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Abstract

Background: Emerging data highlights the potential role of cyclooxygenase (COX) inhibitors in the primary prevention of

malignancy, reducing metastatic spread and improving overall mortality. Despite nonsteroidal anti-inflammatory drugs

(NSAIDs) forming a key component of theWHO analgesic ladder, their use in cancer painmanagement remains relatively

low. This review re-appraises the current evidence regarding the efficacy of COX inhibitors as analgesics in cancer pain,

providing a succinct resource to aid clinicians’ decision making when determining treatment strategies.

Methods: Medline® and Embase® databases were searched for publications up to November 2018. Randomised

controlled trials (RCTs) and double-blind controlled studies considering the use of NSAIDs for management of cancer-

related pain in adults were included. Animal studies, case reports, and retrospective observational data were excluded.

Results: Thirty studies investigating the use of NSAIDs in cancer pain management were identified. There is a lack of

high-quality evidence regarding the analgesic efficacy of NSAIDs in cancer pain, with short study durations and het-

erogeneity in outcome measures limiting the ability to draw meaningful conclusions.

Conclusions: Despite the renewed interest in these cost-effective, well-established medications in cancer treatment

outcomes, there is a paucity of data from the past 15 yr regarding their efficacy in cancer pain management. However,

when analgesic strategies in the cancer population are being formulated, it is important that the potential benefits of this

class of drug are considered. Further work investigating the role of NSAIDs in cancer pain management is undoubtedly

warranted.
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The broad therapeutic effects of nonsteroidal anti-inflamma-

tory drugs (NSAIDs) have been exploited for centuries, with

reports of the use of willow tree extracts for pain and inflam-

matory remedies dating back to the time of Hippocrates (ca.

400 B.C.).1 The wide-scale production of salicylic acid and

aspirin began in the late 1800s,1,2 yet it was only discovered in

1971 that their mechanism of action related to inhibition of

prostaglandin synthesis,3 with award of the Nobel prize for

Physiology or Medicine in 1982 to Bergstr€om, Samuelsson, and

Vane for this discovery.4 Although it was postulated that iso-

enzymes of cyclooxygenase (COX) existed, it was not until 1989

that a second distinct protein with COX activity was isolated.5

The identification of a constitutively expressed enzyme in

almost all human tissues (COX-1) and an alternative, tightly

regulated enzyme that is predominantly expressed in states of

inflammation and tumourigenesis (COX-2) led to the recogni-

tion that inhibition of COX-1 was responsible for the many

side-effects associated with NSAIDs.6 Development of COX-2

specific inhibitors, and the prospect of anti-inflammatory ef-

fects with fewer adverse effects,7,8 was heralded with enthu-

siasm amongst clinicians and patients alike.9 The popularity of

these agents surged rapidly, with annual sales of rofecoxib (the

COX-2 selective inhibitor, Vioxx) exceeding US $2.5 billion.10

However, in 2004, a little more than 5 yr after its licence was

granted, rofecoxibwas voluntarily withdrawn from themarket

because of an association with excess relative risk of cardio-

vascular and cerebrovascular events.11 The withdrawal of

valdecoxib, another COX-2 inhibitor, soon followed.12

NSAIDs form a key component of theWHO analgesic ladder

and have been advocated as a useful adjunct for management

of cancer pain.13 Despite initial widespread popularity, pre-

scription patterns in certain patient groups have demon-

strated a decline in the use of NSAIDs over recent years, and a

rapid decrease of COX-2 inhibitor use, since 2004.14 It is diffi-

cult to identify specific publications that have considered

prescribing patterns of NSAIDs for cancer pain over time. A

cross-sectional study of 2282 patients conducted across

Europe in 2014 reported that 29.9% of those with moderate-to-

severe pain, receiving a mean oral morphine equivalent dose

of 230 ± 457 mg day�1, were also taking NSAIDs.15 When

dipyrone (metamizole) is excluded from this data, 19.4% were

using NSAIDs. Smaller-scale publications across Europe,

Canada, and Australia investigating the use of analgesic

agents in certain populations with cancer pain report even

lower usage of NSAIDs (4e13.2%).16e18

A small number of systematic reviews on non-opioid an-

algesics for the management of cancer pain have been pub-

lished.19e22 Of these four, one has subsequently been

withdrawn.23 One review considers non-opioids in a broader

palliative care setting,22 and is therefore not necessarily spe-

cific to NSAIDs in the setting of cancer pain. Another paper

reviews non-opioid analgesics in addition to opioids for the

management of advanced cancer pain,20 neglecting the

growing population of cancer survivors, many of whom

experience pain.24 The fourth systematic review identified

only 11 relevant studies involving 949 participants,21 perhaps

because of certain inclusion criteria, namely duration of study

and oral route of administration. This review did not include

any studies comparing NSAIDs with placebo; and if studies

relating to dipyrone (whose clinical use is no longer permitted

in many countries including the UK) are removed, this review

would include nine studies and 778 participants.

Despite the prominence of NSAIDs in the WHO analgesic

ladder, their overall usage in cancer pain management
appears to be low. Conversely, data regarding the impact of

COX inhibitors on primary prevention, metastatic spread, and

mortality have led to a resurgence in interest in NSAIDs

(especially aspirin) and COX-2 inhibitors as anti-cancer treat-

ments. This review aims to present a systematically con-

ducted review of analgesic efficacy of COX inhibitors for

patients with cancer pain, providing a catalogued and critical

overview of pertinent data on the use of NSAIDs for cancer

pain management.
Methods

Literature searches were conducted of the Medline® (via

PubMed®) and Embase® databases from inception to

November 2018. Searches of titles, keywords, and abstracts

were conducted, using a combination of controlled vocabulary

(e.g. Medical Subject Headings) and individual searches. The

search strategy aimed to identify papers that combined two

subject matters within them, firstly cancer pain and secondly

NSAIDs. Variations for terms considering ‘cancer pain’,

included variations on the term ‘cancer’ (including neoplastic,

neoplasm, oncology, oncological, malignant, malignancy,

tumour, and tumor) combined with variations on the term

‘pain’ (including related pain, associated pain and analgesia).

NSAID-related terms were searched using drug class, indi-

vidual drug names, common acronyms, and suffixes.

Comprehensive details of the search strategy used can be

found within the appendix.

After removal of duplicates, the abstracts of identified ar-

ticles were reviewed for relevance and to select those for full-

text screening. Inclusion criteria for analgesic efficacy were

randomised controlled trials (RCTs) and double-blind

controlled studies considering the use of NSAIDs for man-

agement of cancer-related pain. Only studies considering

adult patients were included. Papers that were not available in

English or no longer readily available from their publisher

were excluded. Studies investigating the use of NSAIDs during

the perioperative period were also excluded. Review articles

that considered NSAIDs in the management of cancer pain,

either as a subsection or as the basis for the publication, were

evaluated for any original data or relevant references for in-

clusion. The references of publications included were also

searched to identify any additional studies for inclusion.

Publications identified for analgesic efficacy were grouped

based upon the drug classification of comparator arm of the

studies (e.g. placebo, other NSAIDs, opioid analgesics). For the

purposes of this review, the term NSAID includes all agents

that inhibit COX.Whenmore specific details are appropriate or

required, drugs may be named individually. At times it may be

important to distinguish between agents with different

mechanisms of action. For instance, although a non-selective

COX inhibitor, aspirin irreversibly inhibits COX enzymes and

is reported to have COX-independent mechanisms of action.

These unique mechanisms may warrant distinction, in which

case, aspirin will be discussed separately from ‘traditional

NSAIDs’, which reversibly inhibit COX enzymes. COX-2 in-

hibitors selectively inhibit COX-2 and therefore may be

considered separately from traditional NSAIDs.
Results

A total of 1511 publications were identified by the literature

search. After removal of duplicates, 1285 publications
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Fig 1. Summary of literature search.
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remained. Figure 1 summarises the literature search and se-

lection process of relevant publications.

Thirty-seven publications regarding analgesic efficacy in

cancer pain were identified. Five were excluded because the

NSAIDs studied are no longer commercially available.25e30

Although frequently described as an NSAID, dipyrone’s

(metamizole’s) mechanism of action continues to be

investigated many years after its introduction to clinical
practice.31,32 Furthermore, its use is not permitted in many

countries, including both the UK and the USA. For these rea-

sons, studies, or arms of studies, considering the use of

dipyrone were also excluded.33,34 As a consequence, 30 studies

were included for analysis.

Study designs, durations of treatment, durations of follow-

up, dosing regimens, routes of administration, underlying

cancer diagnoses, and pain phenotypes all varied
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considerably. Figures 2 and 3 provide an overview of these

elements. To facilitate consideration, studies are summarised

in the supplementary tables based upon the comparator drug

in the study. Elements of studies pertaining to NSAIDs no

longer commercially available, are not detailed but the

remaining arm(s) of the study are described.
NSAIDs vs placebo

Supplementary Table S1 details the studies identified

comparing NSAIDs vs placebo. A total of seven studies

enrolling 509 participants are detailed in this table.35e41 All

studies considered aspirin or other traditional NSAIDs. There

were no studies relating to COX-2 inhibitors. All publications

studied single doses of analgesic agents and were performed

before 1991. All studies demonstrated analgesic superiority of

NSAIDs when compared with placebo (one study only showed

advantage with higher doses of aspirin). NSAIDs and doses

that demonstrated superior outcomes to placebo were ketor-

olac 10 mg p.o., ketorolac 10 mg i.m., ketorolac 30 mg i.m.,

ketorolac 90 mg i.m., ketoprofen 100 mg p.o., ketoprofen 300

mg p.o., aspirin 1000 mg p.o., aspirin 650 mg p.o., and mefe-

namic acid 250 mg p.o. Adverse effects appeared comparable

between NSAID and placebo groups.
Despite the reported superiority of these agents over pla-

cebo, outcome measures utilised varied considerably between

the publications. The most common outcome measures used

for analysis were the mean summed pain intensity difference

(SPID), mean total pain relief (TOPAR), and proportion of par-

ticipants reporting greater than 50% pain relief. One study

made specific reference to the reported analgesic efficacy of

placebo, stating that 21% reported greater than 50% reduction

in pain.35 Although not specifically commented upon, the two

other studies using the same outcome measure had similar

findings.40,41

Six of the seven studies specifically commented on the

fact that no opioid analgesia was permitted during the study

period; this was not specified in the remaining publication.36

Supplementary Table S1 therefore details the use of NSAIDs

alone in the management of cancer pain compared with

placebo. Two additional studies identified NSAID use

compared with placebo in addition to the participants’ usual

background opioid analgesia42,43; consequently, direct com-

parison with the seven studies detailed in Supplementary

Table S1 is not possible. Both studies enrolled 26 partici-

pants with cancer-induced bone pain (CIBP), each investi-

gating a different NSAID (choline magnesium trisalicylate43

and flurbiprofen42) compared with placebo. They report
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lower pain intensity scores in the NSAID groups that do not

reach statistical significance, but conclude that their sample

sizes are most likely underpowered for their primary

outcome measure.
NSAIDs vs other NSAIDs

Supplementary Table S2 details publications identified

comparing different NSAIDs; only two were published in the

past 20 yr.44e52 A single study related to COX-2 inhibitors was

identified. Most findings reported no significant differences

amongst the NSAIDs investigated; however, the largest sam-

ple size used, involved 60 participants in each arm, raising the

question of whether these studies are powered appropriately

to detect efficacy differences between drugs with the same

mechanism of action. The one study that reported a difference

in pain relief and patient preference, found ketoprofen 400 mg

significantly superior to both ketoprofen 100 mg and aspirin 1

g. However, the maximum licenced daily dose for ketoprofen

is 300 mg, making the clinical relevance of this finding un-

certain.44 Most publications failed to identify a significant

difference between adverse events associated with different

NSAIDs. One study found significantly greater gastrointestinal
side-effects requiring antacid therapy in those taking aspirin

compared with piroxicam.45
NSAIDs vs opioids

Supplementary Table S3 details studies identified comparing

NSAIDs with opioids.37,41,53e58 Sample sizes were again small

(most n¼100). Only one study conducted in the past 20 yr was

identified. Facilitating interpretation by combining data is

extremely difficult. Although oral morphine equivalence

would theoretically allow such comparisons, other fac-

torsdnot least heterogeneity in study design, duration of

follow-up, and outcome measuresdrender this a challenging

and potentially futile exercise.

The findings of these studies vary considerably. Of the

eight studies detailed in Supplementary Table S3, outcome

measures favoured the opioid treatment arm in two studies,

the NSAID treatment arm in three studies, and no significant

difference in the remaining three. No two studies compared

the same two agents. A total of five NSAIDs and four opioid

analgesics were utilised in these eight studies. One addi-

tional publication mentions unpublished data, for which the

methodology and specifics cannot be fully interrogated.59 It
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reports termination of a study because of poor enrolment,

yet concludes ketoprofen administered orally is equal or

more effective than morphine administered parenterally.59
NSAIDs with opioids

A total of five identified studies compared NSAIDs against

NSAIDs combined with an opioid, and are detailed in

Supplementary Table S4.39,40,56,60,61 None of these studies

involved COX-2 inhibitors, nor were conducted in the past 20

yr. Only two of these studies considered use of these agents

beyond a single dose. Two publications reported that the

combination of NSAID plus opioid resulted in either superior

analgesic efficacy or fewer patients withdrawing because of

inadequate analgesia. However, only one of these studies

report that their findings were statistically significant. The

remaining three studies failed to show any significant differ-

ence in analgesic efficacy between the two groups. Although

three studies report a greater incidence of adverse effects

associated with the combination treatments, only one per-

formed statistical analysis and concluded that the difference

was not significant. One further publication details a rando-

mised controlled trial of 342 patients assigned to three treat-

ment arms (diclofenac with morphine, celecoxib with

morphine, and both diclofenac and celecoxib with

morphine).62 The dose of NSAID remained constant, whereas

opioid dose was titrated over the four week study period. A

50% reduction in visual analogue scale (VAS) scores across all

three groups was reported. This reduction was greater in the

group taking both diclofenac and celecoxib in combination

with morphine (P<0.05).62
Opioid-sparing effects of NSAIDs

Three studies considered the opioid-sparing effects of

NSAIDs. Although these effects are well documented in

postoperative care and postoperative cancer care,63,64 with

demonstrable reductions in opioid adverse effects,65,66 no

large studies appear to have been performed with respect to

non-postoperative cancer pain management. A study of 16

patients demonstrated the addition of diclofenac 50 mg

suppositories reduced morphine patient-controlled anal-

gesia (PCA) usage but was perhaps underpowered to detect

significance in altered pain intensity.67 A randomised

double-blind crossover study of 28 participants with mod-

erate to severe persistent pain related to their cancer re-

ported that addition of ibuprofen 600 mg to two different

doses of methadone significantly reduced pain intensity and

improved pain relief scores without an increase in side-ef-

fects.68 A further randomised, double-blind study of 30 par-

ticipants regularly using a combination of paracetamol and

oxycodone showed that ibuprofen 600 mg was superior to

placebo in daily pain intensity, pain relief, and opioid-

sparing properties.69
Discussion

Given the high prevalence of pain at all stages of cancer and

the relative lack of efficacious treatments for this pain, it is

surprising that there is such a paucity of research into the use

of NSAIDs in cancer pain. The age of many of the published

papers (>20 yr) is also notable, as there have been a number of

developments in this area such as the introduction of COX-2

antagonists and the potential influence of NSAIDs on the
oncogenic process. The therapeutic landscape of cancer con-

tinues to shift at a remarkable pace, outpacing the few reviews

in this area that have been published. Novel treatments are

being introduced to clinical practice at a high rate, which is

altering the natural history of many tumour types and

bolstering the numbers of cancer survivors, the net outcome of

which is more patients experiencing pain.

Our search identified 106 review articles that considered use

of NSAIDs in cancer pain management. Despite numerous re-

view articles, only 30 randomised controlled trials or double-

blind controlled studies were identified for inclusion. The re-

sults of these publications suggest that NSAIDs are more

effective than placebo in reducing pain intensity and providing

pain relief in cancer pain. The overwhelming majority of data

supporting this is based upon single dose studies. Longer-term

studies, randomising the use of NSAIDs or placebo alone, for

pain management could be ethically challenging. A smaller

number of studies considered the use of NSAIDs in participants

additionally receiving opioid analgesia. These studies also

demonstrated superiority of NSAIDs over placebo (greater

reduction in pain intensity, enhanced pain relief, and opioid-

sparing effects). Although a total of nine publications,

involving 777 participantswere identified, there are insufficient

data available to suggest that any NSAID is superior to another.

None of these comparative studies considered more than 60

patients in each arm when comparing efficacy; therefore, it is

possible they were underpowered to adequately address this

topic. Eight publications comparing the analgesic efficacy of

NSAIDs to opioids were identified; however, heterogeneity and

small sample sizes make conclusions difficult to derive.

Because of the small sample sizes throughout all publications,

adverse effects are difficult to quantify. It is important to note

when considering the data presented that the findings outlined

above represent the conclusions of the authors based upon the

limited and varied data available. Caution is therefore required

when attempting to extrapolate these data.

Attempts to consider analgesic strategies based upon un-

derlying pain mechanisms and phenotype are appealing. How-

ever, of the 30 studies included, 18 lacked full details regarding

pain phenotype, whereas two studies included a broad mix of

different pain phenotypes. Of the remaining studies, seven

considered CIBP, two investigated non-neuropathic pain, and

one studied neuropathic pain alone. Drawing meaningful con-

clusionson theefficacy ofNSAIDsbaseduponpainphenotype is

therefore challenging. With respect to the single most repre-

sented phenotype, CIBP (which in itself is often considered to

include both neuropathic and non-neuropathic features), each

of the seven publications investigated the use of different

NSAIDs.Nostudy investigated theuseofNSAIDscomparedwith

placebo alone for management of CIBP. Although all seven

studies suggest an analgesic benefit regarding NSAID adminis-

tration in CIBP, translating these findings into clinical recom-

mendations is hindered by disparate study designs and the

diversity of outcomemeasures utilised.

There are a number of obstacles to developing meaningful

conclusions regarding the efficacy of NSAIDs in cancer pain

management. Firstly, 10 of the total 30 studies were single

dose studies, where patients were followed up for up to a

maximal time point of 6 h after the single dose. Although eight

of the studies were conducted over more than 7 days, only six

studied the use of analgesic agents for longer than one week.

The longest study duration was 6 weeks. Given the short

duration of many of the studies in question, it is conceivable

that their results are not transferable to longer-term use. The
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relative analgesic efficacy of all agents considered could be

over- or underestimated. Furthermore, the significance of

adverse events is challenging to extrapolate. It is plausible that

repeated exposure cumulatively increases the incidence of

certain side-effects (e.g. ulcers of the gastrointestinal tract),

potentially making single dose studies falsely reassuring.

Another barrier to wider scale interpretation relates to

heterogeneity of the study designs. Variation in drugs used,

doses, frequency, routes of administration, and outcome

measures make combined data analysis difficult and inadvis-

able. The choice of outcome measure in evaluation of pain

management has been shown to have a greater influence on

measured pain relief than the analgesic agent itself.70 This

highlights the difficulty and conceivable inaccuracy associated

with interpretation of multiple studies with heterogeneous

outcome measures.

We failed to identify any studies that specifically aimed to

quantify the risk associated with short-, medium-, or long-

term NSAID use in the cancer pain population. However,

other considerations identified by the literature search that

are not directly related to the primary aim of this study war-

rant discussion, namely the use of NSAIDs in the perioperative

period and their potential role in oncogenesis.

Although NSAIDs are not used universally for perioperative

analgesia, their efficacy has been demonstrated in numerous

meta-analyses for a number of surgical procedures,71e73 and

their effects on reducing opioid requirements and related side-

effects are well documented.65,66 With emerging evidence for

the benefits of enhanced recovery after surgery (ERAS) path-

ways and the shift towardsmulti-modal analgesia, NSAIDs are

currently recommended in an array of pathways and pro-

tocols.74,75 A systematic review investigating the specific role

NSAIDs have in both pre-emptive and preventative analgesia

for all types of surgery is currently being conducted,76 the re-

sults of which are keenly anticipated. Perhaps the predomi-

nant factors in the underutilisation of NSAIDs perioperatively

relate to concerns about potential adverse consequences: risk

of increased blood loss, acute kidney injury, anastomotic leak,

and deleterious effects on bone healing. The absolute signifi-

cance of these risks is difficult to quantify because of the

multifactorial nature of such complications, and it is therefore

unsurprising that studies have resulted in conflicting conclu-

sions on the impact that NSAIDs have on such outcomes.77,78

There is a growing body of evidence to suggest that the

perioperative period and anaesthetic techniques play a sig-

nificant role in the outcome of patients undergoing tumour

resections.79,80 With respect to NSAIDs, there are two main

considerations: directmechanisms of NSAIDs and their effects

on opioid use. Direct mechanisms include their anti-

inflammatory effects and direct influences on oncogenesis.

The oncogenic considerations are not confined to the periop-

erative period as discussed in greater detail below.

Inflammation is a key component of the metastatic pro-

cess, and targeting this element is considered to have a crit-

ical role in preventing metastasis.81 The anti-inflammatory

effects of NSAIDs are well known, with studies confirming

reduced circulating inflammatory mediators associated with

administration of traditional NSAIDs and COX-2 inhibitors

perioperatively.82,83 Furthermore, concerns exist regarding

the immunosuppressive properties of opioids,84 thereby

potentially affecting cancer recurrence. The opioid-sparing

properties of NSAIDs may be utilised to minimise these

immunosuppressive effects. Despite this concern, a large

prospective cohort study involving 34 188 patients found no
clinically relevant evidence of an association between opioids

and breast cancer recurrence.85 A recent systematic review

considering the perioperative use of NSAIDs on long-term

survival after cancer surgery concluded that studies (pre-

dominantly retrospective and observational) have produced

conflicting results, but a number of ongoing RCTs aim to

provide much-needed clarity on the subject.78

A further perioperative consideration is the potential

opioid-sparing properties of NSAIDs, a major area of interest

when placed in the context of the recent ‘opioid crisis’. It is

reported that 3e8% of opioid-naı̈ve individuals undergoing

elective surgery progress to persistent opioid use when fol-

lowed up many months after their surgical procedure.86,87

These rates seem consistent irrespective of whether the sur-

gical procedure is considered to beminor ormajor.88 Analgesic

strategies that limit the use of opioids in the perioperative

setting may reduce these numbers, easing the health and

economic burden associated with aberrant opioid usage.

The direct effects of NSAIDs on oncogenesis raise intriguing

considerations for their use in cancer pain management. The

first association between long-term aspirin use and reduced

incidence of colorectal cancer was reported in the 1980s.89

Subsequently, more epidemiological data emerged, indi-

cating the potential role of aspirin and other NSAIDs in the

prevention of colorectal carcinoma.90e92 The design of appro-

priate randomised, placebo-controlled trials are fraught with

challenges, not least the large sample sizes and duration of

enrolment required. Randomised placebo-controlled trials

have therefore been conducted in groups at higher risk of

developing colorectal cancer, such as those with previous

colorectal cancer, familial adenomatous polyposis, or ade-

nomas. Although not unanimous, studies have been published

with positive results for aspirin, other NSAIDs, and COX-2

inhibitors.93e95 The evidence base for other tumour types is

predominantly for the use of aspirin and based upon epide-

miological studies. Such studies have reported a reduced risk

overall of multiple cancer types, including lung, breast, and

oesophageal.96,97 The reported positive effects on cancer risk

are not uniform. NSAID use has been reported to both increase

and decrease the risk of prostate cancer,98,99 and various

studies have failed to show any benefit.100,101

With respect to adjuvant therapy, a systematic review and

meta-analysis has reported that low-dose aspirin is associated

with reduced mortality, metastatic spread, and thrombo-

embolic events.102 The heterogeneity of the available studies,

however, confirms the need for adequately powered rando-

mised placebo-controlled trials. As such, the Add-Aspirin Trial

currently continues to recruit, aiming for 11 000 participants to

determine whether regular aspirin after early-stage cancer

treatment improves mortality and recurrence rates for

numerous different tumour types.103

Despite the early promise of a potential role in prevention

of carcinoma formation, a significant barrier to the selection

and interrogation of appropriate candidates for such therapy

remains the lack of identification of the precise mechanism by

which these anti-tumour effects may be exhibited. Proposed

mechanisms include inhibiting the over-expression of COX-2

and increased prostanoid levels in cancerous cells,104

reducing prostaglandin-mediated angiogenesis105 and induc-

tion of apoptosis.106 COX-2 expression has been demonstrated

in a broad range of malignant cells.107,108 The tumour micro-

environment and neovasculature also have a role in COX-2

expression.109 COX-2 expression is associated with increased

prostanoid levels,110 which have in turn been associated with
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tumourigenesis.111 Additionally, COX-2 promotes release of

angiogenic peptides including vascular endothelial growth

factor (VEGF), endothelin-1, and prostaglandin E2.105,112 Inhi-

bition of these processes would account for therapeutic ac-

tions in oncogenesis. Furthermore, inhibition of COX-2 has

been demonstrated to induce apoptosis113 although the

mechanism for this remains unclear.106

The lack of high-quality evidence regarding the analgesic

efficacy of NSAIDs in cancer pain is a situation that has existed

for years. A comprehensive systematic review conducted in

2005 concluded that ‘there remains a need for a substantial

increase in the number of high-quality trials of NSAIDs in

patients with cancer’.19 Despite this ‘call to arms’, we identi-

fied only three studies performed subsequent to this publica-

tion. It is important to appreciate that a lack of high-quality

evidence for an agent does not equate to lack of efficacy.

Although concerns exist regarding the well-established

adverse effects associated with NSAID use, we were unable

to identify studies that are designed appropriately to quantify

these events within the context of cancer painmanagement (a

population of patients who are often frail and susceptible to

such adverse events occurring). Emerging potential benefits

for NSAIDs within the context of influencing oncogenesis

should now be considered in the risk:benefit analysis for the

use of NSAIDs in cancer pain management.
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Appendix.

Medline search strategy

(*"CANCER PAIN"/OR (Cancer Pain).ti,ab OR (Cancer asso-

ciated pain).ti,ab OR (Cancer-associated pain).ti,ab OR (Can-

cer-related pain).ti,ab OR (Cancer related pain).ti,ab OR

(Neoplasm associated pain).ti,ab OR (Neoplasm-associated

pain).ti,ab OR (Neoplasm related pain).ti,ab OR (Neoplasm-

related pain).ti,ab OR (oncological pain).ti,ab OR (oncology

pain).ti,ab OR (tumor associated pain).ti,ab OR (tumor-associ-

ated pain).ti,ab OR (tumour-associated pain).ti,ab OR (tumour

associated pain).ti,ab OR (tumour related pain).ti,ab OR

(tumour-related pain).ti,ab OR (tumor-related pain).ti,ab OR

(tumor related pain).ti,ab) AND (*"ANTI-INFLAMMATORY

AGENTS, NON-STEROIDAL"/OR *"CYCLOOXYGENASE 2 IN-

HIBITORS"/OR (NSAIDs).ti,ab OR (Non steroidal anti-

inflammatory drugs).ti,ab OR (Non steroidal anti inflamma-

tory drugs).ti,ab OR (Non steroidal anti inflammatory agent-

s).ti,ab OR (Non steroidal anti-inflammatory agents).ti,ab OR
(Non steroidals).ti,ab OR (Non-steroidals).ti,ab OR (Non-ste-

roidal anti-inflammatory drugs).ti,ab OR (Non-steroidal anti

inflammatory drugs).ti,ab OR (Non-steroidal anti inflamma-

tory agents).ti,ab OR (Non-steroidal anti-inflammatory agent-

s).ti,ab OR (Aspirin).ti,ab OR ("profen").ti,ab OR

(ibuprofen).ti,ab OR (diclofenac).ti,ab OR ("coxib").ti,ab OR

(salicylate).ti,ab OR ("bufen").ti,ab OR ("brufen").ti,ab OR (nap-

roxen).ti,ab OR (ketorolac).ti,ab OR (COX-2 inhibitors).ti,ab OR

(COX 2 inhibitors).ti,ab OR (Cyclooxygenase inhibitors).ti,ab OR

(Cyclo-oxygenase inhibitors).ti,ab)

Embase search strategy:

(*"CANCER PAIN"/OR (Cancer Pain).ti,ab OR (Cancer asso-

ciated pain).ti,ab OR (Cancer-associated pain).ti,ab OR (Can-

cer-related pain).ti,ab OR (Cancer related pain).ti,ab OR

(Neoplasm associated pain).ti,ab OR (Neoplasm-associated

pain).ti,ab OR (Neoplasm related pain).ti,ab OR (Neoplasm-

related pain).ti,ab OR (oncological pain).ti,ab OR (oncology

pain).ti,ab OR (tumor associated pain).ti,ab OR (tumor-associ-

ated pain).ti,ab OR (tumour-associated pain).ti,ab OR (tumour

associated pain).ti,ab OR (tumour related pain).ti,ab OR

(tumour-related pain).ti,ab OR (tumor-related pain).ti,ab OR

(tumor related pain).ti,ab) AND (*"NONSTEROID ANTIIN-

FLAMMATORY AGENT"/OR *"CYCLOOXYGENASE 2 INHIBI-

TOR"/OR (NSAIDs).ti,ab OR (Non steroidal anti-inflammatory

drugs).ti,ab OR (Non steroidal anti inflammatory drugs).ti,ab

OR (Non steroidal anti inflammatory agents).ti,ab OR (Non

steroidal anti-inflammatory agents).ti,ab OR (Non steroidal-

s).ti,ab OR (Non-steroidals).ti,ab OR (Non-steroidal anti-

inflammatory drugs).ti,ab OR (Non-steroidal anti inflamma-

tory drugs).ti,ab OR (Non-steroidal anti inflammatory agent-

s).ti,ab OR (Non-steroidal anti-inflammatory agents).ti,ab OR

(Aspirin).ti,ab OR ("profen").ti,ab OR (ibuprofen).ti,ab OR

(diclofenac).ti,ab OR ("coxib").ti,ab OR (salicylate).ti,ab OR

("bufen").ti,ab OR ("brufen").ti,ab OR (naproxen).ti,ab OR

(ketorolac).ti,ab OR (COX-2 inhibitors).ti,ab OR (COX 2 inhib-

itors).ti,ab OR (Cyclooxygenase inhibitors).ti,ab OR (Cyclo-

oxygenase inhibitors).ti,ab)

Appendix A. Supplementary data

Supplementary data to this article can be found online at

https://doi.org/10.1016/j.bja.2019.02.028.
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