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Abstract

There is a controversial narrative in the anaesthetic literature suggesting that anaesthetic technique (including opioids)

may be detrimental to survival after tumour resection. The initial observations were retrospective. Several prospective

studies are ongoing; one in breast cancer has reported no adverse outcome. The evidence for an effect of opioids stems

from three pieces of information: (1) opioids depress the immune system, (2) opioids potentially promote angiogenesis,

and (3) opioids potentially support tumour growth. Although the evidence for (2)/(3) is unclear, combinations of these

effects are beneficial to tumours and potentially promote metastatic reseeding. Accepted wisdom suggests that opioid

effects are driven by opioid receptor activation but the presence of opioid receptors on immune cells for example is

unlikely. Immune cells, vascular endothelium and a range of tumour cells express Toll-like receptor 4 (TLR4) receptors

(for Gram-negative bacterial wall components), and there is growing evidence for opioids interacting with this alternative

receptor; and for some there is paradoxical naloxone sensitivity. Is the focus on opioid receptors and cancer the wrong

target? TLR4 receptor activation produces immune activation, stimulates angiogenesis, and supports tumour survival.

We know that some opioids are more immune suppressive than others (there is no such comparative information for

angiogenesis and tumour survival); this may correlate with TLR4 activation. If there are clusters of opioids that have

more opioid than TLR4 profiles and vice versa, this may influence outcome. If this is the case, then evidence-based advice

could be given for perioperative use in the oncologyeanaesthesia setting.
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Cancer Research UK 2015e7 state, ‘there are around 367,000 new

cancer cases in the UK every year; ~1,000 every day’; ‘breast, prostate,

lung and bowel cancers together accounted for more than half (53%) of

all newcancer cases in theUK in2017’.1Analysisofpredictions from

Maddamsandcolleagues2underscores thegrowingnatureofthe

problem with ~2.9 million people living with cancer in 2020,

which is expected to increase to ~4.0 million in 2030. Surgery

remains at the centre of cancer treatment. Cancer Research UK

statistics indicate that 45% of cancer patients will undergo

surgery,1 equating to ~165 000 surgical procedures per year.

Recurrence is an important issue to consider and depends on

tumour type and stage at diagnosis. With every surgical

procedure, there will be an anaesthetic which is an excellent

example of polypharmacology with a wide range of agents in

use. These include e but are not limited to e sedatives,

neuromuscular blocking agents, volatile and intravenous
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anaesthetic agents, and analgesics such as opioids; these are

used in variable combinations.

Opioids interact with naloxone sensitive m (MOP), d (DOP),

and k (KOP) or naloxone insensitive nociceptin/orphanin FQ

(N/OFQ; NOP) G-protein coupled receptors. N/OFQ is the

endogenous ligand for NOP. All opioid receptors can support

analgesia, but the main clinical target is MOP with growing

interest in drugs for NOP.3,4 Moreover, there is strong evi-

dence that non-selective mixed opioids can offer high-quality

analgesia with reduced side-effects; this is driving some drug

development programmes.5 Opioids are known to be immune

depressant but the site of action is controversial6e8; they also

variably affect angiogenesis9,10 and tumour growth and

biology.11,12 This combination of actions could be defined as

pro-tumour and is particularly relevant in the perioperative

period.
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An important paper published in 200613 suggested that

some anaesthetic drugs might worsen clinical outcome from

breast cancer surgery. This was seen with a volatile-based

general anaesthetic when compared with a regional anaes-

thetic technique and has been shown for other tumours.14,15

The gold standard to test an association is a prospective

interventional clinical trial: although some clinical trials are

ongoing, most have yet to report (see Cata and colleagues15).

One trial (NCT00418457), also conducted in patients with breast

cancer, indicated the association not to be present.16 In corre-

spondence one of the authors states ‘Although our data indicate

that regional anaesthesia is unlikely to affect breast cancer outcome,

we await ongoing and emerging RCT results evaluating other

anaesthetic techniques and in different tumours’.17 It is suggested

from these data that opioids are not pro-tumour. However,

opioids are used as part of a mixed anaesthetic. The opioid

used was fentanyl (and intraoperative morphine), so there are

limited data for other opioids and the range of tumours

routinely presenting for resection. Lucia and colleagues18

recently performed a systematic review of opioids and breast

cancer recurrence, in which they concluded that the contro-

versial evidence set leaves the issue unresolved. To add to the

controversy, there are some recent elegant genomic data in

breast12 and renal tumours19 to suggest that opioid agonists

may be detrimental to tumours. This counter-view plays to

retrospective data in laryngeal carcinoma where higher

tumour MOP expression correlates with improved survival.11

The picture with respect to opioids and cancer biology mech-

anistics is as controversial now as it was in 2006.
Opioids/toll-like receptor 4 and immune
suppression

In 1950 Hussey and Katz20 first linked infection to narcotic

abuse. Consensus suggests three sites of interaction e (1) the

immune cell, (2) the hypothalamicepituitaryeadrenal (HPA)

axis, or (3) via central actions e and we have reviewed these

topics.6 In particular, expression ofMOP receptors on peripheral

immune cells and often alongside naloxone sensitivity is re-

ported but is controversial.6 A recent article by Karagiannis and

colleagues,21 using single-cell RNA sequencing (scRNA-seq),

showed that chronic opioid usage led to widespread suppres-

sion of the antiviral gene programme in multiple immune cell

types, when challenged by lipopolysaccharide (LPS). More

interestingly, the same suppression was seen in vitro with

morphine treatment. Although scRNA-seq was unable to detect

any opioid receptor mRNA, population-level RNA-seq revealed

MOP mRNA in some T cells, monocytes, and natural killer (NK)

cells, but not in B cells, whereas DOP andKOPmRNA expression

is very low or undetectable. NOP receptormRNAwas present in

all immune cell types, with highest levels in monocytes.21 We

have never been able to detect mRNA for MOP/DOP/KOP; we

have consistently determined mRNA for NOP, and in a recent

study with a new fluorescent NOP probe N/OFQATTO594 we also

report receptor protein.22e25 Recent unpublished data (in sepsis)

from our laboratory with N/OFQATTO594 has identified the

presence of NOP receptor protein on both B cells and T cells,

with T cells requiring pre-treatment with LPS/peptidoglycan G

(PepG). Consistent with mRNA and protein, NOP activation has

functional consequences, for example in migration (see Al-

Hashimi and colleagues6 and Sacerdote7). HPA axis activation

has the potential to affect immune function via a steroid-driven

action; the evidence for such an interaction is poor with
variation dependent on species studied and route of opioid

administration.6 Clinical data are lacking. An example that

crosses central-peripheral sites uses NK cells. In rats, morphine

injected into the periaqueductal grey (brain) decreased splenic

NK cell activity. This was not seen with a morphine derivative

that does not cross the bloodebrain barrier.26 In a different

study, buprenorphine, a mixed opioid partial agonist, failed to

mimic the effects ofmorphine in inhibiting NK cell activity.27 In

human volunteer blood studied 2 and 24 h after i.v. morphine, a

similar depression in peripheral NK activity is seen.28 If there is

no or variable low opioid receptor expression on immune cells

what is the proposed target? A role for Toll-like receptor 4 (TLR4)

receptors in immune function and signalling is well known;

these are cell specific and cause activation29,30; what is less well

known outside the opioid field is opioideTLR4 interaction.

TLR4 receptors recognise pathogen-associated molecular

patterns, specifically LPS in the cell wall of Gram-negative

bacteria.31 The TLR4 receptor is expressed in a number of cell

types; relevant to this review is immune e but also vascular

endothelial and cancer e cells. In infection or potentially when

bound with opioids, LPS (bound to LPS binding protein) is

transferred to cluster of differentiation 14 (CD14), which then

binds to myeloid differentiation factor 2 (MD2) protein; this

causes TLR4 dimerisation and activation. There are two acti-

vation pathways: myeloid differentiation primary response 88

(MyD88) dependent and independent; the former activates

mitogen-activated protein kinase (MAPK) and nuclear factor

kappa light chain enhancer of activated B cells (NF-kB).31

Hutchinson and colleagues32,33 (in human embryonic kid-

ney [HEK] cells expressing TLR4) showed that morphine,

methadone, levorphanol, dextrorphan, oxycodone, pethidine,

buprenorphine, and fentanyl activated TLR4. The response to

morphine was even reversed by naloxone. For immune mod-

ulation, not all opioids are the same and there is evidence for

opioid metabolites having TLR4 activity. Indeed, Lewis and

colleagues34 showed that the major morphine metabolite

morphine-3-glucuronide (M3G) (no activity at opioid receptors)

activates TLR4 and also upregulated TLR4 receptor mRNA

expression in the spinal cord of rats. This agreed with data

fromHutchinson and colleagues,32 where naloxone sensitivity

was also demonstrated. In the clinic morphine and fentanyl

display a high degree of immune modulation; tramadol and

buprenorphine have weak or no immune modulation. There

are limited data for NOP ligands and no data for the mixed

compounds such as cebranopadol35 and the putative (but

questioned36,37) biased agonist oliceridine38 (Fig. 1).
Opioids/TLR4 and angiogenesis

In response to angiogenic stimuli (e.g. vascular endothelial

growth factor [VEGF]), vessel extracellular matrix (ECM) is

degraded, and vascular endothelial cells differentiate into tip

cells and migrate towards the stimulus, forming tubes (new

vessels). In adjacent areas of sprouting, vascular fusion pro-

duces a connecting lumen.39 The effects of opioids on angio-

genesis is controversial: stimulatory and inhibitory actions

have been reported and summarised.9,10 It has been proposed

that in endothelial cells, tumour-derived VEGF increases MOP

expression andmorphine stimulatesMOP signalling pathways

leading to cell proliferation and vessel formation; naloxone

sensitivity is not seen.40 There are some highly contradictory

in vivo animal data. Gupta and colleagues41 reported a

naloxone-insensitive angiogenic response to morphine in

mice. Bimonte and colleagues42 also reported a naloxone-
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Fig 1. Opioid and TLR4 receptors are variously expressed in tumour, immune, and vascular cells. There is controversial evidence that these

receptors individually support tumour growth (a); modulate immune function; mononuclear, and polymorphonuclear cells (b); and

stimulate angiogenesis (c). A potential interaction between opioid and TLR4 receptors has been suggested but the profile(s)/relative balance

of this interaction (scales in the lower part of the figure) on final outcome are unknown. CD3, cluster of differentiation 3; OR, opioid re-

ceptor; TLR4, Toll-like receptor 4.
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insensitive morphine angiogenic response; naloxone did

reverse the morphine increase in tumour size; was this a TLR4

response? Nguyen and colleagues43 demonstrated angiogen-

esis and lymphangiogenesis in mice; there does not appear to

be naloxone sensitivity. Morphine-driven angiogenesis was

absent in mice where the MOP receptor has been knocked

out.44 It is important to underscore that there are studies

showing reduced angiogenesis.45e47 Receptors for TLR are

variably expressed in the vascular tree where they are

involved in angiogenesis and TLR4 are expressed in human

umbilical vein endothelial cells (HUVECs)48 and on microvas-

cular endothelial cells.39 TLR activation promotes ECM degra-

dation via matrix metalloproteinase expression, driven by

extracellular signal-regulated kinase 1/2 (ERK1/2) and NF-kB.
TLR4 activation is also linked to increased (direct and indirect;

via hypoxia-inducible factor [HIF]) levels of VEGF-A39 (Fig. 1).

Unlike the clinical situation described above for opioid im-

mune suppression, no comparative information on opioid

drugs exists for angiogenesis.
Opioids/TLR4 and tumour growth

Where opioid receptors are expressed, activation can have

variable effects on tumour activity. There are reports in a
variety of cell types of increased apoptotic activity49e51 but also

of growth and metastatic potential.52 Singleton and col-

leagues53 demonstrated that lung cancer biopsies expressed

MOP and suggested a link between MOP expression and

tumour progression. This study widens the findings in a

xenograft model showing that lung tumour MOP over-

expression supports growth and metastasis.52 TLR4 receptors

are expressed in tumour cells and have a role in tumour

biology. Mokhtari and colleagues54 have recently reviewed the

expression of TLR receptors in a range of tumours and indicate

that TLR4 is expressed in breast, lung, neuroblastoma, and

colorectal neoplasms. Expression of TLR4 and opioid receptors

creates the potential for crosstalk, structural interaction, and a

substrate for opioidmodulation of activity (Fig. 1). Again, unlike

the clinical situation for immune suppression, no such

comparative information exists for direct tumour effects of

opioids.
Linking opioid-TLR4 signalling functional
responses

Depending on the tissue, opioid receptors open Kþ and close

Ca2þ channels reducing pain neurotransmission. Opioid
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receptor activation also reduces 30,50-cyclic adenosine mono-

phosphate (cAMP) and variably activates MAPK,4 and there is

some evidence for actions at NF-kB.55 In terms of crosstalkwith

pain pathways, TLR4 receptors are implicated in the induction

of neuropathic pain and acuteechronic pain conversion.56

Interaction between opioid and TLR4 signalling is suggested

in analgesia, immune function, gastrointestinal motility,57 and

addiction.58 Indeed, opioids bind to MD2.32 Shah and col-

leagues59 suggest that morphine binding switches MD2 to its

active conformation that gains stability on TLR4 interaction.

Naloxone switches MD2 conformation to its inactive state.

Tumour microenvironment mimics that seen in chronic

inflammation and damage-associated molecular patterns

(DAMP) from necrotic tumour tissues create a TLR4 activation

signal.60,61
What does all of this mean for the opioids
and cancer story?

With respect to immune suppression, angiogenesis, and

tumour growth, are there differences between opioids? Dif-

ferences with respect to immunemodulation are known, even

if the site of action is not definitively known. With respect to

cancer survival, are opioid receptors the appropriate targets to

focus on? Is the TLR4 receptor a critical target and is relative

activity at TLR4 vs opioid receptors important? Opioids are

immune suppressive but TLR4 receptors support immune

activation. If there are differences in opioid and TLR4 activa-

tion profiles, do some opioids cluster towards TLR4 receptors

rather than opioid receptors for example? Does this predict

outcome? A full comparative profile of opioid action at opioid

and TLR4 receptors in models of angiogenesis and tumour

survival is required. We are currently in a position where

retrospective studies suggest an adverse link, and prospective

studies are beginning to report but the jury remains out. The

full range of opioids at clinically achievable concentrations

remains to be studied particularly in models of angiogenesis

and tumour growth. If overall relative propensity of opioids to

be pro-tumour or anti-tumour can be predicted then more

rational clinical use can be suggested. This has to be good for

our patients.

In a recently published study Sun et al62 examined the ef-

fects of opioids on cancer survival in patients with chronic

pain. The authors selected 1716 patients from the Taiwan

Cancer Registry Database; 268 patients with chronic pain who

were prescribed �180 defined daily doses of opioid were

compared with 1430 patients with chronic pain who were

prescribed �28 defined daily doses of opioid. The adjusted

hazards ratio for overall survival with long term use of opioids

was 3.53 (poorer overall survival). This data suggests long term

opioid use might be associated with poor outcome. This is a

small study with uneven matching.
Authors’ contributions

All authors were involved in writing, review, and approval of

the final version of the manuscript.
Declaration of interest

DGL is chair of the board of British Journal of Anaesthesia and

scientific adviser to Cellomatics, a SME-CRO. None of the

remaining authors have conflicts to declare.
Funding

Work on opioids in the authors’ laboratory is funded by Project

grants from British Journal of Anaesthesia/Royal College of

Anaesthetists and British Heart Foundation.
References

1. CRUK. Cancer Statistics for the UK 2021. https:/www.

cancerresearchuk.org/health-professional/cancer-

statistics-for-the-uk. [Accessed 7 March 2022]

2. Maddams J, Utley M, Moller H. Projections of cancer

prevalence in the United Kingdom, 2010e2040. Br J Cancer

2012; 107: 1195e202

3. Dietis N, Rowbotham DJ, Lambert DG. Opioid receptor

subtypes: fact or artifact? Br J Anaesth 2011; 107: 8e18E

4. Lambert DG. The nociceptin/orphanin FQ receptor: a

target with broad therapeutic potential. Nat Rev Drug Dis-

cov 2008; 7: 694e710

5. Dietis N, Guerrini R, Calo G, Salvadori S, Rowbotham DJ,

Lambert DG. Simultaneous targeting of multiple opioid

receptors: a strategy to improve side-effect profile. Br J

Anaesth 2009; 103: 38e49

6. Al-Hashimi M, Scott SW, Thompson JP, Lambert DG. Opi-

oids and immune modulation: more questions than an-

swers. Br J Anaesth 2013; 111: 80e8

7. Sacerdote P. Opioids and the immune system. Palliat Med

2006; 20: s9e15

8. Franchi S, Moschetti G, Amodeo G, Sacerdote P. Do all

opioid drugs share the same immunomodulatory prop-

erties? A review from animal and human studies. Front

Immunol 2019; 10: 2914

9. Ondrovics M, Hoelbl-Kovacic A, Fux DA. Opioids: modu-

lators of angiogenesis in wound healing and cancer.

Oncotarget 2017; 8: 25783e96

10. Mahbuba W, Lambert DG. Opioids and neo-

vascularization; pro or anti? Br J Anaesth 2015; 115: 821e4

11. Zhang H, Sun M, Zhou D, et al. Increased mu-opioid re-

ceptor expression is associated with reduced disease-free

and overall survival in laryngeal squamous cell carci-

noma. Br J Anaesth 2020; 125: 722e9

12. Montagna G, Gupta HV, Hannum M, et al. Intraoperative

opioids are associated with improved recurrence-free

survival in triple-negative breast cancer. Br J Anaesth

2021; 126: 367e76

13. Exadaktylos AK, Buggy DJ, Moriarty DC, Mascha E,

Sessler DI. Can anesthetic technique for primary breast

cancer surgery affect recurrence or metastasis? Anesthe-

siology 2006; 105: 660e4

14. Niwa H, Rowbotham DJ, Lambert DG, Buggy DJ. Can

anesthetic techniques or drugs affect cancer recurrence in

patients undergoing cancer surgery? J Anesth 2013; 27:

731e41

15. Cata JP, Guerra C, Soto G, Ramirez MF. Anesthesia options

and the recurrence of cancer: what we know so far? Local

Reg Anesth 2020; 13: 57e72

16. Sessler DI, Pei L, Huang Y, et al. Recurrence of breast

cancer after regional or general anaesthesia: a rando-

mised controlled trial. Lancet 2019; 394: 1807e15

17. Buggy DJ, Wall T. Can anaesthetic-analgesic technique

during cancer surgery of curative intent influence recur-

rence or metastasis? An update. Br J Anaesth 2019; 123:

e525e6

http://https:/www.cancerresearchuk.org/health-professional/cancer-statistics-for-the-uk
http://https:/www.cancerresearchuk.org/health-professional/cancer-statistics-for-the-uk
http://https:/www.cancerresearchuk.org/health-professional/cancer-statistics-for-the-uk
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref2
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref2
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref2
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref2
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref2
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref3
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref3
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref3
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref4
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref4
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref4
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref4
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref5
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref5
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref5
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref5
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref5
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref6
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref6
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref6
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref6
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref7
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref7
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref7
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref8
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref8
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref8
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref8
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref9
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref9
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref9
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref9
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref10
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref10
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref10
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref11
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref11
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref11
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref11
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref11
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref12
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref12
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref12
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref12
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref12
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref13
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref13
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref13
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref13
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref13
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref14
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref14
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref14
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref14
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref14
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref15
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref15
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref15
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref15
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref16
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref16
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref16
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref16
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref17
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref17
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref17
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref17
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref17


Opioids and cancer - 5
18. Lucia M, Luca T, Federica DP, et al. Opioids and breast

cancer recurrence: a systematic review. Cancers (Basel)

2021; 13: 5499

19. Scarpa JR, DiNatale RG, Mano R, et al. Identifying clear cell

renal cell carcinoma coexpression networks associated

with opioid signaling and survival. Cancer Res 2021; 81:

1101e10

20. Hussey HH, Katz S. Infections resulting from narcotic

addiction; report of 102 cases. Am J Med 1950; 9: 186e93

21. Karagiannis TT, Cleary Jr JP, Gok B, et al. Single cell tran-

scriptomics reveals opioid usage evokes widespread sup-

pression of antiviral gene program. Nat Commun 2020; 11:

2611

22. Williams JP, Thompson JP, McDonald J, et al. Human pe-

ripheral blood mononuclear cells express nociceptin/

orphanin FQ, but not mu, delta, or kappa opioid receptors.

Anesth Analg 2007; 105: 998e1005

23. Williams JP, Thompson JP, Rowbotham DJ, Lambert DG.

Human peripheral blood mononuclear cells produce pre-

pro-nociceptin/orphanin FQ mRNA. Anesth Analg 2008;

106: 865e6

24. Al-Hashimi M, McDonald J, Thompson JP, Lambert DG.

Evidence for nociceptin/orphanin FQ (NOP) but not micro

(MOP), delta (DOP) or kappa (KOP) opioid receptor mRNA

in whole human blood. Br J Anaesth 2016; 116: 423e9

25. Bird MF, Guerrini R, Willets JM, Thompson JP, Calo G,

Lambert DG. Nociceptin/Orphanin FQ (N/OFQ) conjugated

to ATTO594: a novel fluorescent probe for the N/OFQ

(NOP) receptor. Br J Pharmacol 2018; 175: 4496e506

26. Shavit Y, Lewis JW, Terman GW, Gale RP, Liebeskind JC.

Opioid peptides mediate the suppressive effect of stress

on natural killer cell cytotoxicity. Science 1984; 223: 188e90

27. Franchi S, Panerai AE, Sacerdote P. Buprenorphine ame-

liorates the effect of surgery on hypothalamus-pituitary-

adrenal axis, natural killer cell activity and metastatic

colonization in rats in comparison with morphine or

fentanyl treatment. Brain Behav Immun 2007; 21: 767e74

28. Yeager MP, Colacchio TA, Yu CT, et al. Morphine inhibits

spontaneous and cytokine-enhanced natural killer cell

cytotoxicity in volunteers. Anesthesiology 1995; 83: 500e8

29. Lancaster GI, Khan Q, Drysdale P, et al. The physiological

regulation of toll-like receptor expression and function in

humans. J Physiol 2005; 563: 945e55

30. Vijay K. Toll-like receptors in immunity and inflammatory

diseases: past, present, and future. Int Immunopharmacol

2018; 59: 391e412

31. Ciesielska A, Matyjek M, Kwiatkowska K. TLR4 and CD14

trafficking and its influence on LPS-induced pro-inflam-

matory signaling. Cell Mol Life Sci 2021; 78: 1233e61

32. Hutchinson MR, Zhang Y, Shridhar M, et al. Evidence that

opioids may have toll-like receptor 4 and MD-2 effects.

Brain Behav Immun 2010; 24: 83e95E

33. Hutchinson MR, Shavit Y, Grace PM, Rice KC, Maier SF,

Watkins LR. Exploring the neuroimmunopharmacology of

opioids: an integrative review of mechanisms of central

immune signaling and their implications for opioid anal-

gesia. Pharmacol Rev 2011; 63: 772e810

34. Lewis SS, Hutchinson MR, Rezvani N, et al. Evidence that

intrathecal morphine-3-glucuronide may cause pain

enhancement via toll-like receptor 4/MD-2 and inter-

leukin-1beta. Neuroscience 2010; 165: 569. 83E
35. Calo G, Lambert DG. Nociceptin/orphanin FQ receptor li-

gands and translational challenges: focus on cebranopa-

dol as an innovative analgesic. Br J Anaesth 2018; 121:

1105e14

36. Gillis A, Gondin AB, Kliewer A, et al. Low intrinsic efficacy

for G protein activation can explain the improved side

effect profiles of new opioid agonists. Sci Signal 2020; 13,

eaaz3140

37. Azevedo Neto J, Costanzini A, De Giorgio R, Lambert DG,

Ruzza C, Calo G. Biased versus partial agonism in the

search for safer opioid analgesics. Molecules 2020; 25: 3870

38. Lambert D, Calo G. Approval of oliceridine (TRV130) for

intravenous use in moderate to severe pain in adults. Br J

Anaesth 2020; 125: e473e4

39. Bhagwani A, Thompson AAR, Farkas L. When innate im-

munity meets angiogenesisdthe role of toll-like receptors

in endothelial cells and pulmonary hypertension. Front

Med (Lausanne) 2020; 7: 352

40. Chen C, Farooqui M, Gupta K. Morphine stimulates

vascular endothelial growth factor-like signaling in

mouse retinal endothelial cells. Curr Neurovasc Res 2006; 3:

171e80

41. Gupta K, Kshirsagar S, Chang L, et al. Morphine stimulates

angiogenesis by activating proangiogenic and survival-

promoting signaling and promotes breast tumor growth.

Cancer Res 2002; 62: 4491e8

42. Bimonte S, Barbieri A, Cascella M, et al. Naloxone coun-

teracts the promoting tumor growth effects induced by

morphine in an animal model of triple-negative breast

cancer. In Vivo 2019; 33: 821e5

43. Nguyen J, Luk K, Vang D, et al. Morphine stimulates can-

cer progression and mast cell activation and impairs

survival in transgenic mice with breast cancer. Br J

Anaesth 2014; 113(Suppl 1): i4e13

44. Koodie L, Yuan H, Pumper JA, et al. Morphine inhibits

migration of tumor-infiltrating leukocytes and suppresses

angiogenesis associated with tumor growth in mice. Am J

Pathol 2014; 184: 1073e84

45. Lam CF, Chang PJ, Huang YS, et al. Prolonged use of high-

dose morphine impairs angiogenesis and mobilization of

endothelial progenitor cells in mice. Anesth Analg 2008;

107: 686e92

46. Hsiao PN, Chang MC, Cheng WF, et al. Morphine induces

apoptosis of human endothelial cells through nitric oxide

and reactive oxygen species pathways. Toxicology 2009;

256: 83e91

47. Pasi A, Qu BX, Steiner R, Senn HJ, Bar W, Messiha FS.

Angiogenesis: modulation with opioids. Gen Pharmacol

1991; 22: 1077e9

48. Anand AR, Cucchiarini M, Terwilliger EF, Ganju RK. The

tyrosine kinase Pyk2 mediates lipopolysaccharide-

induced IL-8 expression in human endothelial cells.

J Immunol 2008; 180: 5636e44

49. Zhang XL, Chen ML, Zhou SL. Fentanyl increases colo-

rectal carcinoma cell apoptosis by inhibition of NF-kappaB

in a Sirt1-dependent manner. Asian Pac J Cancer Prev 2014;

15: 10015e20

50. Doornebal CW, Vrijland K, Hau CS, et al. Morphine does

not facilitate breast cancer progression in two preclinical

mouse models for human invasive lobular and HER2(þ)

breast cancer. Pain 2015; 156: 1424e32

http://refhub.elsevier.com/S2772-6096(22)00009-0/sref18
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref18
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref18
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref19
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref19
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref19
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref19
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref19
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref20
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref20
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref20
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref21
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref21
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref21
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref21
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref22
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref22
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref22
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref22
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref22
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref23
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref23
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref23
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref23
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref23
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref24
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref24
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref24
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref24
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref24
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref25
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref25
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref25
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref25
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref25
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref26
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref26
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref26
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref26
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref27
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref27
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref27
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref27
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref27
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref27
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref28
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref28
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref28
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref28
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref29
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref29
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref29
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref29
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref30
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref30
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref30
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref30
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref31
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref31
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref31
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref31
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref32
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref32
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref32
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref32
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref33
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref33
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref33
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref33
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref33
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref33
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref34
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref34
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref34
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref34
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref35
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref35
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref35
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref35
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref35
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref36
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref36
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref36
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref36
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref37
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref37
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref37
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref38
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref38
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref38
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref38
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref39
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref39
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref39
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref39
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref39
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref40
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref40
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref40
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref40
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref40
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref41
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref41
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref41
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref41
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref41
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref42
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref42
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref42
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref42
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref42
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref43
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref43
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref43
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref43
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref43
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref44
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref44
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref44
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref44
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref44
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref45
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref45
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref45
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref45
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref45
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref46
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref46
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref46
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref46
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref46
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref47
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref47
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref47
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref47
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref48
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref48
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref48
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref48
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref48
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref49
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref49
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref49
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref49
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref49
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref50
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref50
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref50
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref50
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref50
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref50


6 - Giakomidi et al.
51. Kim JY, Ahn HJ, Kim JK, Kim J, Lee SH, Chae HB. Morphine

suppresses lung cancer cell proliferation through the inter-

action with opioid growth factor receptor: an in vitro and

human lung tissue study. Anesth Analg 2016; 123: 1429e36

52. Lennon FE, Mirzapoiazova T, Mambetsariev B, Salgia R,

Moss J, Singleton PA. Overexpression of the mu-opioid

receptor in human non-small cell lung cancer promotes

Akt and mTOR activation, tumor growth, and metastasis.

Anesthesiology 2012; 116: 857e67

53. Singleton PA, Mirzapoiazova T, Hasina R, Salgia R, Moss J.

Increased mu-opioid receptor expression in metastatic

lung cancer. Br J Anaesth 2014; 113: i103e8

54. Mokhtari Y, Pourbagheri-Sigaroodi A, Zafari P, Bagheri N,

Ghaffari SH, Bashash D. Toll-like receptors (TLRs): an old

family of immune receptors with a new face in cancer

pathogenesis. J Cell Mol Med 2021; 25: 639e51

55. Gessi S, Borea PA, Bencivenni S, Fazzi D, Varani K,

Merighi S. The activation of mu-opioid receptor potenti-

ates LPS-induced NF-kB promoting an inflammatory

phenotype in microglia. FEBS Lett 2016; 590: 2813e26

56. Bruno K, Woller SA, Miller YI, et al. Targeting toll-like re-

ceptor-4 (TLR4)dan emerging therapeutic target for

persistent pain states. Pain 2018; 159: 1908e15
57. Zhang P, Yang M, Chen C, Liu L, Wei X, Zeng S. Toll-like

receptor 4 (tlr4)/opioid receptor pathway crosstalk and

impact on opioid analgesia, immune function, and

gastrointestinal motility. Front Immunol 2020; 11: 1455

58. Jacobsen JH, Watkins LR, Hutchinson MR. Discovery of a

novel site of opioid action at the innate immune pattern-

recognition receptor TLR4 and its role in addiction. Int Rev

Neurobiol 2014; 118: 129e63

59. Shah M, Anwar MA, Yesudhas D, Krishnan J, Choi S.

A structural insight into the negative effects of opioids in

analgesia by modulating the TLR4 signaling: an in silico

approach. Sci Rep 2016; 6: 39271

60. Li J, Yang F, Wei F, Ren X. The role of toll-like receptor 4 in

tumor microenvironment. Oncotarget 2017; 8: 66656e67

61. Jang GY, Lee JW, Kim YS, et al. Interactions between

tumor-derived proteins and Toll-like receptors. Exp Mol

Med 2020; 52: 1926e35

62. Sun M, Chang CL, Lu CY, Zhang J, Wu SY. Effect of opioids

on cancer survival in patients with chronic pain: a pro-

pensity score-matched population-based cohort study. Br

J Anaesth 2022; 128: 708e17
Handling editor: Phil Hopkins

http://refhub.elsevier.com/S2772-6096(22)00009-0/sref51
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref51
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref51
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref51
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref51
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref52
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref52
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref52
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref52
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref52
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref52
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref53
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref53
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref53
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref53
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref54
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref54
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref54
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref54
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref54
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref55
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref55
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref55
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref55
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref55
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref56
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref56
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref56
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref56
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref56
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref57
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref57
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref57
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref57
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref58
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref58
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref58
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref58
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref58
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref59
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref59
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref59
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref59
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref60
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref60
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref60
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref61
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref61
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref61
http://refhub.elsevier.com/S2772-6096(22)00009-0/sref61
http://refhub.elsevier.com/S2772-6096(22)00009-0/optYl4gvYt8SR
http://refhub.elsevier.com/S2772-6096(22)00009-0/optYl4gvYt8SR
http://refhub.elsevier.com/S2772-6096(22)00009-0/optYl4gvYt8SR
http://refhub.elsevier.com/S2772-6096(22)00009-0/optYl4gvYt8SR
http://refhub.elsevier.com/S2772-6096(22)00009-0/optYl4gvYt8SR

	Opioids and cancer survival: are we looking in the wrong place?
	Opioids/toll-like receptor 4 and immune suppression
	Opioids/TLR4 and angiogenesis
	Opioids/TLR4 and tumour growth
	Linking opioid-TLR4 signalling functional responses
	What does all of this mean for the opioids and cancer story?
	Authors' contributions
	Declaration of interest
	Funding
	References


