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Abstract

Background: Aspirin use reduces colorectal cancer (CRC) incidence, but there is limited evidence regarding associations of
aspirin and non-aspirin non-steroidal anti-inflammatory drugs (NSAIDs) with CRC-specific survival. Methods: This
prospective analysis includes women and men from the Cancer Prevention Study-II Nutrition Cohort who were cancer free at
baseline (1992 or 1993) and diagnosed with CRC during incidence follow-up through 2015. Detailed information on aspirin
and non-aspirin NSAID use was self-reported on questionnaires at baseline, in 1997, and every 2 years thereafter. Pre- and
postdiagnosis data were available for 2686 and 1931 participants without distant metastases, respectively, among whom 512
and 251 died from CRC during mortality follow-up through 2016. Secondary analyses examined associations between pre-
diagnosis aspirin use and stage at diagnosis (distant metastatic vs localized or regional). All statistical tests were 2-sided.
Results: Long-term regular use of aspirin (>15 times per month) before diagnosis was associated with lower CRC-specific
mortality (multivariable-adjusted hazard ratio [HR] ¼ 0.69, 95% confidence interval [CI]¼0.52 to 0.92). Postdiagnosis regular
aspirin use was not statistically significantly associated with risk of CRC-specific mortality overall (HR¼0.82, 95% CI¼0.62 to
1.09), although participants who began regular aspirin use only after their diagnosis were at lower risk than participants who
did not use aspirin at both the pre- and postdiagnosis periods (HR¼0.60, 95% CI¼0.36 to 0.98). Long-term aspirin use before
diagnosis was also associated with lower odds of diagnosis with distant metastases (multivariable-adjusted odds ratio¼0.73,
95% CI¼0.53 to 0.99). Conclusions: Our results suggest that long-term aspirin use before a diagnosis of nonmetastatic colorec-
tal cancer may be associated with lower CRC-specific mortality after diagnosis, consistent with possible inhibition of micro-
metastases before diagnosis.

Colorectal cancer (CRC) patients seek guidance on lifestyle fac-
tors to improve their prognoses (1). Evidence from randomized
trials and observational studies convincingly demonstrate that
relatively long-term regular aspirin use lowers risk of CRC inci-
dence, even at low doses (2). Recently, however, the Aspirin in
Reducing Events in the Elderly (ASPREE) study, a randomized
trial of aspirin compared with placebo in people age 70 years or
older, followed for an average of 4.7 years, reported an unex-
pected but statistically significant increase in CRC-specific mor-
tality (hazard ratio [HR] ¼ 1.77, 95% confidence interval
[CI]¼ 1.02 to 3.06) with the low-dose intervention (3,4). This re-
sult may be because of chance (5) but nonetheless raises poten-
tial concerns about the relatively short-term effects of aspirin
initiation on CRC mortality risk in the elderly.

There is currently no evidence from randomized trials on aspi-
rin use and mortality outcomes specifically from studies of CRC
survivors. Several observational studies, however, have examined
the association between postdiagnosis aspirin use and
CRC-specific mortality (6-15). Some of these studies observed a
reduction in mortality associated with postdiagnosis aspirin use
(8-12,14); others did not (6,7,13,15). The association between pre-
diagnosis aspirin use and CRC mortality is also inconsistent
across studies (6,8,11,16-21). Most of these studies did not adjust
their aspirin and CRC mortality estimates for potential confound-
ing from non-aspirin non-steroidal anti-inflammatory drug
(NSAID) use, an important limitation that bears consideration.

There is evidence that non-aspirin NSAIDs may inhibit colo-
rectal carcinogenesis (22,23). Randomized clinical trials support
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the hypothesis that cyclooxygenase (COX)-2 selective inhibitors
(ie, celecoxib and rofecoxib) are effective in preventing colorec-
tal adenomas (24-27). In a systematic review and meta-analysis,
non-aspirin NSAIDS were associated with a reduced risk of inci-
dent CRC (28), but their association with CRC-specific mortality
has been investigated in only a handful of studies with conflict-
ing findings (14,16,17,20,21).

Both aspirin and non-aspirin NSAIDs block the metabolism
of arachidonic acid through the prostaglandin H synthase or
Cox pathways (29). Aspirin irreversibly inactivates COX-1 and
COX-2 through acetylation, whereas non-aspirin NSAIDs revers-
ibly inhibit the activity of these enzymes through competitive
binding (30,31). Non-aspirin NSAIDs may inhibit colorectal car-
cinogenesis by inhibiting COX-2 (22,23). Aspirin, however,
appears unlikely to inhibit carcinogenesis by inactivating COX-
2; instead, it appears to inhibit carcinogenesis by inhibiting
platelet activation through COX-1 and reducing thromboxane A
expression (31). Mature platelets lack a nucleus and cannot re-
place inactivated COX-1, so even low-dose aspirin effectively
inhibits platelet activation (31). Inhibition of platelet activation
is thought to inhibit metastases (32,33) and may mediate the
cancer-preventive properties of aspirin (31).

It is important to inform clinicians and CRC survivors about
the potential benefits and harms of aspirin and non-aspirin
NSAIDs. We used data from the Cancer Prevention Study-II
Nutrition cohort (CPS-II) to examine the associations of pre- and
postdiagnosis use of aspirin and non-aspirin NSAIDs with CRC-
specific mortality among CRC survivors. Because inhibition of
distant metastases is a potential mechanism of action for aspi-
rin, we also explored associations of long-term aspirin use
among case patients with and without distant metastases.

Methods

Study Participants

The analytic cohort for this analysis began with 4701 partici-
pants in the CPS-II Nutrition cohort who were free from colorec-
tal cancer at baseline and who were subsequently diagnosed
with invasive colon (International Classification of Diseases
[ICD]-10: C18) or rectal cancer (ICD-10: C19-C20) after baseline
enrollment (1992 or 1993) and before the end of incidence
follow-up (June 30, 2015). Participants were followed for mortal-
ity outcomes through December 31, 2016. Exclusions were made
for the following reasons: case participants identified through
the National Death Index who could not be verified with cancer
registries (n¼ 295), cases with a cancer diagnosed prior to en-
rollment into the CPS-II Nutrition cohort in 1992 or 1993 other
than nonmelanoma skin cancer (n¼ 495), cases with an implau-
sible diagnosis date (n¼ 16), cases with an unknown cancer
stage at diagnosis (n¼ 164), cases with a nonadenocarcinoma
CRC histology (n¼ 81), cases who were diagnosed with CRC and
died on the same day (n¼ 4), and cases missing aspirin and/or
non-aspirin NSAID data on the prediagnosis questionnaire
(n¼ 532). We also excluded persons diagnosed with distant met-
astatic disease (n¼ 428) in our primary analyses because we an-
ticipate the poor prognosis associated with distant metastatic
disease would not be materially influenced by aspirin or non-
aspirin NSAIDs, similar to our previous observations with other
lifestyle and behavioral factors in this cohort (34-39). We had
2686 participants for prediagnosis analyses, among whom 1568
deaths occurred (512 from CRC, 366 from cardiovascular disease
[CVD], and 690 from all other causes). A total of 2036

participants returned a valid postdiagnosis questionnaire that
included aspirin and non-aspirin NSAID information. In post-
diagnosis analyses, the first year of follow-up after completion
of the postdiagnosis questionnaire was excluded to avoid bias
from reverse causation, because participants may stop using as-
pirin when they are close to death. This resulted in the exclu-
sion of an additional 105 participants who died within 1 year of
returning their postdiagnosis questionnaire. We had 1931 par-
ticipants for postdiagnosis analyses that included 1043 deaths
(251 from CRC, 274 from CVD, and 518 from all other causes).

Assessment of Aspirin and Non-Aspirin NSAID Use

Both pre- and postdiagnosis aspirin and non-aspirin NSAID use
were categorized as none, less than regular (1-14 pills per
month), or regular (�15 pills per month). Prediagnosis use was
defined from the self-reported questionnaire returned immedi-
ately prior to participant diagnosis (mean¼ 1.5 years before
diagnosis).

Prediagnosis aspirin use and non-aspirin NSAID use dura-
tions were categorized into 5 categories based on the combina-
tion of reported use on the prediagnosis questionnaire and on
the questionnaire returned immediately prior to that question-
naire (eg, for a participant who was diagnosed in 2000, her or
his 1999 and 1997 questionnaires would be used to derive this
variable). These categories were defined as follows: 1) no use on
both the prediagnosis and the preceding questionnaires, 2) reg-
ular use on the prediagnosis but not on the preceding question-
naires (ie, shorter duration use), 3) regular use on both the
prediagnosis and the preceding questionnaires (ie, longer dura-
tion use), 4) regular use on the prediagnosis questionnaire and
unknown use on the preceding questionnaire (ie, unknown du-
ration), and 5) less than regular use on the prediagnosis survey
and/or mixed levels of use on the preceding questionnaire.

Analyses of postdiagnosis use were based on aspirin and
non-aspirin NSAID use reported on the postdiagnosis question-
naire, defined as the first questionnaire returned after the diag-
nosis date (mean¼ 1.2 years), and used categories analogous to
the above. Specifically, analyses of duration were based on com-
binations of use reported on the pre- and postdiagnosis ques-
tionnaires. Although some individuals had repeated
questionnaire assessments of postdiagnosis aspirin use, we
used only the first assessment after CRC diagnosis to reduce the
potential for bias from reverse causation with questionnaires
collected closer to the time of death.

Vital status, cause of death, and date of death were deter-
mined through linkage to the National Death Index through
December 31, 2016. Cause of death was obtained for 99.3% of all
known deaths in the cohort. The outcome of interest was de-
fined as CRC-specific mortality (ICD-10: codes C18 to C20). We
decided a priori not to examine overall mortality or CVD-
specific mortality outcomes because of plausible confounding
by CVD risk, the primary indication for daily aspirin use.

Statistical Analysis

Hazard ratios were estimated using Cox proportional hazards
models. The validity of the proportional hazards assumption
was tested by creating multiplicative interaction terms between
NSAID use and time and comparing Cox models with and with-
out interaction terms using the likelihood ratio test; no viola-
tions were observed. For analyses of prediagnosis use, each
participant contributed person-time starting on their diagnosis
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date. For analyses of postdiagnosis use, each participant con-
tributed person-time starting on a date 1 year after the comple-
tion date of his or her postdiagnosis questionnaire (using
delayed-entry Cox model procedures) to reduce potential biases
from reverse causation. Follow-up continued until death or the
administrative end of follow-up on December 31, 2016.

All Cox models included age at diagnosis; sex; calendar year
of diagnosis; education; Surveillance, Epidemiology, and End
Results (SEER) disease stage; body mass index (BMI); cigarette
smoking status; and personal history of CVD. We also examined
the following as potential confounders: use of cholesterol-
lowering drugs, history of CRC screening, self-reported history
of diabetes, hypertension, and other cancers after baseline, but
these were not included in the final multivariable models as the
hazard ratios did not materially change. In addition, we exam-
ined prediagnosis aspirin and non-aspirin NSAID use as con-
founders of postdiagnosis aspirin and non-aspirin NSAID use
and vice versa. Missing data for covariates were modelled as an
“unknown or missing” category for categorical variables.

We examined whether associations of pre- and postdiagno-
sis total aspirin and non-aspirin NSAID use with CRC mortality
were modified by age at diagnosis (younger than 70 vs 70 years
or older), sex (male vs female), SEER stage (local vs regional),
site (colon vs rectum), BMI (<30 vs �30 kg/m2), personal history
of CVD (none vs present, updated using a time-dependent vari-
able), and smoking (never vs ever) via multiplicative interaction
terms and the likelihood ratio test.

We conducted sensitivity analyses of postdiagnosis aspirin
use to assess potential reverse causation. These analyses ex-
cluded the first 2 years of follow-up after the postdiagnosis
questionnaire and excluded participants whose postdiagnosis
questionnaire was completed more than 18 months after diag-
nosis to reduce bias from measurement error.

Last, to examine the association between aspirin use and
distant metastases at the time of diagnosis, we conducted a
separate post hoc case-case analysis that included the main co-
hort of 2686 participants in the primary analyses and an addi-
tional 428 participants who had distant metastases at diagnosis
(ie, cancer has spread to distant parts of the body such as the
liver, lungs, or distant lymph nodes). In this group of 3114 par-
ticipants, we modeled diagnosis with distant metastatic CRC as
the outcome variable in a case-case logistic regression model
that included prediagnostic aspirin use as the main exposure of
interest and age, sex, diagnosis year, education, BMI, smoking,
and history of CVD as co-variables. We also examined the asso-
ciations of prediagnosis aspirin use with CRC-specific mortality
among patients with distant metastatic disease. All statistical
tests were 2-sided; P values less than .05 are considered statisti-
cally significant.

Results

Baseline characteristics for the prediagnosis period according to
total aspirin and total non-aspirin NSAID use are shown in
Table 1. Mean age at CRC diagnosis was 73.5 (SD ¼ 7.3 ) years.
Regular aspirin users were more likely to have a history of CVD
and/or diabetes and to use cholesterol medications (all P < .001),
as anticipated. Regular non-aspirin NSAID users were more
likely to be women and to have a BMI of 30 kg/m2 or more.
Associations of characteristics with postdiagnosis use were
similar (Supplementary Table 1, available online). Most regular
aspirin users reported use of 1 tablet per day for each day of the

month (72.3% of prediagnosis users and 78.3% of postdiagnosis
users), consistent with use for CVD prevention.

Regular use of aspirin on both the prediagnosis and immedi-
ately preceding questionnaire was associated with statistically
significant lower CRC-specific mortality (multivariable-adjusted
HR¼ 0.69, 95% CI¼ 0.52 to 0.92; Table 2). Other measures of aspi-
rin use in the prediagnostic period generally resulted in hazard
ratios that were below 1 but were not statistically significant.
Overall, postdiagnosis use of aspirin or non-aspirin NSAIDs
were not associated with CRC-specific mortality during a mean
follow-up of 8.4 years (HR¼ 0.82, 95% CI¼ 0.62 to 1.09). However,
current regular use of aspirin postdiagnosis, but not regular use
for the prediagnosis questionnaire (eg, de novo use of aspirin in
the postdiagnosis period), was associated with lower CRC-
specific mortality (multivariable-adjusted HR¼ 0.60, 95%
CI¼ 0.36 to 0.98). In sensitivity analyses that included distant
metastatic patients alone, a null association between prediag-
nostic aspirin use and CRC-specific mortality was observed
(fewer than 15 pills per month compared with nonuse:
multivariable-adjusted HR ¼ 0.94, 95% CI¼ 0.63 to 1.41, and �15
pills per month compared with nonuse: multivariable-adjusted
HR¼ 1.00, 95% CI¼ 0.76 to 1.33).

Our finding that long-term prediagnosis aspirin use was as-
sociated with lower CRC-specific mortality in participants with
nondistant metastatic cancer motivated us to test the hypothe-
sis that prediagnosis aspirin use might inhibit the development
of distant metastases that are detectable at diagnosis.
Consistent with our hypothesis, we found statistically signifi-
cantly lower odds of distant metastases at the time of diagnosis
with regular aspirin use on the prediagnosis questionnaire
(multivariable-adjusted odds ratio ¼ 0.77, 95% CI¼ 0.61 to 0.97)
and with use on both the prediagnosis and preceding question-
naires (multivariable-adjusted odds ratio¼ 0.73, 95% CI¼ 0.53 to
0.99; Table 3).

When evaluating potential effect modifiers, only personal
history of CVD statistically significantly modified the associa-
tion between regular aspirin use and CRC-specific mortality
(Figure 1). Regular postdiagnosis aspirin use was associated
with a lower risk of CRC mortality among persons without a his-
tory of CVD but not among persons with a history of CVD
(Pinteraction¼ 0.04).

Results for aspirin combined with non-aspirin NSAID use (ie,
total NSAID use) were like those for aspirin alone
(Supplementary Tables 2 and 3 and Supplementary Figure 1,
available online). When analyses were performed using a 2-year
lag period, associations were similar overall (data not shown).

Discussion

In this large prospective cohort study, postdiagnosis use of aspi-
rin and non-aspirin NSAIDs was largely not associated with
CRC-specific mortality among women and men diagnosed with
CRC, albeit with a few exceptions for new aspirin users and per-
sons without a history of CVD, which should be explored in fu-
ture studies. However, regular long-term aspirin use before
diagnosis was associated with lower CRC-specific mortality.
These findings for prediagnosis aspirin use suggest that it might
reduce CRC mortality in the overall population, in part, by limit-
ing metastatic spread of colorectal tumors before diagnosis. Our
findings of a reduced odds of distant metastatic cancer at diag-
nosis with prolonged aspirin use supports this hypothesis.
Collectively, these results point toward a novel and potentially
important model through which aspirin may prevent distant
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metastases at the time of diagnosis with colon or rectal cancer.
This finding is particularly important because treatment
options are usually quite good for localized and regional dis-
ease, whereas those options have limited success for patients
diagnosed with distant metastases.

Our generally null findings for postdiagnosis aspirin use
are in line with other studies that reported null associations
between postdiagnosis aspirin use and CRC-specific mortal-
ity (6,7,13,15). However, other studies reported a statistically
significant reduction in CRC-specific mortality with post-
diagnosis aspirin use (8-12,14). Among studies that examined
both pre- and postdiagnosis use separately, 2 reported a re-
duction in CRC-specific mortality only with prediagnosis use

(6,7), and 4 reported a reduction in CRC mortality only with
postdiagnosis use (8-11). These inconsistencies are not en-
tirely understood. However, our analyses excluded partici-
pants with distant metastatic disease and prior studies did
not, a potential source of bias. If patients with distant meta-
static disease, near end of life, discontinued aspirin use in
previous studies, this could have biased postdiagnosis aspi-
rin use into appearing protective.

The 2 exceptions to our null findings for postdiagnosis aspi-
rin use (ie, new users and when restricted to persons with no
history of CVD) were unexpected. We are unaware of a clear bio-
logical explanation for these findings, and chance may play a
role. Future studies of postdiagnosis aspirin use and CRC-

Table 1. Descriptive characteristics of women and men diagnosed with nondistant metastatic colorectal cancer in the Cancer Prevention
Study-II by strata of prediagnostic use of aspirin and non-aspirin NSAIDsa

Characteristic

Aspirin Non-aspirin NSAIDS

None 1 to <15 pills per mo �15 pills per mo None 1 to <15 pills per mo �15 pills per mo
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

Total No. 1328 234 1124 2056 271 359
Age at diagnosis, y
<65 173 (13.0) 53 (22.6) 82 (7.3) 234 (11.4) 43 (15.9) 31 (8.6)
65 to <70 272 (20.5) 44 (18.8) 192 (17.1) 388 (18.9) 49 (18.1) 71 (19.8)
70 to <75 350 (26.4) 53 (22.6) 242 (21.5) 471 (22.9) 67 (24.7) 107 (29.8)
75 to <80 286 (21.5) 50 (21.4) 331 (29.4) 522 (25.4) 62 (22.9) 83 (23.1)
80 to <85 163 (12.3) 26 (11.1) 188 (16.7) 297 (14.4) 34 (12.5) 46 (12.8)
�85 84 (6.3) 8 (3.4) 89 (7.9) 144 (7.0) 16 (5.9) 21 (5.8)

Sex
Female 682 (51.4) 117 (50.0) 443 (39.4) 912 (44.4) 128 (47.2) 202 (56.3)
Male 646 (48.6) 117 (50.0) 681 (60.6) 1144 (55.6) 143 (52.8) 157 (43.7)

Race
White 1294 (97.4) 228 (97.4) 1100 (97.9) 2004 (97.5) 265 (97.8) 353 (98.3)
Black 17 (1.3) 3 (1.3) 11 (1.0) 25 (1.2) 3 (1.1) 3 (0.8)
Other/Unknown 17 (1.3) 3 (1.3) 13 (1.2) 27 (1.3) 3 (1.1) 3 (0.8)

Education
<High school 86 (6.5) 17 (7.3) 68 (6.0) 137 (6.7) 19 (7.0) 15 (4.2)
High school graduate 381 (28.7) 64 (27.4) 282 (25.1) 585 (28.5) 56 (20.7) 86 (24.0)
Some college 416 (31.3) 79 (33.8) 321 (28.6) 605 (29.4) 88 (32.5) 123 (34.3)
College graduate 438 (33.0) 73 (31.2) 449 (39.9) 720 (35.0) 107 (39.5) 133 (37.0)
Unknown 7 (0.5) 1 (0.4) 4 (0.4) 9 (0.4) 1 (0.4) 2 (0.6)

Stage
Local 645 (48.6) 112 (47.9) 590 (52.5) 1047 (50.9) 128 (47.2) 172 (47.9)
Regional 683 (51.4) 122 (52.1) 534 (47.5) 1009 (49.1) 143 (52.8) 187 (52.1)

BMI (kg/m2)
<18.5 27 (2.0) 0 (0) 19 (1.7) 38 (1.8) 5 (1.8) 3 (0.8)
18.5 to <25 538 (40.5) 92 (39.3) 439 (39.1) 831 (40.4) 120 (44.3) 118 (32.9)
25 to <30 501 (37.7) 98 (41.9) 460 (40.9) 823 (40.0) 89 (32.8) 147 (40.9)
�30 246 (18.5) 43 (18.4) 199 (17.7) 345 (16.8) 55 (20.3) 88 (24.5)
Unknown 16 (1.2) 1 (0.4) 7 (0.6) 19 (0.9) 2 (0.7) 3 (0.8)

Smoking
Never 573 (43.1) 104 (44.4) 398 (35.4) 846 (41.1) 106 (39.1) 123 (34.3)
Current 85 (6.4) 13 (5.6) 40 (3.6) 111 (5.4) 10 (3.7) 17 (4.7)
Former 663 (49.9) 116 (49.6) 685 (60.9) 1092 (53.1) 154 (56.8) 218 (60.7)
Unknown 7 (0.5) 1 (0.4) 1 (0.1) 7 (0.3) 1 (0.4) 1 (0.3)

CVD 191 (14.4) 25 (10.7) 414 (36.8) 477 (23.2) 62 (22.9) 91 (25.3)
Diabetes 162 (12.2) 23 (9.8) (20.4) 334 (16.2) 33 (12.2) 47 (13.1)
Hypertension 603 (45.4) 98 (41.9) 659 (58.6) 1034 (50.3) 126 (46.5) 200 (55.7)
Cholesterol medication

Never 998 (75.2) 175 (74.8) 598 (53.2) 1380 (67.1) 172 (63.5) 219 (61.0)
Former 59 (4.4) 8 (3.4) 57 (5.1) 93 (4.5) 10 (3.7) 21 (5.8)
Current 271 (20.4) 51 (21.8) 469 (41.7) 583 (28.4) 89 (32.8) 119 (33.1)

aBased on status at time of prediagnosis questionnaire. BMI ¼ body mass index; CVD ¼ cardiovascular disease; NSAIDs ¼ non-steroidal anti-inflammatory drugs.
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specific mortality should determine if these intriguing findings
can be replicated.

Because aspirin use before diagnosis was associated with
lower CRC mortality in our study population, we hypothesized
that prediagnosis aspirin use might inhibit the dissemination or
survival of clinically occult (ie, micro-) metastases from the pri-
mary tumor, given that aspirin inhibits platelet activation and
that activated platelets may play an important role in promot-
ing metastasis (32,33). Long-term regular aspirin use before di-
agnosis was associated with lower odds of clinically apparent
distant metastases at the time of diagnosis in this study, thus
supporting our hypothesis. This finding is consistent with the
reduced odds of distant metastasis among CRC cases observed
in a pooled analysis of randomized trials of aspirin for CVD pre-
vention (40).

Among studies that have examined prediagnosis aspirin use
and CRC-specific mortality (6,8,11,16-21), 3 studies reported sta-
tistically significant reductions in CRC mortality with prediag-
nosis aspirin use (6,16,21). Two of these studies reported
stronger reductions with longer duration of use before diagnosis
(16,21), consistent with our findings.

One limitation of our analysis is the inability to examine
associations stratified by tumor molecular features. Some

studies suggest the association between aspirin use and CRC
risk and/or mortality may be modified by various molecular fea-
tures of the tumor (8,10,15,18,19,41-43).However, these results
are inconsistent, and large pooled-data efforts are needed (44).
Other limitations include incomplete medication use and unad-
justed multiple comparisons.

An important strength of our study is the ability to examine
non-aspirin NSAIDs separate from aspirin. Nearly all previous
studies on aspirin and CRC were unable to do this. However,
this is a line of research that could shed light on preventive
mechanisms by distinguishing between platelet-mediated
effects likely limited to aspirin (31) and other mechanisms in-
volving direct inhibition of COX-2 that are shared with non-
aspirin NSAIDs and higher doses of aspirin. In agreement with
our findings, 3 studies reported no association between prediag-
nosis use of non-aspirin NSAIDs and CRC-specific mortality
(16,17,20). No previous study has reported on non-aspirin
NSAID use in the postdiagnosis period and CRC-specific mortal-
ity, adding to the clinical impact of these findings.

Given that this is an observational study, we cannot rule out
the possibility that the observed associations are confounded
by unaccounted risk factors. We also cannot dismiss the possi-
bility that associations with postdiagnosis use could have been

Table 2. Associations of pre- and postdiagnosis aspirin and non-aspirin NSAID use with colorectal cancer-specific mortality among women
and men diagnosed with nondistant metastatic colorectal cancer in the Cancer Prevention Study-II cohort.

Aspirin and non-aspirin NSAID categories

Aspirin Non-aspirin NSAIDs

Deaths per
person to years

Multivariable
HR (95% CI)a

Deaths per
person to years

Multivariable
HR (95% CI)a

Prediagnosis
Use on prediagnosis questionnaire

Nonuse 272/13 053 1.00 (Referent) 397/19 420 1.00 (Referent)
1 to <15 pills per month (less than regular use) 39/2637 0.71 (0.50 to 1.01) 53/2549 1.03 (0.77 to 1.39)
�15 pills per month (regular use) 201/9666 0.84 (0.69 to 1.02) 62/3387 0.86 (0.65 to 1.13)

Use on prediagnosis questionnaire and preceding questionnaire
No use at prediagnosis questionnaire and no use

at preceding questionnaire
229/11 199 1.00 (Referent) 349/17 165 1.00 (Referent)

Regular use at prediagnosis questionnaire but not
at preceding questionnaire

37/1831 0.84 (0.58 to 1.21) 22/1092 0.80 (0.51 to 1.24)

Regular use at prediagnosis questionnaire and
at preceding questionnaire

85/4198 0.69 (0.52 to 0.92) 18/1073 0.73 (0.45 to 1.19)

Regular use at prediagnosis questionnaire, no data
from preceding questionnaire

79/3637 1.02 (0.78 to 1.34) 22/1221 1.09 (0.70 to 1.70)

Less than regular use on prediagnosis questionnaire
and other less common patterns of use

82/4491 0.87 (0.67 to 1.13) 101/4803 1.03 (0.82 to 1.30)

Postdiagnosisb

Use on postdiagnosis questionnaire
None 144/8932 1.00 (Referent) 199/12 409 1.00 (Referent)
1 to <15 pills per month (less than regular use) 14/1374 0.78 (0.45 to 1.37) 23/1952 0.81 (0.52 to 1.26)
�15 pills per month (regular use) 93/5929 0.82 (0.62 to 1.09) 29/1874 1.01 (0.68 to 1.51)

Use on postdiagnosis questionnaire and prediagnosis questionnaire
No use at postdiagnosis questionnaire and no use

at prediagnosis questionnaire
104/6681 1.00 (Referent) 162/10 541 1.00 (Referent)

Regular use at postdiagnosis questionnaire, but not
at prediagnosis questionnaire

20/1764 0.60 (0.36 to 0.98) 13/945 0.96 (0.54 to 1.72)

Regular use at postdiagnosis questionnaire and
at prediagnosis questionnaire

73/4165 0.91 (0.66 to 1.27) 16/929 1.11 (0.65 to 1.89)

Less than regular use on postdiagnosis questionnaire
and other less common patterns of use

54/3624 0.92 (0.66 to 1.29) 60/3820 1.00 (0.73 to 1.35)

aAdjusted for age at diagnosis, diagnosis year category, sex, education, stage, body mass index, smoking and history of cardiovascular disease. CI ¼ confidence interval;

HR ¼ hazard ratio; NSAIDs ¼ non-steroidal anti-inflammatory drugs.
bPostdiagnosis duration models do not include the “regular use at postdiagnosis questionnaire, no data from prediagnosis questionnaire” category because inclusion

in the analysis required known prediagnosis use.
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biased by reverse causation. Such bias could have occurred if
cancer progression caused some individuals to stop, or not start,
using aspirin or non-aspirin NSAIDs. However, such bias would
have been expected to result in an inverse association between
postdiagnosis use and CRC mortality, an association we largely

did not observe. In addition, we reduced the potential for re-
verse causation by assessing use relatively soon after diagnosis
with CRC (restricted to local or regional stage disease only) and
excluding CRC deaths occurring within 1-2 years of assessment
of postdiagnosis use.

Table 3. Prediagnosis aspirin use and odds of distant metastatic colorectal cancer at time of diagnosis

Prediagnosis aspirin use
Non-metastatic

CRC, No.
Metastatic
CRC, No. OR (95% CI)a

Use on prediagnosis questionnaire
No use 1328 235 1.00 (Referent)
1 to <15 pills per month (less than regular use) 234 44 1.06 (0.74 to 1.51)
�15 pills per month (regular use) 1124 149 0.77 (0.61 to 0.97)

Use on prediagnosis questionnaire and preceding questionnaire
No use at prediagnosis questionnaire and no use at preceding questionnaire 1097 196 1.00 (Referent)
Regular use on prediagnosis questionnaire but not at preceding questionnaire 205 21 0.56 (0.35 to 0.92)
Regular use at prediagnosis questionnaire and at preceding questionnaire 559 72 0.73 (0.53 to 0.99)
Regular use at prediagnosis questionnaire, no data from preceding questionnaire 360 56 0.91 (0.65 to 1.27)
Less than regular use on prediagnosis questionnaire and other less common patterns of use 465 83 0.98 (0.74 to 1.30)

aAdjusted for age at diagnosis, diagnosis year category, sex, education, body mass index, smoking, and history of cardiovascular disease. CI ¼ confidence interval; CRC

¼ cardiovascular disease; OR ¼ odds ratio.

Age at Diagnosis Age at Diagnosis

Age at Diagnosis Age at Diagnosis

Figure 1. Forest plots depicting potential effect modifiers of the association between aspirin and other non-steroidal anti-inflammatory drugs (NSAIDs) use pre- (A, C,

respectively) and postdiagnosis (B, D, respectively) and colorectal cancer–specific mortality. The diamonds represent hazard ratios, and the error bars represent 95%

confidence intervals (CIs). P values were 2-sided and were calculated via multiplicative interaction terms and the likelihood ratio test. CVD ¼ cardiovascular disease;

RR ¼ relative risk; SEER ¼ Surveillance, Epidemiology, and End Results.
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Altogether, these data suggest that long-term aspirin use be-
fore diagnosis may be associated with lower risk of CRC-specific
mortality following a diagnosis of nonmetastatic CRC. This as-
sociation may be driven, partly, by suppression of clinically oc-
cult micrometastases around the time of diagnosis. Additional
knowledge about the effect of postdiagnosis use will be gained
from the ongoing randomized controlled trials studying the ef-
fect of aspirin on cancer mortality being conducted globally:
Add-Aspirin trial (45), Adjuvant Aspirin for Colon Cancer
(NCT02467582), ALASCCA trial (NCT02647099), ASCOLT trial
(NCT00565708), and ASPIRIN Trial (NCT02301286).
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