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NUMEROUS PROSPECTIVE, OB-
servational studies demon-
strate that regular aspirin use
is associated with a lower

risk of colorectal adenoma or cancer.1

In addition, randomized, placebo-
controlled trials have shown that use
of aspirin,2-5 as well as celecoxib and ro-
fecoxib,6-8 significantly reduces the risk
of adenoma among high-risk patients
with a prior history of colorectal neo-
plasia. Aspirin is likely, at least in part,
to prevent colorectal neoplasia through
inhibition of cyclooxygenase 2 (COX-
2), the rate-limiting step for the con-
version of arachidonic acid to prosta-
glandins and related eicosanoids.9,10

COX-2 promotes inflammation and cell
proliferation,11 and is overexpressed in
the majority of human colorectal can-
cers.12,13 Overexpression of COX-2 in
tumor tissue has been associated with
a poorer prognosis among colorectal
cancer patients in some13-16 but not all
studies.17,18

Nevertheless, it remains uncertain if
aspirin use can influence the prognosis
for patients with established colorectal
cancer. Inanimalmodels, aspirinorother
nonsteroidal anti-inflammatory drugs
(NSAIDs) with activity against COX-2
isoenzyme have been shown to inhibit
tumor growth and metastases, as well as
prolong survival.19-25 In a study of pa-
tients with stage III colon cancer en-

rolled in an adjuvant chemotherapy trial,
aspirin use was associated with a lower
risk of disease recurrence and death.26

However, this study only assessed aspi-
rin use after diagnosis.

We therefore studied the effect of as-
pirin use among patients with non-
metastatic (stage I, II, and III) colorec-
tal cancer who were participating in 2
large prospective cohort studies (theFor editorial comment see p 688.
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Context Aspirin reduces risk of colorectal neoplasia in randomized trials and inhibits
tumor growth and metastases in animal models. However, the influence of aspirin on
survival after diagnosis of colorectal cancer is unknown.

Objective To examine the association between aspirin use after colorectal cancer
diagnosis on colorectal cancer−specific and overall survival.

Design, Setting, and Participants Prospective cohort study of 1279 men and women
diagnosed with stage I, II, or III colorectal cancer. Participants were enrolled in 2 na-
tionwide health professional cohorts in 1980 and 1986 prior to diagnosis and fol-
lowed up through June 1, 2008.

Main Outcome Measure Colorectal cancer−specific and overall mortality.

Results After a median follow-up of 11.8 years, there were 193 total deaths (35%)
and 81 colorectal cancer−specific deaths (15%) among 549 participants who regu-
larly used aspirin after colorectal cancer diagnosis, compared with 287 total deaths
(39%) and 141 colorectal cancer−specific deaths (19%) among 730 participants who
did not use aspirin. Compared with nonusers, participants who regularly used aspirin
after diagnosis experienced a multivariate hazard ratio (HR) for colorectal cancer−specific
mortality of 0.71 (95% confidence interval [CI], 0.53-0.95) and for overall mortality
of 0.79 (95% CI, 0.65-0.97). Among 719 participants who did not use aspirin before
diagnosis, aspirin use initiated after diagnosis was associated with a multivariate HR
for colorectal cancer−specific mortality of 0.53 (95% CI, 0.33-0.86). Among 459 par-
ticipants with colorectal cancers that were accessible for immunohistochemical assess-
ment, the effect of aspirin differed significantly according to cyclooxygenase 2 (COX-2)
expression (P for interaction = .04). Regular aspirin use after diagnosis was associated
with a lower risk of colorectal cancer−specific mortality among participants in whom
primary tumors overexpressed COX-2 (multivariate HR, 0.39; 95% CI, 0.20-0.76),
whereas aspirin use was not associated with lower risk among those with primary tu-
mors with weak or absent expression (multivariate HR, 1.22; 95% CI, 0.36-4.18).

Conclusion Regular aspirin use after the diagnosis of colorectal cancer is associated
with lower risk of colorectal cancer−specific and overall mortality, especially among
individuals with tumors that overexpress COX-2.
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Nurses’ Health Study [NHS] and the
Health Professionals Follow-up Study
[HPFS]) that were initiated prior to can-
cer diagnosis. Within these cohorts, we
previously have demonstrated that
regular aspirin use was associated with
a reduction in the subsequent risk of
developing an initial primary colorec-
tal cancer,27,28 particularly tumors with
COX-2 overexpression.9 Because these
participants have provided biennially
updated data on aspirin use, we had a
unique opportunity to extend these
findings by examining the influence of
prediagnosis and postdiagnosis aspi-
rin use on the survival of patients with
established colorectal cancer. In addi-
tion, we assessed whether the effect of
aspirin differed according to levels of
tumoral expression of COX-2. Speci-
ficity in the association between aspi-
rin and colorectal cancer survival to par-
ticular tumor markers would further
enhance the case for causality, pro-
vide important insight into the anti-
cancer mechanism of aspirin, and sug-
gest the potential for use of these
markers to tailor cancer therapy.

METHODS
Study Population

The NHS was established in 1976 when
121 701 US women who were regis-
tered nurses aged 30 to 55 years com-
pleted a mailed questionnaire. The
HPFS was established in 1986 as a par-
allel cohort of 51 529 US men who were
dentists, optometrists, osteopathic phy-
sicians, podiatrists, pharmacists, and
veterinarians aged 40 to 75 years at en-
try. In each cohort, with a follow-up rate
of 92%, we mailed biennial question-
naires to update information and iden-
tify new cases of cancer. In 1980, the
NHS questionnaire was expanded to in-
clude a validated assessment of diet and
aspirin use29,30; a similar instrument was
administered in the 1986 HPFS ques-
tionnaire.31,32 In both cohorts, partici-
pants self-reported their race and
ethnicity.

On each biennial follow-up question-
naire, participants were asked whether
they had received a diagnosis of colo-
rectal cancer during the prior 2 years.

When a participant reported a diagno-
sis of colorectal cancer, we asked for per-
mission to obtain hospital medical rec-
ords and pathology reports. Study
physicians, blinded to exposure data, re-
viewed all medical records related to co-
lorectal cancer and classified disease
stage according to the sixth version of
the American Joint Committee on Can-
cer.33 In the NHS, beginning in 1993, we
also sent participants who reported a di-
agnosis of colorectal cancer a supple-
mentary questionnaire that inquired if
patients had received chemotherapy. For
this analysis, we included the 1279 par-
ticipants (840 women from NHS and
439 men from HPFS) with pathologi-
cally confirmed stage I, II, or III colo-
rectal adenocarcinoma who were diag-
nosed through 2002 and provided data
on aspirin use before and after their di-
agnosis of the disease. The 154 pa-
tients who did not provide data on as-
pirin use after diagnosis, compared with
those included in the analysis, were more
likely to have stage III disease (56% vs
32%; P� .0001), but were otherwise
similar according to other baseline char-
acteristics (mean age at diagnosis, 65.8
vs 65.0 years; nonwhite, 4% vs 3%;
former or current smoker, 62% vs 58%;
mean body mass index (BMI [calcu-
lated as weight in kilograms divided by
height in meters squared]), 26.6 vs 26.2;
and aspirin users before diagnosis, 47%
vs 44%; P�.21 for all comparisons). We
excluded participants if they reported
any cancer (other than nonmelanoma
skin) previous to colorectal cancer di-
agnosis. Similar to prior analyses in this
cohort, we did not include patients with
stage IV colorectal cancer since the vast
majority would die of their disease
within 1 year of diagnosis.34 We were not
funded to collect information on che-
motherapy received after diagnosis un-
til 1993, when we began to administer
a supplementary treatment question-
naire among participants in the NHS.

The institutional review boards at the
Brigham and Women’s Hospital and the
Harvard School of Public Health ap-
proved this study; completion and re-
turn of the questionnaire was consid-
ered to imply informed consent.

Assessment of COX-2 Expression
We have previously described our pro-
curement of tumor specimens and meth-
odology for COX-2 immunostaining in
detail.9,35 Beginning in 1997 in the HPFS
and 2001 in the NHS, we began retriev-
ing, from treating hospital pathology de-
partments, representative pathological
specimens from the primary tumor for
participants in whom we confirmed de-
velopment of colorectal cancer. We suc-
cessfully obtained specimens for 76% of
cases over 16 years of follow-up in HPFS
and 58% of cases over 22 years of fol-
low-up in NHS. We did not obtain tis-
sue specimens for recurrent cancers. To
determine COX-2 tumor expression, we
limited our analysis to those partici-
pants for whom we were able to obtain
sufficient amounts of tumor tissue from
unstained paraffin blocks as well as ad-
jacent mucosa for comparison (n=459;
207 from NHS and 252 from HPFS).
Baseline characteristics among partici-
pants with colorectal cancer whom we
did and did not analyze for COX-2 ex-
pression were largely similar (mean age
at diagnosis, 66.3 vs 64.4 years; non-
white, 3% vs 4%; stage I, 32% vs 34%;
stage II, 36% vs 34%; stage III, 32% vs
32%; rectal site, 24% vs 23%; former or
current smoker, 61% vs 57%; mean BMI,
26.5 vs 26.1; aspirin users before diag-
nosis, 42% vs 45%; and aspirin use af-
ter diagnosis, 42% vs 43%; P� .21 for
all comparisons).9

We incubated deparaffinized tissue
sections in a citrate buffer by micro-
wave for 15 minutes and cooled for 40
minutes (BioGenex, San Ramon, Cali-
fornia). Tissue sections were then incu-
bated with 3% H2O2 for 20 minutes, then
avidin block for 15 minutes (Vector
Laboratories, Burlingame, California),
and then biotin block for 15 minutes
(Vector Laboratories). Primary anti-
COX-2 antibody (Cayman Chemical,
Ann Arbor, Michigan) diluted 1:300 in
phosphate-buffered saline was applied
overnight at 4°C. We then applied sec-
ondary anti−mouse antibody for 20 min-
utes followed by avidin-biotin com-
plex conjugate (Vector Laboratories).
Sections were visualized by diamino-
benzidine and methyl-green counter-
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stain. For each assay run, we included
a positive control (cancer with COX-2
overexpression) and a negative control
(normal colonic tissue). We also treated
a positive control specimen with
phosphate-buffered saline without
anti−COX-2 antibody. As previously de-
scribed,9,35 a pathologist (blinded to any
other participant data) interpreted tu-
mor COX-2 expression using a stan-
dardized grading system (absent, weak,
moderate, or strong) comparing the im-
munohistochemical reactions of tu-
mor cells with adjacent normal colonic
epithelium and inflammatory cells,
which served as internal built-in con-
trols (FIGURE 1). A random sample of
108 cancers was reread by a second pa-
thologist and the concordance be-
tween readers was 0.92 (� = 0.62;
P� .001). If immunostaining inten-
sity was moderate or strong, tumors
were classified as cancers with COX-2
overexpression (COX-2–positive). If
immunostaining intensity was weak or
absent, tumors were classified as can-
cers with negative COX-2 overexpres-
sion (COX-2–negative). These spe-
cific categories were defined a priori
based on our prior analysis and addi-
tional categories were not examined.9

Ascertainment of Death
We included deaths that occurred af-
ter the completion of the baseline as-
pirin use questionnaire (1980 in the
NHS and 1986 in the HPFS) and be-
fore June 1, 2008. We identified deaths
through the National Death Index and
next of kin. Mortality follow-up was
more than 98% complete.36,37 For all
deaths, we sought information to de-
termine the cause (including death cer-
tificates) and when appropriate, re-
quested permission from next of kin to
review medical records.

Assessment of Medication Use

We have previously detailed our as-
sessment of aspirin use in both the NHS
and HPFS cohorts.9,27,30,38,39 In 1980 we
asked NHS participants if they regu-
larly used aspirin in most weeks, the
number of pills or capsules taken each
week, and the number of years of use.
We updated this information bienni-
ally (except in 1986) with specific ques-
tions on the number of aspirin tablets
used per week (in categories). In the
1986 HPFS questionnaire and every 2
years thereafter, we inquired if partici-
pants regularly used aspirin 2 or more
times per week. Beginning in 1992, we

also asked the average number of tab-
lets used per week (in categories). In
both cohorts, we specifically inquired
about standard-dose (325 mg) aspirin
tablets. However, to reflect secular
trends in consumption of low-dose
([baby], 81 mg) aspirin, question-
naires after 1992 asked participants to
convert intake of 4 baby aspirin to 1
adult standard-dose tablet when re-
sponding. We did not collect consis-
tent data over follow-up on nonaspi-
rin NSAIDs in both cohorts. In addition,
there was insufficient follow-up after the
introduction of COX-2–selective in-
hibitors in the United States in 1999 and
only 17 participants used these agents.
Thus, we did not examine these drugs
in the present study.

Reasons for aspirin use were not as-
sessed for the entire cohort, but supple-
mentary validation questionnaires were
sent in 1990 to a sample of 200 women
(91% response) and in 1993 to a sample
of 211 men (88% response) who re-
ported aspirin use on the main ques-
tionnaire. The major reasons for use
among women taking 1 to 6 aspirin and
7 or more aspirin per week were head-
ache (32% and 18%, respectively); ar-
thritis and other musculoskeletal pain

Figure 1. COX-2 Immunohistochemistry in Colorectal Cancer

A B

Primary anti−cyclooxygenase 2 (COX-2) antibody diluted 1:300 in phosphate-buffered saline was applied overnight at 4°C. We then applied secondary anti-mouse
antibody for 20 minutes followed by avidin-biotin complex conjugate. Sections were visualized by diaminobenzidine and methyl-green counterstain. A, Representative
section from a COX-2–negative tumor (original magnification �400). The gray arrowheads indicate colorectal cancer cells without COX-2 overexpression. B, Repre-
sentative section from a COX-2–positive tumor (original magnification �400). Black arrowheads indicate colorectal cancer cells with strong COX-2 expression (dark
brown color) compared with normal colonic epithelium indicated by white arrowheads.

ASPIRIN USE AND COLORECTAL CANCER SURVIVAL

©2009 American Medical Association. All rights reserved. (Reprinted) JAMA, August 12, 2009—Vol 302, No. 6 651



(30% and 50%); a combination of head-
ache and musculoskeletal pain (16%
and 15%); cardiovascular disease pre-
vention (9% and 8%); and other rea-
sons (13% and 9%).30 Among men, the
major reasons for use were cardiovas-
cular disease (25.4%); to decrease risk
of cardiovascular disease (58.4%); head-
aches (25.4%); joint or musculoskel-
etal pain (33.0%); and other reasons
(7.0%).32

As previously described, we asked
NHS participants in 2004 and HPFS
participants in 2006 to report any ma-

jor episodes of gastrointestinal bleed-
ing that required either hospitaliza-
tion or a blood transfusion. Among the
women, the incidence of events per
1000 person-years was 0.77 among
those who reported no aspirin use; 1.07
for 0.5 to 1.5 standard aspirin tablets
per week; 1.07 for 2 to 5 aspirin per
week; 1.40 for 6 to 14 aspirin per week;
and 1.57 for more than 14 aspirin per
week. Among the men, the incidence
of events per 1000 person-years was
0.92 among those who reported no as-
pirin use; 1.02 for 0.5 to 1.5 standard

aspirin tablets per week; 1.65 for 2 to
5 aspirin per week; and 1.84 for 6 or
more aspirin per week.27

Power Analysis

Our a priori hypothesis was that aspi-
rin use after diagnosis is associated with
a lower risk of colorectal cancer−related
death among participants with non-
metastatic colorectal cancer. Based on
the sample size of 1279 participants di-
agnosed with stage I, II, and III colo-
rectal cancer between 1980 and 2002
in the NHS cohort and 1986 and 2002
in the HPFS cohort, the number of co-
lorectal cancer−related deaths, and the
prevalence of aspirin use after diagno-
sis, we had 80% power to detect a haz-
ard ratio (HR) of 0.70 comparing aspi-
rin users with nonusers.40

Statistical Analysis

In both the NHS and HPFS cohorts, we
have administered similar biennial
questionnaires, ascertained cancers and
deaths with comparable methodolo-
gies, collected pathological specimens
through a common biospecimen re-
pository, and concurrently assayed for
COX-2 with a uniform protocol. Thus,
as in our prior analysis,9 we pooled data
from both cohorts and tested for hetero-
geneity using the Cochran Q statistic.
We observed no heterogeneity be-
tween the cohorts regarding the asso-
ciation of aspirin use after diagnosis and
colorectal cancer−specific survival
(P=.93, Cochran Q test).41

Participants eligible for analysis ac-
crued follow-up time beginning on the
month of their diagnosis of colorectal
cancer and ending on the month of
death from colorectal cancer, death
from any cause, or June 1, 2008, which-
ever came first. We categorized partici-
pants according to aspirin data pro-
vided prior to the date of diagnosis of
colorectal cancer and after the date of
diagnosis. We used Kaplan-Meier
curves and the log-rank test to com-
pare colorectal cancer−specific and
overall mortality according to aspirin
use.

We used Cox proportional hazards
modeling to control for multiple risk

Table 1. Baseline Characteristics of the Study Cohort by Aspirin Usea

Characteristic

No. (%)

Prediagnosis Postdiagnosis

Nonuser
(n = 719)

Aspirin User
(n = 560)

Nonuser
(n = 730)

Aspirin User
(n = 549)

Age, mean (SD), y 65.2 (8.3) 64.7 (9.1) 65.0 (8.4) 65.0 (9.1)

Women 459 (64) 381 (68) 495 (68) 345 (63)

Race
White 691 (96) 545 (97) 705 (97) 531 (97)

Nonwhite 28 (4) 15 (3) 25 (3) 18 (3)

Body mass index, mean (SD)b 26.1 (4.5) 26.2 (4.6) 25.9 (4.6) 26.5 (4.6)

Smoking status
Past smoker 341 (47) 265 (47) 320 (44) 286 (52)

Current smoker 88 (12) 68 (12) 91 (12) 65 (12)

Physical activity, mean (SD)c 22.8 (36.9) 18.6 (21.3) 22.4 (36.2) 18.8 (21.7)

Postmenopausald 421 (92) 338 (89) 454 (92) 305 (88)

Past use of hormonesd 126 (30) 88 (26) 125 (28) 89 (29)

Current use of hormonesd 91 (22) 86 (25) 106 (23) 71 (23)

Colorectal cancer in parent or sibling 117 (16) 103 (18) 111 (15) 109 (20)

Stage of disease
I 228 (32) 193 (35) 218 (30) 203 (37)

II 260 (36) 186 (33) 265 (36) 181 (33)

III 231 (32) 181 (32) 247 (34) 165 (30)

Site of disease
Colon 546 (76) 430 (77) 551 (75) 425 (77)

Rectum 173 (24) 130 (23) 179 (25) 124 (23)

Grade of differentiation
Well 105 (15) 84 (15) 109 (15) 80 (14)

Moderate 449 (62) 351 (63) 454 (62) 346 (63)

Poor/undifferentiated 95 (13) 64 (11) 101 (14) 58 (11)

Unknown 70 (10) 61 (11) 66 (9) 65 (12)

Year of colorectal cancer diagnosis
Before 1990 172 (24) 175 (31) 187 (26) 160 (29)

1990-1995 228 (32) 146 (26) 232 (31) 142 (26)

After 1995 319 (44) 239 (43) 311 (43) 247 (45)
aBaseline characteristics are from time of diagnosis of colorectal cancer. Prediagnosis aspirin use was defined as regu-

lar use of aspirin during most weeks on the biennial questionnaire prior to diagnosis of colorectal cancer. Postdiag-
nosis aspirin use was defined as regular use of aspirin during most weeks on the biennial questionnaire after diag-
nosis of colorectal cancer.

bBody mass index is calculated as weight in kilograms divided by the height in meters squared.
cPhysical activity was assessed as metabolic equivalent of tasks per week.
dPercentage of postmenopausal participants is among women only. Hormone use was defined as postmenopausal

estrogen or estrogen-progesterone preparations. The percentage of past and current use was calculated among
postmenopausal women only.
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factors that have been shown to influ-
ence colorectal cancer survival to com-
pute 95% confidence intervals (CIs).
We have used this model-building ap-
proach in previous analyses of these co-
horts.9,27,28 The validity of the propor-
tional hazards assumption was assessed
by using time-dependent covariates; the
Wald test showed no evidence of de-
parture from this assumption. We as-
sessed overfitting and collinearity of the
model by using collinearity diagnos-
tics; variance inflation factors showed
no significant collinearity between each
of our included covariates.

We conducted preplanned strati-
fied analyses according to COX-2 sta-
tus of the primary tumors as well as
subgroups defined by our prior study
of physical activity and survival in
this cohort. Consistent with this prior
analysis, we also observed, comparing
extreme tertile categories, a signifi-
cant association between colorectal
cancer−specific mortality and postdi-
agnosis physical activity (multivariate
HR, 0.50; 95% CI, 0.36-0.71), but not
BMI at diagnosis (multivariate HR, 0.99;
95% CI, 0.71-1.39).34 We assessed sta-
tistical interaction of subgroups by in-
cluding cross-product terms in our
models and assessing their signifi-
cance using the Wald test. As in our
prior study, we also performed an analy-
sis excluding deaths that occurred

within 12 months of completing the
postdiagnosis aspirin assessment.

In a secondary analysis, to further
evaluate for potential bias related to dif-
ferences among participants who chose
to use aspirin after diagnosis com-
pared with those who did not, we com-
puted a propensity score by using lo-
gistic regression assigning postdiagnosis
aspirin use as the dependent variable
and the risk factors listed in TABLE 1
as independent variables. We catego-
rized the propensity scores into quin-
tiles and adjusted for these quintile cat-
egories in Cox proportional hazards
models.42,43

The linear trend test across catego-
ries was calculated by using the me-
dian value of each category as a con-
tinuous variable, consistent with prior
studies.9,27,34 We used SAS software ver-
sion 9.1.3 (SAS Institute Inc, Cary,
North Carolina). All P values were
2-sided and a level of significance of less
than .05 was considered statistically sig-
nificant.

RESULTS
Among the 1279 eligible participants
with stage I, II, or III colorectal can-
cer, we documented 480 total deaths
among which 222 deaths were due to
colorectal cancer. For participants who
were alive through the end of follow-
up, the median time of follow-up from

date of diagnosis was 11.8 years (in-
terquartile range, 7.6-16.2). There were
536 participants who did not regu-
larly use aspirin before and after diag-
nosis (42%), 366 regularly used aspi-
rin before and after diagnosis (29%),
194 regularly used aspirin before diag-
nosis but then discontinued use after
diagnosis (15%), and 183 did not regu-
larly use aspirin before diagnosis but
initiated use after diagnosis (14%).
Baseline characteristics of the partici-
pants are shown in Table 1. Com-
pared with nonusers, regular users of
aspirin before diagnosis appeared to be
less physically active. After diagnosis,
regular users of aspirin after also ap-
peared to be less physically active, were
more likely to have previously smoked
cigarettes, and were less likely to be di-
agnosed with stage III disease com-
pared with nonusers.

Therewere193totaldeaths(35%)and
81 colorectal cancer−specific deaths
(15%)among549participantswhoregu-
larly used aspirin after colorectal cancer
diagnosis,comparedwith287(39%)total
and141(19%)colorectalcancer−specific
deaths among 730 participants who did
notuseaspirin.For theentire cohort, the
overall 5-year survival was 88% for those
participants who used aspirin com-
pared with 83% for those who did not.
Thecorresponding10-year survival rates
were 74% and 69%. Regular use of aspi-

Figure 2. Survival According to Aspirin Use After Diagnosis
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rin after diagnosis was associated with a
significant reduction in risk of colorec-
tal cancer−specific mortality (log-rank
P=.02; FIGURE 2A) and a reduction in
overall mortality (log-rank P = .03;
Figure 2B). The relationship remained
largely unchanged even after adjust-
ing for use of aspirin before diagnosis
as well as other predictors of cancer
recurrence (TABLE 2). Compared with
nonusers, the multivariate HR associ-
ated with regular aspirin use after diag-
nosis was 0.71 (95% CI, 0.53-0.95) for
colorectal cancer−specific mortality and
0.79 (95% CI, 0.65-0.97) for overall
mortality. Because the prognosis among
stage I participants is generally favor-
able, we also examined the influence
of aspirin use among those diagnosed
with stage II or III disease and observed

similar results (multivariate HR, 0.72;
95% CI, 0.53-0.99 for colorectal
cancer−specific mortality and multi-
variate HR, 0.82; 95% CI, 0.66-1.04 for
overall mortality).

In contrast to aspirin use after diag-
nosis, aspirin use prior to cancer diag-
nosis did not appear to be associated
with either colorectal cancer−specific
mortality (multivariate HR, 1.05; 95%
CI, 0.80-1.37) or overall mortality (mul-
tivariate HR, 0.93; 95% CI, 0.77-
1.11). This relationship was consis-
tent after including those participants
with colorectal cancer who did not re-
turn a postdiagnosis aspirin question-
naire (multivariate HR, 1.00; 95% CI,
0.81-1.25). A formal test for interac-
tion between aspirin use before diag-
nosis vs aspirin use after diagnosis on

colorectal cancer−specific mortality was
not statistically significant (P= .09).
However, simultaneous inclusion of
both prediagnosis and postdiagnosis as-
pirin use in models confirmed that post-
diagnosis aspirin use remained inde-
pendently associated with colorectal
cancer−specific mortality (P=.008) and
overall mortality (P=.03), while pre-
diagnosis aspirin use was not signifi-
cantly associated with either colorec-
tal cancer−specific mortality (P=.14) or
overall mortality (P=.98).

To better characterize this relation-
ship, we examined postdiagnosis aspi-
rin use according to use of aspirin prior
to cancer diagnosis (Table 2). Among
the 719 participants who did not use
aspirin before diagnosis, initiation of
use postdiagnosis was associated with

Table 2. Risk of Colorectal Cancer−Specific Mortality and Overall Mortality According to Use of Aspirin After Diagnosisa

Colorectal Cancer−Specific Mortality Overall Mortality

Aspirin Nonuser Aspirin User Aspirin Nonuser Aspirin User
All participants (n = 1279)

No. of events/No. at risk 141/730 81/549 287/730 193/549
Age-adjusted HR (95% CI) 1 [Reference] 0.73 (0.55-0.96) 1 [Reference] 0.81 (0.67-0.97)
Age and prediagnosis aspirin-adjusted HR (95% CI) 1 [Reference] 0.67 (0.50-0.90) 1 [Reference] 0.81 (0.66-0.98)
Multivariate-adjusted HR (95% CI)b 1 [Reference] 0.71 (0.53-0.95) 1 [Reference] 0.79 (0.65-0.97)

Aspirin nonusers prediagnosis (n = 719)
No. of events/No. at risk 100/536 21/183 213/536 64/183
Age-adjusted HR (95% CI) 1 [Reference] 0.57 (0.35-0.91) 1 [Reference] 0.76 (0.58-1.01)
Multivariate-adjusted HR (95% CI)c 1 [Reference] 0.53 (0.33-0.86) 1 [Reference] 0.68 (0.51-0.92)

Aspirin users prediagnosis (n = 560)
No. of events/No. at risk 41/194 60/366 74/194 129/366
Age-adjusted HR (95% CI) 1 [Reference] 0.76 (0.51-1.13) 1 [Reference] 0.86 (0.65-1.15)
Multivariate-adjusted HR (95% CI)c 1 [Reference] 0.89 (0.59-1.35) 1 [Reference] 0.95 (0.71-1.28)

COX-2–positive primary cancer (n = 314)d
No. of events/No. at risk 38/182 13/132 74/182 43/132
Age-adjusted HR (95% CI) 1 [Reference] 0.44 (0.24-0.83) 1 [Reference] 0.69 (0.47-1.00)
Age and prediagnosis aspirin-adjusted HR (95% CI) 1 [Reference] 0.39 (0.20-0.74) 1 [Reference] 0.64 (0.43-0.94)
Multivariate-adjusted HR (95% CI)e 1 [Reference] 0.39 (0.20-0.76) 1 [Reference] 0.62 (0.42-0.93)

COX-2–negative primary cancer (n = 145)f
No. of events/No. at risk 7/84 7/61 28/84 22/61
Age-adjusted HR (95% CI) 1 [Reference] 1.45 (0.50-4.16) 1 [Reference] 1.02 (0.58-1.80)
Age and prediagnosis aspirin-adjusted HR (95% CI) 1 [Reference] 1.26 (0.41-3.85) 1 [Reference] 1.11 (0.62-2.02)
Multivariate-adjusted HR (95% CI)e 1 [Reference] 1.22 (0.36-4.18) 1 [Reference] 1.05 (0.55-2.02)

Abbreviations: CI, confidence interval; COX-2, cyclooxygenase 2; HR, hazard ratio.
aPrediagnosis aspirin use was defined as regular use of aspirin during most weeks on the biennial questionnaires prior to diagnosis of colorectal cancer. Postdiagnosis aspirin use

was defined as regular use of aspirin during most weeks on the biennial questionnaires after diagnosis of colorectal cancer.
bMultivariate HRs were adjusted for age at diagnosis (years), sex, date of diagnosis of cancer (years), stage of cancer (I, II, III), site of primary cancer (colon or rectum), histologi-

cal grade of cancer (well, moderate, poor/unknown), time from diagnosis to first measurement of postdiagnosis aspirin use (months), smoking (never vs current/past), meta-
bolic equivalent tasks per week after diagnosis, body mass index (BMI), colorectal cancer in parent or sibling (yes or no), and use of aspirin prediagnosis.

cMultivariate HRs were adjusted for age at diagnosis (years), sex, date of diagnosis of cancer (years), stage of cancer (I, II, III), site of primary cancer (colon vs rectum), histologi-
cal grade of cancer (well, moderate, poor/unknown), time from diagnosis to first measurement of postdiagnosis aspirin use (months), smoking (never vs current/past), meta-
bolic equivalent tasks per week after diagnosis, BMI, and colorectal cancer in parent or sibling (yes or no).

dPrimary cancers with immunohistochemical COX-2 staining of moderate-to-strong intensity are classified as COX-2–positive primary cancers.
eMultivariate hazard ratios are adjusted for age at diagnosis (years), sex, date of diagnosis of cancer (years), stage of cancer (I, II, III), site of primary cancer (colon or rectum),

histological grade of cancer (well, moderate, poor/unknown), time from diagnosis to first measurement of postdiagnosis aspirin use (months), smoking (never vs current/past),
metabolic equivalent tasks per week after diagnosis, BMI, colorectal cancer in parent or sibling (yes or no), and use of aspirin prediagnosis. For the analyses of COX-2–
negative tumors, the multivariate models omitted site and grade due to an insufficient number of events in some categories.

fPrimary cancers with no immunohistochemical COX-2 staining or with staining of weak intensity are classified as COX-2–negative primary cancers.
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a multivariate HR for colorectal
cancer−specific mortality of 0.53 (95%
CI, 0.33-0.86) and overall mortality of
0.68 (95% CI, 0.51-0.92). In contrast,
among participants who were using as-
pirin before diagnosis, continuation of
aspirin use postdiagnosis was not as-
sociated with a significant reduction in
colorectal cancer−specific survival
(multivariate HR, 0.89; 95% CI, 0.59-
1.35) or overall survival (multivariate
HR, 0.95; 95% CI, 0.71-1.28).

We have previously shown that
aspirin use is associated with a lower
risk of subsequently developing colo-
rectal COX-2–positive cancers but not
colorectal COX-2–negative cancers.9

Thus, we examined whether the effect
of postdiagnosis aspirin use on sur-
vival differed according to COX-2
expression status within the primary
tumors. Among 459 participants for
whom we had sufficient tumor tissue
with adjacent normal mucosa to assay
for COX-2, the benefit of aspirin use
after diagnosis appeared to be con-
fined to those with COX-2–positive
primary tumors (Table 2). Among par-
ticipants with COX-2–positive tumors,
regular aspirin use after diagnosis was
associated with a lower risk of colorec-
tal cancer−specific (multivariate HR,
0.39; 95% CI, 0.20-0.76) and overall
(HR, 0.62; 95% CI, 0.42-0.93) mortal-
ity, whereas postdiagnosis aspirin use
was not associated with lower risk of
either colorectal cancer−specific or
overall mortality for those with COX-
2–negative tumors. A test for hetero-
geneity of the effect of regular aspirin
use after diagnosis on survival for
COX-2–positive tumors vs COX-2–
negative tumors was statistically sig-
nificant (P for interaction = .04).

We considered the possibility that the
superior benefit of postdiagnosis aspi-
rin use among COX-2–positive can-
cers reflected the observation that COX-
2–positive cancers are more likely to
develop among individuals who ab-
stain from aspirin use prior to cancer
diagnosis. In a post hoc analysis, we
therefore examined the joint effect of
prediagnosis and postdiagnosis aspi-
rin use according to tumoral COX-2 ex-

pression. Although participants who re-
ported aspirin use following diagnosis
but not before diagnosis (postdiagno-
sis use only) experienced a significant
reduction in colorectal cancer−specific
mortality from COX-2–positive can-
cers (HR, 0.22; 95% CI, 0.07-0.74),
COX-2–positive participants who re-
ported aspirin use both before and af-
ter diagnosis also experienced a non-
significant reduction in colorectal
cancer−specific mortality (HR, 0.56;
95% CI, 0.23-1.33).

Among participants who did not use
aspirin before diagnosis, the associa-
tion between postdiagnosis aspirin use
and survival was modestly dose-
responsive (TABLE 3). Compared with
individuals who used any aspirin, the
multivariate-adjusted HR for colorec-
tal cancer−specific mortality was 0.57
(95% CI, 0.32-0.99) for those who used
0.5 to 5 standard aspirin tablets and
0.49 (95% CI, 0.18-1.35) for individu-
als who used 6 or more tablets per week
(P for trend = .04).

Since the decision to use or avoid
aspirin could be influenced by occult
cancer recurrence or impending death,
we performed a secondary analysis in
which we excluded participants who
died within 12 months of completing
the assessment of postdiagnosis aspi-
rin use. Our results were essentially

unchanged. Compared with nonus-
ers, participants who regularly used
any aspirin after diagnosis had a mul-
tivariate-adjusted HR for colorectal
cancer−specific mortality of 0.71 (95%
CI, 0.53-0.95) and a multivariate HR for
overall mortality of 0.80 (95% CI, 0.65-
0.97). Moreover, when we examined
survival from the date of return of the
questionnaire regarding postdiagnosis
aspirin use rather than the date of diag-
nosis of colorectal cancer, we also
observed similar results (multivariate
HR, 0.71; 95% 0.53-0.95 for colorectal
cancer−specific mortality and multi-
variate HR, 0.79; 95% CI, 0.65-0.97 for
overall mortality).

Because aspirin use was not ran-
domly assigned in this population, we
also conducted a secondary analysis
using a propensity score in which we
computed each participant’s probabil-
ity to use aspirin after diagnosis of co-
lorectal cancer without regard to out-
come. Adjusting for quintile categories
of this propensity score did not alter
our findings (propensity-adjusted HR,
0.70; 95% CI, 0.52-0.94 for colorectal
cancer−specific mortality and propen-
sity-adjusted HR, 0.82; 95% CI, 0.67-
0.99 for overall mortality).

We also evaluated potential differ-
ences in the influence of aspirin ac-
cording to strata of clinical character-

Table 3. Risk of Colorectal Cancer−Specific Mortality and Overall Mortality According to
Dose of Aspirin Used After Colorectal Cancer Diagnosisa

No. of Aspirin Tablets per Week
P for
Trend0 0.5-5 �6

Colorectal cancer−specific mortality
No. of events/No. at risk 86/460 15/127 4/39

Age-adjusted HR (95% CI) 1 [Reference] 0.57 (0.33-0.99) 0.46 (0.17-1.26) .03

Multivariate-adjusted HR (95% CI)b 1 [Reference] 0.57 (0.32-0.99) 0.49 (0.18-1.35) .04

Overall mortality
No. of events/No. at risk 172/460 40/127 13/39

Age-adjusted HR (95% CI) 1 [Reference] 0.71 (0.50-1.00) 0.68 (0.38-1.19) .05

Multivariate-adjusted HR (95% CI)b 1 [Reference] 0.69 (0.48-0.99) 0.61 (0.34-1.09) .03
Abbreviations: CI, confidence interval; HR, hazard ratio; NHS, Nurses’ Health Study; HPFS, Health Professionals Fol-

low-up Study.
aAspirin dose is classified according to the number of standard 325-mg tablets taken per week after diagnosis of co-

lorectal cancer. Analysis was conducted among NHS and HPFS participants who did not regularly use aspirin prior
to diagnosis. Among this cohort, cases diagnosed between 1980 and 2002 in the NHS and between 1992 and
2002 in the HPFS provided data on the number of standard 325-mg aspirin tablets used per week for this analysis.

bMultivariate HRs were adjusted for age at diagnosis (years), sex, date of diagnosis of cancer (years), stage of cancer
(I, II, III), site of primary cancer (colon or rectum), histological grade of cancer (well, moderate, poor/unknown), time
from diagnosis to first measurement of postdiagnosis aspirin use (months), smoking (never vs current/past), meta-
bolic equivalent tasks per week after diagnosis, body mass index (calculated as weight in kilograms divided by height
in meters squared), and colorectal cancer in parent or sibling (yes or no).
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istics. There were no significant
differences in the influence of aspirin
in strata defined by sex (cohort), age,
cancer stage, site of primary tumor, year
of diagnosis, or BMI (FIGURE 3). We
also confirmed that the inverse asso-
ciation between postdiagnosis aspirin
use and colorectal cancer−specific mor-
tality was also observed among the 241
participants for whom we collected data
on treatment. Although statistical power
was limited, the association between
postdiagnosis aspirin use and mortal-
ity did not appear to be materially
changed, even after accounting for re-
ceipt of chemotherapy (multivariate
HR, 0.40; 95% CI, 0.15-1.10 for colo-
rectal cancer−specific mortality and
multivariate HR, 0.53; 95% CI, 0.26-
1.07 for overall mortality). Moreover,
postdiagnosis aspirin use was not as-
sociated with likelihood of receiving ad-
juvant chemotherapy across stages of
colorectal cancer. Among participants
with stage I colorectal cancer, 11% of
aspirin users received chemotherapy

compared with 12% of nonusers (P for
difference = .82). Similarly, among par-
ticipants with stage II or III colorectal
cancer, 73% of aspirin users received
chemotherapy compared with 77% of
nonusers (P for difference = .53).

COMMENT
In summary, we observed that use of
aspirin after a diagnosis of nonmeta-
static colorectal cancer was associated
with a decreased risk of colorectal
cancer−specific mortality. This in-
verse association appeared to be stron-
gest among participants whose pri-
mary tumors overexpressed COX-2.
This relationship appeared to be inde-
pendent of the intake of aspirin prior
to diagnosis and was modestly related
to increasing aspirin dose.

Our results are consistent with find-
ings based on a detailed survey of medi-
cation use and lifestyle administered to
846 patients with stage III colon can-
cer enrolled in a postoperative adju-
vant chemotherapy trial comparing bo-

lus fluorouracil and leucovorin to bolus
irinotecan and bolus fluorouracil and
leucovorin.26 In that study, consistent
aspirin use was associated with an HR
for cancer recurrence, death, or both
combined of 0.48 (95% CI, 0.24-
0.99), comparable with our findings.
Moreover, regular use of the COX-2–
selective inhibitors celecoxib or rofe-
coxib was similarly associated with a
lower risk of cancer recurrence and
mortality. However, aspirin use was
only assessed after initial diagnosis of
cancer. Thus, it was unclear if the ob-
served benefit might actually reflect a
more favorable behavior of tumors ini-
tiated within an environment of aspi-
rin use before diagnosis rather than an
effect of aspirin on established cancer.
Our data demonstrate that aspirin in-
take after, but not before the develop-
ment of stage I, II, or III cancer is as-
sociated with improved survival. This
suggests that aspirin may have a spe-
cific effect on the prevention or pro-
gression of micrometastases among in-
dividuals with established disease.
Notably, among participants who used
aspirin before diagnosis, continuation
of aspirin use after diagnosis did not ap-
pear to influence survival. This sug-
gests the possibility that tumors that ini-
tially developed despite exposure to
aspirin may be less susceptible to any
potential effect of aspirin on tumor pro-
gression.

Several mechanisms have been hy-
pothesized to underlie the influence of
aspirin on colorectal neoplasia, includ-
ing inhibition of nuclear factor-�B,44 in-
duction of apoptosis by activation of
p38 kinase,45 and catabolism of poly-
amines.46 However, we had previously
shown that regular aspirin use was as-
sociated with a significant reduction in
the subsequent risk of developing a pri-
mary COX-2–positive colorectal can-
cer but not a COX-2–negative tumor,
suggesting that aspirin works princi-
pally by inhibiting COX-2 or its down-
stream effectors.9,10 In the current study,
we found that aspirin use after diagno-
sis was associated with lower colorec-
tal cancer−specific mortality among in-
dividuals with COX-2–positive tumors

Figure 3. Multivariate-Adjusted Stratified Analyses of Colorectal Cancer−Specific Survival
According to Aspirin Use After Diagnosis

2.01.00.3

Hazard Ratio (95% Confidence Interval)

No. of Colorectal Cancer–Specific
Deaths/No. at Risk

All participants

Women
Sex

Men

I or II
Stage of cancer

III

Colon
Site

Rectum

Before 1996
Diagnosis

1996-2002

≤65
Age, y

>65

≤25
BMI

Nonuser

141/730

100/495
41/235

62/483
79/247

94/551
47/179

86/419
55/311

72/361
69/369

66/344
75/386

Aspirin User

81/549

54/345
27/204

35/384
46/165

56/425
25/124

52/302
29/247

39/255
42/294

30/255
51/324>25

P for
Interaction

.87

.67

.33

.56

.61

.63

Multivariate hazard ratios are adjusted for age at diagnosis (years), sex, date of cancer diagnosis (years), stage
of cancer (I, II, or III), site of primary cancer (colon or rectum), histological grade of cancer (well, moderate, or
poor/unknown), time from diagnosis to first measurement of postdiagnosis aspirin use (months), smoking (never
vs current/past), metabolic equivalent tasks per week after diagnosis, body mass index (BMI [calculated as
weight in kilograms divided by height in meters squared]), and colorectal cancer in a parent or sibling (yes or
no). For each stratified analysis, the stratification variable was omitted from the model.
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but not COX-2–negative tumors. This
supports the hypothesis that COX-2–
positive tumors may be relatively sen-
sitive to the anticancer effect of aspi-
rin, whereas COX-2–negative tumors
may be relatively aspirin-resistant.
Moreover, it potentially explains the ob-
servation that the benefit of postdiag-
nosis aspirin use on patient survival was
not apparent among patients who used
aspirin prior to cancer diagnosis.

Our findings are also supported by
other studies in humans. A placebo-
controlled studyof135malnourishedpa-
tients with various solid tumors re-
ported that patients randomized to
indomethacin had a prolonged survival
that was statistically significant.47 A ran-
domized trial of standard-dose aspirin in
patients with prior Dukes stage A or B1
colon or rectal cancer who had under-
gone curative resection of their primary
tumor demonstrated a 35% reduction in
risk of colorectal adenoma after a me-
dian 30 months of treatment.3 In addi-
tion, intratumoral expression of COX-2
has been independently associated with
tumor differentiation,17 angiogen-
esis,48,49 recurrence,50 and metastasis.51

Moreover, COX-2 expression has been
correlated with worsened patient sur-
vival in some13-16,48 but not all stud-
ies.17,18,52,53

Our results are also supported by
substantial experimental data. In co-
lon cancer cell lines and mice, aspirin
and other NSAIDs interrupt tumor
growth,20,21,23-25,54 inhibit angiogen-
esis,2 2 , 2 5 , 5 5 , 5 6 abrogate invasive-
ness,24,57,58 and retard metastasis.19,22-25

Aspirin and NSAIDs also enhance re-
sponsiveness to chemotherapy,23,25,59,60

increase expression of mismatch re-
pair proteins,61 and improve overall sur-
vival.23,25 Moreover, aspirin and NSAIDs
inhibit the production of prostagland-
ins that promote cancer cell growth and
the production of angiogenic fac-
tors.10,62,63

Our study has several important
strengths. First, we used prospec-
tively collected data on aspirin use.
Thus, we were able to minimize poten-
tial bias related to differential recall of
aspirin use according to disease activ-

ity, and any errors in recall would have
tended to attenuate rather than exag-
gerate true associations. Second, we ob-
tained data on aspirin use both before
and after cancer diagnosis. This per-
mitted us to disentangle the effect of as-
pirin use after diagnosis from aspirin
use before diagnosis. We considered the
possibility that regular aspirin users
who develop colorectal cancer simply
acquire tumors that are biologically less
aggressive. However, the benefit of
regular aspirin use was largely re-
stricted to patients who initiated aspi-
rin use following cancer diagnosis; af-
ter adjusting for postdiagnosis aspirin
use, regular aspirin use before cancer
diagnosis was not associated with any
reduction in colorectal cancer or over-
all mortality. Finally, since all partici-
pants were health professionals, the ac-
curacy of self-reported aspirin use is
likely to be high and more likely to re-
flect actual consumption of these largely
over-the-counter medications.

Several limitations of this study war-
rant comment. First, our study was ob-
servational and aspirin use was self-
selected. Thus, despite the strong
biological plausibility of our results, it
is possible that our findings could be
related to the reason for which partici-
pants used aspirin. However, most par-
ticipants reported using aspirin primar-
ily for analgesia.27 During much of the
study period, data regarding an asso-
ciation between aspirin and colorectal
neoplasia were also not widely avail-
able, suggesting that it is unlikely par-
ticipants took aspirin for the purpose
of cancer prevention. Moreover, an
analysis adjusting for an individual’s
propensity to use aspirin also did not
materially change our results. We also
cannot completely exclude the possi-
bility that aspirin use may be reflec-
tive of other occult predictors for im-
proved prognosis. However, we did not
observe any significant association be-
tween aspirin use and other predic-
tors of cancer outcome and our find-
ings remained unchanged after
adjusting for other potential risk fac-
tors for colorectal cancer mortality. Fi-
nally, the differential effect of aspirin

according to COX-2 expression is con-
sistent with a causal mechanism. To
minimize any bias by occult cancer re-
currence, we also performed a second-
ary analysis in which we excluded
deaths within 12 months of the aspi-
rin assessment and continued to ob-
serve a significant influence of regular
aspirin use on patient outcome.

Beyond causes of mortality, data on
cancer recurrences were not available
in this cohort. Nonetheless, since
median survival for recurrent (meta-
static) colorectal cancer was approxi-
mately 10 to 12 months during much
of the time period of this study,64 colo-
rectal cancer−specific mortality should
be a reasonable surrogate for cancer-
specific outcome. In this cohort, we also
had limited data on chemotherapy.
However, it is unlikely that differen-
tial receipt of chemotherapy could
explain the observed findings. First, the
association of aspirin use and survival
was similar among participants with
stage I or II disease (for which surgery
alone would represent a standard of
care) and among those with stage III
cancer (for which adjuvant chemo-
therapy would represent a routine
approach). Second, since our cohort
consisted of health professionals, con-
siderable heterogeneity in use of adju-
vant chemotherapy would be unlikely.
Third, in this cohort, aspirin use was
not associated with the likelihood of
receiving adjuvant chemotherapy.
Among participants with stage I colo-
rectal cancer, 11% of aspirin users
received chemotherapy compared with
12% of nonusers (P for difference = .82).
Similarly, among participants with stage
II or III colorectal cancer, 73% of asprin
users received chemotherapy com-
pared with 77% of nonusers (P for
difference = .53). Fourth, when we
repeated our analyses adjusting for
receipt of chemotherapy among par-
ticipants for whom data on chemo-
therapy use was available, the associa-
tion between aspirin use and survival
was not materially altered.

Importantly, our results are con-
sistent with findings in a separate
cohort nested in a National Cancer
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Institute−sponsored adjuvant chemo-
therapy trial that similarly found that
regular aspirin use was associated with
a significant reduction in cancer recur-
rence and mortality. In that latter co-
hort, data on disease recurrence as well
as mortality were consistently col-
lected and chemotherapy treatment was
uniformly administered by protocol.26

We were unable to obtain tumor tis-
sue on all cases of confirmed colorec-
tal cancer over follow-up. However, it
is unlikely that COX-2 expression or
mortality would be differential accord-
ing to retrieval success. Moreover, an
assessment of risk factors and the effect
of aspirin on colorectal cancer risk did
not appreciably differ among those par-
ticipants for whom we were unable to
obtain tumor tissue.9

Finally, although we had sufficient
statistical power for our primary analy-
sis of postdiagnosis aspirin use and risk
of colorectal cancer−specific and over-
all mortality, we had comparatively lim-
ited sample sizes in some of our sub-
groups, such as the cohort of participants
with treatment data or available ar-
chived tumor tissue. Thus, although the
results of our secondary analyses within
these subgroups support our primary
findings, the precise risk estimates
should be cautiously interpreted in light
of the relatively wide associated CIs.

Our findings show that use of aspi-
rin after diagnosis of nonmetastatic co-
lorectal cancer is associated with im-
proved survival from the disease,
particularly among individuals with pri-
mary tumors that overexpress COX-2.
These results suggest that aspirin may
influence the biology of established co-
lorectal tumors in addition to prevent-
ing their occurrence. Our data also high-
light the potential for using COX-2 or
related markers to tailor aspirin use
among patients with newly diagnosed
colorectal cancer. Nonetheless, be-
cause our data are observational, rou-
tine use of aspirin or related agents as
cancer therapy cannot be recom-
mended, especially in light of concerns
over their related toxicities, such as gas-
trointestinal bleeding.1,65 Further stud-
ies among patients with colorectal can-

cer, including placebo-controlled trials
of aspirin or related agents as adjuncts
to other routine therapies, are re-
quired.
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