Cancer Management and Research

Dove

REVIEW

Anesthetic Strategies in Oncological Surgery: Not
Only a Simple Sleep, but Also Impact on
Immunosuppression and Cancer Recurrence

Federico Longhini
Andrea Bruni'
Eugenio Garofalo'

Rosalba De Sarro?
Riccardo Memeo?
Paolo Navalesi*
Giuseppe Navarra®
Girolamo Ranieri®
Giuseppe Currd’

Michele Ammendola®’

'Department of Medical and Surgical
Sciences, Anesthesia and Intensive Care
Unit, “Magna Graecia” University,
Catanzaro, Italy; 2Department of Clinical
and Experimental Medicine, Section of
Cardiology, G. Martino General Hospital,
University of Messina, Messina, Italy;
3Department of Emergency and Organ
Transplantation, University Aldo Moro of
Bari, Bari 70124, Italy; “Anesthesia and
Intensive Care, University Hospital of
Padua; Department of Medicine, University
of Padua, Padua, Italy; *Department of
Human Pathology of Adult and Evolutive
Age, Surgical Oncology Division, University
Hospital of Messina, Messina 98100, Italy;
éInterventional Oncology Unit with
Integrated Section of Translational Medical
Oncology, National Cancer Research
Centre, IstitutoTumori “Giovanni Paolo II”,
Bari 70124, Italy; "Department of Health
Science, General Surgery Unit, University
*“Magna Graecia” Medical School,
Catanzaro 88100, Italy

Correspondence: Michele Ammendola
Department of Health Science, Digestive
Surgery Unit, University of Catanzaro
“Magna Graecia” Medical School, Viale
Europa — Germaneto, Catanzaro 88100,
Italy

Tel +39 0961 3647218

Email michele.ammendola@unicz.it

This article was published in the following Dove Press journal:
Cancer Management and Research

Abstract: Tumor recurrences or metastases remain a major hurdle in improving overall
cancer survival. In the perioperative period, the balance between the ability of the cancer to
seed and grow at the metastatic site and the ability of the patient to fight against the tumor
(i.e. the host antitumor immunity) may determine the development of clinically evident
metastases and influence the patient outcome. Up to 80% of oncological patients receive
anesthesia and/or analgesia for diagnostic, therapeutic or palliative interventions. Therefore,
anesthesiologists are asked to administer drugs such as opiates and volatile or intravenous
anesthetics, which may determine different effects on immunomodulation and cancer recur-
rence. For instance, some studies suggest that intravenous drugs, such as propofol, may
inhibit the host immunity to a lower extent as compared to volatile anesthetics. Similarly,
some studies suggest that analgesia assured by local anesthetics may provide a reduction of
cancer recurrence rate; whilst on the opposite side, opioids may exert negative consequences
in patients undergoing cancer surgery, by interacting with the immune system response via
the modulation of the hypothalamic-pituitary-adrenal axis and autonomic nervous system, or
directly through the opioid receptors on the surface of immune cells. In this review, we
summarize the main findings on the effects induced by different drugs on immunomodulation
and cancer recurrence.

Keywords: anesthesia, anesthetic drugs, anesthetic technique, oncologic surgery,

immunosuppression, cancer recurrence

Introduction

The hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system
(SNS) are both stimulated by oncological surgery and anesthesia. HPA axis was
shown to suppress the host immune response through the release of catecholamines,
prostaglandin E2, cytokines and cortisol, and further other neuroendocrine media-
tors, such as the vascular endothelial growth factor, interleukins (IL) 6 and 8, and
matrix metalloproteinases.' These latter play a major role in the regulation of
tumor growth and angiogenesis, prompting an eventual re-activation of microme-
tastasis already disseminated at the time of the surgery and potentially unresponsive
to adjuvant therapies.” This scenario is further complicated by the impairment of
cell-mediated immunity and the release of tumoral cells from the primary lesions
into the systemic circulation, secondary to the surgical manipulation. Therefore, if,
on one hand, oncologic surgery is of paramount importance in the management of
solid tumors since a definitive resection can be totally curative, on the other hand, it
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might potentially increase the risk for micro-dissemination
and for further clinically evident metastases.® Noteworthy,
the development of clinically evident metastases also
depends on the balance between the ability of the cancer
to seed and grow at the metastatic site and the ability of
the patient to fight against the tumor (i.e. the host anti-
tumor immunity).

Mechanisms of Anesthetic and
Analgesic Drugs on Immune

Response and Cancer Recurrence
Up to 80% of patients with cancer receive anesthesia for
diagnostic, therapeutic or palliative intervention.* In parti-
cular, patients undergoing oncological surgery of the
digestive tract often require general anesthesia, which
must guarantee analgesia, amnesia, sedation and neuro-
muscular block during surgery. To get these purposes,
anesthesiologists use drugs such as opiates and volatile
or intravenous anesthetics. Furthermore, anesthesiologists
are also asked to provide an optimal postoperative analge-
sic plan adjusted on the basis of adequacy of pain relief
and presence of adverse events, with a multimodal analge-
sia, including also morphine or other opiates.’

The first data suggesting a role of anesthesia in immu-
nomodulation and cancer recurrent were published few
decades ago. In 1977, a large retrospective study including
1358 patients receiving surgery for breast cancer reported
for the first time that the survival rate was higher in patients
receiving halothane anesthesia, compared to those receiving
ether.® At that time, the authors already suggested that the
mechanism of anesthetic effects on survival rate should be
researched in alterations of the HPA axis, intraoperative
carcinemia, immunity of tumor cell and growth of
metastases.® In 1981, Shapiro and coworkers investigated
the effect of four anesthetic agents (i.e. thiopental, keta-
mine, halothane and N,O) on the postoperative growth of
cancer in mice.” The authors reported an accelerated growth
of lung metastases and development of secondary cancers in
organs not otherwise commonly associated with
metastases.’ Further data from animal studies suggest that
anesthetic drugs modify the biology of cancer and immune
cell lines by direct activation of the cellular receptors and
cell signaling pathways, and by alteration of cellular
kinetics and gene transcription.®’ We have therefore con-
ducted this literature review focusing solely on the effects
induced by different anesthetic drugs on immunomodula-
tion and cancer recurrence.

Intravenous Anesthetic Drugs
Intravenous anesthetic drugs produce different and multi-
ple effects on the immunity system (see Table 1).
Melamed et al administered thiopental, ketamine and pro-
pofol via different routes in a rat model of breast cancer
with radiolabeled cells to assess the effects of drugs with
respect to the lung tumor retention and number of lung
metastases, as indicated by the ratio of radioactivity
between the lung and injected tumor cell suspension.'®
Twenty-four hours after cell inoculation, thiopental and
ketamine, while not propofol, were shown to significantly
increase the lung retention of tumoral cells and lung
metastasis, due to a reduced activity of the Natural Killer
(NK) cells.'® Furthermore, thiopental specifically and dif-
ferentially induces a heat shock response and it mediates
the cytoprotection and reduces the apoptosis in human
T lymphocytes,'' whereas ketamine, in a concentration-
dependent manner, induces human lymphocyte apoptosis
via the mitochondrial pathway.'? It should also be men-
tioned that both thiopental and ketamine suppress the
immune system, the former (i.e. thiopental) through the
suppression of the activation of nuclear factor kappa
B (NF-«xB) and through inhibition of the neutrophil func-
tion, the latter (i.e. ketamine) by decreasing the levels of
IL-6 and tumor necrosis factor-a (TNF-a), that are pro-
inflammatory cytokines. The inhibition of NF-«kB leads to
the suppression of the activity of NF-kB-driven reporter
gene, which regulates the expression of IL-2, IL-6, IL-8
and IFN-y and the activation of T—lyrnphocyte.13

If, on one hand, thiopental and ketamine have an anti-
inflammatory effect and suppression of the immune system,
on the other hand, in a murine thymoma model, propofol
significantly suppresses the tumor growth, most likely by
enhancing cytotoxic T-lymphocytes activity,'* counteracts
the activity of the cyclooxygenases (COX) in macrophages
and, via the diminution of the production of prostaglandin
E2, which acts on EP4 receptor on NK cell, downregulates
the interferon y (IF-y), reduces the tumor growth and the
tumor evasion of host immune surveillance through the sup-
pression of immune cell functions.'> Furthermore, propofol
mitigates the immunosuppression induced by surgery, since
it does not affect the T helper 1 (Thl) and T helper 2 (Th2)
cell ratios."®

The modifications induced by anesthetic drugs on
hypoxia-inducible factor-lo. (HIF-1a) are also relevant.
Indeed, a high HIF-la activity is associated with more
aggressive phenotypes of cancer and worsened clinical
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outcome.” Propofol reversibly inhibits the HIF-1a activity, in
a manner proportional to the oxygen concentration of the
environment, by reducing the translation of the mRNA into
protein.'” Furthermore, propofol also inhibits the activation
of HIF-1a induced by the lipo-polysaccharide and suppress
the glucose metabolism in macrophages.'® Barbiturates also
inhibit the activation of HIF-1a by disruption of mRNA
translation.'® In particular, both propofol and barbiturates
suppress the activity of Mitogen-Activated Protein Kinase
(MAPK), which is an intracellular signal-transducing system
in eukaryotes, and it plays a fundamental role in regulating
the HIF-1a. mRNA translation.'>** Noteworthy, HIF-1a pro-
motes angiogenesis via the activation of the transcription of
the VEGF-A, Ang-1 and Ang-2 genes, and facilitates cell
proliferation (through IGF-2 and TGF-o gene transcription)
and metastasis (via CXCR4, CXCL-12, LOX and repression
of E-cadherin genes).® Furthermore, clinical concentrations
of propofol modulate the GTPase RhoA, guarantying an
adjunctive protective effect against the migration and inva-
sion of cancer cells.’

Volatile Anesthetic Drugs
Immune response is also modulated and affected by vola-
tile anesthetics (see Table 1). Markovic et al exposed mice
to the administration of halothane or isoflurane. The
authors reported that both drugs inhibited the NK cell
activity, 67% in the case of exposition to halothane,
>90% to isoflurane. Noteworthy, if interferon was given
before anesthetic exposure, no inhibition occurred.?? In
addition to NK cell activity attenuation, isoflurane induces
T-lymphocyte and B-lymphocyte apoptosis and decreases
the Th1/Th2 ratio.** Loop et al reported that isoflurane and
sevoflurane induce T-lymphocyte apoptosis, via increased
activation of caspase-3 and augmented permeability of the
mitochondrial membrane.>* These findings were not con-
firmed, in the same study, for desflurane.* Sevoflurane
decreases also the lymphocytes and NK cell activity, while
it increases leukocyte and neutrophil counts and activity.>
In another study, 32 patients, undergoing elective surgery
for primary breast cancer, were randomized to receive
general anesthesia with sevoflurane and intravenous opi-
ates or a combination of propofol and paravertebral
analgesia.”® Compared to propofol and paravertebral strat-
egy, sevoflurane and opiates increased the levels of pro-
tumorigenic cytokines and matrix metalloproteinases.”®
Several studies have also shown that some volatile anes-
thetic drugs (i.e., isoflurane and desflurane) provide cyto-
protective properties and upregulate the HIF-1a.> Isoflurane

and desflurane may stimulate a pro-tumorigenic behavior of
residual cells and, therefore, they may facilitate the tumor’s
recurrence.” Sevoflurane is also characterized by an upre-
gulation of HIF-1a activity.> On the opposite, other anes-
thetic agents (i.e. halothane) downregulate HIF-1a activity,
and, in principle, should be preferred for oncologic
surgery.”’

In mice models, Shapiro et al have shown that halothane
may accelerate the metastase progression by the lung carci-
noma or by melanoma, and it may induce the appearance of
metastases in the liver.” In another study by Ecimovic et al,
sevoflurane was also reported to increase the proliferation
and migration of breast cancer, while the invasion was
observed only in estrogen-receptor-positive tumors.”® On
the opposite, Liang et al reported that sevoflurane could
suppress the growth induced by HIF-1a and metastases of
lung cancer cells.”’

Opioids

Analgesia is one of the components of anesthesia and it is
generally assured intraoperatively and post-operatively
with drugs like opioids. Although certainly effective
analgesics, a growing body of literature and evidence sug-
gests that opioids may exert negative consequences in
patients undergoing cancer surgery. Indeed, similar to intra-
venous and inhalational anesthetic drugs, opioids interact
with the immune system response via the modulation of the
HPA axis and autonomic nervous system, or directly
through the opioid receptors on the surface of immune
cells (see Table 1).

One of the greatest effects of opioids on immune system
is the inhibition of the proliferation and differentiation of
T-lymphocyte, besides promoting their apoptosis, t00.>%!
For instance, morphine, fentanyl, alfentanil and sufentanil

3032 wwhile remifentanil

all decrease the NK cell activity,
was shown to completely overwhelm the lymphocyte pro-
liferation and the NK cell activity in rats.*® In particular,
morphine reduces NK cell activity to an extent proportional
to the administered dose in rats®* and in healthy volunteers,
up to 24 hrs after cessation of intravenous administration.*
In addition, morphine reduces also the phagocytic activity
and production of antibodies and cytokines,® and, in clini-
cally relevant doses, increases the angiogenesis and growth
of breast tumors in mice.*® In a recent study published by Qi
et al’’ 192 elderly patients undergoing laparoscopic radical
resection of colorectal cancer were randomized to receive
anesthesia with sufentanil or remifentanil by target con-
trolled infusion.
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Patients randomized to receive remifentanil tended to
have higher concentrations of glucose, cortisol and IL-6.
In addition, compared to remifentanil, sufentanil had
a lower degree of decrease of T-cell subsets and, after
the surgery, a shorter recovery of cellular immunity.*’
Noteworthy, the interaction between the immune system
and opioids is furthermore complex. The administration of
morphine also attenuates the tumor-retentive effect of
laparotomic surgery,”® and it promotes cell death and
apoptosis in an adenocarcinoma cell line.*

Local Anesthetics

Local anesthetics efficiently inhibits the neural signal
transmission, by blocking the voltage-gated sodium chan-
nels (VGSC), assuring an effective intraoperative anesthe-
sia and postoperative analgesia. In particular, VGSC are
transmembrane proteins composed of a (pore-forming)
and one or more B-units. Local anesthetics have the advan-
tage: 1) to attenuate the stress response and, therefore,
limiting the immunosuppression and preserving the innate
immune response and 2) to reduce the need for opioids and
volatile anesthetics and limiting their possible negative
effects on cancer recurrence. In addition, some evidence
suggest that local anesthetics have direct antitumor effects
on cancer cells (see Table 1). Some cancers, such as colon,
breast and lung, highly express VGSC, which are particu-
larly active in these cells. Indeed, administration of local
anesthetics blocks the VGSC, potentially inhibiting the
tumor growth.

In an in vitro study, Lucchinetti et al isolated mesenchy-
mal cells from femurs and tibias of mice and they exposed
cells to increasing concentrations of local anesthetics (i.e.
lidocaine, ropivacaine, and bupivacaine).”® At 100 pM, all
local anesthetics reduced the cell growth and proliferation by
delaying or arresting the Gg,;-S phase transition, decreased
the colony formation, impaired the differentiation into osteo-
blasts, delayed wound healing and increased lactate dehy-
drogenase release. Subsequent analysis through microarray
showed changes in genes controlling the expression of lyso-
somal genes and sterol metabolism. All these findings sug-
gest a potential role of local anesthetics in the perioperative
period in patients with cancer, although they could poten-
tially interfere with the wound healing.*° In addition, clinical
concentrations of lidocaine inhibit the epidermal growth
factor (EGF) receptor in human cancer cells.*!

Another more recent study by Chang et al has shown
that both lidocaine and bupivacaine, at clinical concentra-
tions, promote apoptosis in breast cancer cells, either

in vitro and in vivo.*? Furthermore, lidocaine diminishes
also the formation and function of tubulin micro-tentacles
of tumoral cells, reducing their spread into the blood.*®
Similar findings were also reported by Mammoto et al;**
indeed, the authors reported that lidocaine blocks the inva-
sion of cancer cells, throughout inhibition of ectodomain
shedding of heparin-binding EGF from the cell surface and
modulation of the intracellular calcium concentration,
which further contributes to this action.** In contrast,
ropivacaine and bupivacaine express their antitumor
growth activity at dosages and concentrations higher than
those used in clinical settings.*> In addition, in patients
undergoing radical prostatectomy, epidural analgesia sig-
nificantly reduces the stress response (i.e., concentrations
of serum cortisol and insulin) while not the inflammatory
response, as compared to opioid-based analgesia.*® Similar
findings have been also reported in patients undergoing
colorectal cancer surgery.*’

Nowadays, the evidence is spurred by the publication of
several retrospective clinical studies. The most recent sys-
tematic review includes 67,577 patients across 28 studies
and assesses the relationship between regional anesthesia
and cancer.*® After pulled data analysis, the authors report
that regional anesthesia does not provide any benefit in
terms of patients’ survival; however, some single studies
report a benefit in terms of cancer recurrence.*® In the end,
they also conclude that further studies are required to draw
a final and definitive conclusion, to stress the need for
further investigations and knowledge.*®

Current Evidence on the Effects of
Anesthesia on Short and Long-Term

Outcomes After Cancer Surgery
The intraoperative anesthetic management and the post-
operative analgesic strategy may play a key role in the
dissemination and/or elimination of micrometastasis and
residual tumor cells after oncological surgery.' However,
solid data and evidence on patients currently lack. This
hypothesis is nowadays sustained only by retrospective
studies and meta-analyses, which suggest that general
anesthesia and use of some drugs are associated with
higher impairment of cell-mediated immunity, leading to
an increased cancer recurrence and mortality rates.*’
Furthermore, a review conducted in 2015 reports conflict-
ing results and evidence regarding volatile agents.”®

For instance, a recent retrospective analysis of 7030
patients undergoing elective oncological surgery has
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investigated the eventual difference in a 3-year period long-
term survival between the cohort of patients having
received total intravenous versus volatile inhalational
anesthesia strategies.’! Volatile inhalational anesthesia
was associated with an increased risk of death, with
a hazard ratio of 1.80; this was true also after a propensity-
matched analysis of 2607 patients in each group, with
similar baseline characteristics.’’ Another retrospective
analysis of 2838 patients, receiving oncological surgery
for breast (1837 patients), colon (695 patients) or rectal
(306 patients) cancer, reported an increased survival rate if
anesthesia was performed with propofol, rather than vola-
tile anesthetics.’> Noteworthy, a shift over time towards
a more frequent use of propofol was reported. In fact,
while less than 1% of patients received propofol from
1997 to 2000, more than 85% received it after 2007. This
could be therefore a bias to be taken in count.’> Another
retrospective analysis of 325 patients, having received sur-
gery for breast cancer, also suggested a possible reduction
of cancer recurrence in patients anesthetized with propofol,
as opposed to those with volatile agents.”® However, no
difference was reported in the overall survival between the
two groups.” Another retrospective study investigated the
role of different anesthetic strategy in 156 patients who
underwent free flap surgery for head and neck cancer.>*
No differences in hospital mortality or length of stay were
observed between groups, probably due also to a little sam-
ple. However, patients receiving propofol showed a lower
rate of postoperative pulmonary complications, as opposed
to those receiving inhalational anesthetics.”*

Data from prospective randomized controlled trials
are nowadays little. In a small randomized controlled
trial, 28 consecutive patients undergoing oncological sur-
gery for urinary bladder cancer were randomized to
receive or total intravenous anesthesia or balanced inha-
lational anesthesia.” Patients receiving total intravenous
anesthesia showed a weaker immunity modulation, as
opposed to those receiving balanced inhalational anesthe-
sia. In addition, no difference in rate of metastasis after
surgery and survival was observed between groups.”
Another prospective trial randomized 48 patients, under-
going Ivor Lewis operation, to receive sevoflurane or
total intravenous anesthesia.’® In this population, volatile
anesthesia attenuated the increase of IL-6 blood concen-
tration at the end of surgery; however, postoperative
pulmonary morbidity was similar between cohorts.>®
Another further prospective study compared the effects
of propofol and sevoflurane anesthesia with respect to

perioperative immune response in 58 patients undergoing
laparoscopic radical hysterectomy for cervical cancer.”’
Compared to volatile-based anesthesia, a propofol-based
anesthesiologic strategy was characterized by a lower
immunosuppression during the perioperative period; how-
ever, no differences in short-term adverse consequence,
such as hospital stay and infection rate, were reported
between groups.”’

A recent systematic review suggests that total intrave-
nous anesthesia might reduce the overall mortality and
improve the recurrence-free survival. However, these evi-
dences are limited to small and low-quality studies, deem-
ing necessary further proper designed randomized
controlled trials.>®

Another systematic review and meta-analysis, very
recently published by Yap et al examine the potential effects
of anesthetic strategies for cancer surgery on survival.’’
Compared to volatile anesthesia, total intravenous anesthesia
was characterized by lower mortality in patients with gastric
(Hazard Ratio 0.61 [0.55-0.69]; Z: 8.02; p<0.01), mixed gas-
trointestinal (Hazard Ratio 0.68 [0.60-0.78]; Z:5.78; p<0.01)
and esophageal cancer (hazard ratio 0.63 [0.50-0.81]; Z:3.70;
p<0.01), while in not in patients with colon (Hazard Ratio 0.58
[0.23—1.49]; Z:1.13; p=0.26) or rectal cancer (hazard ratio 0.83
[0.52-1.31]; Z:0.79; p=0.43).>°

The explanation of these findings might be searched into
the effects of single drugs on immune system components.

Future Perspectives

The body of preclinical literature in onco-anesthesia is
certainly growing; however, a strong evidence to sup-
port one anesthesiologic strategy, rather than another
one, currently lacks. In fact, the survival benefit asso-
ciated with the use of locoregional or blended (general
plus locoregional) or propofol-based anesthesia remains
uncertain. The hypothetical evidence of superiority of
one strategy or another would potentially be of para-
mount importance, since anesthesia and perioperative
care may influence the outcome of patients undergoing
cancer surgery. In 2015 a consensus statement high-
lighted the need for more clinical trials on the effects
of different anesthetic and analgesic strategies on post-
operative cancer recurrence.®” In 2018, another consen-
sus statement, based on a systematic review, has defined
and standardized the endpoint related to research in
onco-anesthesia to be assessed by the future trials.®'
To date, a certain number of prospective randomized
controlled trials in onco-anesthesia research are ongoing
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Figure | Cancer metastasis and recurrence caused by surgery and anesthetic induced immunosuppression in the peri-operative period. Surgery, anesthesia and analgesia
stimulate HPA-axis and SNS during the peri-operative period. Activated neuroendocrine mediators lead to increases in several immunosuppressive soluble factors that
promote tumor progression and metastasis, resulting in an increase of cancer recurrence.

(i.e., NCT01975064; NCT03034096; NCT02660411; NC Conclusions

T04074460), with the intent to assess if there is or not  Although sometimes conflicting data have been published,
a better anesthesia plan and perioperative care to be anesthetic drugs may play a major role in the immunomo-
chosen in perioperative cancer care (Figure 1). dulation and cancer recurrence. Since the evidence is not
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completely clear to date, future studies are needed to

clarify the role of anesthesia in immunomodulation and

cancer recurrence in patients undergoing elective oncolo-

gical surgery for different types of cancer.
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