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What is already known about the topic?

• Cancer pain is common, extremely debilitating, and undertreated worldwide.
•  We do not know if non-steroidal anti-inflammatory drugs (aka NSAIDs or “anti-inflammatories”) are effective in manag-

ing cancer pain of any type.
•  To further scientific understanding, UK palliative care doctors advocate a pragmatic trial to determine the role, if any, of 

NSAIDs as opioid adjuncts for treating cancer-induced bone pain.

Non-steroidal anti-inflammatory drugs (NSAIDs) 
in cancer pain: A database analysis to determine 
recruitment feasibility for a clinical trial

Andrew J Page1 , Katie Spencer2, Matthew R Mulvey1 ,  
Barry JA Laird3 and Michael I Bennett1

Abstract
Background: Insufficient evidence exists to support or refute use of NSAIDs for managing cancer pain. Palliative physicians support 
a placebo-controlled trial of NSAIDs as strong opioid adjuncts for cancer-induced bone pain as the most pragmatic design to benefit 
clinical practice.
Aim: We aimed to determine patient numbers receiving palliative radiotherapy for cancer-induced bone pain, estimate the suitability 
of NSAID prescription and determine survival, guiding future trial feasibility.
Design: A retrospective observational database analysis was undertaken using 5 years of routinely collected regional radiotherapy 
and healthcare data, filtered to achieve a cohort with cancer-induced bone pain. Demographics and survival were linked to available 
serology and co-morbidity data.
Setting/participants: Data was sourced from the regional Leeds Cancer Centre, a tertiary care setting. Patients who underwent 
palliative single fraction 8 gray (Gy) radiotherapy treatment for cancer-induced bone pain were included, totalling 2411 over 5 years.
Results: A mean of 478 patients received palliative radiotherapy for cancer-induced bone pain annually. Median age (IQR) was 70 
(62–77); negatively skewed (−0.69). 65.3% died within 1 year of radiotherapy; 48.0% within 6 months. Age was not associated with 
survival on univariable analysis (HR 0.999 (95% CI 0.996–1.003)). Serology from 1063 patients (44.2%) were available; eGFR was 
⩾60 mL/min/1.73 m2 in 83.0%. From available data (1352 pts; 51.6% of sample), 20.2% had a coded co-morbidity contra-indicating 
NSAIDs. Combining serology and co-morbidities, 68.5% could be considered for NSAID prescription.
Conclusions: Patient numbers at a regional radiotherapy centre support the feasibility of trial recruitment. Available serology and 
co-morbidity data suggest two-thirds may be suitable for NSAID prescription.
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Background
Pain remains a significant burden for people with cancer, 
reported in 55% receiving anti-cancer treatment and 66% 
with advanced disease.1 Pain negatively affects health-
related quality of life, social activity, psychological health, 
and anti-cancer treatment adherence.2 Despite this, an 
estimated one-third of people with cancer have inade-
quate pain control.3 At the end of life, pain remains the 
principal fear amongst the wider UK public, a concern 
shared by doctors.4 Although multiple barriers to ade-
quate pain management exist, fundamental questions 
concerning the efficacy of certain analgesics or analgesic 
combinations for patients with cancer remain.

Non-steroidal anti-inflammatory drugs (NSAIDs) are 
non-opioid analgesics used in the management of cancer 
pain. This is supported by the World Health Organisation 
(WHO) who advocate use of NSAIDs in mild-moderate 
cancer pain, as well as an opioid adjunct in more severe 
pain.1 However, Cochrane concludes “there remains no 
high-quality evidence to support or refute the use of 
NSAIDs alone or in combination with opioids for the three 
steps of the WHO cancer pain ladder.”5 Complicated by a 
significant side-effect profile including gastrointestinal, 
cardiovascular, and renal harms, determining if or when 
to prescribe NSAIDs for patients with cancer pain remains 
challenging.

Although current UK prescribing rates in cancer pain 
are unknown, a national survey of UK palliative care physi-
cians suggested NSAIDs are being predominantly utilised 
as strong opioid adjuncts clinically.6 Consensus concerning 
efficacy was mixed, with most considering cancer-induced 
bone pain the ICD-11 pain type for which NSAIDs are most 
utilised in practice.6 Consequently, a randomised control 
trial to determine the efficacy of NSAIDs as strong opioid 
adjuncts for cancer-induced bone pain was considered the 
most pragmatic design to guide clinical practice.6

Previous research has identified cohorts with cancer-
induced bone pain from those referred for palliative 
radiotherapy.7 Therefore, to determine trial feasibility, 
we aimed to determine patient numbers with cancer-
induced bone pain treated at a regional radiotherapy 
centre in the UK, as well as determine survival and 
estimate the suitability of NSAID prescription in this 
cohort.

Method

Design
A retrospective observational database analysis was 
undertaken using 5 years (01/01/2016 – 05/02/2021) of 
routinely collected regional radiotherapy and healthcare 
data.

Cohort
Retrospective data obtained from the regional Leeds 
Cancer Centre (Leeds Teaching Hospitals NHS Trust) was 
filtered and cleaned (Appendix 1) to identify a cancer-
induced bone pain cohort. All were aged ⩾18 years and 
were treated with a single 8 Gy radiotherapy fraction to a 
bone specific treatment site (recorded as radiotherapy Z 
codes). Of note, emergency radiotherapy treatment codes 
(including those treated for metastatic spinal cord com-
pression) were excluded during filtering (Appendix 1), to 
ensure those in whom other ICD-11 pain types predomi-
nate did not falsely inflate cohort estimates. For all steps 
used in data filtering see Appendix 1. For accuracy of 
cohort derivation, a random patient selection (50 included, 
50 excluded) following filtering had their medical notes 
manually reviewed to confirm radiotherapy indication; 
94% were appropriately included and 90% appropriately 
excluded.

What this paper adds
•  Numbers treated for cancer-induced bone pain at a single regional radiotherapy centre (478 per year) support the feasi-

bility of trial recruitment.
•  Considering eGFR and contraindicating co-morbidities, two-thirds could be suitable for NSAID prescription if proven 

efficacious.
•  Suitability for NSAID prescription reduces with age, with the proportion unsuitable increasing in those over 65 years 

old.

Implications for practice, theory, or policy
•  Recruitment to a future trial of NSAIDs in the management of cancer-induced bone pain appears feasible, particularly if 

multiple recruitment centres are used.
•  Demonstrating feasibility allows the planning of a definitive clinical trial to determine the efficacy of NSAIDs in this 

patient group.
•  Without a definitive clinical trial, the question remains: are effective analgesics being underutilised in cancer pain manage-

ment, or are ineffective medications increasing the risk of side effects in an already co-morbid cancer population?
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Data
Leeds Teaching Hospitals data concerning demographics 
(age, sex, postcode of residence), co-morbidities, preced-
ing serology, subsequent radiotherapy, and survival was 
extracted. Due to expected mortality rates, the ethics 
committee agreed consent was not possible. However, 
patients with national data opt-out were excluded. Local 
and national governance approval was received.

Analysis
Analyses were performed using IBM SPSS Statistics (v.26). 
Data was summarised descriptively as proportions for cate-
gorical variables. Medians, interquartile ranges, and skew 
were used for age and travel distance. A Cox proportional 
hazards model examined the association between age (con-
tinuous variable) and survival following radiotherapy. To esti-
mate patient proportions suitable for an NSAID trial, a lack of 
contra-indicated co-morbidities (as per British National 
Formulary8) and an eGFR >60 mL/min/1.73 m2 were used.

Results
Over 5 years, 2411 patients were treated with palliative 
radiotherapy for cancer-induced bone pain in Leeds. Five 
were excluded via national data opt-out. Median age (IQR) 
was 70 (62–77); negatively skewed (−0.69). More were male 
(58%). A mean (SD) of 478 (20.7) patients were treated 
annually. Median (IQR) distance travelled for radiotherapy 
was 18.2 (11.8–26.7) miles, positively skewed (4.95).

Treatment site and subsequent 
radiotherapy
Over half were treated for spinal bone metastasis (53.3%). 
Of these, individual treatments to thoracic (31%) or lum-
bar (29%) regions were most represented; 22% received 
treatment to multiple spinal regions (e.g. ⩾2 of cervical, 
thoracic, lumbar or sacral). Other common sites included 
the pelvis (17.4%) and hip/femur (14.4%). A minority 
(30.1%) attended hospital for further radiotherapy on 
subsequent dates.

Survival
Within 1 year of their first palliative radiotherapy for can-
cer-induced bone pain 65.3% of patients died, with 30.5% 
and 48.0% dying within 3 and 6 months respectively. Age 
was not associated with survival on univariable analysis 
(HR 0.999 (95% CI 0.996–1.003)).

Serology and co-morbidity data
During the 6 months prior to radiotherapy, blood results 
from 1063 patients (44.2%) were available; eGFR was 

>90 mL/min/1.73 m2 in 500 (47.0%) and >60 mL/min/ 
1.73 m2 in 882 (83.0%). Similarly, a minority had markers 
of impaired synthetic liver function (platelets <150 109/L 
in 84 (7.9%); bilirubin ⩾21 in 36 (3.4%); INR ⩾ 1.2 in 218 
(20.5%)), excluding hypoalbuminaemia (575 (54.1%)). 
Transaminases were within normal range for the majority 
(914 (86.0%)) or only mildly elevated (101 (9.95%) with 
alanine transaminase up to twice normal). The majority 
(875 (82.3%)) had haemoglobin levels of ⩾100 g/L.

Co-morbidity data was available for 1351 patients 
(56.1%), 1288 (95.3%) of whom had at least one recorded 
co-morbidity. Specifically, 273 (20.1%) had at least 
one co-morbidity contra-indicating NSAID use, of which 
84.2% had ⩾1 cardiovascular co-morbidity (ischaemic 
heart disease, congestive cardiac failure, peripheral arte-
rial disease).

Combined serological and co-morbidity data was 
available for 971 patients (40.3%) [Figure 1]. Of this, 665 
(68.5%) were considered suitable for NSAID prescription 
in a future trial (eGFR >60 mL/min/1.73 m2 and no con-
tra-indicated co-morbidities).

Discussion
To date, few exemplar studies demonstrate how to best 
conduct cancer pain trials with non-opioid drugs, such as 
NSAIDs.5 With under-recruitment, missing data and attri-
tion limiting NSAID trial quality in cancer, estimates of 
incidence and recruitment figures will be the cornerstone 
of a methodologically rigorous trial.5 This study demon-
strates a way of identifying a cohort with cancer-induced 
bone pain in sufficient numbers, supporting the feasibility 
of trial recruitment, particularly if undertaken from multi-
ple sites. Despite challenges in palliative cohorts, a multi-
centre model has precedent in recent drug trials.7,9

Despite being the most common cancer pain type, the 
exact incidence of cancer-induced bone pain remains 
uncertain.10 Combining palliative radiotherapy data in 
England with published proportions treated for cancer-
induced bone pain, an annual incidence of 18,000 patients 
treated for cancer-induced bone pain can be estimated.11,12 
This mirrors UK wide approximations.13 Additionally, as 
modern oncological treatment continues to improve met-
astatic cancer survival, often over several years, cancer-
induced bone pain prevalence may be expected to increase 
more swiftly than its annual incidence.10 Considering 
extrapolation of these figures internationally, a significant 
population exists who would benefit from more definitive 
research.

With numbers tailored using available serological 
and co-morbidity data, we estimate two-thirds of 
patients in this cohort could be eligible for NSAID pre-
scription. Analgesic prescription decisions are nuanced in 
cancer pain management, guided by factors including 
pain pathophysiology, severity, serology, co-morbidity, 
patient preference, drug interactions and the evidence 
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base available. With so many factors underpinning the 
risk: benefit ratio that guides doctor-patient discussions 
and NSAID prescription decisions, our estimate may lack 
precision. A significant majority demonstrating an 
eGFR ⩾60 mL/min/1.73 m2 is reassuring, a more con-
servative cut-off compared to NICE NSAID contraindica-
tions (<30 mL/min/1.73 m2).14

One significant consideration in trial design concerns 
the clinical complexity of cancer-induced bone pain as a 
pain state, which can involve “a combination of back-
ground, spontaneous, and incident (movement-evoked) 
pain.”15 Europe-wide observational research suggests 
>85% with cancer-induced bone pain report some form 
of incident pain episodes.16 In view of such varied symp-
tomatology, trial outcome measures, and sample size cal-
culations will have to be carefully considered to ensure 
analgesic effects are not missed.

Missing co-morbidity and serology data remains the 
main limitation. Less data was available for patients living 
outside Leeds, therefore missing data could reflect the 
radiotherapy providers large geographical catchment. 
With most data derived from recent tertiary hospital 
admissions it is possible cohort co-morbidity could be 
overestimated if extrapolated, considering co-morbidity 
correlates with likelihood of inpatient hospital care.17 On 
the contrary, those with extensive co-morbidity may 
avoid inpatient admission via pragmatic advanced care 
planning. However, this argument is not supported by the 

relatively low rates of advanced care planning in UK hospi-
tal admissions.18 Equally, with a reliance on retrospective 
coded hospital data it is possible some available co-mor-
bidity data may be inaccurate, incomplete or lack nuance. 
Our pragmatic approach was taken to ensure timely 
results that would guide future trials.

It is also of note that our filtering algorithm was imper-
fect in identifying those with cancer-induced bone pain 
from radiotherapy data. However, with accuracy esti-
mates of at least 90% from cohort derivation, these small 
inaccuracies are unlikely to impact conclusions. Historically 
poor classification of cancer-related pain types means 
that separating specific pain syndromes in cancer is not 
possible from retrospective records. Only in recent years 
have the nuance of cancer-related pain types been more 
specifically defined, providing hope for future research in 
these cohorts.19

An estimated one quarter of patients with cancer-induced 
bone pain have a complete response to palliative radiother-
apy, leaving a significant proportion with ongoing pain.20 
Interestingly, certain cytokines are being theorised as predic-
tors of radiotherapy response in cancer-induced bone 
pain.21 As medicine moves towards more targetted indi-
vidualised care, robust biomarkers could help focus radio-
therapy treatment on likely responders, with alternative 
treatments considered earlier in those less likely to respond.

Inequality in access to palliative radiotherapy based on 
a patient’s proximity to a radiotherapy centre is also well 

Figure 1. NSAID suitability by age group (n = 971). If not suitable, separated by an eGFR < 60, a contra-indicated comorbidity or 
both.
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documented.22 This may be reflected in the skewed travel 
distance identified, although could reflect differing popu-
lation density or demographics beyond city boundaries. 
Those more geographically isolated would likely benefit 
most from more definitive NSAID research.

Considering survival post radiotherapy, NSAIDs could 
provide sustained benefit for the majority with ongoing 
pain if proven efficacious. NSAID suitability by age group 
(Figure 1) correlates with NICE guidance, which identifies 
those aged ⩾65 years as being at increased risk of gastro-
intestinal, renal and cardiovascular harms.14 Trial recruit-
ment will have to carefully consider NSAID suitability in 
those ⩾65 years, a dilemma mirroring clinical practice.

In practice, patients can be prescribed NSAIDs over 
weeks, months or even years.5 Cochrane identified only 
a single trial with a duration of >2 weeks, with data on 
NSAID adverse events deemed very low-quality in cancer 
pain.5 Consequently, no assertions regarding long term 
efficacy or risks can be made. If repeated exposure 
cumulatively increases the incidence of certain adverse 
events (e.g. gastrointestinal tract ulcers), shorter studies 
maybe falsely reassuring.5,23 Any extrapolation of NSAID 
side effects from chronic use in non-malignant disease 
requires caution.6 With attrition plaguing palliative care 
trials, it is unlikely a single trial design could determine 
both short and longer-term NSAID efficacy and side 
effects. Most palliative care physicians assess NSAID effi-
cacy in clinical practice within 1 week of commencement, 
a duration which could be conveniently situated before 
radiotherapy.6 This design would be favourable, as 
opposed to treating with NSAIDs alongside radiotherapy 
as demonstrated in other drug trials.7

In conclusion, palliative physicians advocate a pragmatic 
trial to evaluate the benefit of NSAIDs as opioid adjuncts 
for cancer-induced bone pain.6 Our research demon-
strates the feasibility of identifying a cohort of patients 
with cancer-induced bone pain in sufficient numbers 
to support a multi-centre randomised controlled trial. 
Extrapolated estimates of incidence, paired with availa-
ble serology, co-morbidity and survival data support a 
role for NSAIDs in cancer-induced bone pain if proven 
efficacious.
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