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Introduction

A majority of cancer patients suffer from severe pain leading to poor quality of life.1 

However, pain remains undertreated in more than 20% of patients.2 Opioids remain the 

mainstay for treating cancer patients with chronic pain and during pre-, intra- and 

postoperative pain management.3 Opioids alleviate pain by their anti-nociceptive activity 

mediated via the central nervous system (CNS). On the other hand opioids can cause side-

effects including constipation, respiratory depression and mast cell activation involving 

peripheral and central mechanisms, and the possibility of addiction.4 Of significance to the 

tumor microenvironment and inflammation, opioids interact with endothelium, tumor cells, 

and inflammatory cells via opioid receptor (OP-R) and non-OP-R mediated mechanisms.5,6 

In the peri-operative setting replete with inflammation, opioids can thus modulate the 

process of metastasis, which is dependent upon angiogenesis, tumor cell survival and 

inflammation.

Morphine has been shown to stimulate growth- and survival-promoting signaling and cell 

migration in endothelial and tumor cells.7–10 These cellular processes are integral to cancer 

progression and metastasis. Indeed, morphine has been demonstrated to promote breast and 

lung cancer progression and metastasis in mice.8,11,12 Additionally, the use of morphine 

with general anesthesia during surgery has been implicated in increasing the risk of 

recurrence of cancer.13–15

*Corresponding Author: Kalpna Gupta, PhD, Vascular Biology Center, Division of Hematology, Oncology and Transplantation, 
Department of Medicine, University of Minnesota, Minneapolis, MN 55455, USA; gupta014@umn.edu; Tel.: +1-612-625-7648; Fax: 
+1-612-625-6919. 

HHS Public Access
Author manuscript
Int Anesthesiol Clin. Author manuscript; available in PMC 2017 October 01.

Published in final edited form as:
Int Anesthesiol Clin. 2016 ; 54(4): e1–e16. doi:10.1097/AIA.0000000000000112.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In a retrospective analysis of prostate cancer patients, we found that higher opioid 

requirement was associated with poorer outcomes including shorter time to progression and 

shorter survival.16 Several subsequent studies from our and other centers have since 

observed similar association of morphine requirement with poorer outcomes including 

increased cancer progression and metastases and reduced survival in lung cancer patients 

(Table 1).17–20 Since opioids are commonly used for pain management in cancer in a peri-

operative setting as well as for chronic pain, a clear understanding of the underlying biology 

and outcomes is required to develop strategies to prevent their inadvertent effect on tumor 

progression and metastasis. In this review, we describe the current understanding of opioids’ 

effects on cancer progression and metastasis which prompt the need for clinical trials to 

prospectively test the critical questions raised by pre-clinical and retrospective studies.

Opioid receptors

OP-Rs are 7 transmembrane domain G protein-coupled receptors (GPCRs), coupled to 

heteromeric Gi/o proteins.21 Four major OP-Rs are mu OP-R (MOP-R), kappa OP-R (KOP-

R), delta OP-R (DOP-R) and nociceptin/orphanin FQ receptor (NOP-R). The activation of 

these receptors following ligand binding initiates dissociation of the α and βγ subunits of 

the heterotrimeric G protein followed by Gα translocation and subsequent inhibition of 

adenyl cyclase activity. Simultaneously, inhibition of voltage gated calcium channels and 

activation of potassium channels is initiated by the separated Gβγ subunit. This leads to 

changes in calcium influx in cells. Subsequent changes in intracellular effectors lead to 

hydrolysis of guanosine triphosphate (GTP) to guanosine diphosphate (GDP), causing 

inactivation of the α subunit and conjugation with the βγ subunit, leading to receptor 

inactivation and endocytosis.21 As an exception, MOP-R can remain activated for prolonged 

periods following the removal of the ligand, due to a high receptor activation versus 

endocytosis (RAVE) value.4 Chronic activation of MOP-R leads to the super-activation of 

adenyl cyclase resulting in increased cyclic adenosine monophosphate (cAMP), which 

promotes cell survival and proliferation.5 Since opioid analgesics have high affinity for 

MOP-Rs, their use has the potential to stimulate mitogenic signaling via cAMP, in part due 

to the high RAVE value leading to sustained activation of MOP-R.

Association of MOP-R with cancer progression and metastasis

Morphine and its congeners act through MOP-R in the CNS to induce analgesia. However, 

the expression of MOP-R is not limited to the CNS. MOP-R is expressed in non-neuronal 

tissues including immune cells, endothelial cells and tumor cells.21 Opioid-induced cell 

proliferation, growth and migration have been observed in different cell types.6,8,9,12,22–26 In 

human lung, prostate and colon cancer tissues, high expression of MOP-R has been 

observed as compared to healthy tissue.9,18,27–29 We and others demonstrated that MOP-R 

expression is associated with tumor progression (but not tumor initiation) in lung9,12 and 

breast cancer6 in mice. Additionally, in a retrospective clinical study of patients with 

advanced prostate cancer receiving androgen deprivation therapy, we found that greater 

opioid requirement or higher levels of MOP-R expression in the tumor are independently 

associated with shorter progression-free survival and overall survival (Table 1).29 In another 

retrospective study, we showed that higher opioid requirement and severity of cancer pain is 
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associated with shorter survival in advanced non-small cell lung cancer (NSCLC).17 

Furthermore, pain itself may increase the levels of circulating endogenous opioids including 

endorphins.30 It is, therefore, possible that even in patients not receiving pharmacological 

opioid medications, elevated levels of endogenous opioids may themselves activate 

peripheral MOP-Rs and cross-activate signaling pathways that influence tumor progression.

Signaling pathways contributing to opioid-induced angiogenesis and tumor 

growth

We found that physiologic doses of morphine stimulate nitric oxide (NO)-dependent 

mitogen-activated protein kinase (MAPK) and anti-apoptotic protein kinase B (PKB)/Akt 

phosphorylation and cyclin D1 in human dermal microvascular endothelial cells (HDMEC) 

in vitro.8 This mitogenic signaling of morphine led to cell cycle progression and increased 

survival of HDMEC, which translated into promotion of angiogenesis and breast tumor 

growth in mice in vivo. Thus, morphine induces vascular endothelium growth factor 

(VEGF)-like NO-dependent mitogenic signaling.8 Furthermore, morphine has been 

demonstrated to promote angiogenesis, lymphangiogenesis and tumor growth in several 

mouse models of breast and lung cancer [Figure 1].7,8,11,18,22,32–34

Endothelial cell proliferation and migration induced by morphine is further accompanied by 

transactivation of VEGF receptor 2 (VEGFR2)22,35 and/or platelet-derived growth factor 

beta receptor (PDGFR-β).35 The activation of Ras homolog family protein A (RhoA) and 

proto-oncogene tyrosine-protein kinase (Src kinase) downstream of VEGF-signaling is also 

required for morphine-induced endothelial proliferation and migration.22 Additionally, 

VEGF-induced tyrosine phosphatase inhibition promotes Src-mediated activation of Akt and 

mammalian target of rapamycin (mTOR) during angiogenesis.25 Inhibition of angiogenesis 

was observed by using the peripherally acting OP-R antagonist methylnaltrexone (MNTX) 

with high affinity for MOP-R, or by silencing Src, Akt or mTOR complex components, 

suggestive of the involvement of MOP-R in VEGF-like angiogenesis.25

As described above, MOP-R-dependent signaling may contribute to morphine/opioid-

induced tumor progression and angiogenesis. Our group has shown that MOP-Rs and 

receptor tyrosine kinases (RTKs) are expressed and co-localized in advanced lung cancer, 

and that morphine induces RTK activation and signaling, leading to growth and spread of 

lung cancer cells.9 Concurrently, it was demonstrated that MOP-R silencing of Lewis lung 

carcinoma cells (LLC) led to decreased metastasis in mice, and that MOP-R knockout mice 

did not develop significant LLC tumor growth as compared to wild type mice.12 Moreover, 

overexpression of MOP-R in human lung cancers promotes tumor growth and metastases in 

xenografts in mice via Akt and mTOR activation.32 In transgenic mice with breast cancer, 

we found that tumor growth is associated with increased MOP-R expression, and morphine 

stimulates angiogenesis, lymphangiogenesis and tumor growth in this mouse model.6 

Therefore, MOP-R-mediated signaling is important in the promotion of tumor growth and 

metastasis.

Vascular permeability characterized by leaky microvasculature is another important feature 

of cancer.36 Morphine and MOR-specific agonist [D-Ala2, N-MePhe4, Gly-ol]-enkephalin 
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(DAMGO) induced increased permeability in human pulmonary microvascular endothelial 

cells mediated via sphingosine-1 phosphate receptor (S1P3R).34 This barrier dysfunction 

was inhibited by the OP-R antagonist MNTX, suggesting that MOP-R activation may be 

linked to morphine-induced vascular permeability.34 Morphine stimulated platelet-derived 

growth factor (PDGF)-BB expression in endothelial cells in vitro and co-activation of 

PDGFR-β on pericytes recruited to the tumor vasculature in a transgenic breast cancer 

mouse model.37 Increased PDGFR-β in the tumor vasculature may contribute to increased 

vascular permeability via morphine-induced PDGF-BB release.38 These findings 

demonstrate that increased MOP-R expression in the tumor microenvironment, coupled with 

morphine-induced signaling, can promote tumor progression and growth through increased 

vascular permeability, in addition to promotion of angiogenesis. Thus morphine induces 

mitogenic-signaling directly via GPCRs and/or by co-activating RTKs for growth factors, 

thus contributing to angiogenesis, tumor growth and metastasis, and possibly leading to 

chemotherapy resistance. Indeed, a recent study in a nasopharyngeal carcinoma (NPC) 

model demonstrated that low dose morphine can contribute to resistance to chemotherapy 

via inhibition of apoptotic and anti-angiogenic effects of cisplatin.39 Thus strategies to 

inhibit the mitogenic activity of morphine without antagonizing its analgesic activity are 

required.

Chronic administration of morphine also results in in cyclooxygenase-2 (COX-2) in the 

tumor microenvironment.40 NO-induced COX-2 contributes to production of prostaglandin 

E2 (PGE2),41 and PGE2 is known to promote angiogenesis.42–44 We found that co-treatment 

with morphine and the COX-2 inhibitor celecoxib inhibits angiogenesis, tumor growth, 

metastasis and mortality in a mouse model of breast cancer.11 This inhibition is a result of 

decreased morphine-induced expression of COX-2 and PGE2. Co-treatment of mice with 

morphine and celecoxib also led to sustained analgesia over a period of time, suggestive of 

prevention of analgesic tolerance.

On the other hand, some reports suggest that morphine inhibits angiogenesis and tumor 

growth.45,46 Koodie et al found that morphine administration in a murine Lewis lung 

carcinoma model resulted in inhibition of angiogenesis modulated via a reduction in the 

effect of hypoxia inducible factor 1α (HIF1α) on the MAPK pathway.46 In this study, the 

investigators implanted a 75 mg morphine pellet subcutaneously in each mouse. Due to the 

dose dumping effect, about 57% of the morphine in this pellet is released in the circulation 

within the first 36 hours.47 This is estimated to be equivalent to 4.2 grams of morphine/kg 

mouse in this study, which is several thousand fold the dose administered to cancer patients 

with severe pain. Such high doses of morphine can be cytotoxic and even lethal, and 

therefore are not relevant to clinical use.

Role of the inflammatory system in morphine-induced cancer progression

Another possible mechanism by which opioids indirectly promote cancer progression is via 

the modulation of immune response [Figure 1]. Decreased activity of natural killer (NK) 

cells in post-operative patients receiving morphine has been observed.48 Morphine-mediated 

suppression of NK cell activity resulted in promotion of tumor growth in rodent models of 

breast cancer.49,50 These effects could be inhibited in mice treated with the OP-R 
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antagonists naloxone and naltrexone.51 Morphine-induced immune suppression was not 

observed in MOP-R-deficient mice, suggestive of involvement of MOP-R in the inhibition 

of NK cells via morphine.52

Mast cells are tissue-resident immune cells that release a large number of mediators 

including growth factors, neuropeptides, cytokines, chemokines and other molecules, which 

can influence tumor progression and metastasis.53 Mast cells have been implicated in 

angiogenesis and tumor progression via their recruitment and the effects of mediators 

released into the tumor microenvironment.54 Morphine is known to stimulate mast cell 

degranulation.55 Upon activation, mast cells release, among other mediators, the 

neuropeptide substance P (SP).53 The activity of SP is mediated via tachykinin 1 (NK-1) 

receptor.56 Tumor cells overexpress NK-1 receptors, and SP has been shown to enhance 

tumor cell proliferation in different types of cancer cell lines and cancer cell migration in 

pancreatic cancer via NK-1 receptor.57 Additionally, SP induces endothelial cell 

proliferation in vitro and angiogenesis in vivo.58 SP is also known to increase vascular 

permeability in tumors, which can further enhance cancer progression.59 Morphine-induced 

activation of mast cells leads to release of tryptase, which can activate peripheral nerve 

endings via protease activated receptor 2 (PAR2) to cause further SP release. Thus, a feed-

forward cycle of SP from both morphine-induced mast cell activation and subsequent 

activation of peripheral nerve endings coupled with mast cell infiltration and NK-1 receptor 

expression in the tumor microenvironment can lead to altered vascular permeability, 

increased blood flow and neovascularization promoting tumor growth and metastases. 

Indeed, inhibition of NK-1 receptor ameliorated human epidermal growth factor receptor 2 

(HER2) and epidermal growth factor receptor (EGFR)-expressing tumors in a breast cancer 

mouse model.60 SP transactivated HER2 and inhibited responsiveness to the EGFR and 

HER2 tyrosine kinase inhibitors in human breast cancer cells in vitro, and co-treatment with 

a NK-1 receptor inhibitor and a EGFR/HER2 inhibitor resulted in improved response to 

treatment.60 We have recently found that morphine induces mast cell activation in breast 

tumors of a transgenic mouse model, which was associated with increased tumor growth and 

reduced survival compared to the control group.6 In this study, morphine treated mice also 

showed significantly increased mast cell dependent and independent expression of SP as 

compared to vehicle treated mice. Therefore, morphine-induced SP release may contribute 

to pain as well as tumor progression and survival.

SP is also released from nerve fibers and is a critical mediator of chronic pain. An elegant 

study by Magnon et al., showed that nerve fibers permeating and around the prostate cancer 

may play a role in promoting tumor growth and metastases.61 In this study, higher densities 

of sympathetic and parasympathetic nerve fibers in and around the tumor were associated 

with poorer outcomes. Prostate cancer is also associated with severe pain, and it is likely that 

pain due to the activation of nerve fibers in and around the tumor leads to further release of 

SP, which in turn leads to a feed-forward cycle of intractable pain and poorer outcomes. 

While opioids relieve pain on one hand, they might promote tumor growth and metastasis 

directly and by stimulating the release of SP from intratumoral mast cells. Surgical 

procedures may further enhance the release of SP from the nerve endings surrounding the 

tumor and may influence clinical outcomes.
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Role of opioids in cancer progression, metastasis and recurrence in a peri-

operative setting

Dissemination of tumor cells to distant sites through the circulation involves mechanisms 

supporting tumor cell survival, migration and vascular permeability, in addition to factors 

that support homing, and provide a supportive niche for tumor cells to survive, proliferate 

and form a tumor. Solid tumors are removed surgically as a treatment strategy, but a 

significant proportion of cancers recur following surgery.20 Opioids, volatile anesthetics and 

the neuroendocrine stress response to surgery are suggested to be critical factors underlying 

dissemination of cancer cells during and following surgery.62 This is perhaps initiated with 

the escape of tumor cells during surgery and a supportive environment provided by the 

release of endogenous endorphins due to stress and opioids used for analgesia. The signaling 

mechanisms described above suggest a pro-survival, pro-migration and permeability-

promoting role for opioids. Additionally, as described above, pain and the CNS may 

contribute by inhibiting the protective NK cell activity and increasing release of angiogenic 

and growth promoting cytokines. Increased MOP-R expression shown by us in human 

prostate tumors and in advanced mouse breast cancers, may further contribute to the 

increased activity of endogenous opioids released and those used pharmacologically for 

analgesia.6,16 Therefore, use of opioid analgesics during surgery and post-operatively may 

promote the establishment of micrometastases that subsequently lead to clinically evident 

loco-regional recurrence and/or distant metastases. A major challenge in determining the 

impact of opioids in a peri-operative setting is finding the small number of tumor cells that 

may escape from the primary tumor and identifying their homing site, which could vary 

from individual to individual. In spite of major challenges, significant clinical data 

underscore the influence of anesthetic techniques with and without opioids on clinical 

outcomes including cancer progression and recurrence.

It is likely that paravertebral block, a technique of regional anesthesia, prevents the inputs 

from primary afferents to the CNS, thus preventing the subsequent influence on cellular and 

humoral immunity, and reducing requirement for systemic opioids. This may in turn reduce 

the promotion of micrometastases as compared to general anesthesia (GA), which also 

requires systemic opioids for analgesia. The first landmark study, reported in 2006, showed 

improved outcomes using regional anesthesia (paravertebral block) as compared to GA and 

systemic opioids combined.14 In this retrospective study, surgery using paravertebral 

anesthesia showed a significant improvement in recurrence- and metastasis-free survival as 

compared to GA after 24 and 36 months following mastectomy. Notably, in this study GA 

was induced with 1.5–3.0 mg/Kg propofol with 0.5 μg/Kg fentanyl and boluses of 0.5 

mg/Kg morphine intra-operatively, whereas paravertebral anesthesia did not utilize any 

opioids. These data support the mitogenic role of opioids suggested in cellular and 

preclinical studies.

A single exposure of morphine at the cellular level can alter the expression of a wide variety 

of genes including those of cytoskeletal proteins, which are associated with cell migration, a 

critical requirement for the spread of cancer.63 Therefore, even short-term administration of 

opioids, such as that occurs during anesthesia, can alter cellular function. A single gene 
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alteration in tumor cells can stimulate the metastatic process.64 One such gene is NET1, 

which shows increased expression in the lymph nodes of patients with increased risk of 

metastases.65 NET1 leads to actin reorganization and migration of cancer cells.66 Morphine 

has been shown to stimulate NET1-dependent migration of MCF-7 and MDA-MB-231 

breast cancer cells in a dose-dependent manner.10 In addition to tumor cells, the tumor 

microenvironment including angiogenesis discussed above, components of the cellular 

matrix and cytokines are also critical for tumor progression and metastasis. In an elegantly 

designed prospective analysis of estrogen receptor (ER) positive and HER-2-positive breast 

cancer patients undergoing mastectomy or wide local tumor excision, comparison between 

paravertebral and sevoflurane/opioid anesthetics showed a significant difference in cytokine 

and matrix metalloprotease (MMP) levels as well as visual analog scale (VAS) scores for 

pain following surgery.67 In this study significantly improved analgesia was observed with 

paravertebral anesthesia as compared to sevoflurane/opioids after 1 and 2 hours of surgery, 

but not 24 hours post-surgery. Additionally, a significant decrease was observed in the blood 

levels of pro-inflammatory cytokine interleukin (IL)1-β, MMP-3, and MMP-9 with a 

concomitant increase in IL-10 24 hours post-operation in patients who received 

paravertebral anesthesia as compared to those who received sevoflurane/opioid anesthesia. 

In another similar study of women undergoing breast cancer surgery, the GA/opioid 

anesthesia group showed significantly increased serum levels of pro-angiogenic cytokine 

VEGF but decreased TGF-β levels post-surgery when compared to paravertebral block.68 In 

allthese prospective studies paravertebral anesthesia showed a mechanistic advantage by 

reducing the inflammatory, angiogenic and invasive tumor microenvironment while 

improving early analgesic outcomes post-surgery as compared to GA/opioid anesthesia. 

Improved analgesic outcomes up to 2 hours post-surgery in patients receiving paravertebral 

anesthesia as compared to GA/opioids was further validated by a sub-study of an ongoing 

large prospective clinical trial on women undergoing breast cancer surgery.69 As discussed 

above, pain may influence cancer progression and metastasis, thus contributing to poorer 

outcomes. Moreover, it is likely that opioids used with GA may underlie the possible 

promotion of minimal residual disease following surgery. Thus, anesthetic technique-related 

outcomes may play a critical role in cancer recurrence and metastases.

Strategies to ameliorate the adverse effects of opioids with “peripherally 

acting mu-opioid receptor antagonists” (PAMORAs)

Although morphine is commonly used for management of severe pain in cancer, the 

unwanted enhancement of tumor progression and other deleterious multi-organ side effects 

have prompted investigation on strategies to prevent the inadvertent effects of morphine 

without compromising analgesia. To this end, investigations have focused on peripherally 

acting mu-opioid receptor antagonists (PAMORAs), which were primarily developed for 

opioid-induced constipation (OIC). Methylnaltrexone, naloxegol (NKTR-118), and 

alvimopan are in clinical use, and several other oral PAMORAs (TD-1211, ADL-7445, and 

ADL-5945) are being studied.70,71 These antagonists do not cross the blood brain barrier, 

but selectively reverse opioid actions mediated by receptors outside the central nervous 

system, and thus do not influence centrally mediated opioid analgesia. Methylnaltrexone and 

naloxone do not reverse opioid analgesia in non-cancer pain patients, although naloxone, but 
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not methylnaltrexone, triggers central opioid withdrawal.72–74 Phase III trials in patients 

with moderate to severe chronic, non-malignant pain demonstrated that oxycodone in 

combination with naloxone improved bowel function, and relieved pain as effectively as 

oxycodone.75,76

Recently Singleton et al showed that morphine, acting via MOP-R, upregulates multi-drug 

resistance to chemotherapeutic agents in human NSCLC cells; this effect is blocked by 

methylnaltrexone.33 Suzuki et al have shown that methylnaltrexone augments the 

antineoplastic activity of the chemotherapeutic agent docetaxel and improves survival in a 

mouse xenograft model of human gastric cancer.77 Furthermore, MOP-R activation in 

primary afferent CGRP nociceptive fiber free nerve endings in mice was inihibited using a 

PAMORA, HS-731, which produced analgesia primarily through ‘big conductance’ Ca(2+)-

activated K(+) channels.78 More recently, in a randomized placebo-controlled trial on a 

cohort of 370 patients, methylnaltrexone slowed down the progression of advanced illness in 

patients who responded to methylnaltrexone for OIC79, suggestive of effectiveness of 

PAMORAs in treating cancer. Thus PAMORAs may provide additional beneficial effects in 

cancer patients beyond alleviating OIC.

Future directions

In the early 2000s we showed that morphine stimulates pro-angiogenic signaling in vitro 

which translates into angiogenesis and tumor growth in vivo. The first clinical study 

showing the possible association of morphine with breast cancer recurrence and metastases 

following surgery under paravertebral anesthesia compared to GA/opioids, was reported in 

2006.14. However, the translational clinical relevance of these critical findings is limited to 

recent retrospective analyses listed in Table 1. Therefore, well-designed clinical studies are 

required to prospectively test strategies that ameliorate the unwanted effects of systemic 

opioids administered in conjunction with anesthesia in the peri-operative setting.
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Figure 1. 
Morphine promotes tumor growth and metastasis via induction of angiogenesis and 

lymphangiogenesis. Opioids can also have pro-cancer progression effect via dysregulation of 

apoptosis and inhibition of natural killer (NK) cells leading to the reduction in immune 

response. Opioid-induced mast cell activation can lead to enhanced tumor growth via action 

of substance P and other mediators on endothelial cells and tumor cells.
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Table 1

Association of opioids and/or opioid receptors with cancer progression, metastases and patient survival

Cancer type and 
progression

Pain measurement Opioid requirement Outcomes

Metastatic prostate cancer No As a variable of 5 mg OME/day 
increments after diagnosis

Higher MOP-R expression and opioid 
requirement are independently associated 
with reduced progression free survival and 
overall survival.16

Stage IIIB/IV NSCLC Yes High: ≥ 5 mg OME/day
Low: < 5 mg OME/day

Severity of pain and higher opioid 
requirement are independently associated 
with shorter survival.17

Stage I and IIa NSCLC No Post-operative initial 96 hour dose – 
124 OME in 5 yr recurrence free 
patients and 232 mg OME in patients 
with recurrence within 5 yr

Recurrence rate of NSCLC was associated 
with increased opioid dosage during initial 
96 hour postoperative period after video-
assisted thoracoscopic surgery lobectomy 
procedures.19

Stage I-IIIa NSCLC No Intraoperative median of 10.15 μg/kg 
fentanyl equivalent, 233 minutes

Intraoperative opioid usage was found to be 
associated with decreased overall survival in 
stage I patients, while in stage II-IIIa patients 
no such association was found.31

NSCLC No N/A Significantly increased MOP-R expression 
was observed in cancerous lung tissue 
compared to adjacent control tissue; while 
metastatic lung tissue showed two-fold 
increase in MOP-R expression compared to 
the total cohort.18

Abbreviations: oral morphine equivalent (OME), non-small cell lung cancer (NSCLC) and mu-opioid receptor (MOP-R).
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