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Abstract: Opioids are the most effective and widely used treatments for acute and chronic pain in patients with 
cancer. This review focuses on the impact of opioids and mu-opioid receptors (MORs) on the stages of oncologic 
metastasis. Studies have shown that opioids can facilitate tumor progression and are related to a poor prognosis in 
patients with cancer. As the primary receptor for opioids, MORs play a significant role in regulating malignant tumor 
transformation and are involved in processes, such as proliferation, angiogenesis, epithelial-mesenchymal transi-
tion (EMT), circulating tumor cells (CTCs) and the tumor microenvironment (TME). While clinical trials have investi-
gated the relationship between opioids and patient prognosis, further research is needed to clarify the relationship 
between opioids, MORs and metastasis.
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Introduction

Cancer is a major public health issue and a sig-
nificant contributor to the global burden of dis-
ease. According to the Centers for Disease 
Control and Prevention of China, there were 
2.3978 million cancer-related deaths in China 
in 2020 [1]. Many patients with cancer experi-
ence severe, debilitating pain, which is catego-
rized as one of the seven types of chronic pain-
ful conditions [2]. Pain, a common symptom in 
cancer patients, has the potential to elicit sys-
temic inflammation and stimulate the sympa-
thetic nervous system. This can lead to altera-
tions within the tumor microenvironment, the 
stimulation of dormant tumor growth, micro-
metastasis, and the advancement of metastat-
ic diseases, highlighting the urgent need to 
understand the role of opioids in this process 
[3]. Patients with severe cancer-related pain 
often require analgesics such as opioids, in- 
cluding fentanyl, morphine, oxycodone, hydro-
morphone, and tapentadol. These drugs, acting 
as mu-opioid receptor agonists, play a crucial 
role in managing the debilitating pain associat-

ed with cancer, highlighting the significance of 
our research in this field.

Cancer cells and tumor microenvironment cells 
also express mu-opioid receptors (MORs). Re- 
cent evidence suggests that the impact of opi-
oids on signal transduction and the behavior of 
tumor niche cells is significant [4]. Over the past 
20 years, numerous studies have examined the 
relationship between opioid use and MOR use 
with a potential increase in cancer metastasis. 
Animal and human studies have suggested that 
opioid drugs may affect the progression of can-
cer [5]. In contrast, clinically relevant doses of 
morphine can induce apoptosis and necrosis in 
human lung cancer cells [6].

Metastasis, which refers to the proliferation of 
cancer cells to organs that are situated far away 
from their original site, represents the most 
advanced and devastating stage of cancer. 
Metastasis comprises three stages, namely, 
dissemination, dormancy, and colonization, 
which can coexist and overlap over time [7]. 
Metastasis-initiating cells (MICs) originate from 
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primary tumors and acquire the ability to mi- 
grate invasively. During the transmission pro-
cess, tumor cells with oncogenic mutations 
invade deeper tissue layers through the base-
ment membrane and survive. Subsequent to 
this process, intravasation occurs into adjacent 
blood vessels or lymphatic systems, ultimately 
leading to extravasation into remote organs via 
mechanisms such as trans-endothelial migra-
tion, capillary disruption, migration along neu-
ronal pathways, or direct dissemination into 
neighboring spaces, including the peritoneal 
and pleural cavities [8]. MICs have the capabil-
ity to migrate either individually or collectively 
via the bloodstream or lymphatic vessels in the 
form of circulating tumor cells (CTCs). These 
CTCs, frequently encased by platelets, tumor-
derived stromal cells, or neutrophils, possess 
the ability to evade immune surveillance and 
form clusters that exhibit a heightened meta-
static potential compared to single cells [9]. 
Despite the fact that the majority of CTCs are 
eliminated as a result of physical, biochemical, 
and immunological pressures, a portion of 
them become entrapped within the capillary 
beds of remote organs. These cells can migrate 
into the organ parenchyma, transforming into 
disseminated tumor cells (DTCs), and ultimate-
ly giving rise to new metastases. While niche-
specific or systemic immune defenses elimi-
nate most MICs a few survive, undergo revers-
ible growth arrest, and enter a state of immune 
escape. These surviving MICs adapt to organ-
specific environments and use their tumor 
microenvironment (TME) to evade immune sur-
veillance. DTCs are often undetectable by clini-
cal imaging, leaving patients unaware of their 
disease. Clinical metastases arise from suc-
cessful MICs, which have adapted to enable 
the growth and colonization of organs by 
exploiting regenerative, angiogenic, and im- 
mune-suppressive programs, resulting in clini-
cally detectable metastases [7]. This leads to 
uncontrolled tumor growth, resulting in organ 
dysfunction, systemic failure, and ultimately 
death (Figure 1).

This review summarizes the current knowledge 
regarding the impact of opioids and MORs on 
cancer metastasis with experimental and clini-
cal evidence.

Opioids and mu-opioid receptors

The development of opioids, a class of potent 
painkillers, has a rich and complex history 

spanning millennia. Originating from the opium 
poppy, opioids such as morphine were first 
identified and isolated for medical use in the 
19th century [10]. These naturally occurring 
compounds, including morphine and codeine, 
were followed by a surge of synthetic opioids 
like heroin, hydrocodone, oxycodone, and fen-
tanyl in the 20th century [10]. Opioid recep- 
tors are a large family of receptors including 
MORs, delta (δ)-opioid receptors (DORs), kappa 
(κ)-opioid receptors (KORs), and nociceptin 
receptors (NORs), also referred to as opioid-
receptor-like receptor 1 (ORL1) [11]. Opioids 
exert their effects by binding to these recep-
tors, particularly MORs in the brain, triggering 
the release of dopamine associated with feel-
ings of pleasure [12], which contributes to both 
their analgesic and addictive properties.

MORs are key players in the body’s opioid sys-
tem, which is intricately involved in pain percep-
tion, emotional regulation, and addiction. MORs 
belong to the superfamily of G-protein-coupled 
receptors (GPCRs) and are predominantly ex- 
pressed in the central and peripheral nervous 
systems, as well as in various peripheral tis-
sues such as the gut and liver [11]. MORs initi-
ate G-protein-dependent signaling cascades 
involving Gi/oα and Gβγ subunits, as well as 
G-protein-independent pathways which involve 
essential scaffolding proteins, notably β-arre- 
stins [13]. These signaling events ultimately 
lead to a decreased pain perception and the 
promotion of euphoria. In addition to their role 
in pain management and addiction, MORs are 
implicated in a diverse range of physiological 
processes, including stress responses, reward 
processing, and immune modulation [11].

Opioid receptors in cancer cells

Functional opioid receptors are expressed in 
various cancer cell lines and patient samples, 
often showing upregulation in cancer, including 
esophageal cancer, colon cancer, non-small 
cell lung cancer (NSCLC), breast, gastric, liver, 
prostate, and laryngeal cancers [4, 14]. In 
patients with hepatocellular carcinoma or gas-
tric cancer, positive MOR expression is associ-
ated with more aggressive tumors and shorter 
recurrence-free survival and overall survival 
compared to those without MOR expressions 
[15]. Studies have reported that MOR expres-
sion levels are fourfold higher in prostate can-
cer tissues and five- to ten-fold higher in NSCLC 
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tissues than in healthy tissues [16, 17]. MOR-
enriched NSCLC cells showed a 2.5-fold in- 
crease in tumor volume and a 20-fold greater 
metastatic growth in nude mice compared to 
vector control cells [18]. In breast cancer, com-
pared to the propofol-paravertebral anesthetic 
technique, the use of general anesthesia com-
bined with opioid analgesia has been associat-
ed with raised MOR expression in resected 
tumor [19]. Clinical studies showed mixed re- 
sults regarding the impact of opioid exposure 
on cancer outcomes: some found a correlation 
between increased opioid use and reduced 
overall survival (OS) and progression-free sur-

vival (PFS), whereas others reported no signifi-
cant effect [4].

MORs can activate signaling pathways in can-
cer cells. Activation of MORs promotes cross-
talk with the epidermal growth factor receptor 
(EGFR), leading to increased proliferation in 
vitro via the phosphorylation of MAPK, ERK, 
and AKT [20]. MOR agonists also promoted  
the epithelial-mesenchymal transition (EMT) of 
bladder cancer cells by activating the MOR/
PI3K/AKT/Slug signaling pathway [21]. One 
research demonstrated that the interaction 
between MORs and EGFR recruits GAB1, a 

Figure 1. Phases of metastasis. Initially, tumor cells undergo genetic mutations that enable them to detach from the 
primary site. Subsequently, these cells invade surrounding tissues, aided by enzymes that degrade the extracellular 
matrix. As they migrate, these cells may undergo epithelial to mesenchymal transition and enter blood or lymphatic 
vessels, as circulating tumor cells. Eventually, they exit the vessels at distant sites, adhere to new tissue, and pro-
liferate, forming secondary tumors. This process is facilitated by interactions with the host immune system and the 
tumor microenvironment.
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scaffolding protein, and Src, a tyrosine kinase. 
Src’s phosphorylation and activation enable 
GAB1 to serve as a platform for various down-
stream signaling molecules, including phos-
phatidylinositol 3-kinase (PI3K) [22]. When 
MORs are inhibited by an antagonist, the GAB1-
Src complex cannot activate PI3K by phosphor-
ylation. This inhibition affects the phosphoryla-
tion of PI3K, which in turn regulates AKT and 
STAT3, proteins crucial for proliferation, migra-
tion, and EMT [22]. Opioid receptor levels 
increase during angiogenesis, decrease vascu-
lar endothelial growth factor (VEGF) produc-
tion, and alter cell-to-cell adhesion upon mor-
phine administration [4]. Overexpression of 
opioid receptors leads to poor prognosis and a 
higher incidence of tumors.

Opioids suppress immunity through MORs and 
interact with tumor microenvironment cells, 
thereby affecting cancer progression. In vivo, 
opioid alkaloid (morphine, diamorphine) ex- 
periments and in vitro cell culture with these 
drugs revealed immunosuppressive effects. 
The specificity of this immunosuppression to 
MORs has been confirmed using pharmacologi-
cal antagonists and studies with MOR-deficient 
mice [23]. Stromal and immune cells within the 
TME, including macrophages, neutrophils, and 
lymphocytes, also express of opioid receptors 
[13]. For instance, Toll-like receptor 4 (TLR4), a 
key innate immune receptor, enhances cancer 
invasion and fosters inflammation yet aids in 
cancer cell elimination post-treatment. Opioids 
weakly activate TLR4 and modulate its activa-
tion by natural ligands, complicating their net 
effects on cancer progression [24]. Naltrexone, 
an opioid antagonist, may reduce tumor growth 
at low doses by interfering with cell signaling 
and modifying the immune system [25].

How opioids could contribute to cancer metas-
tasis

The role of opioid and mu-opioid receptors in 
proliferation

Undoubtedly, the fundamental characteristics 
of cancer cells are their persistence and long-
term proliferation ability [26]. For visible tumors 
to form, cancer cells must have the potential 
for unlimited proliferation [26]. The increased 
expression of opioid receptors leads to the 
hypothesis that these cancers may also take 
advantage of opioid-induced proliferative sig-

naling [27]. In hepatocellular carcinoma, cell 
lines overexpressing MORs show enhanced cell 
growth and metastasis, similar to the effects 
observed in morphine-treated nontransfected 
control cells, whereas downregulation of MORs 
using siRNA or a MOR antagonist suppresses 
cell proliferation, migration, and invasion [28]. 
The MORs in breast cancer are indirectly relat-
ed to Ki-67 in nodal metastasis [29], and MORs 
antagonists inhibit breast cancer proliferation 
[30]. Morphine has been shown to increase cis-
platin resistance by increasing the Bcl-2/Bax 
ratio and decreasing caspase-3 activity in 
nasopharyngeal cancer [31]. Silencing MORs 
significantly suppress cell proliferation in co- 
lorectal cancer (CRC) cell lines [32]. Fentanyl 
activates ovarian cancer by stimulating EGFR 
signaling pathways in an opioid mu-receptor-
dependent manner [33].

Other studies have reported contrasting ef- 
fects of distinct opioids. For instance, butorph-
anol, a partial agonist of the κ-opioid receptor, 
exerts its inhibitory effect on the proliferation 
and migration of osteosarcoma cells by en- 
hancing the expression of the piRNA hsa_
piR_006613 [34]. Sufentanil inhibits the prolif-
eration, migration, invasion, and EMT of lung 
cancer cells by regulating the Wnt/β-catenin 
signaling pathway [35]. Additionally, fentanyl 
administration decreased the number of can-
cer stem cells in pancreatic cancer cells, 
reduced the expression of stem cell markers 
and increased the expression of apoptosis-
related genes [36].

Opioids affect cancer cell EMT

MORs mediate EMT via the PI3K/AKT signaling 
pathway, whereas silencing MORs significantly 
suppress EMT, as well as reduce cell prolifera-
tion, migration, and invasion [32]. Opioid treat-
ment resulted in the downregulation of E-cad- 
herin and increased expression of EMT mark-
ers in breast cancer [37]. Fentanyl upregulat- 
ed FUT8 expression, which increased α1,6-
fucosylation levels through activation of the 
Wnt/β-catenin signaling pathway and induced 
stemness and EMT in breast cancer cells [38]. 
MORs overexpression in human lung cancer 
cells increases levels of snail, slug and vimentin 
while decreasing levels of ZO-1 and claudin-1, 
which are consistent with an EMT phenotype 
[22]. MORs overexpression in hepatocellular 
carcinoma cell lines enhance proliferation, 
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migration, and invasion [39]. In addition, mor-
phine increased the expression of RhoA, acti-
vated the AMP-activated protein kinase (AMPK) 
pathway, and induced EMT by upregulating 
Snail and Slug levels in esophageal carcinoma 
cells [40]. The low-dose MORs antagonist nal-
trexone suppressed migration, invasion, prolif-
eration, and promoted apoptosis in HeLa cells 
in vivo by reducing the number of tumor-associ-
ated macrophages [41]. Fentanyl concentra-
tions of 50 and 250 nM significantly increased 
the migration of NSCLC cell lines [42].

The impact of opioids on cancer cell migration 
and invasion remains controversial and debat-
able. Naltrexone, a MOR antagonist, reduces 
the expression of epithelial markers and in- 
creases the expression of mesenchymal mark-
ers and EMT-inducing transcription factors, 
leading to a shift in the morphological pheno-
type of bladder cancer cells towards a mesen-
chymal phenotype [43]. In contrast, the com- 
bination of sufentanil and parecoxib sodium 
inhibited the progression of HER2-positive 
breast cancer cells by affecting cell prolifera-
tion, the migration, invasion, cell cycle, and 
angiogenesis while also regulating EMT [44]. 
Additionally, sufentanil inhibits EMT in esopha-
geal and breast cancers by modulating the 
NF-κB and Snail signaling pathways [45, 46].

Angiogenesis

Angiogenesis is regulated by various factors, 
and the role of MORs on tumor angiogenesis is 
being increasingly recognized. Morphine, fen-
tanyl, and oxycodone exhibit dose-dependent 
enhancement of endothelial cell tube forma-
tion and proliferation, with morphine specifi-
cally stimulating angiogenesis through the acti-
vation of MAPK pathways [47]. Morphine has 
been employed as a preferred opioid for elicit-
ing opioid receptor-independent angiogenesis, 
involving the activation of VEGF receptors 
(VEGFRs), ultimately facilitating the process of 
blood vessel formation [48]. Upregulation of 
MORs produces nitric oxide (NO) by enhancing 
calcium concentrations within vascular endo-
thelial cells [49]. NO contributes to endothelial 
cell proliferation, vascular permeability, migra-
tion, and protease release [50]. Moreover, it 
has been demonstrated that morphine stimu-
lates c-Src-dependent VEGFR transactivation 
in endothelial cells in an opioid receptor-inde-

pendent manner, promoting cell proliferation 
and migration [51]. Morphine can inhibit TSP-1 
secretion, thereby promoting tumor angiogene-
sis and metastasis through the PI3K/Akt/c-
Myc pathway [52]. In a breast cancer xenograft 
mouse model, long-term subcutaneous mor-
phine injections enhanced neo angiogenesis 
[53] and increased tumor angiogenesis through 
cytokine release and mast cell activation [54]. 
Fentanyl also stimulates tumor angiogenesis 
through activation of the early stages of vascu-
lar network assembly in human lung tumor-
associated endothelial cells [42].

In some reports, opioids have been shown to 
inhibit angiogenesis. For instance, butorpha-
nol, a synthetic opioid, exerts antiangiogenic 
and antimetastatic effects on hepatocellular 
carcinoma and induces the inactivation of 
MAPK signaling [55]. After chronic systemic 
application of morphine, the vascularization of 
Matrigel plugs containing lipopolysaccharide  
or the angiogenic factors VEGF and FGF is 
impaired [56]. Morphine inhibits tumor angio-
genesis through the HIF-1α-p38-MAPK path-
way [57]. The KOR also impedes angiogenesis 
by suppressing VEGF expression in endothelial 
cells, thereby delaying tumor-associated blood 
vessel growth [58]. In melanoma and lung 
tumor mouse models, κ-receptor knockout 
mice exhibited increased angiogenesis com-
pared to their wild-type counterparts [59]. In 
breast cancer, KOR may function as a tumor 
suppressor by inhibiting angiogenesis [60]. 
However, the mechanisms underlying KOR’s 
inhibition of angiogenesis remain to be fully 
examined, and further research is necessary.

Opioids affect CTCs

CTCs are released from primary and/or meta-
static tumors into the bloodstream, with the 
ultimate goal of seeding metastases at distant 
sites, and they serve as crucial components in 
determining cancer prognosis [9]. Despite their 
importance, research on the impact of opioid 
therapy on CTCs is limited. Studies have dem-
onstrated that CTCs are independently associ-
ated with increased tumor metastasis and re- 
duced OS [61]. Moreover, mu-opioid receptor 
agonists promoted bladder cancer metastasis 
by facilitating CTC formation both in vitro and in 
vivo. This effect is at least partly due to the ac- 
tivation of the MOR/PI3K/AKT/Slug signaling 
pathway [21].
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Opioids affect the tumor microenvironment

The TME encompasses the intricate microenvi-
ronment surrounding tumor cells, comprising 
neighboring blood vessels, immune cells, fi- 
broblasts, bone marrow-derived inflammatory 
cells, an array of signaling molecules, and the 
extracellular matrix (ECM) [62]. The TME plays  
a critical role in promoting tumor cell prolifera-
tion and angiogenesis, inhibiting apoptosis and 
immune system suppression, and contributing 
to drug resistance [62]. Opioids have consis-
tently been shown to exhibit immunosuppres-
sive effects, compromising both innate immu- 
ne responses (including neutrophil and macro-
phage phagocytosis, natural killer (NK) cell 
cytotoxic activity, chemotaxis, as well as the 
production of cytokines and chemokines) and 
adaptive immune responses (including T and B 
cell proliferative responses to mitogens, cyto-
kine production, modulation of regulatory T 
cells, and the formation and secretion of anti-
bodies) [63].

MORs are expressed in various immune cells 
[64]. Opioids predominantly exert immunosup-
pressive effects on immune cells within the 
TME [65], including NK cell activity [66], T and 
B-cell responses to mitogens [67], neutrophil 
and macrophage phagocytosis, and cytokine 
expression, all of which contribute to acceler-
ated tumor progression [65]. Morphine can 
activate the D1 dopamine receptor and stimu-
late neuropeptide Y secretion, thereby inhibit-
ing splenic NK cell cytotoxicity by binding to 
peripheral Y1 receptors [68]. Additionally, the 
proliferation of T lymphocytes was inhibited in 
mice following 48 to 72 hours of morphine pel-
let implantation, indicating morphine’s sup-
pressive effect on T lymphocyte function [68]. 
Morphine also decreases B-cell proliferation 
through the actions of IgM and interleukin-4  
(IL-4) [69], and increases the expression of the 
inhibitory checkpoint protein PD-L1 in non-
small cell lung cancer, mediated via TLR4, thus 
promoting tumor immune escape [63]. Further- 
more, opioids can alter or reduce immune cell 
infiltration into the TME [65].

Activated inflammatory cells release multiple 
inflammatory mediators and molecules, such 
as TNF-α, IL-2, and IL-6, which alter the TME, 
making it more conducive to malignant tumor 
progression [70]. Morphine promotes tumor 

progression by inhibiting the release of IL-4 and 
macrophage activity in mice [71]. Opioids also 
stimulate mast cell activation, resulting in the 
release of inflammatory cytokines, neuropep-
tides such as substance P (SP), and tryptase 
[72]. Mast cells play a role in modulating the 
TME and facilitating metastasis via c-Kit [73]. 
NF-κB is the key regulator of cancer-associated 
inflammation in both nonmalignant cells (e.g., 
tumor-associated macrophages) and cancer 
cells, and the NF-κB pathway can be sustain-
ably activated by opioids, accelerating the 
transformation of normal cells into tumor cells 
[74]. In the clinic, high-dose intraoperative opi-
oid administration has been associated with an 
increased neutrophil-to-lymphocyte ratio and  
a decreased lymphocyte-to-monocyte ratio, 
which are inflammatory biomarkers, in postop-
erative patients with glioma [75]. In patients 
who underwent gastric cancer surgery, IL-6, 
IL-10, and sIL-2R levels increased 24 h post-
surgery in the morphine patient-controlled 
intravenous analgesia group compared to 
those receiving tramadol alone or tramadol 
combined with lornoxicam [76].

However, there are distinct opinions regarding 
this matter. Long-term administration or high 
doses of morphine may inhibit malignant tu- 
mor progression through the cAMP-PKA-NF- 
κB cascade [77]. For instance, morphine was 
shown to reduce IL-1α and IL-6 in oral epithelial 
cells after ionizing radiation, providing protec-
tive and anti-inflammatory effects on damaged 
cells [78]. Additionally, intraperitoneal injection 
of morphine in mice resulted in decreased lev-
els of matrix metalloproteinase 9 (MMP-9) and 
inhibited TIMP-1, TIMP-3 and TIMP-4, reduced 
the invasion and chemotactic potential of  
endothelial cells [79]. MMPs play a role in 
matrix degradation, angiogenesis, embryogen-
esis, wound healing, and tumor progression by 
promoting tissue remodeling [80].

Clinical

Numerous studies have demonstrated a link 
between MORs expression and tumor progres-
sion. Since these initial studies, many clinical 
studies have evaluated the effect of opioids  
on the prognosis of patients with cancer. A  
pan-cancer genomic analysis including 7274 
patients indicates that MORs mRNA overex-
pression is associated with poor prognosis and 



Opioids and metastasis

4242	 Am J Cancer Res 2024;14(9):4236-4247

poor response to PD-L1 therapy [81]. Moreover, 
various patient characteristics, such as dis-
ease type, opioid agonist type, agonist efficacy, 
cancer stage, analgesia duration, and disease 
severity, strongly influence clinical results, as 
shown in Table 1.

In a clinical trial involving patients with bla- 
dder cancer patients conducted in June 2020, 
researchers compared the total epithelial CTCs 
in two groups: one receiving combined general-
epidural anesthesia (GA+E) with only a mini- 
mal dose of MORs agonists during anesthesia 
induction and the other receiving general anes-
thesia (GA) group. These findings indicated that 
on the 3rd day after surgery, the GA+E group 
had significantly fewer CTCs compared to the 
GA group, and this difference persisted one 
month after surgery [21]. The decline in CTC 
numbers at various time points, immediately 
after surgery, on the 3rd day post-surgery, and 
1 month post-surgery, was notably more pro-
nounced in the GA+E group than in the GA 
group in most cases [21]. This research indi-
cated that perioperative opioid administration 
was found to stimulate the formation of CTCs  
in patients with bladder cancer undergoing sur-
gical procedures.

Other articles have provided substantial evi-
dence of the tumor-promoting effect of opioids 
on cancer biology. MORs have been identified 
as independent predictors of poor disease-free 
survival and OS in patients with laryngeal squa-
mous cell carcinoma [28]. A retrospective anal-
ysis of patients with advanced prostate cancer 
showed increased MOR expression, with chron-
ic systemic opioid treatment linked to poor pro-
gression-free survival and OS [17]. In another 
study used 180 paraffin-embedded samples of 
paired tumors and normal tissues from CRC 
patients to explore the expression levels of 
MORs by immunohistochemistry (IHC) and re- 
vealed that MORs exhibit significantly higher 
expression in tumors compared with paired 
normal tissues. MOR expression level has been 
associated with tumor differentiation and re- 
gional lymph node metastasis [32]. A signifi-
cant difference was found in OS between 
patients with low- and high-MORs expression, 
especially in patients with TNM stage III or IV 
CRC [32]. In addition, chronic opioid use may 
increase the risk of secondary breast cancer 
events in patients with early-stage breast can-
cer [82].

However, other studies have reported contra-
dictory finding. Patients who underwent esoph-
ageal gastrectomy showed improved survival 
and decreased recurrence time with opioid 
analgesia for gastroesophageal cancer [83]. 
Similarly, acute morphine use during surgery 
significantly reduces cancer recurrence in 
patients with breast cancer [84]. A systematic 
review of the literature revealed no conclusive 
evidence suggesting that avoiding opioids 
would minimize the risk of recurrence in pa- 
tients with colorectal cancer [85].

Conclusion and future directions

Although preclinical studies are crucial for mod-
eling complex biological systems and under-
standing in vivo tumor pathology and further 
researches are needed to elucidate the effect 
of opioids and MORs on metastasis. Opioids 
remain a primary treatment for cancer-related 
pain and are commonly used during cancer sur-
gery. However, their potential tumor-promoting 
effects cannot be overlooked. Additional re- 
search is needed to clarify the indirect and 
direct mechanisms through which opioids and 
MORs influence oncologic metastasis. Clinical 
trials are essential to assess the effectiveness 
of targeted MORs therapies in cancer treat-
ment, with the aim of lowering morbidity and 
mortality rates as well as enhancing overall 
quality of life.
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Table 1. Clinical research about MOR, opioids, and outcome
Authors Year Organ(s) Patient Sample(s) Methods Conclusion
X Wang, et al. 
(PMID: 36739595)

2023 Bladder 44 Two groups: a GA group or a combined GA+E group. GA group received 
regular GA, which utilized sufentanil and remifentanil for pain relief dur-
ing surgery and sufentanil for postoperative pain control. GA+E group 
received a combined epidural-GA, where both intra- and postoperative 
pain relief was provided by epidural ropivacaine.

On the 3rd day post-surgery, CTCs numbers were significantly lower in 
the GA+E group than in the GA group, and this effect was still observed 
at the 1 month after surgery time point.

Lili Yu, et al. (PMID: 
36585623)

2022 Breast 526 Patients were recruited and randomized into general anesthesia group 
and general anesthesia with Pectoral nerve block type II block group.

Pectoral nerve block type II declined the remifentanil consumption and 
had no significant influence on the OS and RFS of breast cancer pa-
tients compared with the general anesthesia group (more remifentanil).

Steele GL, et al. 
(PMID: 32482952)

2020 Pancreas 103 Patients with metastatic pancreatic adenocarcinoma received che-
motherapy, in addition to pain, opioid exposure, survival, and imaging 
response. Mu-opioid receptor expression was evaluated using an im-
munohistochemistry assay.

High opioid use is associated with decreased survival, but the severity of 
baseline pain and mu-opioid receptor expression score in tumor tissue 
does not correlate with clinical outcomes.

H Zhang, et al. 
(PMID: 32900505)

2020 Laryngeal 207 Retrospective study. The expression pattern of the MOR protein and 
OPRM1 gene in tumors and corresponding adjacent non-carcinoma 
specimens was measured. Propensity score matching was used to 
minimise bias. The primary endpoints were OS and DFS.

Increased mu-opioid receptor expression is associated with reduced 
disease-free and overall survival in laryngeal squamous cell carcinoma.

Boudreau DM, 
et al. (PMID: 
30945381)

2019 Breast 4216 Cohort study of women ≥18 years, diagnosed with early-stage breast 
cancer. Chronic opioid use was defined as 75+ days of use in any mov-
ing 90-day window after breast cancer diagnosis and varied to 150+ 
days in a 180-day window in a sensitivity analysis.

Breast cancer survivors who consistently utilize opioids for a prolonged 
duration are at a higher risk of experiencing a recurrence or develop-
ment of a second breast cancer event.

Hasegawa T, et al. 
(PMID: 29893612)

2018 Lung 150 OS, opioid requirements, opioid doses, pain levels, and prognostic fac-
tors of advanced NSCLC were evaluated.

The opioid dose does not shorten the survival of patients with advanced 
NSCLC. The opioid requirement is associated with shorter survival when 
opioids are administered any time during the clinical course, indepen-
dent of the influence of other key factors.

Kim N Du, et al. 
(PMID: 29757780)

2018 Esopha-
geal

1153 Records of patients who had undergone esophageal cancer surgery 
were reviewed. Comparisons were made between patients who received 
high versus low intraoperative doses of opioids.

The amounts of intraoperative opioids used are associated with recur-
rence and OS in patients with esophageal squamous cell carcinoma. 
The association between the dose of intraoperative opioids used and 
RFS was marginally significant in patients with adenocarcinoma.

Akbari M, et al. 
(PMID: 26317596)

2015 Bladder 198 Patients and healthy individuals (matched in age, sex and residence 
(urban/rural)) were investigated. Data about the consumption of opium 
and its derivatives, tobacco, alcohol and diet were collected using a 
structured valid and reliable questionnaire.

Opium consumption was associated with an increased risk of bladder 
cancer.

Cronin-Fenton 
DP, et al. (PMID: 
26207518)

2015 Breast 34188 Opioid prescriptions were ascertained from the authority. Follow-up 
began on the date of primary surgery for breast cancer and continued 
until breast cancer recurrence, death, emigration, 10 years, or July 31, 
2013, whichever occurred first.

No clinically relevant evidence of an association between opioid pre-
scriptions and breast cancer recurrence.

Cata JP, et al. 
(PMID: 26371714)

2015 Laryngeal 195 Patients with laryngeal primary or recurrent laryngeal squamous cell 
carcinoma who had surgery were included. Intravenous opioids and 
other factors were applied to assess the effects of covariates of interest 
on OS and RFS.

The association between intraoperative opioid use and cancer recur-
rence after laryngeal squamous cell carcinoma surgery was weak.

Minami S, et al. 
(PMID: 25564223)

2015 Lung 369 Compared survival times, calculated from the time of the last hospital-
ization or the last chemotherapy, between patients who had not used 
any opioids, those who had used a low dose (<60 mg/day), and those 
who had used a higher dose (≥60 mg/day).

Opioid use had no significant adverse effect on survival in patients.

Forget P, et al. 
(PMID: 21946823)

2011 Prostate 1111 Retrospective study includes 1111 consecutive retropubic radical pros-
tatectomies (RRPs) for localized prostate cancer. Median follow-up was 
38 months (interquartile range 16-69).

Intraoperative sufentanil administration is associated with an increased 
risk of cancer relapse, whereas epidural analgesia, with local anesthetic 
and opioid, was not associated with a significant effect.

GA: general anesthesia. GA+E: general-epidural anesthesia. CTCs: circulating tumor cells. OS: overall survival. RFS: recurrence free survival. DFS: disease-free survival. NSCLC: non small-cell lung cancer.



Opioids and metastasis

4244	 Am J Cancer Res 2024;14(9):4236-4247

opaedics, Shandong Provincial Hospital Affi- 
liated to Shandong First Medical University (No. 
ZR2021MH301).

Disclosure of conflict of interest

None.

Address correspondence to: Hui Zheng, Depart- 
ment of Anesthesiology, National Cancer Center/
National Clinical Research Center for Cancer/Cancer 
Hospital, Chinese Academy of Medical Sciences  
and Peking Union Medical College, Beijing 100021, 
China. Tel: +86-010-67781331; E-mail: zheng-
hui0715@hotmail.com; Gongming Wang, Depart- 
ment of Anesthesiology, Shandong Provincial Hos- 
pital Affiliated to Shandong First Medical University, 
Jinan 250021, Shandong, China. Tel: +86-0531-
68776200; E-mail: tagmwang1971@163.com

References

[1]	 Qi J, Li M, Wang L, Hu Y, Liu W, Long Z, Zhou Z, 
Yin P and Zhou M. National and subnational 
trends in cancer burden in China, 2005-20: an 
analysis of national mortality surveillance 
data. Lancet Public Health 2023; 8: e943-
e955.

[2]	 Bennett MI, Kaasa S, Barke A, Korwisi B, Rief 
W and Treede RD; IASP Taskforce for the 
Classification of Chronic Pain. The IASP classi-
fication of chronic pain for ICD-11: chronic 
cancer-related pain. Pain 2019; 160: 38-44.

[3]	 Mills SEE, Nicolson KP and Smith BH. Chronic 
pain: a review of its epidemiology and associ-
ated factors in population-based studies. Br J 
Anaesth 2019; 123: e273-e283.

[4]	 Bhoir S, Uhelski M, Guerra-Londono JJ and 
Cata JP. The role of opioid receptors in cancer. 
Adv Biol (Weinh) 2023; 7: e2300102.

[5]	 Montazeri A. Quality of life data as prognostic 
indicators of survival in cancer patients: an 
overview of the literature from 1982 to 2008. 
Health Qual Life Outcomes 2009; 7: 102.

[6]	 Patino MA, Ramirez RE, Perez CA, Feng L, 
Kataria P, Myers J and Cata JP. The impact of 
intraoperative opioid use on survival after oral 
cancer surgery. Oral Oncol 2017; 74: 1-7.

[7]	 Gerstberger S, Jiang Q and Ganesh K. 
Metastasis. Cell 2023; 186: 1564-1579.

[8]	 Lambert AW, Pattabiraman DR and Weinberg 
RA. Emerging biological principles of metasta-
sis. Cell 2017; 168: 670-691.

[9]	 Ring A, Nguyen-Sträuli BD, Wicki A and Aceto 
N. Biology, vulnerabilities and clinical applica-
tions of circulating tumour cells. Nat Rev 
Cancer 2023; 23: 95-111.

[10]	 Brook K, Bennett J and Desai SP. The chemical 
history of morphine: an 8000-year journey, 
from resin to de-novo synthesis. J Anesth Hist 
2017; 3: 50-55.

[11]	 Herman TF, Cascella M and Muzio MR. Mu re-
ceptors. StatPearls. Treasure Island (FL) ineli-
gible companies. Disclosure: Marco Cascella 
declares no relevant financial relationships 
with ineligible companies. Disclosure: Maria 
Rosaria Muzio declares no relevant financial 
relationships with ineligible companies.: Stat- 
Pearls Publishing Copyright © 2024, StatPearls 
Publishing LLC.; 2024.

[12]	 Williams JT, Ingram SL, Henderson G, Chavkin 
C, von Zastrow M, Schulz S, Koch T, Evans CJ 
and Christie MJ. Regulation of μ-opioid recep-
tors: desensitization, phosphorylation, inter-
nalization, and tolerance. Pharmacol Rev 
2013; 65: 223-254.

[13]	 Carli M, Donnini S, Pellegrini C, Coppi E and 
Bocci G. Opioid receptors beyond pain control: 
the role in cancer pathology and the debated 
importance of their pharmacological modula-
tion. Pharmacol Res 2020; 159: 104938.

[14]	 Lahav Y, Cohen O, Huszar M, Levy I, Cata JP, 
Halperin D and Shoffel-Havakuk H. Mu-opioid 
receptor expression in laryngeal cancer. J 
Voice 2023; 37: 433-439.

[15]	 Díaz-Cambronero O, Mazzinari G, Giner F, 
Belltall A, Ruiz-Boluda L, Marqués-Marí A, Sán- 
chez-Guillén L, Eroles P, Cata JP and Argente-
Navarro MP. Mu opioid receptor 1 (MOR-1) ex-
pression in colorectal cancer and oncological 
long-term outcomes: a five-year retrospective 
longitudinal cohort study. Cancers (Basel) 
2020; 12: 134.

[16]	 Mathew B, Lennon FE, Siegler J, Mirzapoiazova 
T, Mambetsariev N, Sammani S, Gerhold LM, 
LaRiviere PJ, Chen CT, Garcia JG, Salgia R, 
Moss J and Singleton PA. The novel role of the 
mu opioid receptor in lung cancer progression: 
a laboratory investigation. Anesth Analg 2011; 
112: 558-567.

[17]	 Zylla D, Gourley BL, Vang D, Jackson S, 
Boatman S, Lindgren B, Kuskowski MA, Le C, 
Gupta K and Gupta P. Opioid requirement, opi-
oid receptor expression, and clinical outcomes 
in patients with advanced prostate cancer. 
Cancer 2013; 119: 4103-4110.

[18]	 Lennon FE, Mirzapoiazova T, Mambetsariev B, 
Salgia R, Moss J and Singleton PA. Over- 
expression of the μ-opioid receptor in human 
non-small cell lung cancer promotes Akt and 
mTOR activation, tumor growth, and metasta-
sis. Anesthesiology 2012; 116: 857-867.

[19]	 Levins KJ, Prendeville S, Conlon S and Buggy 
DJ. The effect of anesthetic technique on 
µ-opioid receptor expression and immune cell 

mailto:zhenghui0715@hotmail.com
mailto:zhenghui0715@hotmail.com
mailto:tagmwang1971@163.com


Opioids and metastasis

4245	 Am J Cancer Res 2024;14(9):4236-4247

infiltration in breast cancer. J Anesth 2018; 32: 
792-796.

[20]	 Fujioka N, Nguyen J, Chen C, Li Y, Pasrija T, 
Niehans G, Johnson KN, Gupta V, Kratzke RA 
and Gupta K. Morphine-induced epidermal 
growth factor pathway activation in non-small 
cell lung cancer. Anesth Analg 2011; 113: 
1353-1364.

[21]	 Wang X, Zhang S, Jin D, Luo J, Shi Y, Zhang Y, 
Wu L, Song Y, Su D, Pan Z, Chen H, Cao M, 
Yang C, Yu W and Tian J. µ-opioid receptor ago-
nist facilitates circulating tumor cell formation 
in bladder cancer via the MOR/AKT/Slug path-
way: a comprehensive study including random-
ized controlled trial. Cancer Commun (Lond) 
2023; 43: 365-386.

[22]	 Lennon FE, Mirzapoiazova T, Mambetsariev B, 
Poroyko VA, Salgia R, Moss J and 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: 
e91577.

[23]	 Eisenstein TK. The role of opioid receptors in 
immune system function. Front Immunol 
2019; 10: 2904.

[24]	 Scroope CA, Singleton Z, Hollmann MW and 
Parat MO. Opioid receptor-mediated and non-
opioid receptor-mediated roles of opioids in 
tumour growth and metastasis. Front Oncol 
2021; 11: 792290.

[25]	 Couto RD and Fernandes BJD. Low doses nal-
trexone: the potential benefit effects for its use 
in patients with cancer. Curr Drug Res Rev 
2021; 13: 86-89.

[26]	 Hanahan D and Weinberg RA. The hallmarks of 
cancer. Cell 2000; 100: 57-70.

[27]	 Zhang H, Sun M, Zhou D, Gorur A, Sun Z, Zeng 
W, Cata JP, Chen W and Miao C. Increased mu-
opioid receptor expression is associated with 
reduced disease-free and overall survival in 
laryngeal squamous cell carcinoma. Br J 
Anaesth 2020; 125: 722-729.

[28]	 Chen DT, Pan JH, Chen YH, Xing W, Yan Y, Yuan 
YF and Zeng WA. The mu-opioid receptor is a 
molecular marker for poor prognosis in hepato-
cellular carcinoma and represents a potential 
therapeutic target. Br J Anaesth 2019; 122: 
e157-e167.

[29]	 De Sousa AM, Dantas TS, Barros Silva PG, 
Martins CDS, Freire GE, Junior HLR, Brito GAC, 
Pereira KMA and Leitão RFC. Analysis of the 
immunoexpression of opioid receptors and 
their correlation with markers of angiogenesis, 
cell proliferation and apoptosis in breast can-
cer. Asian Pac J Cancer Prev 2021; 22: 633-
640.

[30]	 Cronin-Fenton D. Opioids and breast cancer 
recurrence. Curr Opin Support Palliat Care 
2019; 13: 88-93.

[31]	 Cao LH, Li HT, Lin WQ, Tan HY, Xie L, Zhong ZJ 
and Zhou JH. Morphine, a potential antagonist 
of cisplatin cytotoxicity, inhibits cisplatin-in-
duced apoptosis and suppression of tumor 
growth in nasopharyngeal carcinoma xeno-
grafts. Sci Rep 2016; 6: 18706.

[32]	 Gao L, Yang L, He Y, Liu Y, Xu P, Zhang J, Dai S, 
Luo X and Sun Z. MOR promotes epithelial-
mesenchymal transition and proliferation via 
PI3K/AKT signaling pathway in human colorec-
tal cancer. Acta Biochim Biophys Sin (Shanghai) 
2022; 55: 72-80.

[33]	 Xiao K, Zheng Q and Bao L. Fentanyl activates 
ovarian cancer and alleviates chemotherapy-
induced toxicity via opioid receptor-dependent 
activation of EGFR. BMC Anesthesiol 2022; 
22: 268.

[34]	 Cui P, Xin D, Li F, Deng L and Gao Y. Butorphanol 
suppresses the proliferation and migration of 
osteosarcoma by promoting the expression of 
piRNA hsa_piR_006613. Front Oncol 2022; 
12: 775132.

[35]	 Guan M, Huang Y and Lin X. Sufentanil inhibits 
the proliferation and epithelial mesenchymal 
transition of lung cancer cells through Wnt/
beta-catenin signaling pathway. Bioengineered 
2022; 13: 10857-10865.

[36]	 Celik F and Duran T. Effects of fentanyl on pan-
creatic cancer cell proliferation and cancer 
stem cell differentiation. Cell Mol Biol (Noisy-
le-grand) 2019; 65: 21-25.

[37]	 Tripolt S, Neubauer HA, Knab VM, Elmer DP, 
Aberger F, Moriggl R and Fux DA. Opioids drive 
breast cancer metastasis through the δ-opioid 
receptor and oncogenic STAT3. Neoplasia 
2021; 23: 270-279.

[38]	 Yang HF, Yu M, Jin HD, Yao JQ, Lu ZL, Yabasin 
IB, Yan Q and Wen QP. Fentanyl promotes 
breast cancer cell stemness and epithelial-
mesenchymal transition by upregulating α1, 
6-fucosylation via Wnt/β-catenin signaling 
pathway. Front Physiol 2017; 8: 510.

[39]	 Lin ZZ, Bo N, Fan YC, Wu YT, Yao HL, Chen S, Yu 
HF and Jiang LH. Xanthomicrol suppresses hu-
man hepatocellular carcinoma cells migration 
and invasion ability via Μu-opioid receptor. J 
Pharm Pharmacol 2022; 74: 139-146.

[40]	 Zhang J, Yao N and Tian S. Morphine stimu-
lates migration and growth and alleviates the 
effects of chemo drugs via AMPK-dependent 
induction of epithelial-mesenchymal transition 
in esophageal carcinoma cells. Biol Pharm Bull 
2020; 43: 774-781.

[41]	 Liu N, Ma M, Qu N, Wang R, Chen H, Hu F, Gao 
S and Shan F. Low-dose naltrexone inhibits the 
epithelial-mesenchymal transition of cervical 
cancer cells in vitro and effects indirectly on 
tumor-associated macrophages in vivo. Int 
Immunopharmacol 2020; 86: 106718.



Opioids and metastasis

4246	 Am J Cancer Res 2024;14(9):4236-4247

[42]	 Liu W, Chen Y, Xu W, Wang W, Tang L, Xia R  
and Zhu Q. Fentanyl stimulates tumor angio-
genesis via activating multiple pro-angiogenic 
signaling pathways. Biochem Biophys Res 
Commun 2020; 532: 225-230.

[43]	 Wang X, Zhang R, Wu T, Shi Y, Zhou X, Tang D, 
Yu W, So EC, Wu X, Pan Z and Tian J. Successive 
treatment with naltrexone induces epithelial-
mesenchymal transition and facilitates the 
malignant biological behaviors of bladder can-
cer cells. Acta Biochim Biophys Sin (Shanghai) 
2021; 53: 238-248.

[44]	 Xu S, Li X, Li W, Ma N, Ma H, Cui J, You X and 
Chen X. Sufentanil combined with parecoxib 
sodium inhibits proliferation and metastasis of 
HER2-positive breast cancer cells and regu-
lates epithelial-mesenchymal transition. Clin 
Exp Metastasis 2023; 40: 149-160.

[45]	 Tang H, Li C, Wang Y and Deng L. Sufentanil 
inhibits the proliferation and metastasis of 
esophageal cancer by inhibiting the NF-κB and 
snail signaling pathways. J Oncol 2021; 2021: 
7586100.

[46]	 Li M, Gu K, Kong Q, Wang G and Gu J. Sufentanil 
inhibits the metastasis and immune response 
of breast cancer via mediating the NF-κB path-
way. Immunopharmacol Immunotoxicol 2023; 
45: 663-671.

[47]	 Feng T, Zeng S, Ding J, Chen G, Wang B, Wang 
D, Li X and Wang K. Comparative analysis of 
the effects of opioids in angiogenesis. BMC 
Anesthesiol 2021; 21: 257.

[48]	 Gupta K, Kshirsagar S, Chang L, Schwartz R, 
Law PY, Yee D and Hebbel RP. Morphine stimu-
lates angiogenesis by activating proangiogenic 
and survival-promoting signaling and promotes 
breast tumor growth. Cancer Res 2002; 62: 
4491-4498.

[49]	 Hsiao PN, Chang MC, Cheng WF, Chen CA, Lin 
HW, Hsieh CY and Sun WZ. Morphine induces 
apoptosis of human endothelial cells through 
nitric oxide and reactive oxygen species path-
ways. Toxicology 2009; 256: 83-91.

[50]	 Ziche M and Morbidelli L. Nitric oxide and an-
giogenesis. J Neurooncol 2000; 50: 139-148.

[51]	 Singleton PA, Lingen MW, Fekete MJ, Garcia JG 
and Moss J. Methylnaltrexone inhibits opiate 
and VEGF-induced angiogenesis: role of recep-
tor transactivation. Microvasc Res 2006; 72: 
3-11.

[52]	 Liu Z, Cheng S, Fu G, Ji F, Wang C and Cao M. 
Postoperative administration of ketorolac 
averts morphine-induced angiogenesis and 
metastasis in triple-negative breast cancer. 
Life Sci 2020; 251: 117604.

[53]	 Bimonte S, Barbieri A, Rea D, Palma G, Luciano 
A, Cuomo A, Arra C and Izzo F. Morphine pro-
motes tumor angiogenesis and increases 

breast cancer progression. Biomed Res Int 
2015; 2015: 161508.

[54]	 Nguyen J, Luk K, Vang D, Soto W, Vincent L, 
Robiner S, Saavedra R, Li Y, Gupta P and Gupta 
K. Morphine stimulates cancer progression 
and mast cell activation and impairs survival 
in transgenic mice with breast cancer. Br J 
Anaesth 2014; 113 Suppl 1: i4-13.

[55]	 Guo P, Hu Q, Wang J, Hai L, Nie X and Zhao Q. 
Butorphanol inhibits angiogenesis and migra-
tion of hepatocellular carcinoma and regulates 
MAPK pathway. J Antibiot (Tokyo) 2022; 75: 
626-634.

[56]	 Martin JL, Charboneau R, Barke RA and Roy S. 
Chronic morphine treatment inhibits LPS-
induced angiogenesis: implications in wound 
healing. Cell Immunol 2010; 265: 139-145.

[57]	 Koodie L, Yuan H, Pumper JA, Yu H, Charboneau 
R, Ramkrishnan S and Roy S. Morphine inhib-
its migration of tumor-infiltrating leukocytes 
and suppresses angiogenesis associated with 
tumor growth in mice. Am J Pathol 2014; 184: 
1073-1084.

[58]	 Yamamizu K, Hamada Y and Narita M. κ opioid 
receptor ligands regulate angiogenesis in de-
velopment and in tumours. Br J Pharmacol 
2015; 172: 268-276.

[59]	 Yamamizu K, Furuta S, Hamada Y, Yamashita 
A, Kuzumaki N, Narita M, Doi K, Katayama S, 
Nagase H, Yamashita JK and Narita M. κ opi-
oids inhibit tumor angiogenesis by suppress-
ing VEGF signaling. Sci Rep 2013; 3: 3213.

[60]	 Shi Y, Luo J, Tian J, Zou Q and Wang X. The 
kappa opioid receptor may be a potential tu-
mor suppressor by regulating angiogenesis in 
breast cancer. Med Hypotheses 2021; 150: 
110568.

[61]	 Yang L, Yan X, Chen J, Zhan Q, Hua Y, Xu S, Li Z, 
Wang Z, Dong Y, Zuo D, Xue M, Tang Y, 
Herschman HR, Lu S, Shi Q and Wei W. 
Hexokinase 2 discerns a novel circulating tu-
mor cell population associated with poor prog-
nosis in lung cancer patients. Proc Natl Acad 
Sci U S A 2021; 118: e2012228118.

[62]	 Deepak KGK, Vempati R, Nagaraju GP, Dasari 
VR, S N, Rao DN and Malla RR. Tumor microen-
vironment: challenges and opportunities in 
targeting metastasis of triple negative breast 
cancer. Pharmacol Res 2020; 153: 104683.

[63]	 Santoni A, Santoni M and Arcuri E. Chronic 
cancer pain: opioids within tumor microenvi-
ronment affect neuroinflammation, tumor and 
pain evolution. Cancers (Basel) 2022; 14: 
2253.

[64]	 Gavériaux-Ruff C, Matthes HW, Peluso J and 
Kieffer BL. Abolition of morphine-immunosup-
pression in mice lacking the mu-opioid recep-
tor gene. Proc Natl Acad Sci U S A 1998; 95: 
6326-6330.



Opioids and metastasis

4247	 Am J Cancer Res 2024;14(9):4236-4247

[65]	 Zhang H, Zhou D, Gu J, Qu M, Guo K, Chen W 
and Miao C. Targeting the mu-opioid receptor 
for cancer treatment. Curr Oncol Rep 2021; 
23: 111.

[66]	 Shavit Y, Terman GW, Lewis JW, Zane CJ, Gale 
RP and Liebeskind JC. Effects of footshock 
stress and morphine on natural killer lympho-
cytes in rats: studies of tolerance and cross-
tolerance. Brain Res 1986; 372: 382-385.

[67]	 Bryant HU, Bernton EW and Holaday JW. 
Morphine pellet-induced immunomodulation 
in mice: temporal relationships. J Pharmacol 
Exp Ther 1988; 245: 913-920.

[68]	 Saurer TB, Ijames SG and Lysle DT. Evidence 
for the nucleus accumbens as a neural sub-
strate of heroin-induced immune alterations. J 
Pharmacol Exp Ther 2009; 329: 1040-1047.

[69]	 Thomas PT, Bhargava HN and House RV. 
Immunomodulatory effects of in vitro exposure 
to morphine and its metabolites. Pharmacology 
1995; 50: 51-62.

[70]	 Fang H and Declerck YA. Targeting the tumor 
microenvironment: from understanding path-
ways to effective clinical trials. Cancer Res 
2013; 73: 4965-4977.

[71]	 Khabbazi S, Goumon Y and Parat MO. 
Morphine modulates interleukin-4- or breast 
cancer cell-induced pro-metastatic activation 
of macrophages. Sci Rep 2015; 5: 11389.

[72]	 Vincent L, Vang D, Nguyen J, Gupta M, Luk K, 
Ericson ME, Simone DA and Gupta K. Mast cell 
activation contributes to sickle cell pathobiol-
ogy and pain in mice. Blood 2013; 122: 1853-
1862.

[73]	 Das Roy L, Curry JM, Sahraei M, Besmer DM, 
Kidiyoor A, Gruber HE and Mukherjee P. 
Arthritis augments breast cancer metastasis: 
role of mast cells and SCF/c-Kit signaling. 
Breast Cancer Res 2013; 15: R32.

[74]	 Pacifico F and Leonardi A. NF-kappaB in solid 
tumors. Biochem Pharmacol 2006; 72: 1142-
1152.

[75]	 Liu X, Teng L, Dai J, Shao H, Chen R, Li H, Li J 
and Zou H. Effect of intraoperative opioid dose 
on perioperative neutrophil-to-lymphocyte ra-
tio and lymphocyte-to-monocyte ratio in glio-
ma. J Inflamm Res 2024; 17: 2159-2167.

[76]	 Sun HL, Dong YC, Wang CQ, Qian YN and 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; 
52: 1023-1029.

[77]	 Börner C, Höllt V and Kraus J. Mechanisms of 
the inhibition of nuclear factor-κB by morphine 
in neuronal cells. Mol Pharmacol 2012; 81: 
587-597.

[78]	 Charbaji N, Rosenthal P, Schäfer-Korting M 
and Küchler S. Cytoprotective effects of opi-
oids on irradiated oral epithelial cells. Wound 
Repair Regen 2013; 21: 883-889.

[79]	 Xie N, Khabbazi S, Nassar ZD, Gregory K, 
Vithanage T, Anand-Apte B, Cabot PJ, Sturgess 
D, Shaw PN and Parat MO. Morphine alters the 
circulating proteolytic profile in mice: function-
al consequences on cellular migration and in-
vasion. FASEB J 2017; 31: 5208-5216.

[80]	 Khabbazi S, Hassanshahi M, Hassanshahi A, 
Peymanfar Y, Su YW and Xian CJ. Opioids and 
matrix metalloproteinases: the influence of 
morphine on MMP-9 production and cancer 
progression. Naunyn Schmiedebergs Arch 
Pharmacol 2019; 392: 123-133.

[81]	 Sun W, Zhuang S, Cheng M and Qiu Z. Mu opi-
oid receptor mRNA overexpression predicts 
poor prognosis among 18 common solid can-
cers: a pan-cancer analysis. Front Oncol 2023; 
13: 1134744.

[82]	 Boudreau DM, Chen L, Yu O, Bowles EJA and 
Chubak J. Risk of second breast cancer events 
with chronic opioid use in breast cancer survi-
vors. Pharmacoepidemiol Drug Saf 2019; 28: 
740-753.

[83]	 Du KN, Feng L, Newhouse A, Mehta J, Lasala J, 
Mena GE, Hofstetter WL and Cata JP. Effects of 
intraoperative opioid use on recurrence-free 
and overall survival in patients with esopha-
geal adenocarcinoma and squamous cell car-
cinoma. Anesth Analg 2018; 127: 210-216.

[84]	 Exadaktylos AK, Buggy DJ, Moriarty DC, Ma- 
scha E and Sessler DI. Can anesthetic tech-
nique for primary breast cancer surgery affect 
recurrence or metastasis? Anesthesiology 
2006; 105: 660-664.

[85]	 Diaz-Cambronero O, Mazzinari G and Cata JP. 
Perioperative opioids and colorectal cancer re-
currence: a systematic review of the literature. 
Pain Manag 2018; 8: 353-361.


