, Liu Q, Cornejo K, Wang Q, Wu S, Feldman AS, Huang Y, Xue W, Wu CL.
Preoperative neutrophil-to-lymphocyte ratio and neutrophilia are independent predictors of recurrence in patients
with localized papillary renal cell carcinoma. Biomed Res Int. 2015;2015:891045.
1132. Park YH, Ku JH, Kwak C, Kim HH. Post-treatment neutrophil-to-lymphocyte ratio in predicting prognosis in
patients with metastatic clear cell renal carcinoma receiving sunitinib as first line therapy. Springerplus. 2014 May
12;3:243.
1133. Zhang GM, Zhu Y, Gu WJ, Zhang HL, Shi GH, Ye DW. Pretreatment neutrophil-to-lymphocyte ratio predicts
prognosis in patients with metastatic renal cell carcinoma receiving targeted therapy. Int J Clin Oncol. 2015 Sep 3.
[Epub ahead of print]
1134. Seah JA, Leibowitz-Amit R, Atenafu EG, Alimohamed N, Knox JJ, Joshua AM, Sridhar SS. Neutrophillymphocyte ratio and pathological response to neoadjuvant chemotherapy in patients with muscle-invasive bladder
cancer. Clin Genitourin Cancer. 2015 Feb 7. [Epub ahead of print]

1135. Kang M, jeong CW, Kwak C, Kim HH, Ku JH. Preoperative neutrophil-lymphocyte ratio can significantly predict
mortality outcomes in patients with non-muscle invasive bladder cancer undergoing transurethral resection of
bladder tumor. Oncotarget. 2016 Dec 26. [Epub ahead of print]
1136. Ma C, Lu B, Diao C, Zhao K, Wang X, Ma B, Lu B, Sun E. Preoperative neutrophil-lymphocyte ratio and
fibrinogen level in patients distinguish between muscle-invasive bladder cancer and non-muscle-invasive bladder
cancer. Onco Targets Ther. 2016 Aug 8;9:4917-22.
1137. Temraz S, Mukherji D, Farhat ZA, Nasr R, Charafeddine M, Shahait M, Wehbe MR, Ghaida RA, Gheida IA,
Shamseddine A. Preoperative lymphocyte-to-monocyte ratio predicts clinical outcome in patients undergoing
radical cystectomy for transitional cell carcinoma of the bladder: a retrospective analysis. BMC Urol. 2014 Sep
19;14:76.
1138. Dalpiaz O, Ehrlich GC, Mannweiler S, Hernández JM, Gerger A, Stojakovic T, Pummer K, Zigeuner R, Pichler
M, Hutterer GC. Validation of pretreatment neutrophil-lymphocyte ratio as prognostic factor in a European cohort
of patients with upper tract urothelial carcinoma. BJU Int. 2014 Sep;114(3):334-9.
1139. Marchioni M, Cindolo L, Autorino R, Primiceri G, Arcaniolo D, De Sio M, Schips L. High neutrophil-tolymphocyte ratio as prognostic factor in patients affected by upper tract urothelial cancer: a systematic review and
meta-analysis. Clin Genitourin Cancer. 2016 Dec 29. [Epub ahead of print]
1140. Sung HH, Jeon HG, Jeong BC, Seo SI, Jeon SS, Choi HY, Lee HM. Clinical significance of prognosis of the
neutrophil-lymphocyte ratio and erythrocyte sedimentation rate in patients undergoing radical nephroureterectomy
for upper urinary tract urothelial carcinoma. BJU Int. 2014 Jun 20. [Epub ahead of print]
1141. Tanaka N, Kikuchi E, Kanao K, Matsumoto K, Shirotake S, Miyazaki Y, Kobayashi H, Kaneko G, Hagiwara M,
Ide H, Obata J, Hoshino K, Hayakawa N, Kosaka T, Hara S, Oyama M, Momma T, Nakajima Y, Jinzaki M, Oya
M. A Multi-institutional validation of the prognostic value of the Neutrophil-to-Lymphocyte ratio for upper tract
urothelial carcinoma treated with radical nephroureterectomy. Ann Surg Oncol. 2014 Nov;21(12):4041-8.

389

1142. Gunduz S, Mutlu H, Uysal M, Coskun HS, Bozcuk H. Prognostic value of hematologic parameters in patients with
metastatic renal cell carcinoma using tyrosine kinase inhibitors. Asian Pac J Cancer Prev. 2014;15(8):3801-4.
1143. Chrom P, Stec R, Bodnar L, Szczylik C. Incorporating neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte
ratio in place of neutrophil count and platelet count improves prognostic accuracy of the International Metastatic
Renal Cell Carcinoma Database Consortium model. Cancer Res Treat. 2017 Mar 3. [Epub ahead of print]
1144. Auvray M, Elaidi R, Ozguroglu M, Guven S, Gauthier H, Culine S, Caty A, Dujardin C, Auclin E, Thibaut C,
Combe P, Tartour E, Oudard S. Prognostic value of baseline neutrophil-to-lymphocyte ratio in metastatic
urothelial carcinoma patients treated with first-line chemotherapy: a large multicentre study. Clin Genitourin
Cancer. 2016 Nov 16. [Epub ahead of print]
1145. Hu K, Lou L, Ye J, Zhang S. Prognostic role of the neutrophil-lymphocyte ratio in renal cell carcinoma: a metaanalysis. BMJ Open. 2015 Apr 8;5(4):e006404.
1146. Templeton AJ, Knox JJ, Lin X, Simantov R, Xie W, Lawrence N, Broom R, Fay AP, Rini B, Donskov F,
Bjarnason GA, Smoragiewicz M, Kollmannsberger C, Kanesvaran R, Alimohamed N, Hermanns T, Wells JC,
Amir E, Choueiri TK, Heng DY. Change in neutrophil-to-lymphocyte ratio in response to targeted therapy for
metastatic renal cell carcinoma as a prognosticator and biomarker of efficacy. Eur Urol. 2016 Feb 25. [Epub ahead
of print]
1147. Byun SS, Hwang EC, Kang SH, Hong SH, Chung J, Kwon TG, Kim HH, Kwak C, Kim Yj, Lee WK. Prognostic
significance of preoperative neutrophil-to-lymphocyte ratio in nonmetastatic renal cell carcinoma: a large,
multicentre cohort analysis. Biomed Res Int. 2016;2016:5634148. Epub 2016 Nov 6.
1148. Kuzman JA, Stenehejem DD, Merriman J, Agarwal AM, Patel SB, Hahn AW, Alex A, Albertson D, Gill DM,
Agarwal N. Neutrophil-lymphocyte ratio as a predictive biomarker for response to high dose interleukin-2 in
patients with renal cell carcinoma. BMC Urol. 2017 Jan 5;17(1):1.
1149. Dalpiaz O, Luef T, Seles M, Stotz M, Stojakovic T, Pummer K, Zigeuner R, Hutterer GC, Pichler M. Critical
evaluation of the potential prognostic value of the pretreatment-derived neutrophil-lymphocyte ratio under
consideration of C-reactive protein levels in clear cell renal cell carcinoma. Br J Cancer. 2017 Jan 3;116(1):85-90.
1150. Yilmaz H, Cakmak M, Inan O, Darcin T, Akcay A. Can neutrophil-lymphocyte ratio be independent risk factor for
predicting acute kidney injury in patients with severe sepsis? Ren Fail. 2014 Nov 14:1-5. [Epub ahead of print]
1151. Ishihara H, Kondo T, Yoshida K, Omae K, Takagi T, Lizuka J, Tanabe K. Effect of systemic inflammation on
survival in patients with metastatic renal cell carcinoma receiving second-line molecular-targeted therapy. Clin
Genitourin Cancer. 2017 Feb 1. [Epub ahead of print]
1152. Boissier R, Campagna J, Branger N, Karsenty G, Lechevallier E. The prognostic value of the neutrophillymphocyte ratio in renal oncology: a review. Urol Oncol. 2017 Feb 20. [Epub ahead of print]
1153. Wuethrich PY, Romero J, Burkhard FC, Curatolo M. No benefit from perioperative intravenous lidocaine in
laparoscopic renal surgery: a randomised, placebo-controlled study. Eur J Anaesthesiol. 2012 Nov;29(11):537-43.

390

1154. Baik JS, Oh AY, Cho CW, Shin HJ, Han SH, Ryu JH. Thoracic paravertebral block for nephrectomy: a
randomized, controlled, observer-blinded-study. Pain Med. 2014 May;15(5):850-6.
1155. Copik M, Bialka S, Daszkiewicz A, Misiolek H. Thoracic paravertebral block for postoperative pain management
after renal surgery: a randomised controlled trial. Eur J Anaesthesiol. 2017 Sep;34(9):596-601.
1156. Karami S, Daughtery SE, Schwartz K, Davis FG, Ruterbusch JJ, Wacholder S, Graubard BI, Berndt SI, Hofmann
JN, Purdue MP, Moore LE, Colt JS. Analgesic use and risk of renal cell carcinoma: a case-control, cohort, and
meta-analytic assessment. Int J Cancer. 2016 Mar 24. [Epub ahead of print]
1157. Jin SJ, park JY, Kim DH, Yoon SH, Kim E, Hwang JH, Song C, Kim YK. Comparison of postoperative pain
between laparoscopic and robot-assisted partial nephrectomies for renal tumors: a propensity score matching
analysis. Medicine (Baltimore). 2017 Jul;96(29):e7581.
1158. Khajavi MR, Navardi M, Shariat Moharari R, Pourfakhr P, Khalili N, Etezadi F, Imani F. Combined ketaminetramadol subcutaneous wound infiltration for multimodal postoperative analgesia: a double-blinded, randomized
controlled trial after renal surgery. Anesth Pain Med. 2016 Jul 26;6(5):e37778.
1159. Parker WP, Lohse CM, Zaid HB, Cheville JC, Boorjian SA, Leibovich BC, Thompson RH. Evaluation of betablockers and survival among hypertensive patients with renal cell carcinoma. Urol Oncol. 2016 Sep 26. [Epub
ahead of print]
1160. Siemens DR, Jaeger MT, Wei X, Vera-Badillo F, Booth CM. Peri-operative allogeneic blood transfusion and
outcomes after radical cystectomy: a population-based study. World J Urol. 2017 Feb 17. [Epub ahead of print]
1161. Liang H, Liu HZ, Wang HB, Zhong JY, Yang CX, Zhang B. Dexmedetomidine protects against cisplatin-induced
acute kidney injury in mice through regulating apoptosis and inflammation. Inflamm Res. 2017 Feb 21. [Epub
ahead of print]
1162. Kovac E, Firoozbakhsh F, Zargar H, Fergany A, Elsharkawy H. Perioperative epidural analgesia is not associated
with increased survival from renac cell cancer, but overall survival may be improved: a retrospective chart review.
Can J Anaesth. 2017 Apr 17. [Epub ahead of print]
1163. Biki B, Mascha E et al. Anesthetic technique for radical prostatectomy surgery affects cancer recurrence: a
retrospective analysis. Anesthesiology 2008 Aug;109(2):180-7.
1164. Forget P. Tombal B, Scholtès JL, Nzimbala J, Meulders C, Legrand C, Van Cangh P, Cosyns JP, De Kock M. Do
intraoperative analgesics influence oncological outcomes after radical prostatectomy for prostate cancer? Eur J
Anaesthesiol 2011 Dec;28(12):830-5.
1165. Lee BM, Singh Ghotra V, Karam JA, Hernandez M, Pratt G, Cata JP. Regional anesthesia/analgesia and the risk
of cancer recurrence and mortality after prostatectomy: a meta-analysis. Pain Manag. 2015 Sep;5(5):387-95.
1166. Hong JY, Yang SC, Yi J, Kil HK. Epidural ropivacaine and sufentanil and the perioperative stress response after
radical retropubic prostatectomy. Acta Anaesthesiol Scand. 2011 Mar;55(3):282-9.

391

1167. Pei L, Tan G, Wang L, Guo W, Xiao B, Gao X, Wang L, LI H, Xu Z, Zhang X, Zhao J, Yi J, Huang Y.
Comparison of combined general-epidural anesthesia with general anesthesia effects on survival and cancer
recurrence: a meta-analysis of retrospective studies. PLoS One. Dec 30;9(12):e114667.
1168. Scavonetto F, Yeoh TY, Umbreit EC, Weingarten TN, Gettman MT, Frank I, Boorjian SA, Karnes RJ, Schroeder
Dr, Rangel LJ, Hanson AC, Hofer RE, Sessler DI, Sprung J. Association between neuraxial analgesia, cancer
progression, and mortality after radical prostatectomy: a large, retrospective matched cohort study. Br J Anaesth.
2013 Dec 16.
1169. Sprung J, Scavonetto F, Yeoh TY, Kramer JM, Karnes RJ, Eisenach JH, Schroeder DR, Weingarten TN.
Outcomes after radical prostatectomy for cancer: a comparison between general anaesthesia and epidural
anaesthesia with fentanyl analgesia: a matched cohort study. Anesth Analg. 2014 Jun 20. [Epub ahead of print].
1170. Tsui BC, Rashiq S et al. Epidural anesthesia and cancer recurrence rates after radical prostatectomy. Can J
Anaesth 2010 Feb;57(2):107-12.
1171. Wuethrich PY, Hsu Schmitz SF et al. Potential influence of the anesthetic technique used during open radical
prostatectomy on prostate cancer-related outcome: a retrospective study. Anesthesiology 2010 Sep;113(3):570-6.
1172. Roiss M, Schiffmann J, Tennstedt P, Kessler T, Blanc I, Goetz A, Schlomm T, Graefen M, Reuter DA.
Oncological long-term outcome of 4772 patients with prostate cancer undergoing radical prostatectomy: Does the
anaesthetic technique matter? Eur J Surg Oncol 2014 Feb 25. Pii:S0748-7983(14)00301-1. [Epub ahead of print].
1173. Ehdaie B, Sjoberg DD, Dalecki PH, Scardino PT, Eastham JA, Amar D. Association of anesthesia technique for
radical prostatectomy with biochemical recurrence: a retrospective cohort study. Can J Anaesth. 2014 Aug 21.
[Epub ahead of print]
1174. Maquoi I, Joris JL, Dresse C, Vandenbosch S, Venneman I, Brichant JF, Hans GA. Transversus abdominis plane
block or intravenous lignocaine in open prostate surgery: a randomized controlled trial. Acta Anaesthesiol Scand.
2016 Aug 10. [Epub ahead of print]
1175. Corsia G, Chatti C, Coriat P et al. Perioperative analgesia in urology and potential influence of anesthesia on
oncologic outcomes of surgery. Prog Urol 2012 Jul;22(9);503-9.
1176. Doat S, Cénée S, Trétarre B, Rebillard X, Lamy P, Bringer JP, Iborra F, Murez T, Sanchez M, Menegaux F.
Nonsteroidal anti-inflammatory drugs (NSAIDs) and prostate cancer risk: results from the EPICAP study. Cancer
Med. 2017 Oct;6(10):2461-70.
1177. Dell’Atti L. Correlation between prolonged use of aspirin and prognostic risk in prostate cancer. Tumori. 2014
Sep-Oct;100(5):486-90.
1178. Wang X, Lin YW, Wu J, Xu XL, Xu X, Liang Z, Hu ZH, Li SQ, Zheng XY, Xie LP. Meta-analysis of
nonsteroidal anti-inflammatory drug intake and prostate cancer risk. World J Surg Oncol. 2014 Oct 5;12:304.

392

1179. Bhindi B, Margel D, Hamilton RJ, Fernandes KA, Trottier G, Hersey KM, Finelli A, Trachtenberg J, Zlotta A,
Kulkarni GS, Toi A, Evans A, van der Kwast TH, Fleshner NE. The impact of the use of aspirin and other
nonsteroidal anti-inflammatory drugs on the risk of prostate cancer detection on biopsy. Urology. 2014
Nov;84(5):1073-80.
1180. Veitonmäki T, Murtola TJ,Määttänen L, Taari K, Stenman UH, Tammela TL, Auvinen A. Use of non-steroidalanti-inflammatory drugs and prostate cancer survival in the Finnish prostate cancer screening trial. Prostate. 2015
Jun 12. [Epub ahead of print]
1181. Skriver C, Dehlendorff C, Borre M, Brasso K, Sørensen HT, Hallas J, Larsen SB, Tjønneland A, Friis S. Lowdose aspirin or other nonsteroidal anti-inflammatory drug use and prostate cancer risk: a nationwide study. Cancer
causes Control. 2016 Sep;27(9):1067-79.
1182. Kang M, Ku JH, Kwak C, Kim HH, Jeong CW. Effects of aspirin, nonsteroidal anti-inflammatory drugs, statin
and COX2 inhibitor on the developments of urological malignancies: a population-based study with 10-year
follow-up data in Korea. Cancer Res Treat. 2017 Oct 27. [Epub ahead of print]
1183. Langsenlehner T, Thurner EM, Krenn-Pilko S, Langsenlehner U, Stojakovic T, Gerger A, Pichler M. Validation of
the neutrophil-to-lymphocyte ratio as a prognostic factor in a cohort of European prostate cancer patients. World J
Urol. 2015 Jan 24. [Epub ahead of print]
1184. Minardi D, Scartozzi M, Montesi L, Santoni M, Burattini L, Bianconi M, Lacetera V, Milanese G, Cascinu S,
Muzzonigro G. Neutrophil-to-lymphocyte ratio may be associated with outcome in patients with prostate cancer.
Springerplus. 2015 Jun 12;4:255.
1185. Özsoy M, Moschini M, Fajkovic H, Soria F, Seitz C, Klatte T, Gust K, Briganti A, Karakiewicz PI, Roupret M,
Kramer G, Shariat SF. Elevated preoperative neutrophil-lymphocyte ratio predicts upgrading at radical
prostatectomy. Prostate Cancer Prostatic Dis. 2017 Dec 11. [Epub ahead of print]
1186. Gokce MI, Tangal S, Hamidi N, Suer E, Ibis MA, Beduk Y. Role of neutrophil-to-lymphocyte ratio in prediction
of Gleason score upgrading and disease upstaging in low-risk prostate cancer patients eligible for active
surveillance. Can Urol Assoc J. 2016 Nov-Dec;10(11-12):E383-E387.
1187. Tanik S, Albayrak S, Zengin K, Borekci H, Bakirtas H, Imamoglu MA, Gurdal M. Is the neutrophil-lymphocyte
ratio an indicator of progression in patients with benign prostatic hyperplasia. Asian Pac J Cancer Prev.
2014;15(15):6375-9.
1188. Maeda Y, Kawahara T, Koizumi M, Ito H, Kumano Y, Ohtaka M, Kondo T, Mochizuki T, Hattori Y, Teranishi J,
Yumura Y, Mioshi Y, Yao M, Miyamoto H, Uemura H. Lack of an association between Netrophil-to-Lymphocyte
Ratio and PSA failure of prostate cancer patients who underwent radical prostatectomy. Biomed Res Int.
2016;2016:6197353.
1189. Flamiatos JF, Beer TM, Graff JN, Eilers KM, Tian W, Sekhon HS, Garzotto M. Cyclooxygenase-2 (COX-2)
inhibition for prostate cancer chemoprevention: double-blind randomized study of pre-prostatectomy celecoxib or
placebo. BJU int. 2016 Aug 1. [Epub ahead of print]

393

1190. Pond GR, Milowsky MI, Kolinsky MP, Eigl BJ, Necchi A, Harshman LC, Di Lorenzo G, Dorff TB, Lee RJ,
Sonpavde G. Concurrent chemoradiotherapy for men with locally advanced penile squamous cell carcinoma. Clin
Genitourin Cancer. 2014 Mar 27. [Epub ahead of print]
1191. Kasuga J, Kawahara T, Takamoto D, Fukui S, Tokita T, Tadenuma T, Narahara M, Fusayasu S, Terao H, Izumi K,
Ito H, Hattori Y, Teranishi J, Sasaki T, Makiyama K, Miyoshi Y, Yao M, Yumura Y, Miyamoto H, Uemura H.
Increased neutrophil-to-lymphocyte ratio is associated with disease specific mortality in patients with penile
cancer. BMC Cancer. 2016 Jul 7;16:396.
1192. Lorente D, Mateo J, Templeton AJ, Zafeiriou Z, Bianchini D, Ferraldeschi R, Bahl A, Shen L, Su Z, Sartor O, de
Bono J. Baseline Neutrophil-Lymphocyte Ratio (NLR) is associated with survival and response to treatment with
second-line chemotherapy for advanced prostate cancer independent of baseline steroid use. Ann Oncol. 2014 Dec
23. [Epub ahead of print]
1193. Van Soest RJ, Templeton AJ, Vera-Badillo FE, Mercier F, Sonpavde G, Amir E, Tombal B, Rosenthal M,
Eisenberger MA, Tannock IF, de Wit R. Neutrophil to lymphocyte ratio as a prognostic biomarker for men with
metastatic castration-resistant prostate cancer receiving first-line chemotherapy: data from two randomized phase
III trials. Ann Oncol. 2014 Dec 15. [Epub ahead of print]
1194. Uemura K, Kawahara T, Yamashita D, Jikuya R, Abe K, Tatenuma T, Yokomizo Y, Izumi K, Teranishi JI,
Makiyama K, Yumura Y, Kishida T, Udagawa K, Kobayashi K, Miyoshi Y, Yao M, Uemura H. Neutrophil-tolymphocyte ratio predicts prognosis in castration-resistant prostate cancer patients who received Cabazitaxel
chemotherapy. Biomed Res Int. 2017;2017:7538647.
1195. Kawahara T, Fukui S, Sakamaki K, Ito Y, Ito H, Kobayashi N, Izumi K, Yokomizo Y, Miyoshi Y, Makiyama K,
Nakaigawa N, Yamanaka T, Yao M, Miyamoto H, Uemura H. Neutrophil-to-lymphocyte ratio predicts prostatic
carcinoma in men undergoing needle biopsy. Oncotarget. 2015 Aug 20. [Epub ahead of print]
1196. Huang TB, Mao SY, Lu SM, Yu JJ, Luan Y, Gu X, Liu H, Zhou GC, Ding XF. Predictive value of neutrophil-tolymphocyte ratio in diagnosis of prostate cancer among men who underwent template-guided prostate biopsy: a
STROBE compliant study. Medicine (Baltimore). 2016 Nov;95(44):e5307.
1197. Lee H, Jeong SJ, Hong SK, Byun SS, Lee SE, Oh JJ. High preoperative neutrophil-lymphocyte ratio predicts
biochemical recurrence in patients with localized prostate cancer after radical prostatectomy. World J Urol. 2015
Oct 8. [Epub ahead of print]
1198. Luo Y, She DL, Xiong H, Yang L. Pretreatment neutrophil to lymphocyte ratio as a prognostic predictor of
urologic tumors: a systematic review and meta-analysis. Medicine (Baltimore). 2015 Oct;94(40):e1670.
1199. Bahig H, Taussky D, Delouya G, Nadiri A, Gagnon-Jacques A, Bodson-Clermont P, Soulieres D. Neutrophil
count is associated with survival in localized prostate cancer. BMC Cancer. 2015 Aug 21;15(1):594.
1200. Oh JJ, Kwon O, Lee JK, Byun SS, Lee SE, Hong SK. Association of the neutrophil-to-lymphocyte ratio and
prostate cancer detection rates in patients via contemporary multi-core prostate biopsy. Asian J Androl. 2015 Oct
16. [Epub ahead of print]

394

1201. Gu X, Gao X, Li X, Qi X, Ma M, Qin S, Yu H, Sun S, Zhou D, Wang W. Prognostic significance of neutrophil-tolymphocyte ratio in prostate cancer: evidence from 16,266 patients. Sci Rep. 2016 Feb 25;6:22089.
1202. Yuksel OH, Verit A, Sahin A, Urkmez A, Uruc F. White blood cell counts and neutrophil to lymphocyte ratio in
the diagnosis of testicular cancer: a simple secondary tumor marker. Int Braz J Urol. 2016 Jan-Feb;42(1):53-9.
1203. Grytli HH, Fagerland MW, Fossa SD, Tasken KA. Association between use of β-blockers and prostate cancerspecific survival: a cohort study of 3561 prostate cancer patients with high-risk or metastatic disease. Eur Urol.
2014 Mar;65(3):635-41.
1204. Lu H, Liu X, Guo F, Tan S, Wang G, Liu H, Wang J, He X, Mo Y, Shi B. Impact of beta-blockers on prostate
cancer mortality: a meta-analysis of 16,825 patients. Onco Targets Ther. 2015 Apr 30;8:985-90.
1205. Cardwell CR, Coleman HG, Murray LJ, O’Sullivan JM, Powe DG. Beta-blocker usage and prostate cancer
survival: a nested case-control study in the UK Clinical Practice Research Datalink cohort. Cancer Epidemiol.
2014 Jun;38(3):279-85.

1206. Kao LT, Huang CC, Lin HC, Huang CY. Antiarrhythmic drug usage and prostate cancer: a population-based
cohort study. Asian J Androl. 2017 Aug 29. [Epub ahead of print]
1207. Krönig M, Haverkamp C, Schulte A, Heinicke L, Schaal K, Drendel V, Werner M, Wetterauer U, SchultzeSeemann W, Jilg CA. Diabetes and beta-adrenergic blockage are risk factors for metastatic prostate cancer. World
J Surg Oncol. 2017 Feb 21;15(1):50.
1208. Kaapu KJ, Murtola TJ, Määttänen L, Talala K, Taari K, Tammela TL, Auvinen A. Prostate cancer risk among
users of digoxin and other antiarrhythmic drugs in the Finnish Cancer Screening Trial. Cancer Causes Control.
2015 Nov 16. [Epub ahead of print]
1209. Zahalka AH, Arnal-Estapé A, Maryanovich M, Nakahara F, Cruz CD, Finley LWS, Frenette PS. Adrenergic
nerves activate an angio-metabolic switch in prostate cancer. Science. 2017 Oct 20;358(6361):321-6.
1210. Braadland PR, Ramberg H, Grytli HH, Tasken KA. Β-adrenergic receptor signalling in prostate cancer. Front
Oncol. 2015 Jan 12;4:375.
1211. Zerbini LF et al. Combinatorial effect of non-steroidal anti-inflammatory drugs and NF-kB inhibitors in ovarian
cancer therapy. PLoS One 2011;6(9):e24285.
1212. Valle BL, D’Souza T, Becker KG, Wood WH 3rd, Zhang Y, Wersto RP, Morin PJ. Non-steroidal antiinflammatory drugs decrease E2F1 expression and inhibit cell growth in ovarian cancer cells. PLoS One. 2013
Apr 24;8(4):e81836.
1213. Zerbini LF, Tamura RE, Correa RG, Czibere A, Cordeiro J, Bhasin M, Simabuco FM, Wang Y, Gu X, Li L,
Sarkar D, Zhou JR, Fisher PB, Libermann TA. Combinatorial effect of non-steroidal anti-inflammatory drugs and
NF-kB inhibitors in ovarian cancer therapy. PLoS One. 2011;6(9):e24285.

395

1214. Hayden MS, West AP, Ghosh S. NF-kappaB and the immune response. Oncogene. 2006 Oct 30;25(51):6758-80.
1215. Wong JL, Obermajer N, Odunsi K, Edwards RP, Kalinski P. Syngergistic COX2 induction by IFNγ and TNFα
self-limits type-1 immunity in the human tumor microenvironment. Cancer Immunol Res. 2016 Apr;4(4):303-11.
1216. Baandrup L. Drugs with potential chemopreventive properties in relation to epithelial ovarian cancer – a
nationwide case-control study. Dan Med J. 2015 Jul;62(7). B5117.
1217. Peres LC, Camacho F, Abbott SE, Alberg AJ, Bandera EV, Barnholtz-Sloan J, Bondy M, Cote ML, Crankshaw S,
Funkhouser E, Moorman PG, Peters ES, Schwartz AG, Terry P, Wang F, Schildkraut JM. Analgesic medication
use and risk of epithelial ovarian cancer in African American women. Br J Cancer. 2016 Feb 23. [Epub ahead of
print]
1218. Melhem A, Yamada SD, Fleming GF et al. Administration of glucocorticoids to ovarian cancer patients is
associated with expression of the anti-apoptotic genes SGK1 and MKP1/DUSP1 in ovarian tissues. Clin Cancer
Res 2009 May 1;15(9):3196-204.
1219. De Oliveira GS Jr, McCarthy R, Turan A, Schink JC, Fitzgerald PC, Sessler DI. Is dexamethasone associated with
recurrence of ovarian cancer? Anesth Analg. 2014 Jun;118(6):1213-8.
1220. Merk BA, Havrilesky LJ, Ehrisman JA, Broadwater G, Habib AS. Impact of postoperative nausea and vomiting
prophylaxis with dexamethasone on the risk of recurrence of endometrial cancer. Curr Med Res Opin. 2015 Nov
19:1-19. [Epub ahead of print]
1221. Rivard C, Dickson EL, Vogel RI, Argenta PA, Teoh D. The effect of anesthesia choice on post-operative
outcomes in women undergoing exploratory laparotomy for a suspected gynecologic malignancy. Gynecol Oncol.
2014 May;133(2):278-82.
1222. Courtney-Brooks M, Tanner Kurtz KC, Pelkofski EB, Nakayama J, Duska LR. Continuous epidural infusion
anesthesia and analgesia in gynecologic oncology patients: less pain, more gain? Gynecol Oncol. 2015
Jan;136(1):77-81.
1223. Moslemi F, Rasooli S, Baybordi A, Golzari SE. A comparison of patient controlled epidural analgesia with
intravenous patient controlled analgesia for postoperative pain management after major gynecologic oncologic
surgeries: a randomized controlled clinical trial. Anesth Pain Med. 2015 Oct 17;5(5):e29540.
1224. Oh TK, Lim MC, Lee Y, Yun JY, Yeon S, Park SY. Improved postoperative pain control for cytoreductive
surgery in women with ovarian cancer using patient-controlled epidural analgesia. Int J Gynecol Cancer. 2016 Jan
28. [Epub ahead of print]
1225. Han XR, Wen X, Li YY, Fan SH, Zhang ZF, Li H, Sun XF, Geng GQ, Sun S, Huang SQ, Wu DM, Lu J, Zheng
YL. Effect of different anesthetic methods on cellular immune functioning and the prognosis of patients with
ovarian cancer oophorectomy. Biosci Rep. 2017 Sep 21. [Epub ahead of print]
1226. Sanguinete MMM, Oliveira PH, Martins-Filho A, Micheli DC, Tavares-Murta BM, Murta EFC, Nomelini RS.
Serum IL-6 and IL-8 correlate with prognostic factors in ovarian cancers. Immunol Invest. 2017 Oct;46(7):677-88.

396

1227. Martins Filho A, Jammal MP, Micheli DC, Tavares-Murta BM, Etchebehere RM, Murta EFC, Nomelini RS. Role
of intracystic cytokines and nitric oxide in ovarian neoplasms. Scand J Immunol. 2017 Sep 28. [Epub ahead of
print]
1228. Dong H, ZhangY, Xi H. The effects of epidural anaesthesia and analgesia on natural killer cell cytotoxicity and
cytokine response in patients with epithelial ovarian cancer undergoing radical resection. J Int Med Res
2012;40(5):1822-9.
1229. Lin L, Liu C, Tan H, Ouyang H, Zhang Y, Zeng W. Anaesthetic technique may affect prognosis for ovarian serous
adenocarcinoma: a retrospective analysis. Br J Anaesth 2011 106(6):814-22.
1230. De Oliveira GS Jr, Ahmad S, Schink JC, Singh DK, Fitzgerald PC, McCarthy RJ. Intraoperative neuraxial
anesthesia but not postoperative neuraxial analgesia is associated with increased relapse-free survival in ovarian
cancer patients after primary cytoreductive surgery. Reg Anesth Pain Med. 2011 May-Jun;36(3):271-7.
1231. Elias KM, Kang S, Liu X, Horowitz NS, Berkowitz RS, Frendl G. Anesthetic selection and disease-free survival
following optimal primary cytoreductive surgery for stage III epithelial ovarian cancer. Ann Surg Oncol. 2014 Oct
7. [Epub ahead of print]
1232. Iwasaki M, Zhao H, Jaffer T, Unwith S, Benzonana L, Lian Q, Sakamoto A, Ma D. Volatile anaesthetics enhance
the metastasis related cellular signalling including CXCR2 of ovarian cancer cells. Oncotarget. 2016 Mar 23.
[Epub ahead of print]
1233. Capmas P, Billard V, Gouy S, Lhomme C, Pautier P, Morice P, Uzan C. Impact of epidural analgesia on survival
in patients undergoing complete cytoreductive surgery for ovarian cancer. Anticancer Res, 2012 Apr;32(4):153742.
1234. Lacassie HJ, Cartagena J, Branes J, Assel M, Echevarria GC. The relation between neuraxial anesthesia and
advanced ovarian cancer-related outcomes in the chilean population. Anesth Analg 2013;117(3):653-60.
1235. Xu Q, Zhang H, Zhu YM, Shi NJ. Effects of combined general/epidural anesthesia on hemodynamics, respiratory
function, and stress hormone levels in patients with ovarian neoplasm undergoing laparoscopy. Med Sci Monit.
2016 Nov 8;22:4238-46.
1236. Hotujec BT, Spencer RJ, Donnelly MJ, Bruggink SM, Rose SL, Al-Niaimi A, Chappell R, Stewart SL, Kushner
DM. Transversus abdominis plane block in robotic gynecologic oncology: a randomized, placebo-controlled trial.
Gynecol Oncol. 2014 Nov 20. [Epub ahead of print]
1237. Yoshida T, Furutani K, Watanabe Y, Ohashi N, Baba H. Analgesic efficacy of bilateral continuous transversus
abdominis plane blocks using an oblique subcostal approach in patients undergoing laparotomy for gynaecological
cancer: a prospective, randomized, triple-blind, placebo-controlled study. Br J Anaesth. 2016 Dec;117(6):812-20.
1238. Yoshiyama S, Ueshima H, Sakai R, Otake H. A posterior TAP block provides more effective analgesia than a
lateral TAP block in patients undergoing laparoscopic gynecologic surgery: a retrospective study. Anesthesiol Res
Pract. 2016;2016:4598583. [Epub ahead of print]

397

1239. Sousa AM, Rosado GM, Neto Jde S, Guimaraes GM, Ashmawi HA. Magnesium sulfate improves postoperative
analgesia in laparoscopic gynecologic surgeries: a double-blind randomized controlled trial. J Clin Anesth. 2016
Nov;34:379-84.
1240. Melnikov AL, Bjoergo S, Kongsgaard UE. Thoracic paravertebral block versus transversus abdominis plane block
in major gynaecological surgery: a prospective, randomized, controlled, observer-blinded study. Local Reg
Anesth. 2012;5:55-61.
1241. Murouchi T, Iwasaki S, Yamakage M. Chronological changes in ropivacaine concentration and analgesic effects
between Transversus Abdominis Plane block and Rectus Sheath block. Reg Anesth Pain Med. 2015 SepOct;40(5):568-71.
1242. Lee JW, Shahzad MM, Lin YG, Armaiz-Pena et al. Surgical stress promotes tumor growth in ovarian carcinoma.
Clin Cancer Res 2009 Apr 15;15(8):2695-702.
1243. Watkins JL, Thaker PH, Nick AM, Ramondetta LM, Kumar S, Urbauer DL, Matsuo K, Squires KC, Coleman RL,
Lutgendorf SK, Ramirez PT, Sood AK. Clinical impact of selective and nonselective beta-blockers on survival in
patients with ovarian cancer. Cancer. 2015 Aug 24. [Epub ahead of print]
1244. Hefner J, Csef H. The clinical relevance of beta blockers in ovarian carcinoma: a systematic review. Geburtshilfe
Frauenheilkd. 2016 Oct;76(10):1050-56.
1245. Williams KA, Labidi-Galy SI, Terry KL, Vitonis AF, Welch WR, Goodman A, Cramer DW. Prognostic
significance and predictors of the neutrophil-to-lymphocyte ratio in ovarian cancer. Gynecol Oncol. 2104
Mar;132(3):542-50.
1246. Cho H, Hur HW, Kim SW, Kim SH, Kim JH, Kim YT, Lee K. Pre-treatment neutrophil-to-lymphocyte ratio is
elevated in epithelial ovarian cancer and predicts survival after treatment. Cancer Immunol Immunother.
2009;58(1):15-23.
1247. Thavaramara T, Phaloprakarn C, Tangjitgamol S, Manusirivithaya S. Role of neutrophil to lymphocyte ratio as
prognostic indicator for epithelial ovarian cancer. J Med Assoc Thai. 2011 Jul;94(7):871-7.
1248. Yesilyurt H, Tokmak A, Guzel AI, Simsek HS, Terzioglu SG, Erkaya S, Gungor T. Parameters for predicting
granulosa cell tumor of the ovary: a single center retrospective comparative study. Asaian Pac J Cancer Prev.
2014;15(19):8447-50.
1249. Wang Y, Liu P, Xu Y, Zhang W, Tong L, Guo Z, Ni H. Pre-operative neutrophil-to-lymphocyte ratio predicts
response to first-line platinum-based chemotherapy and prognosis in serous ovarian cancer. Cancer Chemother
Pharmacol. 2014 Nov 27. [Epub ahead of print]
1250. Badora-Rybicka A, Nowara E, Starzyczny-Slota D. Neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte
ratio before chemotherapy as potential prognostic factors in patients with newly diagnosed epithelial ovarian
cancer. ESMO Open. 2016 Mar 31;1(2):e000039.

398

1251. Ashrafganjoei T, Mohamadianamiri M, Farzaneh F, Hosseini MS, Arab M. Investigating preoperative hematologic
markers for prediction of ovarian cancer surgical outcome. Asian Pac J Cancer Prev. 2016;17(3):1445-8.
1252. Yildirim MA, Seckin KD, Togrul C, Baser E, Karsli MF, Gungor T, Gulerman HC. Roles of
neutrophil/lymphocyte and platelet/lymphocyte ratios in the early diagnosis of malignant ovarian masses. Asian
Pac J Cancer Prev. 2014;15(16):6881-5.
1253. Koster RW, Srámek M. [Diagnostische Tests]. Bijblijven 1991;2:18-22.
1254. Bakacak M, Serin S, Ercan O, Kostu B, Bostanci MS, Bacacak Z, Kiran H, Kiran G. Utility of preoperative
neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios to distinguish malignant from benign ovarian masses.
J Turk Ger Gynecol Assoc. 2016 Jan 12;17(1):21-5.
1255. Prodromidou A, Andreakos P, Kazakos C, Vlachos DE, Perrea D, Pergialiotis V. The diagnostic efficacy of
platelet-to-lymphocyte ratio and neutrophil-to-lymphocyte ratio in ovarian cancer. Inflamm Res. 2017 Mar 4.
[Epub ahead of print]
1256. Hu D, Lin Y, Liu F, Zeng L, Ouyang X, Wang K, Zheng X, Huang Q. Elevated preoperative platelet to
lymphocyte ratio indicates poor survival in patients with resected high-grade serous ovarian carcinoma. Clin Lab.
2016 Aug;62(8):1443-49.
1257. Feng Z, Wen H, Bi R, Ju X, Chen X, Yang W, Wu X. Preoperative neutrophil-to-lymphocyte ratio as a predictive
and prognostic factor fir high-grade serous ovarian cancer. PLoS One. 2016 May 20;11(5):e0156101.
1258. Yang Z, Gu JH, Guo CS, Li XH, Yang WC. Preoperative neutrophil-to-lymphocyte ratio is a predictor of survival
of epithelial ovarian cancer: a systematic review and meta-analysis of observational studies. Oncotarget. 2017 Apr
3. [Epub ahead of print]
1259. Komura N, Mabuchi S, Yokoi E, Kozasa K, Kuroda H, Sasano T, Matsumoto Y, Kimura T. Comparison of
clinical utility between neutrophil count and neutrophil-lymphocyte ratio in patients with ovarian cancer: a single
institutional experience and a literature review. Int J Clin Oncol. 2017 Sep 26. [Epub ahead of print]
1260. Kemal Y, Demirag G, Ekiz K, Yücel I. Mean platelet volume could be a useful biomarker for monitoring
epithelial ovarian cancer. J Obstet Gynaecol. 2014 Aug;34(6):515-8.
1261. Zhang WW, Liu KJ, Hu GL, Liang WJ. Preoperative platelet/lymphocyte ratio is a superior prognostic factor
compared to other systemic inflammatory response markers in ovarian cancer patients. Tumour Biol. 2015 Jun 11.
[Epub ahead of print]
1262. Luo Y, Kim HS, Kim M, Lee M, Song YS. Elevated plasma fibrinogen levels and prognosis of epithelial ovarian
cancer: a cohort and meta-analysis. J Gynecol Oncol. 2017 Mar 7. [Epub ahead of print]
1263. Topcu HO, Guzel AI, Ozer I, Kokanali MK, Gokturk U, Muftuoglu KH, Doganay M. Comparison of
neutrophil/lymphocyte and platelet/lymphocyte ratios for predicting malignant potential of suspicious ovarian
masses in gynecology practice. Asian Pac J Cancer Prev. 2014;15(15):6239-41.

399

1264. Sood AK, Bhatty R, Kamat AA, Landen CN, Han L, Thaker PH, Li Y, Gershenson DM, Lutgendorf S, Cole SW.
Stress-hormone mediated invasion of ovarian cencer cells. Clin Cancer Res. 2006 Jan;15(12):369.
1265. Diaz ES, Karlan BY, Li AJ. Impact of beta blockers on epithelial ovarian cancer survival. Gynecol Oncol. 2012
Nov;127(2):375-8.

1266. Al-Niaimi A, Dickson EL, Albertin C, Karnowski J, Niemi C, Spencer R, Shahzad MM, Uppal S, Saha S, Rice L,
Nally AM. The impact of perioperative β-blocker use on patient outcomes after primary cytoreductive surgery in
high-grade epithelial ovarian carcima. Gynecol Oncol. 2016 Sep 29. [Epub ahead of print]
1267. Desale MG, Tanner RJ 3rd, Sinno AK, Angarita AA, Fader AN, Stone RL, Levinson KL, Bristow RE, Roche KL.
Perioperative fluid status and surgical outcomes in patients undergoing cytoreductive surgery for advanced
epithelial ovarian cancer. Gynecol Oncol. 2016 Oct 28.[Epub ahead of print]
1268. Cai QH, tang Y, Fan SH, Zhang ZF, Li H, Huang SQ, Wu DM, Lu J, Zheng YL. In vivo effects of
dexmedetomidine on immune function and tumor growth in rats with ovarian cancer through inhibiting the
p38MAPK/NF-kB signaling pathway. Biomed Pharmacother. 2017 Sep 26;95:1830-7.
1269. Ismail H, Ho KM, Narayan K, Kondalsamy-Chennakesavan S. Effect of neuraxial anaesthesia on tumour
progression in cervical cancer patients treated with brachytherapy: a retrospective cohort study. Br J Anaesth.
2010 Aug;105(2):145-9.
1270. Hong JY, Lim KT. Effect of preemptive epidural analgesia on cytokine response and postoperative pain in
laparoscopic radical hysterectomy for cervical cancer. Reg Anesth Pain Med. 2008 Jan-Feb;33(1):44–51.
1271. Li JM, Shao JL, Zeng WJ, Liang RB. General/epidural anesthesia in combination preserves NK cell activity and
affects cytokine response in cervical carcinoma patients undergoing radical resection: a cohort prospective study.
Eur J Gynaecol Oncol. 2015;36(6):703-7.
1272. Raghvendra KP, Thapa D, Mitra S, Ahuja V, Gombar S, Huria A. Postoperative pain relief following
hysterectomy: a randomized controlled trial. J Midlife Health. 2016 Apr-Jun;7(2):65-8.
1273. Iyer SS, Bavihi H, Mohan CV, Kaur N. Comparison of epidural analgesia with Transversus Abdomnis Plane
analgesia for postoperative pain relief in patients undergoing lower abdominal surgery: a prospective randomized
study. Anesth Essays Res. 2017 Jul-Sep;11(3):670-5.
1274. Chen JQ, Wu Z, Wen LY, Miao JZ, Hu YM, Xue R. Preoperative and postoperative analgesic techniques in the
treatment of patients undergoing transabdominal hysterectomy: a preliminary randomized trial. BMC Anesthesiol.
2015 May 6;15:70.
1275. Amsbaugh AK, Amsbaugh MJ, El-Ghamry MN, Derhake BM. Optimal epidural analgesia for patients diagnosed
as having gynecologic cancer undergoing interstitial brachytherapy. J Clin Anesth. 2016 Dec;35:509-15.
1276. Nigam S, Rastogi S, tyagi A, Bhandari R. A comparative study for the analgesic efficacy and safety profile of
fentanyl versus clonidine as an adjuvant to epidural ropivacaine 0.75% in lower abdominal surgeries. Anesth
Essays Res. 2017 Jul-Sep;11(3):692-6.

400

1277. Ghisi D, Fanelli A, Vianello F, Gardini M, Mensi G, La Colla L, Danelli G. Transversus abdominis plane block
for postoperative analgesia in patients undergoing total laparoscopic hysterectomy: a randomized, controlled,
observer-blinded-trial. Anesth Analg. 2016 Aug;123(2):488-92.
1278. Rana S, Verma RK, Singh J, Chaudhary SK, Chandel A. Magnesium sulphate as an adjuvant to bupivacaine in
ultrasound-guided transversus abdominis plane block in patients scheduled for total abdominal hysterectomy
under subarachnoid block. In dian J Anaesth. 2016 Mar;60(3):174-9.
1279. Hiller JG, Ismail HM, Hofman MS, Narayan K, Ramdave S, Riedel BJ. Neuraxial anesthesia reduces lymphatic
blood flow: proof-of-concept in first in-human study. Anesth Analg. 2016 Sep 15. [Epub ahead of print]
1280. Long Q, Liu X, Guo SW. Surgery accelerates the development of endometriosis in mouse. Am J Obstet Gynecol.
2016 Mar 3. [Epub ahead of print]
1281. Bryson GL, Charapov I, Krolczyk G, Taljaard M, Reid D. Intravenous lidocaine does not reduce length of hospital
stay following abdominal hysterectomy. Can J Anaesth. 2010 Aug;57(8):759-66.
1282. Wang HL, Yan HD, Liu YY, Sun BZ, Huang R, Wang XS, Lei WF. Intraoperative intravenous lidocaine exerts a
protective effect on cell-mediated immunity in patients undergoing radical hysterectomy. Mol Med Rep. 2015 Aug
21. [Epub ahead of print]
1283. Grady P, Clark N, Lenahan J, Oudekerk C, Hawkins R, Nezat G, Pellegrini JE. Effect of intraoperative
intravenous lidocaine on postoperative pain and return of bowel function after laparoscopic abdominal
gynecologic procedures. AANA J. 2012 Aug;80(4):282-8.
1284. Samimi S, Taheri A, Davari Tanha F. Comparison between intraperitoneal and intravenous lidocaine for
postoperative analgesia after elective abdominal hysterectomy, a double-blind placebo controlled study. J Family
and Reprod Health. 2015 Nov;9(4):193-8.
1285. Xu SQ, Li YH, Wang SB, Hu SH, Ju X, Xiao JB. Effects of intravenous lidocaine, dexmedetomidine and their
combination on the postoperative pain and recovery of bowel function in patients undergoing abdominal
hysterectomy. Minerva Anaesthesiol. 2017 Jan 17. [Epub ahead of print]
1286. Dewinter GB, Teunkens A, Vermeulen K, Al Tmimi L, Van de Velde M, Rex S. Systemic lidocaine fails to
improve postoperative pain, but reduces time to discharge readiness in patients undergoing laparoscopic
sterilization in day-case surgery: a double-blind, randomized, placebo-controlled trial.
1287. Chung D, Lee YJ, Jo MH, Park HJ, Lim GW, Cho H, Nam EJ, Kim SW, Kim JH, Kim YT, Kim S. The ON-Q
pain management system in elective gynecology oncologic surgery: management of postoperative surgical site
pain compared to intravenous patient-controlled analgesia. Obstet Gynecol Sci. 2013 Mar;56(2):93-101.
1288. Lee B, Kim K, Ahn S, Shin HJ, Suh DH, No JH, Kim YB. Continuous wound infiltration system for postoperative
pain management in gynecologic oncology patients. Arch Gynecol Obstet. 2017 May;295(5):1219-26.

401

1289. Turner TB, Habib AS, Broadwater G, Valea FA, Fleming ND, Ehrisman JA, Di Santo N, Havrilesky LJ.
Postoperative pain scores and narcotic use in robotic-assisted versus laparoscopic hysterectomy for endometrial
cancer staging. J Minim Invasive Gynecol. 2015 Sep-Oct;22(6):1004-10.
1290. Rivard C, Vogel RI, Teoh D. Effect of intraperitoneal bupivacaine on postoperative pain in the gynecologic
oncology patient. J Minim Invasive Gynecol. 2015 Jul 26. [Epub ahead of print]
1291. Hutchins J, Delaney D, Vogel RI, Ghebre RG, Downs LS Jr, Carson L, Mullany S, Teoh D, Geller MA.
Ultrasound guided subcostal transversus abdominis plane (TAP) infiltration with liposomal bupivacaine for
patients undergoing robotic assisted hysterectomy: a prospective randomized controlled study. Gynecol Oncol.
2015 Jun 6. [Epub ahead of print]
1292. Kim SY, Koo BN, Sjin CS, Ban M, Kim MD. The effects of single-dose dexamethasone on inflammatory
response and pain after uterine artery embolization for symptomatic fibroids or adenomyosis: a randomised
controlled study. BJOG. 2016 Mar;123(4):580-7.
1293. Brøns N, Baandrup L, Dehlendorff C, Kjaer SK. Use of nonsteroidal anti-inflammatory drugs and risk of
endometrial cancer: a nationwide case-control study. Cancer Causes Control. 2015 Jul;26(7):973-81.
1294. Verdoodt F, Friis S, Dehlendorff C, Albieri V, Kjaer SK. Non-steroidal anti-inflammatory drug use and risk of
endometrial cancer: a systematic review and meta-analysis of observational studies. Gynecol Oncol. 2015 Dec 14.
[Epub ahead of print]
1295. Brasky TM, Felix AS, Cohn DE, McMeekin DS, Mutch DG, Creasman WT, Thaker PH, Walker JL, Moore RG,
Lele SB, Guntupalli SR, Downs LS, Nagel CI, Boggess JF, Pearl ML, Ioffe OB, Park KJ, Ali S, Brinton LA.
Nonsteroidal anti-inflammatory drugs and endometrial carcinoma mortality and recurrence. J Natl Cancer Inst.
2016 Dec 16;109(3).
1296. Mete Ural U, Sehitoglu I, Bayoglu Tekin Y, Kir Sahin F. Neutrophil-to-lymphocyte and platelet-to-lymphocyte
ratios in patients with endometrial hyperplasia and endometrial cancer. J Obstet Gynaecol Res. 2014 Nov 3. [Epub
ahead of print]
1297. Haruma T, Nakamura K, Nishida T, Ogawa C, Kusumoto T, Seki N, Hiramatsu Y. Pre-treatment neutrophil to
lymphocyte ratio is a predictor of prognosis in endometrial cancer. Anticancer Res. 2015 Jan;35(1):337-43.
1298. Cummings M, Merone L, Keeble C, Burland L, Grzelinski M, Sutton K, Begum N, Thacoor A, Green B,
Sarvesvaran J, Hutson R, Orsi NM. Preoperative neutrophil:lymphocyte and platelet:lymphocyte ratios predict
endometrial cancer survival. Br J Cancer. 2015 Jun 16. [Epub ahead of print]
1299. Takahashi R, Mabuchi S, Kawano M, Sasano T, Matsumoto Y, Kuroda H, Hisamatsu T, Kozasa K, Hamasaki T,
Kimura T. Prognostic significance of systemic neutrophil and leukocyte alterations in surgically treated
endometrial cancer patients: a monoinstitutional study. Gynecol Oncol. 2015 Feb 10. [Epub ahead of print]
1300. Cakmak B, Gulucu S, Aliyev N, Ozsoy Z, Nacar M, Koseoglu D. Neutrophil-lymphocyte and platelet-lymphocyte
ratios in endometrial hyperplasia. Obstet Gynecol Sci. 2015 Mar;58(2):157-61.

402

1301. Wang L, Jia J, Lin L, Guo J, Ye X, Zheng X, Chen Y. Predictive value of haematological markers of systemic
inflammation for managing cervical cancer. Oncotarget. 2017 Jan 26. [Epub ahead of print]
1302. Onar C, Guler OC, Yildirim BA. Prognostic use of pretreatment hematologic parameters in patients receiving
definitive chemoradiotherapy for cervical cancer. Int J Gynecol Cancer. 2016 May 20. [Epub ahead of print]
1303. Huang QT, Man QQ, Hu J, Yang YL, Zhang YM, Wang W, Zhong M, Yu YH. Prognostic significance of
neutrophil-to-lymphocyte ratio in cervical cancer: a systematic review and meta-analysis of observational studies.
Oncotarget. 2017 Feb 6. [Epub ahead of print]
1304. Seebacher V, Polterauer S, Grimm C, Husslein H, Leipold H, Hefler-Frischmuth K, Tempfer C, Reinthaller A,
Hefler R. The prognostic value of plasma fibrinogen levels in patients with endometrial cancer: a multi-centre
trial. Br J Cancer. 2010 Mar 16;102(6):952-6.
1305. Guzel AI, Kokanali MK, Erkilinc S, Topcu HO, Oz M, Ozgu E, Erkaya S, Gungor T. Predictive role of the
neutrophil lymphocyte ratio for invasion with gestational trophoblastic disease. Asian Pac J Cancer Prev.
2014;15(10):4203-6.
1306. Gungorduk K, Ertas IE, Ozdemir A, Akkaya E, Telli E, Taskin S, Gokcu M, Guzel AB, Oge T, Akman L, Toptas
T, Solmaz U, Dogan A, Terek MC, Sanci M, Ozsaran A, Simsek T, Vardar MA, Yalcin OT, Ozalp S, Yildrim Y,
Ortac F. Prognostic significance of retroperitoneal lymphadenectomy, preoperative neutrophil lymphocyte ratio
and platelet lymphocyte ratio in primary fallopian tube carcinoma: a multicenter study. Cancer Res Treat. 2014
Nov 17. [Epub ahead of print]
1307. Kim WH, Jin HS, Ko JS, Hahm TS, Lee SM, Cho HS, Kim MH. The effect of anesthetic techniques on
neutrophil-to-lymphocyte ratio after laparoscopy-assisted vaginal hysterectomy. Acta Anaesthesiol Taiwan. 2011
Sep;49(3):83-7.
1308. Corcoran T, Paech M, Law D, Muchatuta NA, French M, Ho KM. Intraoperative dexamethasone alters immune
cell populations in patients undergoing elective laparoscopic gynaecological surgery. Br J Anesth. 2017 Aug
1;119(2):221-30.
1309. Ke J, Yang Y, Che Q, Jiang F, Wang H, Chen Z, Zhu M, Tong H, Zhang H, Yan X, Wang X, Wang F, Liu Y, Dai
C, Wan X. Prostaglandin E2 (PGE2) promotes proliferation and invasion by enhancing SUMO-1 activity via EP4
receptor in endometrial cancer. Tumour Biol. 2016 Sep;37(9):12203-11.
1310. Dickson EL, Stockwell E, Geller MA, Vogel RI, Mullany SA, Ghebre R, Witherhoff BJ, Downs LS Jr, Carson LF,
Teoh D, Glasgow M, Gerber M, Rivard C, Erickson BK, Hutchins J, Argenta PA. Enhanced Recovery Program
and length of stay after laparotomy on a gynecologic oncology service: a randomized controlled trial. Obstet
Gynecol. 2017 Jan 9. [Epub ahead of print]
1311. Yassin HM, Abd Elmoneim AT, El Moutaz H. The analgesic efficiency of ultrasound-guided rectus sheath
analgesia compared with low thoracic epidural analgiesia after elective abdominal surgery with a midline incision:
a prospective randomized controlled trial. Anesth Pain Med. 2017 Jun 10;7(3):e14244.

403

1312. Seagle BL, Miller ES, Strohl AE, Hoekstra A, Shahabi S. Transversus abdominis plane block with liposomal
bupivacaine compared to oral opioids alone for acute postoperative pain after laparoscopic hysterectomy for early
endometrial cancer: a cost-effectiveness analysis. Gynecol Oncol Res Pract. 2017 Aug 22;4:12.
1313. Wang YM, Xia M, Shan N, Yuan P, Wang DL, Shao JH, Ma HW, Wang LL, Zhang Y. Pregabalin can decrease
acute pain and postoperative nausea and vomiting: a meta-analysis. Medicine (Baltimore). 2017
Aug;96(31):e7714.
1314. Sanni OB, Mc Menamin UC, Cardwell CR, Sharp L, Murray LJ, Coleman HG. Commonly used medications and
endometrial cancer survival: a population-based cohort study. Br J Cancer. 2017 Jul;117(3):432-8.
1315. Kollender Y, Bickels J, et al. Subanaesthetic ketamine spares postoperative morphine and controls pain better than
standard morphine does alone in orthopaedic-oncological patients. Eur J Cancer 2008 May;44(7):954-62.
1316. Rakhman E, Shmain D, White I, Ekstein MP, Kollender Y, Chazan S, Dadia S et al. Repeated and escalating
preoperative doses of ketamine for postoperative pain control in patients undergoing tumor resection: a
randomized, placebo-controlled, double-blind trial. Clin Ther 2011 Jul;33(7):863-73.
1317. Weinbroum AA. Superiority of postoperative epidural over intravenous patient-controlled analgesia in orthopaedic
oncologic patients. Surgery 2005 Nov;138(5):869-76.
1318. Meng Y, Jiang H, Zhang C, Zhao J, Wang C, Gao R, Zhou X. A comparison of the postoperative analgesic
efficacy between epidural and intravenous analgesia in major spine surgery: a meta-analysis. J Pain Res. 2107 Feb
14;10:405-15.
1319. Bindra TK, Singh R, Gupta R. Comparison of postoperative pain after epidural anesthesia using 0.5%, 0.75%
ropivacaine and 0.5% bupivacaine in patients undergoing lower limb surgery: a double-blind study. Anesth Essays
Res. 2017 Jan-Mar;11(1):52-56.
1320. Van Waesberge J, Stevanovic A, Rossaint R, Coburn M. General vs. neuraxial anaesthesia in hip fractures
patients: a systematic review and meta-analysis. BMC Anesthesiol. 2017 Jun 28;17(1):87.
1321. Smith LM, Cozowicz C, Uda Y, Memtsoudis SG, Barrington MJ. Neuraxial and combined neuraxial/general
anesthesia compared to general anesthesia for major truncal and lower limb surgery: a systematic review and
meta-analysis. Anesth Analg. 2017 May 19. [Epub ahead of print]
1322. Zorrilla-Vaca A, Grant MC, Mathur V, Li J, Wu CL. The impact of neuraxial versus general anesthesia on the
incidence of postoperative surgical site infactions following knee or hip arthroplasty: a meta-analysis. Reg Anesth
Pain Med. 2016 Sep-Oct;41(5):555-63.
1323. Szucs S, Jessop D, Iohom G, Shorten GD. Postoperative analgesic effect, of preoperatively administered
dexamethasone, after operative fixation of fractured neck of femur: randimised double blinded controlled study.
BMC Anesthesiol. 2016 Sep 22;16(1):79.
1324. Cata JP, Hernandez M, Lewis VO, Kurz A. Can regional anesthesia and analgesia prolong cancer survival after
orthopaedic oncologic surgery? Clin Orthop Relat Res 2014 May;472(5):1434-41.

404

1325. Gottschalk A, Brodner G, Van Aken HK, Ellger B, Althaus S, Schulze HJ. Can regional anaesthesia for lymphnode dissection improve prognosis in malignant melanoma? Br J Anaesth 2012 Aug;109(2):253-9.
1326. Zhang B, Liang X, Ye L, Wang Y. No chemoprotective effect of nonsteroidal anti-inflammatory drugs on
nonmelanoma skin cancer: evidence from meta-analysis. PLoS One. 2014 May 14;9(5):e96887.
1327. Muranushi C, Olsen CM, Pandeya N, Green AC. Aspirin and Non-steroidal Anti-inflammatory drugs can prevent
cutaneous squamous cell carcinoma: a systematic review and meta-analysis. J Invest Dermatol. 2014 Dec 18.
[Epub ahead of print]
1328. Muranushi C, Olsen CM, Green AC, Pandeya N. Can oral nonsteroidal anti-inflammatory drugs play a role in the
prevention of basal cell carcinoma? A systematic review and meta-analysis. J Am Acad Dermatol. 2015 Sep 30.
[Epub ahead of print]
1329. Brinkhuizen T, Frencken KJ, Nelemans PJ, Hoff ML, Kelleners-Smeets NW, Hausen AZ, van der Horst MP,
Rennspies D, Winnepenninckx VJ, van Steensel MA, Mosterd K. The effect of topical diclofenac 3% and
calcitriol 3 µg/g on superficial basal cell carcinoma (sBCC) and nodular basal cell carcinoma (nBCC): a phase II,
randomized controlled trial. J Am Acad Dermatol. 2016 Apr 7. [Epub ahead of print]
1330. Reinau D, Surber C, Jick SS, Meier CR. Nonsteroidal anti-inflammatory drugs and the risk of nonmelanoma skin
cancer. Int J Cancer. 2014 Nov 24. [Epub ahead of print]
1331. Hua HK, Jin C, Yang LJ, Tao SQ, Zhu XH. Expression of cyclooxygenase-2 in squamous cell carcinoma and
keratoacanthoma and its clinical significance. Cell Biochem Biophys. 2015 Jan 10. [Epub ahead of print]
1332. Al-Nimer MS, Hameed HG, Mahmood MM. Antiproliferative effects of aspirin and diclofenac against the growth
of cancer and fibroblast cells: in vitro comparative study. Saudi Pharm J. 2015 Oct;23(5):483-6.
1333. Upadhyay A, Amanullah A, Chhangani D, Joshi V, Mishra R, Mishra A. Ibuprofen induces mitochondriamediated apoptosis through proteasomal dysfunction. Mol Neurobiol. 2015 Dec 15. [Epub ahead of print]
1334. Panza E, De Cicco P, Ercolano G, Armogida C, Scognamiglio G, Anniciello AM, Botti G, Cirino G, Ianaro A.
Differential expression of cyclooxygenase-2 in metastatic melanoma affects progression free survival. Oncotarget.
2016 Aug 1. [Epub ahead of print]
1335. Cananzi FC, Dalgleish A, Mudan S. Surgical management of intraabdominal metastases from melanoma: role of
the neutrophil to lymphocyte ratio as a potential prognostic factor. World J Surg. 2014 Jun;38(6):1542-50.
1336. Di Giacomo AM, Calabro L, Danielli R, Fonsatti E, Bertocci E, Pesce I, Fazio C, Cutaia O, Giannarelli D,
Miracco C, Biagioli M, Altomonte M, Maio M. Long-term survival and immunological parameters in metastatic
melanoma patients who responded to ipilimumab 10 mg/kg within an expanded access programme. Cancer
Immunol Immunother. 2013 Jun;62(6):1021-8.

405

1337. Jensen TO, Schmidt H, Møller HJ, Donskov F, Høyer M, Sjoegren P, Christensen IJ, Steiniche T. Intratumoral
neutrophils and plasmacytoid dendritic cells indicate poor prognosis and are associated with pSTAT3 expression
in AJCC stage I/II melanoma. Cancer. 2012 May 1;118(9):2476-85.
1338. Szkandera J, Gerger A, Liegl-Atzwanger B, Stotz M, Samonigg H, Friesenbichler J, Stojakovic T, Leithner A,
Pichler M. The derived neutrophil/lymphocyte ratio predicts poor clinical outcome in soft tissue sarcoma patients.
Am J Surg. 2014 Dec 18. [Epub ahead of print]
1339. Jiang L, Jiang S, Situ D, Lin Y, Yang H, Li Y, Long H, Zhou Z. Prognostic value of monocyte and neutrophils to
lymphocyte ratio in patients with metastatic soft tissue sarcoma. Oncotarget. 2015 Mar 20. [Epub ahead of print]
1340. Broecker JS, Ethun CG, Monson DK, Lopez-Aguiar AG, Le N, McInnis M, Godette K, Reimer NB, Oskouei SV,
Delman KA, Staley CA, Maithel SK, Cardona K. The oncologic impact of postoperative complications following
resection of truncal and extremity soft tissue sarcomas. Ann Surg Oncol. 2017 Sep 11. [Epub ahead of print]
1341. Liu T, Fang XC, Ding Z, Sun ZG, Sun LM, Wang YL. Pre-operative lymphocyte-to-monocyte ratio as a predictor
of overall survival in patients suffering from osteosarcoma. FEBS Open Bio. 2015 Aug 7;5:682-7.
1342. Liu B, Huang Y, Sun Y, Yao Y, Shen Z, Xiang D, He A. Prognostic value of inflammation-based scores in
patients with osteosarcoma. Sci Rep. 2016 Dec 23;6:39862.
1343. Xia WK, Liu ZL, Shen D, Lin QF, Su J, Mao WD. Prognostic performance of pre-treatment NLR and PLR in
patients suffering from osteosarcoma. World J Surg Oncol. 2016 Apr 29;14(1):127.
1344. Calvani M, Pelon F, Comito G, Taddei ML, Moretti S, Innocenti S, Nassini R, Gerlini G, Borgognoni L, Bambi F,
Giannoni E, Filippi L, Chiarugi P. Norepinephrine promotes tumor microenvironment reactivity through β3adrenoreceptors during melanoma progression. Oncotarget. 2014 Dec 1. [Epub ahead of print]
1345. Colucci R, Moretti S. The role of stress and beta-adrenergic system in melanoma: current knowledge and possible
therapeutic options. J Cancer Res Clin Oncol. 2015 Nov 23. [Epub ahead of print]
1346. Lemeshow S, Sorensen HT, Phillips G, Yang EV, Antonsen S, Riis AH, Lesinski GB, Jackson R, Glaser R. βBlockers and survival among Danish patients with malignant melanoma: a population-based cohort study. Cancer
Epidemiol Biomarkers Prev. 2011 Oct;20(10):2273-9.

1347. Chang A, Yeung S, Thakkar A, Huang KM, Liu M, Kanassatega RS, Parsa C, Orlando R, Jackson EK, Andresen
B, Huang Y. Prevention of skin carcinogenesis by the β-blocker carvedilol. Cancer Prev Res (Phila). 2014 Nov 3.
[Epub ahead of print]

1348. Zhou C, Chen X, Zeng W, Peng C, Huang G, Li X, Ouyang Z, Luo Y, Xu X, Xu B, Wang W, He R, Zhang X,
Zhang L, Liu J, Knepper TC, He Y, McLeod HL. Propranolol induced G0/G1/S phase arrest and apoptosis in
melanoma cells via AKT/MAPK pathway. Oncotarget. 2016 Aug 25. [Epub ahead of print]

406

1349. McCourt C, Coleman HG, Murray LJ, Cantwell MM, Dolan O, Powe DG, Cardwell CR. Beta-blocker usage after
malignant melanoma diagnosis and survival: a population-based nested case-control study. Br J Dermatol. 2014
Apr;170(4):930-8.
1350. Wrobel LJ, Le Gal FA. Inhibition of human melanoma growth by a non-cardioselective β-blocker. J Invest
Dermatol. 2015 Feb;135(2):525-31.
1351. De Giorgi V, Grazzini M, Benemei S, Marchionni N, Botteri E, Pennacchioli E, Geppetti P, Gandini S.
Propranolol for off-label treatment of patients with melanoma: results from a cohort study. JAMA Oncol. 2017
Sep 28. [Epub ahead of print]
1352. Wnorowski A, Sadowska M, Paul RK, Singh NS, Boguszewska-Czubara A, Jimenez L, Abdelmohsen K, Toll L,
Jozwiak K, Bernier M, Wainer IW. Activation of β2-adrenergic receptor by (R,R’)-4’-methoxy-1naphthylfenoterol inhibits proliferation and motility of melanoma cells. Cell Signal. 2015 May;27(5):997-1007.
1353. Yang EV, Eubank TD. The impact of adrenergic signaling in skin cancer progression: possible repurposing of βblockers for treatment of skin cancer. Cancer Biomark. 2013;13(3):155-60.
1354. Tang H, Fu S, Zhai S, Song Y, Han J. Use of antihypertensive drugs and risk of malignant melanoma: a metaanalysis of observational studies. Drug Saf. 2017 Sep 13. [Epub ahead of print]
1355. Fitzgerald PJ. Beta blockers, norepinephrine, and cancer: an epidemiological viewpoint. Clinical Epidemiology.
2014:4;151-6.
1356. Chloropoulou P, Iatrou C, Vogiatzaki T, Kotsianidis I, Trypsianis G, Tsigalou C, Paschalisou E, Kazakos K,
Touloupidis S, Simopoulos K. Epidural anesthesia followed by epidural analgesia produces less inflammatory
response than spinal anesthesia followed by intravenous morphine analgesia in patients with total knee
arthroplasty. Med Sci Monit. 2015 Jan 28;19:73-80.
1357. Horvathova L, Padova A, Tillinger A, Osacka J, Bizik J, Mravec B. Sympathectomy reduces tumor weight and
affects expression of tumor-related genes in melanoma tissue in the mouse. Stress. 2016 Sep;19(5):528-34.
1358. Velasquez JF, Ramirez MF, Ai DI, Lewis V, Cata JP. Impaired immune function in patients undergoing surgery
for bone cancer. Anticancer Res. 2015 Oct;35(10):5461-6.
1359. Wei L, Meng QG, Bi ZG. Result of a randomized clinical trial comparing different types of anesthesia on the
immune function of patients with osteosarcoma undergoing radical resection. Panminerva Med. 2013
Jun;55(2):211-6.
1360. Saglik Y, Yazicioglu D, Cicekler O, Gumus H. Investigation of effects of epidural anaesthesia combined with
general anaesthesia on the stress response in patients undergoing hip and knee arthroplasty. Turk J Anaesthesiol
Reanim. 2015 Jun;43(3):154-61.
1361. Celiksular MC, Saracoglu A, Yentur E. The influence of oral carbohydrate solution intake on stress response
before total hip replacement surgery during epidural and general anaesthesia. Turk J Anaesthesiol Reanim. 2016
Jun;44(3):117-23.

407

1362. Janssen SJ, Braun Y, Ready JE, Raskin KA, Ferrone ML, Hornicek FJ, Schwab JH. Are allogenic blood
transfusions associated with decreased survival after surgery for long-bone metastatic fractures? Clin Orthop Rel
Res. 2015 Jul;473(7):2343-51.
1363. Haughom BD, Schrairer WW, Nwachukwu BU, Hellman MD, Levine BR. Does neuraxial anesthesia decrease
transfusion rates following total hip arthroplasty? J Arthroplasty. 2015 Sep;30(9 Suppl):116-20.
1364. Liu J, Ma C, Elkassabany N, Fleisher LA, Neuman MD. Neuraxial anesthesia decreases postoperative systemic
infection risk compared with general anesthesia in knee arthroplasty. Anesth Analg. 2013 Oct;117(4):1010-6.
1365. Derikx LA, Vierdag WA, Kievit W, Bosch S, Hoentjen F, Nagtegaal ID. Is the prevalence of colonic tumors
increased in patients with inflammatory bowel disease? Int J Cancer. 2016 Mar 17. [Epub ahead of print]
1366. Pan YS, Hu YF, Tian FB, Xu K. Effects of epidural preemptive analgesia on stress reaction in retroperitoneal
laparoscopic adrenalectomy surgery: a randomized controlled study. Int J Clin Exp Med. 2015 Jun 15;8(6):9862-8.
1367. Salman T, Kazaz SN, Varol U, Oflazoglu U, Unek IT,Kucukzeybek Y, Alacacioglu A, Atag E, Semiz HS, Cengiz
H, Oztop I, Tarhan MO. Prognostic value of the pretreatment neutrophil-to-lymphocyte and platelet-tolymphocyte ratio for patients with neuroendocrine tumors: an Izmir Oncology Group Study. Chemotherapy. 2016
Apr 13;61(6):281-6. [Epub ahead of print]
1368. Shah DR, Green S, Elliot A, McGahan JP, Khatri VP. Current oncologic applications of radiofrequency ablation
therapies. World J Gastrointest Oncol. 2013 Apr 15;5(4):71-80.
1369. Lai R, Peng Z, Wang X, Xing W, Zeng W, Chen M. The effects of anesthetic technique on cancer recurrence in
percutaneous radiofrequency ablation of small hepatocellular carcinoma. Anesth Analg 2012 Feb;114(2):290-6.
1370. Hoffmann RT, Jakobs TF, Lubienski A, et al. Percutaneous radiofrequency ablation of pulmonary tumors—is
there a difference between treatment under general anaesthesia and under conscious sedation? Eur J Radiol
2006;59(2):168-74.
1371. Schneider T, Sevko A, Heussel CP, Umansky L, Beckhove P, Dienemann H, Safi S, Utikal J, Hoffmann H,
Umansky V. Serum inflammatory factors and circulating immunosuppressive cells are predictive markers for
efficacy of radiofrequency ablation in non-small cell lung cancer. Clin Exp Immunol. 2015 Jan 29. [Epub ahead of
print]
1372. Piccioni F, Fumagalli L, Garbagnati F, Di Tolla G, Mazzaferro V, Langer M. Thoracic paravertebral anesthesia for
percutaneous radiofrequency ablation of hepatic tumors. J Clin Anesth. 2014 May 20. pii:S0952-8180(14)000476. [Epub ahead of print]
1373. Gazzera C, Fonio P, Faletti R, Dotto MC, Gobbi F, Donadio P, Gandini G. Role of paravertebral block anaesthesia
during percutaneous transhepatic thermoablation. Radiol Med. 2014 Aug;119(8):549-57.

408

1374. Tohme S, Sukato D, Chalhoub D, McDonald KA, Zajko A, Amesur N, Orons P, Marsh JW, Geller DA, Tsung A.
Neutrophil-Lymphocyte ratio is a simple and novel biomarker for prediction of survival after radioembolization
for metastatic colorectal cancer. Ann Surg Oncol. 2014 Sep 5. [Epub ahead of print]
1375. Dubut , Kastler B, Delabrousse E, Nardin C, Chenet J, Kleinclauss F, Aubry S. CT-guided paravertebral block for
microwave ablation of kidney tumors: a new technique. Abdom Radiol (NY). 2016 Jun;41(6):1197-202.
1376. Giammaria Fiorentini et al. TACE of Liver Metastases from Colorectal Cancer Adopting Irinotecan-eluting Beads:
Beneficial Effect of Palliative Intra-arterial Lidocaine and Post-procedure Supportive Therapy on the Control of
Side Effects. Hepato-Gastroenterology 2008.
1377. Lv N, Kong Y, Mu L, Pan T, Xie Q, Zhao M. Effect of perioperative parecoxib sodium on postoperative pain
control for transcatheter arterial chemoembolization for inoperable hepatocellular carcinoma: a prospective
randomized trial. Eur Radiol. 2016 Jan 22. [Epub ahead of print]
1378. Wei K, Wang M, Zhang W, Mu H, Song TQ. Neutrophil-lymphocyte ratio as a predictor of outcomes for patients
with hepatocellular carcinoma undergoing TAE combined with Sorafenib. Med Oncol. 2014 Jun;31(6):969.
1379. Huang ZL, Luo J, Chem MS, Li JQ, Shi M. Blood neutrophil-to-lymphocyte ratio predicts survival in patients
with unresectable hepatocellular carcinoma undergoing transarterial chemoembolization. J Vasc Interv Radiol.
2011 May;22(5):702-9.
1380. Zhou D, Liang J, Xu LI, He F, Zhou Z, Zhang Y, Chen M. Derived neutrophil to lymphocyte ratio predicts
prognosis for patients with HBV-associated hepatocellular carcinoma following transarterial chemoembolization.
Oncol Lett. 2016 May;11(5):2987-94.
1381. Kim DY, Han KH. Transarterial chemoembolization versus transarterial radioembolization in hepatocellular
carcinoma: optimization of selecting treatment modality. Hepatol Int. 2016 Apr 28. [Epub ahead of print]
1382. Deneve JL, Choi J, Gonzalez RJ, Conley AP, Stewart S, Han D, Werner P, Chaudhry TA, Zager JS.
Chemosaturation with percutaneous hepatic perfusion for unresectable isolated hepatic metastases from sarcoma.
Cardiovasc Intervent Radiol, 2012 Dec;35(6):1480-7.
1383. Uzgare RP, Sheets TP, Johnston DS. Evaluation of melphalan, oxaliplatin, and paclitaxel in colon, liver, and
gastric cancer cell lines in a short-term exposure model of chemosaturation therapy by percutaneous hepatic
perfusion. Anticancer Res, 2013 May;33(5):1989-2000.
1384. Miao N, Pingpank JF, Alexander HR, Steinberg SM, Beresneva T, Quezado ZM. Percutaneous hepatic perfusion
in patients with metastatic liver cancer: anesthetic, hemodynamic, and metabolic considerations. Ann Surg Oncol
2008 Mar;15(3):815-23.
1385. Tavare AN, Perry NJ, Benzonana LL, Takata M, Ma D. Cancer recurrence after surgery: direct and indirect effects
of anesthetic agents. Int J Cancer 2012 Mar 15;130(6):1237-50.
1386. Fodale V, D’Arrigo MG, Triolo S, Mondello S, La Torre D. Anesthetic techniques and cancer recurrence after
surgery. Scientific World Journal 2014 Feb 6;2014:328513. doi: 10.1155/2014/328513.

409

1387. Soltanizadeh S, Degett TH, Gögenur I. Outcomes of cancer surgery after inhalational and intravenous anesthesia:
a systematic review. J Clin Anesth. 2017 Aug 7;42:19-25.
1388. Das J, Kumar S, Khanna S, Mehta Y. Are we causing the recurrence-impact of perioperative period on long-term
cancer prognosis: Review of current evidence and practice. J Anaesth Clin Pharmacol. 2014;30:153-9.
1389. Kaye AD, Patel N, Bueno FR, Hymel B, Vadivelu N, Kodumudi G, Urman RD. Effect of opiates, anesthetic
techniques, and other perioperative factors on surgical cancer patients. Ochsner J. 2014 Summer;14(2):216-28.
1390. Kim R. Effets of surgery and anesthetic choice on immunosuppression and cancer recurrence. J Transl Med. 2018
Jan 18;16(1):8.
1391. Divatia JV, Ambulkar R. Anaesthesia and cancer recurrence: what is the evidence? J Anaesthesiol Clin
Pharmacol. 2014 Apr-Jun;30(2):147-150.
1392. O’Dwyer MJ, Owen HC, Torrance HD. The perioperative immune response. Curr Opin Crit Care. 2015
Aug;21(4):336-42.
1393. Iwasaki M, Edmondson M, Sakamoto A, Ma D. Anesthesia, surgical stress, and “long-term” outcomes. Acta
Anaesthesiol Taiwan. 2015 Sep;53(3):99-104.
1394. Vaghari BA, Ahmed OI, Wu CL. Regional anesthesia-analgesia: relationship to cancer recurrence and infection.
Anesthesiol Clin. 2014 Dec;32(4):841-51.
1395. Kurosawa S. Anesthesia in patients with cancer disorders. Curr Opin Anaesthesiol. 2012 Jun;25(3):376-84.
1396. Hiller JG, Perry NJ, Poulogiannis G, Riedel B, Sloan EK. Perioperative events influence cancer recurrence risk
after surgery. Nat Rev Clin Oncol. 2017 Dec 28. [Epub ahead of print]
1397. Sun Y, Li T, Gan TJ. The effects of perioperative regional anesthesia and analgesia on cancer recurrence and
survival after oncology surgery: a systematic review and analysis. Reg Anesth Pain Med. 2015 Aug 10. [Epub
ahead of print]
1398. Grandhi RK, Lee S, Abd-Elsayed A. The relationship between regional anaesthesia and cancer: a metaanalysis.
Orchsner J. 2017 Winter;17(4):345-61.
1399. Le-Wendling L, Nin O, Capdevilla X. Cancer recurrence and regional anesthesia: the theories, the data, and the
future in outcomes. Pain Med. 2015 Oct 6. [Epub ahead of print]
1400. Byrne K, Levins KJ, Buggy DJ. Can anesthetic-analgesic technique during primary cancer surgery affect
recurrence or metastasis? Can J Anesth. 2016;63(2):184-92.
1401. Green JS, Tsui BC. Impact of anesthesia for cancer surgery: continuing professional development. Can J Anaesth.
2013 Dec;60(12):1248-69.

410

1402. Sekandarzad MW, van Zundert AA, Lirk PB, Doornebal CW, Hollmann MW. Perioperative anesthesia care and
tumor progression. Anesth Analg. 2016 Nov 8. [Epub ahead of print]
1403. Tohme S, Simmons RL, Tsung A. Surgery for cancer: a trigger for metastases. Cancer Res. 2017 Mar 22. [Epub
ahead of print]
1404. Heaney A, Buggy DJ. Can anaesthetic and analgesic techniques affect cancer recurrence or metastasis? Br J
Anesth 2012;109 (Suppl 1).
1405. Xuan W, Hankin J, Zhao H, Yao S, Ma D. The potential benefits of the use of regional anesthesia in cancer
patients. In J Cancer. 2014 Oct 30. [Epub ahead of print]
1406. Cakmakkaya OS, Kolodzie K, Apfel CC, Pace NL. Anaesthetic techniques for risk of malignant tumour
recurrence. Cochrane Database Syst Rev. 2014 Nov 7. [Epub ahead of print]
1407. Buggy DJ, Borgeat A, Cata J, Doherty DG, Doornebal CW, Forget P, Gottumukkala V, Gottschalk A, Gupta A,
Gupta K, Hales TG, Hemmings HC, Hollmann MW, Kurz A, Ma D, Parat MO, Sessler DI, Shorten G, Singleton
P. Consensus statement from the BJA workshop on Cancer and Anaesthesia. BJA Advance Access published
August 7, 2014.
1408. Jakobsson J, Johnson MZ. Perioperative regional anaesthesia and postoperative longer-term outcomes. F1000Res.
2016 Oct 11;5.
1409. Ciechanowicz SJ, Ma D. Anaesthesia for oncological surgery – can it really influence cancer recurrence?
Anaesthesia. 2015 Dec 16. [Epub ahead of print]
1410. Bajwa SJ, Anand S, Kaur G. Anesthesia and cancer recurrences: the current knowledge and evidence. J Cancer
Res Ther. 2015 Jul-Sep;11(3):528-34.
1411. Tedore T. Regional anaesthesia and analgesia: relationship to cancer recurrence and survival. Br J Anaesth. 2015
Dec;115(suppl2):ii34-ii35.
1412. Cassinello F, Prieto I, Del Olmo M, Rivas S, Strichartz GR. Cancer surgery: how may anesthesia influence
outcome? J Clin Anesth. 2015 May;27(3):262-72.
1413. Horowitz M, Neeman E, Sharon E, Ben-Eliyahus S. Exploting the cricital perioperative period to improve longterm cancer outcomes. Nat Rev Clin Oncol. 2015;12:213-226.
1414. Kim R. Anesthetic technique and cancer recurrence in oncologic surgery: unraveling the puzzle. Cancer
Metastasis Rev. 2016 Nov 19. [Epub ahead of print]
1415. Schnabel A, Middendorf B, Boschin MG, Gottschalk A, Van Aken H, Zahn PK, Pogatzki-Zahn EM. [Differences
of analgesic efficacy and complication rates between ultrasound and nervestimulator guided peripheral nerve
catheters: database analysis on patient-relevant target parameters]. Anaesthesist. 2014 Nov;63(11):825-31.
1416. Buitelaar D, Huitink J, Oldenburg H, Rutgers E, Schutte P, van Tinteren H. Field Block: an additional technique
of potential value for breast surgery under general anaesthesia. Eur J Anaesthesiol 2008;25(3):253-5.

411

1417. Mazouz Dorval S, Salleron J, Guenane Y, Nguyen Van Nuoi V, Ozil C, Revol M, Sorin T. Role of ropivacaine
infiltration analgesia in bilateral reduction mammaplasty. Ann Chir Plast Esthet. 2016 Apr;61(2):91-4.
1418. McDonnell JG, O’Donnell BD et al. Transversus Abdominis Plane Block: a cadaveric and radiological evaluation.
Reg Anesth Pain Med 2007;32:322-404.
1419. Brady RR, Ventham NT, Roberts DM, Graham C, Daniel T. Open transversus abdominis plane block and
analgesic requirements in patients following right hemicolectomy. Ann R Coll Surg Engl. 2012 Jul;94(5):327-30
1420. Walter CJ, Maxwell-Armstrong C, Pinkney TD, Conaghan PJ, Bedforth N, Gornall CB, Acheson AG. A
randomised controlled trial of the efficacy of ultrasound-guided transversus abdominis plane (TAP) block in
laparoscopic colorectal surgery. Surg Endosc. 2013 Jul;27(7):2366-72.
1421. Davis JL, Moutinho V Jr, Panageas KS, Coit DG. A peripheral blood biomarker estimates probability of survival:
the neutrophil-lymphocyte ratio in noncancer patients. Biomark Med. 2016 Sep;10(9):953-957.
1422. Akilli NB, Yortanli M, Mutlu H, Günaydin YK, Koylu R, Akca HS, Akinci E, Dundar ZD, Cander B. Prognostic
importance of neutrophil-lymphocyte ratio in critically ill patients: short- and long-term outcomes. Am J Emerg
Med. 2014 Sep 6. [Epub ahead of print]
1423. Yilmaz H, Cakmak M, Inan O, Darcin T, Akcay A. Can neutrophil-lymphocyte ratio be independent risk factor for
predicting acute kidney injury in patients with severe sepsis? Ran Fail. 2015 Mar;37(2):225-9.
1424. Gurol G, Ciftci IH, Terzi AH, Atasoy AR, Ozbek A, Koroglu M. Are there standardized cutoff values for
neutrophil-lymphocyte ratios in bacteremia or sepsis? J Microbiol Biotechnol. 2015;25(4):521-5.
1425. Liu X, Shen Y, Wang H, Ge Q, Fei A, Pan S. Prognostic significance of neutrophil-to-lymphocyte ratio in patients
with sepsis: a prospective observational study. Mediators Inflamm. 2016;2016:8191254.
1426. Riché F, Gayat E, Barthélémy R, Le Dorze M, Matéo J, Payen D. Reversal of neutrophil-to-lymphocyte count
ratio in early versus late death from septic shock. Critical Care. 2015 Dec 16;19:439.
1427. Han S, Liu Y, Li Q, Li Z, Hou H, Wu A. Pre-treatment neutrophil-to-lymphocyte ratio is associated with
neutrophil and T-cell infiltration and predicts clinical outcome in patients with glioblastoma. BMC Cancer. 2015
Sep 4;15(1):617.
1428. Sawant AC, Adhikari P, Narra SR, Srivatsa SS, Mills PK, Srivatsa SS. Neutrophil to lymphocyte ratio predicts
short- and long-term mortality following revascularization therapy for ST elevation myocardial infarction. Cardiol
J. 2014;21(5):500-8.
1429. Soylu K, Gedikli Ö, Dagasan G, Aydin E, Aksan G, Nar G, Inci S, Yilmaz Ö. Neutrophil-to-lymphocyte ratio
predicts coronary artery lesion complexity and mortality after non-ST-segment elevation acute coronary
sundrome. Rev Port Cardiol. 2015 Jul 8. [Epub ahead of print]

412

1430. Ipek G, Onuk T, Karatas MB, Güngör B, Atasoy I, Murat A, Aldag M, Yelgec NS, Dayi SU, Bolca O.
Relationship between neutrophil-to-lymphocyte ratio and left ventricular free wall rupture in acute myocardial
infarction. Cardiology. 2015 Jun 27;132(2):105-110.
1431. Yost GL, Joseph CR, Tatooles AJ, Bhat G. Neutrophil to lymphocyte ratio predicts outcomes in patients implanted
with left ventricular assist devices. ASAIO. 2015 Jul 13. [Epub ahead of print]
1432. Tan TP, Arekapudi A, Metha J, Prasad A, Venkatraghavan L. Neutrophil-lymphocyte ratio as predictor of
mortality and morbidity in cardiovascular surgery: a systematic review. ANZ J Surg. 2015 Jun;85(6):414-9.
1433. Baysal E, Cetin M, Yaylak B, Altntas B, Altndag R, Adyaman S, Altas Y, Kaya I, Sevuk U. Roles of the red cell
distribution width and neutrophil/lymphocyte ratio in predicting thrombolysis failure in patients with an STsegment elevation myocardial infarction. Blood Coagul Fibrinolysis. 2015 Apr;26(3):274-8.
1434. Nikoo MH, Taghavian SR, Golmoghaddam H, Arandi N, Abdi Ardakani A, Doroudchi M. Increased IL-17A in
atrial fibrillation correlates with neutrophil to lymphocyte ratio. Iran J Immunol. 2014 Dec;11(4):246-58.
1435. Gökhan S, Ozhasenekler A, Mansur Durgun H, Akil E, Ustündag M, Orak M. Neutrophil lymphocyte ratios in
stroke subtypes and transient ischemic attack. Eur Rev Med Pharmacol Sci. 2013 Mar;17(5):653-7.
1436. Proctor MJ, McMillan DC, Horgan PG, Fletcher CD, Talwar D, Morrison DS. Systemic inflammation predicts allcause mortality: a Glasgow Inflammation Outcome Study. PLoS One. 2015 Mar 2;10(3):e0116206.
1437. Maestrini I, Strbian D, Gautier S, Haapaniemi E, Moulin S, Sairanen T, Dequatre-Ponchelle N, Sibolt G,
Cordonnier C, Melkas S, Leys D, Tatlisumak T, Bordet R. Higher neutrophil counts before thrombolysis for
cerebral ischemia predict worse outcomes. Neurology. 2015 Sep 11. [Epub ahead of print]

1438. Giede-Jeppe A, Bobinger T, Gerner ST, Sembill JA, Sprügel MI, Beuscher VD, Lücking H, Hoelter P, Kuramatsu
JB, Huttner HB. Neutrophil-to-lymphocyte ratio is an independent predictor for in-hospital mortality in
spontabneous intracerebral haemorrhage. Cerebrovasc Dis. 2017 Apr 19;44(1-2)26-34.
1439. Ates H, Ates I, Bozkurt B, Celik HT, Özol D, Yldrm Z. What is the most reliable marker in the differential
diagnosis of pulmonary embolism and community-acquired pneumonia? Blood Coagul Fibrinolysis. 2015 Aug 7.
[Epub ahead of print]
1440. Aydin M, Yildiz A, Yüksel M, Polat N, Aktan A, Islamoglu Y. Assessment of the neutrophil/lymphocyte ratio in
patients with supraventricular tachycardia. Anatol J Cardiol. 2015 Jan 30. [Epub ahead of print]

1441. Duman D, Aksoy E, Agca MC, Kocak ND, Ozmen I, Akturk UA, Gungor S, Tepetam FM, Eroglu SA, Oztas S,
Karakurt Z. The utility of inflammatory markers to predict readmissions and mortality in COPD cases with or
without eosinophilia. Int J Chron Obstruct Pulmon Dis. 2015 Nov 11;10:2469-78.

1442. Cataudella E, Giraffa CM, Di Marca S, Pulvirenti A, Alaimo S, Pisano M, Terranova V, Corriere T, Ronsisvalle
ML, Di Quattro R, Stancanelli B, Giordano M, Vancheri C, Malatino L. Neutrophil-to-lymphocyte ratio: an

413

emerging marker predicting prognosis in elderly adults with community-acquired pneumonia. J Am Geriatr Soc.
2017 Apr 13. [Epub ahead of print]
1443. Nalbant A, Cinemre H, Kaya T, Varim C, Varim P, Tamer A. Neutrophil to lymphocyte ratio might help
prediction of acute myocardial infarction in patients with elevated serum creatinine. Pak J Med Sci. 2016 JanFeb;31(1):106-10.
1444. Caimi G, Lo Presti R, Canino B, Ferrera E, Hopps E. Behaviour of the neutrophil to lymphocyte ratio in young
subjects with acute myocardial infarction. Clin Hemorheol Microcirc. 2015 Sep 25. [Epub ahead of print]

1445. Kalelioglu T, Akkus M, Karamustafalioglu N, Genc A, Genc ES, Cansiz A, Emul M. Neutrophil-lymphocyte and
platelet-lymphocute ratios as inflammation markers for bipolar disorder. Psychiatry Res. 2015 Jun 28. [Epub
ahead of print]
1446. Toptas M, Akkoc I, Savas Y, Uzman S, Toptas Y, Can MM. Novel hematologic inflammatory parameters to
predict acute mesenteric ischemia. Blood Coagul Fibronolysis. 2015 Aug 7. [Epub ahead of print]
1447. Venkatraghavan L, Tan TP, Mehta J, Arekapudi A, Govindarajulu A, Siu E. Neutrophil lymphocyte ratio as a
predictor of systemic inflammation – a cross-sectional study in a pre-admission setting. F1000Res. 2015 May
22;4:123.
1448. Kumar R, Geuna E, Michalarea V, Guardascione M, Naumann U, Lorente D, Kaye SB, de Bono JS. The
neutrophil-lymphocyte ratio and its utilisation for the management of cancer patients in early clinical trials. Br J
Cancer. 2015 Feb 26. [Epub ahead of print]
1449. Nakamura Y, Watanabe R, Katagiri M, Saida Y, Katada N, Watanabe M, Okamoto Y, Asai K, Enomoto T,
Kiribayashi T, Kusachi S. Neutrophil/lymphocyte ratio has a prognostic value for patients with terminal cancer.
World J Surg Oncol. 2016 May;14(1):148.
1450. Mitsuya K, Nakasu Y, Kurakane T, Hayashi N, Harada H, Nozaki K. Elevated preoperative neutrophil-tolymphocyte ratio as a predictor of worse survival after resection in patients with brain metastasis. J Neurosurg.
2016 Dec 2;1-5. [Epub ahead of print]
1451. Nishijima TF, Deal AM, Williams GR, Guerard EJ, Nyrop KA, Muss HB. Frailty and inflammatory markers in
older adults with cancer. Aging (Albany NY). 2017 Mar 8. [Epub ahead of print]

414

