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Abstract: Cancer-related pain is one of the most common and incapacitating symptoms for cancer patients. Cancer pain can be
caused by diagnostic or therapeutic procedures, side effects and toxicity from therapy, or the cancer itself. Uncontrolled cancer-related
pain is associated with inadequate quality of life and reduced functional status. Optimal pain management during the perioperative
period requires a tailored approach. Interventions that are recommended for the management of acute surgical pain include regional
anesthesia, local anesthetic infusions, non-opioid analgesics (ketamine, dexmedetomidine, lidocaine, and non-steroidal anti-
inflammatory drugs), and opioids. Despite continued research efforts and advances in cancer treatment, opioids remain the most
effective medication to treat moderate to severe cancer-related pain; however, their role has been changing significantly due to the
opioid epidemic and opioid misuse. While pre-clinical and retrospective studies have shown a negative association between opioid use
and cancer outcomes, randomized control trials have failed to confirm this association. The purpose of this review is to summarize the
pharmacological management of acute cancer-related pain during the perioperative period with an emphasis on cancer recurrence.
Keywords: pain, opioids, multimodal analgesia, cancer progression, cancer, progression free-survival, overall survival, ketamine,
lidocaine, dexmedetomidine

Introduction
It is estimated that 20.3 million people in the United States will survive cancer in 2030, a significant increase from the
15.5 million cancer survivors reported in 2016." Cancer patients experience pain because of the progression of the
disease and/or cancer treatment (chemotherapy, radiotherapy).” Additionally, patients with solid tumors who undergo
curative-intent or palliative surgical procedures may experience significant acute pain from the surgery itself.

Cancer surgery continues to be a fundamental pillar for the treatment of solid tumors; however, preclinical data have
suggested that cancer surgery and associated anesthesia might increase the risk of metastasis, minimal residual disease,
and clinical cancer recurrence. The theories behind this finding include (Figure 1):

1. Surgery promotes inflammation followed by a compensatory anti-inflammatory response with immunosuppression.
The inflammatory response is a necessary step for wound healing; however, the immunosuppression that follows the
initial inflammation provides a window of opportunity for cancer cells to proliferate by inhibiting cell-mediated
immunity. Importantly, the degree of immunosuppression is proportional to the degree of surgical trauma.’

2. Activation of the sympathetic nervous system: tissue trauma, inflammation, and pain activate the sympathetic
nervous system and consequently modulate gene expression within cancer cells. Specifically, this activation
promotes cancer cell metastasis by promoting tumor cell invasion and inhibiting cellular stress response.*

3. Anesthetic medications: a direct effect of opioids, volatile anesthetics, and other analgesic medications during surgery
can modify intracellular signals involved in key aspects of migration, proliferation, and invasion of cancer cells.’
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Figure | Perioperative factors associated with cancer cell proliferation and metastasis during cancer surgery. Created with BioRender.com.

Acute post-surgical pain after oncological surgery can be severe yet challenging to manage during the perioperative period.
Several factors contribute to this difficulty, including pre-existing oncological pain, opioid tolerance, or contraindications for
non-opioid medications and/or regional anesthesia.® Additionally, inadequate assessment and treatment of acute post-surgical
pain in cancer patients can be associated with increased risk of opioid abuse/misuse and the development of postoperative chronic
pain.” Several risk factors for chronic post-surgical have been identified including pre-surgical and postoperative pain, type of
surgery, postoperative complications, chemotherapy exposure, young age, and psychological factors (eg, anxiety and
depression).®’

Multimodal analgesia refers to the use of multiple pharmacological classes of analgesic medications to manage pain
effectively.'® The primary objective of multimodal analgesia is to target different pain receptors or pathways, providing
enhanced pain relief while minimizing the side effects associated with individual drug classes.'' Pharmacological
treatment of acute surgical pain in cancer patients needs to be tailored to individual needs. This individualized approach
may enhance outcomes and reduce cost. In the following section, we will review the pharmacological treatment of acute

surgical pain and its potential impact on long-term cancer outcomes.

Methodology

We reviewed the literature from electronic database of PUBMED, COCHRANE and MEDSCAPE (2000-2023).
Randomised controlled trials, retrospective studies, meta-analysis, and systematic reviews were included. The keywords
for searcher were cancer, progression free-survival, overall survival, opioids, ketamine, lidocaine, dexmedetomidine, and
non-steroidal anti-inflammatory drugs (NSAIDs). The articles that met the following criteria were included: a) the studies
were written in English; b) the studies were performed in adults; c) the administration of opioids, ketamine, lidocaine,
dexmedetomidine, and NSAIDS was perioperative in cancer patients; and d) the studies assessed the effect of the
perioperative administration of opioids, ketamine, lidocaine, dexmedetomidine, and NSAIDS on cancer recurrence and

overall survival.
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Opioids are the most common medication used for acute post-surgical pain in cancer patients. While they can effectively
relieve pain, opioids are associated with other non-analgesic effects on cancer cell growth. This effect on tumor growth is
still contradictory, as both growth-promoting and growth-inhibiting effects have been described. For instance, a high
concentration of morphine (>10uM) significantly reduced cell proliferation and tumor growth in breast and colon
cancer.'>'? Additionally, morphine has shown anti-apoptotic and anti-angiogenic properties.'* On the other hand, animal
and retrospective clinical studies suggest that opioids could promote cancer cells proliferation and growth. The possible
mechanisms involved in the opioid-induced cancer progression theory include:

1. Opioids induce immunosuppression: For instance, morphine administration has been shown to decrease the
release of nitric oxide (NO), reactive oxygen species (ROS), cytokines IL-6, and TNF-a and reduce macro-
phage recruitment.'” Additionally, both morphine and fentanyl have been shown to suppress NK cell
cytotoxicity, which is a critical cell with potent cytolytic activity against cancer cells.'® The immunosup-
pressive potential of opioids has been shown to depend on the capacity of the opioid to cross the blood—brain
barrier since immunosuppression is mediated by central pathways.'>'” Thus, opioids such as codeine,
morphine, methadone, fentanyl, and remifentanil, which easily cross the blood—brain barrier, have been
found to possess high immunosuppressive potential, whereas buprenorphine, hydromorphone, tramadol, and
oxycodone, which cross the blood—brain barrier to a lesser extent, have exhibited lesser immunosuppressive
potential.

2. Opioids promote tumor proliferation, angiogenesis, and neovascularization on cancer cells expressing the mp
opioid receptor (MOR). For instance, in cervical cancer cells, morphine has been shown to increase cell
proliferation and cell migration.'® Additionally, morphine and oxycodone increase endothelial cell tube formation
and proliferation in a dose-dependent manner."

When analysing the association between opioid administration during cancer surgery and cancer progression, the data is
conflicting. For instance, intraoperative fentanyl administration has been associated with decreased overall survival in patients
undergoing non-small cell lung cancer (NSCLC) resection.;* however, in colon cancer, the use of intraoperative fentanyl did
not impact recurrence or overall survival.?' Surprisingly, some authors found that intraoperative opioid administration
improved recurrence-free survival in triple-negative breast cancer patients.>> Lastly, the latest meta-analysis addressing the
relationship between intraoperative opioids and cancer prognosis found that intraoperative administration of opioids did not
affect progression-free survival and overall survival; however, the administration of high dose of opioids post-operatively did
have a negative impact on progression-free survival.*?

Taken together, opioids are the most widely used medication to treat acute surgical cancer pain. It is unclear whether
there is a negative or positive relationship between intraoperative opioid use and cancer progression after surgery.
Unfortunately, the majority of the available data originates from preclinical studies and, evidently, clinical studies looking

at this relationship during the perioperative period lack confirmatory data.

Dexmedetomidine
Dexmedetomidine is a potent and highly selective a-2 agonist. Dexmedetomidine exerts its effects through the activation
of central presynaptical a-2 receptors in the locus coeruleus, which decreases the neurotransmission of norepinephrine in
the synaptic cleft.** Dexmedetomidine is used as a sedative, analgesic, anxiolytic, and sympatholytic that provides an
effective technique to minimize opioid use in surgical and non-operating room anesthesia settings.>> In the context of
cancer, dexmedetomidine has shown an anti-inflammatory profile. For instance, during gastric and liver cancer resec-
tions, dexmedetomidine diminished the levels of interleukin-6 (IL-6) and Tumor Necrosis Factor-o (TNF-a).2%%’
Additionally, dexmedetomidine has been shown to preserve th1/th2 balance in colon cancer.”®

In clinical studies, the data regarding the effect of dexmedetomidine on cancer outcomes are still scarce (Table 1). For
instance, in patients with (NSCLC), the intraoperative use of dexmedetomidine was associated with worse overall
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Table | Clinical Trials Assessing the Effect of Intraoperative Use of Dexmedetomidine on Cancer Outcomes

Author Cancer Study Type Dose Cancer Outcomes

Cata et al”’ Lung Retrospective Not specified | Dexmedetomidine was associated with reduced OS but no effect in RFS.

Abbreviations: OS, overall survival; RFS, recurrence-free survival.

survival.”> Another randomized control trial, patients with NSCLC who were also exposed to dexmedetomidine (2 mcg/
kg/h for 15 minutes before anesthesia, 0.5mcg/kg/hour during surgery, and 0.25mcg/kg/hour until 24 hours after surgery)
had less inflammation, improved cellular immune function, and improved quality of recovery. However, this study did
not investigate cancer outcomes such as survival or recurrence-free survival.>® In uterine cancer surgery, the intraopera-
tive administration of dexmedetomidine did not preserve the function of natural killer cells and did not affect cancer
recurrence or overall mortality.>'

In conclusion, dexmedetomidine is commonly used intraoperatively in cancer patients. It has been shown to have an
anti-inflammatory profile and opioid sparing effect. However, the clinical data comparing the effect of this medication on
cancer outcomes are still very limited.

Ketamine

Ketamine is a non-competitive antagonist of the N-methyl-D-aspartate (NMDA) receptor Ca®" channel. The blockage of
NMDA is the primary mechanism of action for anesthesia analgesia. Beyond its most well-known mechanism of action,
ketamine also affects other receptors such as, but not limited to, dopaminergic, serotonergic, adrenergic, opioidergic, and
cholinergic receptors.*

Ketamine infusions have been used regularly for the treatment of acute pain, but ketamine has gained special attention
in the context of the treatment of chronic pain, opioid induce-hyperalgesia and opioid-tolerant patients.>* In subanesthetic
doses, ketamine infusion allows the patient to remain awake while providing analgesia. The recommended dose for
intraoperative use is 0.5-1 mg/kg bolus followed by a continuous infusion of 2—5mcg/kg/min. For palliative care,
a recommended dose of 0.1 mg/kg/h with a maximum infusion rate of 0.2 mg/kg/hour.>*

In chronic pain, ketamine infusion provides short-term analgesia in a dose-dependent manner.>> In opioid tolerant
patients, ketamine infusions have been reported to improve analgesia in patients in uncontrolled pain receiving high
doses of opioids.*® In the context of palliative care, continuous ketamine infusion at subanesthetic doses is considered an
alternative to alleviate pain (including nociceptive and neuropathic pain) in patients with uncontrolled severe pain despite
escalating doses of opioids.

Ketamine has been proposed to have an anti-tumoral effect. For example, in colorectal cancer cells, ketamine
decreased cell migration via the NMDA receptor.’” In breast cancer, ketamine inhibits the proliferation of cancer
cells.*® Similar findings have been reported in pancreatic and ovarian cancers.*”**’

Clinical studies regarding the impact of subanesthetic ketamine infusion on cancer surgery and cancer outcomes are
limited (Table 2). In a recent randomized controlled trial, the administration of ketamine (0.25mg/kg bolus followed by
an infusion of 0.05mg/kg/hour) did not impact the inflammatory response after surgery. Most importantly, ketamine did
not change cancer recurrence 2 years after surgery.’' In lung cancer surgery, intraoperative ketamine improved
recurrence-specific survival in patients with early stage lung adenocarcinoma.*'

Taken together, subanesthetic ketamine infusion plays a vital role in treating cancer patients since it is a great
alternative to alleviate severe advanced cancer pain, particularly in patients with opioid tolerance. Preclinical studies have
consistently shown that ketamine decreases tumor proliferation. Unfortunately, the number of clinical studies looking at
the relationship between ketamine and cancer outcomes is very small and therefore no conclusion can be drawn to change
clinical practice.

Lidocaine
Lidocaine is a common local anesthetic used for regional anesthesia. When used intravenously, lidocaine has shown
analgesic and anti-inflammatory properties.*’
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Table 2 Clinical Trials Assessing the Effect of Intraoperative Use of Ketamine on Cancer Outcomes

Author Cancer Study Type Dose Cancer Outcome
Cho et al*? Colorectal | RCT 0.25 mg/kg followed by 0.05 mg/kg/hr No effect in 2-year cancer recurrence
infusion
Connolly et al*' Lung Retrospective | Not specified Improved recurrence-specific survival in early stages
Silagy et al* Renal Retrospective | Not specified Improved RFS on multivariable analysis
Forget et al** Breast Retrospective | 0-0.5mg/kg No effect on RFS

Abbreviations: OS, overall survival; RFS, recurrence-free survival; RCT, randomized controlled trial.

The intraoperative dose recommended is a loading dose of 1-2 mg/kg, followed by an infusion of 1-2 mg/kg/hour.*®
Additionally, the perioperative use of lidocaine infusion has opioid sparing effects and can help attenuate postoperative
ileus. Specifically in cancer patients, preclinical studies have shown that lidocaine is associated with anti-tumoral effects.
Lidocaine suppresses invasion, proliferation, and angiogenesis and promotes apoptosis of tumor cells.*” Furthermore,
lidocaine influences the immune inflammatory response (NK cells) necessary to eliminate cancer cells.*®

When studying the relationship between intravenous infusion of lidocaine and cancer outcomes, the evidence is
insufficient to support preclinical studies (Table 3). In pancreatic cancer, lidocaine infusion did not improve overall or
disease free-survival. However, it reduced the formation of circulating neutrophil extracellular traps (a mechanism
involved in cancer metastasis).*” On the other hand, in a retrospective study of ovarian cancer surgery, intravenous
infusion of lidocaine (1.5mg/kg bolus followed by continuous infusion of 2mg/kg/hour) was associated with improved
overall survival and disease-free survival.’® In breast cancer patients, intravenous infusion of lidocaine preserved the
cellular function, reduced opioid consumption, improved post-operative analgesia, and improved the quality of
recovery.”!

Overall, lidocaine exhibits analgesic and anti-inflammatory properties. Additionally, it decreases opioid consumption
and improves gastrointestinal function in cancer patients. Several preclinical data have shown that lidocaine could
attenuate the inflammatory response to cancer surgery. The majority of available data supporting the anti-tumoral effects
of intraoperative lidocaine infusion are derived from preclinical studies, and their translation into clinical practice
requires further investigation.

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

NSAIDs are an attractive alternative to opioids when administering analgesia for cancer patients. They provide effective
analgesia while avoiding side effects such as sedation, respiratory depression, and nausea/vomiting. NSAIDs (eg,
naproxen, ibuprofen, indomethacin, diclofenac, and toradol) exert their analgesic properties by inhibiting cyclo-
oxygenase (COX), an enzyme that is required for the metabolism of arachidonic acid to prostaglandins and thrombox-
anes. There are two isoforms of the COX enzyme, COX-1 and COX-2. COX-1 enzyme regulates platelet aggregation,

Table 3 Clinical Trials Assessing the Effect of Intraoperative Use of Lidocaine on Cancer Outcomes

Author Cancer Study Type Dose Cancer
Outcome
Zhang et al*? Pancreatic | Retrospective | Lidocaine bolus of 1.5 mg kg—1 followed by a continuous infusion of 2 mg kg | Prolonged OS

—1 h—I intraoperatively

Zhang et al*’ Pancreatic | RCT Lidocaine bolus of 1.5 mg kg—1 followed by a continuous infusion of 2 mg kg | No effect in OS
—1 h—I intraoperatively

Zhang et al*° Ovarian Retrospective | Lidocaine bolus of 1.5 mg kg—1 followed by a continuous infusion of 2 mg kg | Improved OS
—1 h—1 intraoperatively and DFS

Abbreviations: OS, overall survival; RCT, randomized controlled trial; DFS, disease free-survival.
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kidney afferent arteriole vasodilation, and gastric mucosa acid protection. COX-2 enzyme is induced during the
inflammatory process. Coxibs, a group of highly selective inhibitors of COX-2 (eg, celecoxib, rofecoxib), are effective
analgesic medications devoid of the gastrointestinal side effects of NSAIDs. There are several clinical studies supporting
the idea that chronic NSAID administration reduces the risk of breast, prostate, colon, and ovarian cancer, among
others.”®> > The anti-inflammatory properties of NSAIDs are thought to contribute to their potential “protective” effect on
cancer development, especially since chronic inflammation has been linked to the development of certain types of cancer.
However, NSAIDs may also exert direct anti-tumoral properties through various mechanisms such as 1) inhibiting
proliferation and promoting apoptosis of cancer cells, 2) inhibiting transcription factors relevant to gene expression in the
inflammation and immune response, 3) inhibiting signaling pathways necessary for cancer cell migration and invasion,
and 4) inhibiting angiogenesis.>®

The relationship between the perioperative use of NSAIDs and long-term outcomes in cancer surgery is still controversial
(Table 4). For example, in a cohort study involving 2308 patients undergoing colorectal cancer surgery, the postoperative
administration of ibuprofen decreased cancer recurrence risk but showed no significant effect on mortality and disease-free
survival (DFS).%” Moreover, another study in colorectal cancer patients found no association between the use of postoperative
NSAIDs and recurrence-free survival, local or distant recurrence, or overall survival (0S).>®

The latest systematic review and meta-analysis published by Shaji et al in 2021 investigated the clinical relationship
between perioperative use of NSAIDs and DFS and overall survival (OS). The study included 16 trials and 12,994 cancer
patients. The author concluded that perioperative use of NSAIDs was associated with longer DFS and OS. However, it is
worth mentioning that the level of certainty of the evidence is low due to the retrospective nature of the majority of the studies
included. Other limitations of the studies include the heterogeneity in regard to dose, duration, timing, and type of NSAIDs.®’

Overall, NSAIDs are an effective alternative to opioids for the treatment of acute postoperative pain. The use of
NSAIDs during the perioperative period in cancer patients reduces opioid consumption with additional reduction in
opioids-related side effects such as nausea and vomiting. Unfortunately, NSAID use during the perioperative period

might be limited in this specific patient population given many cancer patients tend to be older, have pre-existing renal

Table 4 Clinical Trials Assessing the Effect of Intraoperative Use of NSAIDs on Cancer Outcomes

Author Cancer Study Type Dose Cancer Outcomes

59
I

Retsky et a Breast Retrospective | Ketorolac 5-fold reduction in cancer recurrence.

Not specified

Desmedt et al* Breast Retrospective | Ketorolac 20 mg in patients Ketorolac, but not diclofenac, decreases distant

<60 kg; 30 mg in patients 260 kg | recurrences in patients with BMIs >25 kg/m2

Forget et al®' Breast Retrospective | Ketorolac 20 mg in patients Ketorolac and diclofenac increase DFS and OS
<60 kg; 30 mg in patients 260 kg
Diclofenac 17mg
De Castro- Araujo | Melanoma | Retrospective | Tenoxicam, Parecoxib, No effect overall
et al®? Ketorolac (dosages unspecified)
Connolly et al®® Lung Retrospective | Ketorolac |15 or 30 mg Improved RSS
Mao et al** Bladder Retrospective | Parecoxib 40 mg No effect on RFS or OS
Wuethrich et al®® Prostate Retrospective | Ketorolac 30 mg ketorolac q 8h | No effect on RFS or OS
Forget et al* Breast, Observational | Ketorolac 20 mg in patients Reduced recurrence rate in breast cancer patients;
lung, <60 kg; 30 mg in patients 260 kg | Reduced risk of distant metastasis in lung cancer patients
kidney Diclofenac 75mg
Forget et al®® Prostate Retrospective | Not specified No effect on biochemical recurrence-free (BRF) survival

Abbreviations: OS, overall survival; DFS, disease-free survival, RFS, recurrence-free survival; RCT, randomized controlled trial; RSS, recurrence-specific survival; BRF,
biochemical-free.
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disease, and carry a high risk of developing coagulopathy. In terms of cancer outcomes, chronic and perioperative
NSAID administration has shown in clinical studies to reduce the risk of metastasis; however, caution should be
exercised when interpreting these findings due to heterogeneity among studies.

Conclusion

Cancer-related pain is one of the most common and troublesome symptoms affecting cancer patients. Cancer-related pain
is secondary to the progression of the disease, diagnostic intervention, or surgery. In the context of cancer surgery,
opioids remain the cornerstone of postoperative pain control. Although effective for postsurgical pain relief, opioids have
limitations due to their side effects, including respiratory depression, nausea, and vomiting. There has been an increasing
interest in the relationship between opioid administration during the perioperative period and cancer recurrence and
metastasis. However, there is no conclusive clinical evidence to support opioid avoidance with the goal of minimizing the
risk of cancer recurrence.

Multimodal analgesia is a strategy that reduces the reliance on opioids through the use of non-opioids analgesics with
different mechanisms of action. Various interventions, such as regional anesthesia, local anesthetic infusions, and non-
opioid analgesics (ketamine, dexmedetomidine, lidocaine, and non-steroidal anti-inflammatory drugs), have shown
benefits in postoperative pain management and a reduction in opioid-related adverse events. While preclinical data has
supported the potential advantages of intraoperative use of these medications on cancer outcomes, the data that originates
from clinical studies are insufficient to support this finding. More importantly, the heterogenecity of pain control among
studies increases the challenges to properly assess the impact of every single medication on long-term cancer outcomes.
Prospective randomized control trials are needed to properly assess the clinical utility of these medications during cancer
surgery and long-term cancer outcomes. Abundant pre-clinical data suggest the use of multimodal analgesia in patients
undergoing cancer surgery may be associated with favorable cancer-related outcomes. However, the challenge of
establishing the effects of multiple anesthetic or analgesic modalities on numerous oncological pathologies have
precluded any conclusive clinical evidence of such benefit. Perhaps a different approach is required to establish whether
anesthetic drugs and analgesic agents do indeed affect cancer recurrence.
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