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BACKGROUND: Aspirin has been widely reported to reduce the incidence of colorectal cancer. Recently, a survival benefit after
diagnosis has also been suggested. Data regarding such a benefit are to date contradictory. This study examines the effect of non-
steroidal anti-inflammatory drug (NSAID) use on mortality in colorectal cancer in a larger patient cohort than previously to further
clarify this effect, especially in terms of exposure timing and dosing.
METHODS: A study using the General Practice Research Database assessed whether aspirin or NSAID exposure in the year
immediately following diagnosis affected all-cause mortality in a cohort of 13 994 colorectal cancer patients. Cox proportional hazards
modelling adjusted for age, gender, smoking, body mass index and comorbidity.
RESULTS: Overall mortality was slightly lower in patients treated with aspirin, (hazard ratio (HR)¼ 0.91; 95% confidence interval
(CI)¼ 0.82–1.00). This effect was observed only in patients treated with prophylaxis-dose aspirin (HR¼ 0.89, CI¼ 0.80–0.98) and
only in patients taking aspirin before diagnosis (HR¼ 0.86, CI¼ 0.76–0.98). Differential effects were observed depending on the time
after diagnosis. Up to 5 years, a reduction in mortality was observed for aspirin users (HR¼ 0.83, CI¼ 0.75–0.92), whereas after 10
years there was an increase in mortality (HR¼ 1.94, CI¼ 1.26–2.99). For NSAID use, no significant effect was observed on overall
mortality (HR¼ 1.07, CI¼ 0.98–1.15). High-dose NSAID use was associated with a slight increase in mortality (HR¼ 1.41,
CI¼ 1.26–1.56).
INTERPRETATION: These findings provide further indication that aspirin may be beneficial in reducing mortality in colorectal cancer
during the first 5 years. The same cannot be said for other NSAIDs, where a small increase in mortality was observed.
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Although some targeted agents, such as bevacizumab, are
beginning to be used in colorectal cancer chemotherapy (Welch
et al, 2010), conventional chemotherapeutic drugs including 5FU,
capecitabine and oxaliplatin are still the mainstay of chemotherapy
in this disease. Such drugs are known for their unpleasant side
effects with even the more benign regimes (such as single agent
capecitabine) producing diarrhoea in around 45% of patients, skin
disorders like hand and foot syndrome in about 50%, and adverse
effects requiring hospitalisation in over 10% (Van Cutsem et al,
2001). Hence, alternative drugs with improved side effect profiles
would be of great value.
Aspirin and non-aspirin non-steroidal anti-inflammatory drugs

(NSAIDs) have well-recognised chemo-preventive effects against
colorectal cancer (Dubé et al, 2007; Cuzick et al, 2009; Elwood et al,
2009; Half et al, 2009; Iwama and Iwama, 2009; Zell et al, 2009). It
was long argued that for aspirin, this effect existed only at high
doses, although recent evidence has emerged to suggest that
prophylaxis dose (75mg per day) aspirin may also be efficacious
(Din et al, 2010; Rothwell et al, 2010). Other recent evidence has
shown that those taking NSAIDs before diagnosis have improved
survival after diagnosis of colorectal cancer (Zell et al, 2009;
Coghill et al, 2010).

These effects naturally lead to the question of whether these
drugs may be of benefit as an adjuvant treatment in colorectal
cancer. Recent studies have suggested that there may be a
reduction in mortality for patients with colorectal cancer who
have been treated with aspirin or NSAIDs (Chan et al, 2009;
Bastiaannet et al, 2012). In both studies, the effect was seen in
those treated with aspirin after diagnosis and the greatest effects
were observed in patients who began aspirin use post diagnosis.
The Chan et al (2009) study showed patients with tumours
expressing high levels of cyclooxygenase-2 (COX-2) benefited most
from aspirin use. We have endeavoured to clarify whether aspirin
and other NSAIDs truly do have a potential as anti-neoplastics in
diagnosed colorectal cancer in a larger cohort.

MATERIALS AND METHODS

Study design

A cohort study was carried out in the General Practice Research
Database (GPRD) to determine the relationship between aspirin
and NSAID usage and survival post cancer diagnosis.

The GPRD

The GPRD is a prospectively gathered, anonymised database
encompassing around 500 GP practices throughout the UK, and is
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the largest of its type in the world, with around 45 million patient
years of data spread across approximately 6.5 million patients. It
provides data on patients including clinical diagnoses, treatments
and outcomes. The database was established in 1987, with its
development corresponding to the increased computerisation of
GP practices, and its validity having been well documented in a
number of studies (Jick et al, 1991, 2003; Fombonne et al, 2004;
Herrett et al, 2010), including a recent study validating cancer
diagnosis and death (Dregan et al, 2012).

Study population

We selected any person with a recorded diagnosis of colorectal
cancer within the GPRD (diagnosis codes available on request)
occurring at least 1 year after their entry to the database. Patient
data were collected from 1987, up to the latest available data
(2010). Patients with a previous diagnosis of colorectal cancer were
excluded from the cohort, as were patients contributing less than 1
year of data to the GPRD.

Outcomes and exposures

The outcome to be observed was all-cause mortality. Date of
patient death was determined from the existence of one of two
records; either a patient with a ‘transfer out reason’ specified as
‘death’; or by a ‘statement of death’ (SoD) code (a ‘clinical’ or
‘referral’ event with a Read/OXMIS code indicating a death).
Where both records existed, the date of death was determined
preferentially from the SoD code. The follow-up time was
determined to be the time between diagnosis, and the death date
determined by the above method. Follow-up time for patients not
dying in the study was determined either from the date that the
patient transferred out from the GP or by the last data collection
date for the GP.
The primary exposure was the use of aspirin, or another NSAID

excluding aspirin (section 10.01.01 of the British National
Formulary (BNF)). These two exposure groups (aspirin and other
NSAIDs) were not mutually exclusive in that a patient could be
counted as exposed to both. To be exposed, a patient must have
had a repeat prescription (X2) within the period being examined
for exposure. To minimise the risk of reverse causality (with
patients dying early having less opportunity to receive a
prescription), a fixed period of 1 year post-diagnosis was used to
determine drug exposure, and patients who died or were censored
within this period were excluded from the analysis.
Potential associations were examined further by investigating

the dose used. For aspirin, prophylaxis dose was defined as 75mg
or under per day, and high dose as anything over 75mg. Where
multiple prescriptions with differing doses existed, the most
frequently prescribed dose was used. To allow comparison of the
effect of high and low doses across all other NSAIDs as a group, we
standardised our definition of high dose and low dose between
drugs relative to the maximum recommended doses for each drug
(determined from the BNF). These standardised doses were then
used to calculate the mean dose across all prescriptions for each
patient individually. Patients with NSAID use were divided into
‘high’-dose or ‘low’-dose groups based on the median corrected
dose of 0.32 times maximum recommended dose.
We considered pre-diagnosis exposure as a potential effect

modifier to determine whether it influenced the effect of post-
diagnosis exposure.

Other covariates

We extracted data on gender, age, smoking status, alcohol use,
body mass index (BMI) and comorbidity (coded as the Charlson
index (Charlson et al, 1987)). Of these potential confounders,
gender, age, comorbidity and smoking status were retained in

multivariate models as a priori predictors of mortality risk. Other
covariates were only retained in the multivariate model if they
produced a 10% or greater change in the measured size of effect.
Missing data were addressed by including a ‘missing’ category so
that any such patients were not discounted from the analyses.

Statistical methods

We used Cox proportional hazards modelling to assess the effect of
aspirin/NSAIDs on mortality risk, adjusting for multiple potential
confounding variables as described above. Results are presented as
hazard ratios (HR), with accompanying 95% confidence intervals
(CIs). We examined the potential for effect modification by prior
aspirin use via a stratified analysis and the fitting of interaction
terms in our Cox model.
Validity of the proportional hazards assumption was tested

using a log-cumulative hazard plot. Due to violation of the
proportional hazards assumption in the present analysis, we
subsequently performed a stratified analysis, detailing the
mortality risks based on aspirin use, separately for the first 5
years following cancer diagnosis, 5–10 years following diagnosis
and 410 years following diagnosis.
All data handling and analysis was done using Stata v11.1 SE

(StataCorp., College Station, TX, USA).

RESULTS

We identified 13 944 patients with colorectal cancer, 5358 (38.4%)
of these patients died during their period of registration and their
median follow-up time (survival time) for this group was 1.7 years.
The remaining patients, alive up to the end of follow-up, had a
median time of post-diagnosis follow-up of 3.1 years (interquartile
range 1.3–6.2). Aspirin use between diagnosis and 12 months post
diagnosis was at 18.8% in patients surviving more than 12 months
after diagnosis. A total of 26.1% of patients received a prescription
for aspirin pre-diagnosis. These results are summarised, along with
other covariates used in the study in Table 1.
We found that post diagnosis, aspirin use (Table 2) was

associated with a decrease in mortality in colorectal cancer
patients (multivariate HR¼ 0.91, CI¼ 0.82–1.00). This effect was
not observed in patients not using aspirin before diagnosis
(HR¼ 0.99, CI¼ 0.84–1.16), whereas there was an effect observed
in patients who did use aspirin pre-diagnosis (HR¼ 0.86,
CI¼ 0.76–0.98). If pre-diagnosis aspirin use is considered exclu-
sively, there was no association with survival (HR¼ 1.04,
CI¼ 0.97–1.12). In this latter case, we included all patients
excluded from the analyses due to surviving less than 1 year.
With NSAID use, there was a statistically significant increase in

mortality when all patients were considered together (HR¼ 1.29,
CI¼ 1.18–1.42). However, there was a greater increase in mortality
observed in those beginning NSAID use after diagnosis, having not
used them before diagnosis (HR¼ 1.69, CI¼ 1.45–1.97). As with
aspirin, no statistically significant effects were observed when
pre-diagnosis exposure only was considered (HR¼ 1.05,
CI¼ 0.99–1.12).
Investigation of the effect of dose is presented in Table 3. For

aspirin, a dose–response effect was not observed, as there was a
small, non-significant decrease in mortality in those using
prophylaxis-dose aspirin (HR¼ 0.94, CI¼ 0.86–1.02) and a small,
non-significant increase in mortality in patients using high-dose
aspirin (HR¼ 1.13, CI¼ 0.97–1.32). These observations were
largely repeated for NSAID use, although for high-dose NSAIDs,
a significant and greater increase in mortality was observed
(HR¼ 1.41, CI¼ 1.26–1.56).
If the original analysis (Table 2) is repeated with patients using

high dose post diagnosis aspirin/NSAID excluded from the study,
the results are broadly similar for aspirin, but with slightly greater
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size of effect (Table 4). For NSAIDs, the increase in mortality
previously observed in patients who had not used them before
diagnosis was reduced somewhat, though still significant
(HR¼ 1.25, CI¼ 1.04–1.49).
We investigated the differences between different anatomical

sites of the cancer by dividing them into colon and rectal cancers.
This gave proportions similar to UK incidence data (Cancer
Research UK) with 61.0% colonic, 33.9% rectal and 5.1%

unspecified site. However, we found that the overall multivariate
HRs did not differ substantially between sites (colonic HR¼ 0.89,
CI¼ 0.79–1.01; rectal HR¼ 0.92, CI¼ 0.77–1.09; unknown
HR¼ 0.90, CI¼ 0.59–1.38).
Examination of the proportional hazards assumption revealed a

clear violation in the models. The HRs clearly varied with time, as
the log-log plots cross at around 6.3 years. This change can be seen
in Figure 1A. We therefore formed separate models for 0–5 years,
5–10 years and 410 years follow-up after diagnosis (Table 5). For
aspirin, a reduction in mortality was observed up to 5 years
(HR¼ 0.83, CI¼ 0.75–0.92), whereas after this point the effect
became an increase in mortality, especially in the 410 years
period (HR¼ 1.95, CI¼ 1.27–2.99). Although NSAIDs did not
display the same level of differential effects (Figure 1B), the
analysis was carried out in the same way, though no notable trend
was observed.

DISCUSSION

We have confirmed that there is a reduction in all-cause mortality
in colorectal cancer patients who take aspirin for the 1 year after
diagnosis. This benefit is modest with a HR of 0.91 overall in our
multivariate model. Subgroup analyses showed that the benefit was
confined to those who also used aspirin before diagnosis and who

Table 2 Risk of all-cause mortality according to use of aspirin or NSAIDs after diagnosis

Aspirin
non-user, HR

Aspirin
user, HR (95% CI)

NSAID
non-user, HR

NSAID
user, HR (95% CI)

All participants
Deaths/number remaining alive 4400/6925 958/1661 3914/6319 1444/2267
Age-adjusted HR 1 (Ref) 0.94 (0.87, 1.01) 1 (Ref) 1.06 (1.00, 1.13)
Age and pre-diagnosis drug use adjusted HR 1 (Ref) 0.89 (0.81, 0.98) 1 (Ref) 1.08 (1.00, 1.16)
Multivariate HRa 1 (Ref) 0.91 (0.82, 1.00) 1 (Ref) 1.07 (0.98, 1.15)

Aspirin/NSAID non-users pre-diagnosis
Deaths/number remaining alive 3910/6231 192/284 2391/3671 299/308
Age-adjusted HR 1 (Ref) 0.99 (0.86, 1.15) 1 (Ref) 1.44 (1.27, 1.62)
Multivariate HRa 1 (Ref) 0.99 (0.84, 1.16) 1 (Ref) 1.46 (1.27, 1.67)

Aspirin/NSAID users pre-diagnosis
Deaths/number remaining alive 490/694 766/1377 1523/2648 1145/1959
Age-adjusted HR 1 (Ref) 0.84 (0.75, 0.94) 1 (Ref) 0.97 (0.9, 1.05)
Multivariate HRa 1 (Ref) 0.86 (0.76, 0.98) 1 (Ref) 0.95 (0.87, 1.03)

Abbreviations: CI¼ confidence interval; HR¼ hazard ratio. aAdjusted for: age, gender, smoking, BMI, alcohol use and comorbidity (Charlson index).

Table 1 Covariates

Aspirin non-user
(N¼ 11 325) %

Aspirin user
(N¼ 2619) %

NSAID non-user
(N¼ 10 233) %

NSAID user
(N¼ 3711) %

Women 6067 53.6 1632 62.3 5493 53.7 2206 59.4
Mean age (s.d.) 74.5 (11.7) 68.3 (8.5) 72.3 (11.5) 68.4 (11.4)
Mean BMI (s.d.) 27.0 (4.5) 26.2 (4.5) 27.1 (4.4) 26.1 (5.1)

Smoking status
No 6074 53.6 1306 49.9 5503 53.8 1877 50.6
Ex 3053 27.0 948 36.2 2774 27.1 1227 33.1
Yes 1645 14.5 322 12.3 1462 14.3 505 13.6
Missing 553 4.9 43 1.6 494 4.8 102 2.8

Alcohol use
No 1714 15.1 447 17.1 1541 15.1 620 16.7
Ex 173 1.5 77 2.9 152 1.5 98 2.6
Yes 7790 68.8 1890 72.2 7079 69.2 2601 70.1
Missing 1648 14.6 205 7.8 1461 14.3 392 10.6

Mean Charlson Index (s.d.) 13.0 (9.5) 9.5 (13.0) 12.1 (7.3) 9.5 (7.2)

Numbers in table represent N (%) for categorical variables and mean (s.d.) for continuous variables.

Table 3 Risk of all-cause mortality according to dose of post diagnosis
aspirin or NSAIDs use

Age adjusted Multivariatea

Drug type Exposure HR (95% CI) HR (95% CI)

Aspirin Unexposed 1 1
Prophylaxis dose 0.91 (0.84, 0.98) 0.94 (0.86, 1.02)
High dose 1.10 (0.95, 1.27) 1.13 (0.97, 1.32)

NSAIDs Unexposed 1 1
Low dose 0.94 (0.87, 1.01) 0.96 (0.89, 1.04)
High dose 1.42 (1.29, 1.57) 1.41 (1.26, 1.56)

Abbreviations: CI¼ confidence interval; HR¼ hazard ratio. aAdjusted for: age,
gender, smoking, BMI, alcohol use and comorbidity (Charlson index).
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took it in prophylaxis dose. The benefit was observed only in the
period up to 5 years after diagnosis, after which point aspirin users
suffered higher mortality. When our analysis was limited to the
first 5 years after diagnosis and considering only prophylaxis-dose

aspirin started before diagnosis, the HR was 0.79 (CI¼ 0.71–0.89).
Although this subgroup analysis is interesting, the clinical
implications are unclear and must be interpreted with caution
(see later discussion). No similar benefit was found with other
NSAID use, and in contrast NSAID use was associated with a slight
increase in mortality.
Our data do have certain important strengths. The data set in

terms of numbers of cancers is far larger than any previous study
of this subject. As our data are taken from a GP database, with
practices spread across the UK, our results should be highly
generalisable. In addition, by selecting all relevant malignancies
within the population (rather than sampling a smaller proportion
of the available colorectal cancers), we largely eliminated the
possibility of selection bias. One potential remaining selection bias,
however, relates to our exclusion of deaths in the first year of
follow-up. This will undoubtedly have excluded some of the more
aggressive cancers and it is possible that such tumours will be less
likely to respond to aspirin. Our use of routinely collected general
practice records (from the GPRD) ensured also that there was no
opportunity for recall bias to effect the ascertainment of exposures.
Data on prescribing in the GPRD is highly reliable due to their
automatic recording upon prescription creation. However, over
the counter purchase is not captured in the database, which may
cause a slight null bias, though the size of this effect should be
small given that patients over 60 (and some other patient groups)
receive free prescriptions in the UK, and over 80% of this
population are over 60.
However, we cannot be equally confident about the recording of

all potential confounders. There is some missing data with respect
to smoking, obesity and alcohol, and due to the nature of these
data recording of such factors is likely to be imperfect in terms of
timing and consistency across GPs. There is therefore a potential
for residual confounding by these factors. However, these factors,
even when combined, had a relatively small confounding effect,
and so it is likely that any residual confounding by these factors
would be minor. We lack, however, any data on factors such as
cancer stage, histological grade and COX2 expression (expression
of COX-2 in a colorectal tumour has been shown to be associated
with a greater decrease in mortality when taking aspirin (Chan
et al, 2009)). Adjusting for these factors could therefore
appreciably alter the size of our observed effects.
Likewise, though our adjustment for comorbidity via the

Charlson index may have reduced the extent of residual
confounding by morbidity, it is highly likely that comorbidity
would lead to both increased aspirin or NSAID use (for pain
management, for example) and increased mortality. Indeed, we
believe this confounding by indication may explain interactions
where aspirin or NSAIDs are associated with increases in mortality

Table 4 Risk of all-cause mortality according to use of prophylaxis-dose aspirin or NSAIDs after diagnosis

Pre-diagnosis exposure strata
Aspirin

non-user, HR
Low-dose

aspirin user, HR (95% CI)
NSAID

non-user, HR
Low-dose

NSAID user, HR (95% CI)

All participants
Deaths/number remaining alive 4400/6925 772/1441 3914/6319 982/1693
Age-adjusted HR 1 (Ref) 0.91 (0.84, 0.98) 1 (Ref) 0.94 (0.87, 1.01)
Age and pre-diagnosis drug use adjusted HR 1 (Ref) 0.86 (0.79, 0.94) 1 (Ref) 0.94 (0.87, 1.01)
Multivariate HRa 1 (Ref) 0.89 (0.8, 0.98) 1 (Ref) 0.94 (0.86, 1.02)

Aspirin/NSAID non-users pre-diagnosis
Deaths/number remaining alive 3910/6231 175/265 2391/3671 157/171
Age-adjusted HR 1 (Ref) 0.97 (0.83, 1.13) 1 (Ref) 1.21 (1.03, 1.42)
Multivariate HRa 1 (Ref) 0.99 (0.84, 1.16) 1 (Ref) 1.25 (1.04, 1.49)

Aspirin/NSAID users pre-diagnosis
Deaths/number remaining alive 490/694 597/1176 1523/2648 825/1522
Age-adjusted HR 1 (Ref) 0.81 (0.72, 0.92) 1 (Ref) 0.89 (0.81, 0.97)
Multivariate HRa 1 (Ref) 0.83 (0.73, 0.95) 1 (Ref) 0.88 (0.8, 0.96)

Abbreviations: CI¼ confidence interval; HR¼ hazard ratio. aAdjusted for: age, gender, smoking, BMI, alcohol use and comorbidity (Charlson index).
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Figure 1 Survival according to aspirin/NSAID use after diagnosis.
Multivariate colorectal cancer patient survival curves stratified according
to aspirin (A) and NSAID (B) exposure. Adjusted for: age, gender,
smoking, BMI, alcohol use and comorbidity (Charlson index).
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in some subsets of our data. To clarify further, we believe that it is
likely that high-dose aspirin use and NSAID use are mainly
indicated for pain. As this may well be an indication of advanced
disease (via metastases, for example), it is unsurprising that we can
show no benefit from these prescriptions. Likewise, new aspirin
prescriptions at prophylaxis dose will most commonly occur
because the prescriber has become aware of a new cardiovascular
risk for mortality or morbidity and so we are unsurprised to be
unable to show a benefit in those receiving aspirin only after
cancer diagnosis (long standing risks for cardiovascular disease
may be of less immediate mortality risk). This interpretation does
make an assumption that indication can be defined by dose alone
and so is somewhat speculative as this is not a perfect measure.
However, we believe that, for example, the vast majority of people
taking 75mg aspirin will not be using it as an analgesic.
In relation to previously published work on this subject, our

results are broadly similar in that we found a decrease in mortality
in aspirin users. The results were also similar in scale to
comparable groups in other studies (Chan et al, 2009), which
found around a 20–30% decrease in mortality. However, the results
differ in some notable ways. For example, whereas Chan et al
(2009) found their greatest size of effect in patients who started
aspirin use for the first time post diagnosis, we found essentially
no effect here. Whereas other studies were able to look at cancer
specific mortality, due to limitations in the GPRD, our study
looked at all-cause mortality. If our explanation of the lack of
benefit of new prescriptions on all-cause mortality given in the
previous paragraph is correct, this limitation of our study would
explain this discrepancy. This might also explain the time course
differences in the benefits that we observed. During the early years
after cancer diagnosis (when we show a benefit on all-cause
mortality), cancer-related mortality is likely to predominate. The
later loss of this benefit then probably relates to the fact that at
later stages, cardiovascular mortality (for which aspirin prescrip-
tion will mark a risk) predominates as in the general population.
That is, the change in effect over time reflects changes in the
importance of our inability to correct perfectly for cardiovascular
comorbidity. In contrast to the previous studies concentrating on a
survival benefit of pre-diagnosis exposure, our results cannot be
simply explained by aspirin/NSAIDs via GI toxicity prompting
investigation and earlier diagnosis, as such an effect should be
independent of post diagnosis exposure.

Overall, therefore, we find the protective effect of aspirin in the
early years after colorectal cancer diagnosis to be similar to that found
in other studies and not wholly incomparable to the 35% reduction in
death found in RCTs of chemotherapy drugs (Colorectal Cancer
Collaborative Group, 2000). Aspirin is not without side effects,
including gastrointestinal irritation and even haemorrhage. However,
its toxicity is substantially lower than that for drugs with proven
benefit in colorectal cancer such as fluoropyrimidines and oxaliplatin,
whose side effects include neutropenia, increased risk of infection,
nausea and vomiting, fatigue, alopecia and potential fertility loss.
The body of evidence for the anti-cancer effect of aspirin in

colorectal cancer is ever expanding. Due to the limitations of this
and previous studies, it would appear that randomised trials of its
addition to standard care may well be the only way to better
determine whether it can confer a benefit to cancer patients after
diagnosis, and if so which patients are most likely to benefit. Given
the potential gain for colorectal cancer patients, it would be
imprudent to not investigate this further in patients.
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