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ABSTRACT

BACKGROUND
Regular use of aspirin reduces the risk of a colorectal neoplasm, but the mechanism
by which aspirin affects carcinogenesis in the colon is not well understood.

METHODS

We estimated cyclooxygenase-2 (COX-2) expression by immunohistochemical assay of
sections from paraffin-embedded colorectal-cancer specimens from two large cohorts
of participants who provided data on aspirin use from a questionnaire every 2 years.
We applied Cox regression to a competing-risks analysis to compare the effects of
aspirin use on the relative risk of colorectal cancer in relation to the expression of
COX-2 in the tumor.

RESULTS

During 2,446,431 person-years of follow-up of 82,911 women and 47,363 men, we
found 636 incident colorectal cancers that were accessible for determination of COX-2
expression. Of the tumors, 423 (67%) had moderate or strong COX-2 expression. The
effect of aspirin use differed significantly in relation to COX-2 expression (P for het-
erogeneity=0.02). Regular aspirin use conferred a significant reduction in the risk of
colorectal cancers that overexpressed COX-2 (multivariate relative risk, 0.64; 95%
confidence interval [CI], 0.52 to 0.78), whereas regular aspirin use had no influence
on tumors with weak or absent expression of COX-2 (multivariate relative risk, 0.96;
95% CI, 0.73 to 1.26). The age-standardized incidence rate for cancers that overex-
pressed COX-2 was 37 per 100,000 person-years among regular aspirin users, as
compared with 56 per 100,000 person-years among those who did not use aspirin
regularly; in contrast, the rate for cancers with weak or absent COX-2 expression was
27 per 100,000 person-years among regular aspirin users, as compared with 28 per
100,000 person-years among nonregular aspirin users.

CONCLUSIONS
Regular use of aspirin appears to reduce the risk of colorectal cancers that overexpress
COX-2 but not the risk of colorectal cancers with weak or absent expression of COX-2.
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BSERVATIONAL STUDIES AND RANDOM-

ized intervention trials have found that

regular use of aspirin reduces the risk of
colorectal neoplasms.** The mechanism by which
aspirin influences the risk of colorectal cancer is
not well understood. Aspirin inhibits cyclooxygen-
ase, which catalyzes the rate-limiting step in the
metabolic conversion of arachidonic acid to pros-
taglandins and related eicosanoids.> One form of
cyclooxygenase, termed cyclooxygenase-2 (COX-2),
promotes inflammation and cell proliferation, and
colorectal cancers often overexpress this enzyme.°-°
Randomized trials have demonstrated that selec-
tive inhibitors of COX-2 reduce the risk of recurrent
adenoma in participants at high risk.1°** However,
aspirin and nonsteroidal antiinflammatory drugs
(NSAIDs) decrease proliferation and increase apop-
tosis of colorectal cancer cell lines that have no de-
tectable cyclooxygenase activity.** Aspirin has other
effects that are unrelated to cyclooxygenase, in-
cluding inhibition of nuclear factor-«B,'* induction
of apoptosis by activation of p38 kinase,'® and ca-
tabolism of polyamines.!” If aspirin exerts its effect
on the formation of adenomas and cancers by in-
hibiting COX-2 or its downstream effectors, then
the use of aspirin should preferentially reduce the
risk of tumors for which growth depends on COX-2
function.

We investigated whether the influence of aspi-
rin on the risk of colorectal cancer varied with the
expression of COX-2 in the tumor. For this pur-
pose, we used tumor specimens from two large
prospective studies in which an association was
found between the regular use of aspirin and a
reduced risk of colorectal cancer.82°

METHODS

STUDY POPULATION

The Nurses’ Health Study (NHS) was initiated in
1976 when 121,701 U.S. female registered nurses,
30 through 55 years of age, completed a mailed
questionnaire.'®2° The Health Professionals Fol-
low-up Study (HPES) was established in 1986 with
a parallel cohort of 51,529 U.S. male dentists, op-
tometrists, osteopaths, podiatrists, pharmacists,
and veterinarians who were 40 through 75 years
of age at entry.*® The cohorts had a follow-up rate
of 92%. We mailed questionnaires every 2 years
to obtain updated information and identify new
cases of cancer. In 1980, the NHS questionnaire
was expanded to include a validated assessment of

diet and aspirin use?!; a similar instrument had
been used in the 1986 HPFS questionnaire.?? The
overall response rate for these questionnaires was
90%. The institutional review boards at Brigham
and Women’s Hospital and the Harvard School of
Public Health approved this study; completion of
the questionnaire was considered to imply informed
consent.

ASSESSMENT OF MEDICATION USE
Assessment of aspirin use in both the NHS and
the HPFS has been described in detail previous-
ly.18-20,23 Briefly, in 1980 we asked NHS participants
whether they used aspirin, the number of pills tak-
en each week, and the number of years of use. We
updated this information every 2 years except for
1986 with specific questions on the number of as-
pirin tablets taken per week (in categories of num-
ber taken). In the 1986 HPFS questionnaire and in
questionnaires every 2 years thereafter, we inquired
whether the men in the study used aspirin two or
more times per week. Beginning in 1992, we also
asked these men the average number of tablets
taken per week (in categories of number taken). In
both cohorts, we specifically inquired about stan-
dard-dose (325-mg) aspirin tablets. However, to
reflect secular trends in consumption of low-dose
(baby) aspirin, the questionnaires after 1992 asked
participants to convert four baby aspirin tablets to
one adult standard-dose tablet when responding.
We did not collect consistent data on use of non-
aspirin NSAIDs in either cohort. We did not evalu-
ate the use of selective inhibitors of COX-2 that were
introduced in the United States in 1999.

ASCERTAINMENT OF CASES
We requested permission to acquire medical re-
cords and pathology reports from participants who
reported colorectal cancer on our biennial ques-
tionnaire. We identified deaths from the National
Death Index and from next of kin.2* A study phy-
sician who was unaware of information on the par-
ticipants’ intake of aspirin reviewed medical and
pathological records to extract information on his-
tologic types and anatomic locations of the can-
cers. A single study pathologist reviewed all of the
cases that were retrieved for determination of COX-2
expression.

ASSESSMENT OF COX-2 EXPRESSION
Beginning in 1997 in the HPFS and 2001 in the
NHS, we began retrieving, from the pathology de-
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partments of treating hospitals, available patho-
logical specimens from participants whom we
confirmed had received a diagnosis of colorectal
cancer. We obtained specimens from 648 cases
(76%) over 16 years of follow-up in the HPFS and
662 cases (58%) over 22 years of follow-up in the
NHS. We limited our analysis of the expression of
COX-2 to unstained paraffin blocks with amounts
of tumor tissue and adjacent mucosa that were
sufficient for immunohistochemical analysis (636
cases: 368 from the NHS and 268 from the HPES).
The baseline characteristics of participants with
colorectal cancer whose tumors we analyzed were
similar to those of participants whose tumors we
did not analyze (mean age, 54.4 vs. 54.9 years; non-
white, 3% vs. 3%; former or current smoker, 60%
vs. 58%; mean body-mass index [the weight in ki-
lograms divided by the square of the height in
meters], 25.5 vs. 25.3; mean metabolic equivalent
[MET; i.e., exercise intensity] score per week, 16.6
vs. 15.3; current multivitamin use, 36% vs. 33%;
previous lower gastrointestinal endoscopy, 13% vs.
12%; folate intake, 401 vs. 408 ug per day; calcium
intake, 798 vs. 786 mg per day; alcohol intake, 9.9
vs. 10.2 g per day; P>0.25 for all comparisons).

We used a previously described method for
COX-2 immunostaining on whole tissue sections
or on microassays constituted from specimens.2>2°
We incubated deparaffinized tissue sections with
citrate buffer (BioGenex) in a microwave oven for
15 minutes, then cooled them for 40 minutes.
Tissue sections were then incubated with 3%
hydrogen peroxide for 20 minutes, avidin block
for 15 minutes, and biotin block for 15 minutes.
A mouse anti—-COX-2 antibody (Cayman Chemical)
diluted 1:300 in phosphate-buffered saline was
applied, and the slides were maintained overnight
at 4°C. Next, we applied an antimouse horse IgG
antibody (Vector Laboratories) for 20 minutes,
followed by an avidin—biotin complex conjugate
(Vector Laboratories). The immunochemical re-
action was revealed by diaminobenzidine and
methyl-green counterstain. For each assay run,
we included a cancer tissue with COX-2 overex-
pression and a negative control (normal colonic
tissue). We also examined a specimen with known
COX-2 overexpression treated with phosphate-
buffered saline, but not the anti-COX-2 antibody,
as a control for nonspecific binding of the im-
munohistochemical marker.

A pathologist who was unaware of any data
concerning the participants interpreted COX-2 ex-

pression, using a standardized grading system
(absent, weak, moderate, or strong). The patholo-
gist classified staining of tumor cells as “absent”
if COX-2 expression was at the same level of in-
tensity as that in adjacent normal colonic epithe-
lium; weak, moderate, or strong staining indicated
progressively increasing degrees of overexpression.
A random sample of 108 cancers was reread by a
second pathologist unaware of data on the partici-
pants; the concordance between the two patholo-
gists was 0.92 (k=0.62, P<0.001).2° If the intensity
of immunostaining was moderate or strong, tu-
mors were classified as cancers with COX-2 over-
expression (COX-2—positive). If immunostaining
intensity was weak or absent, tumors were classi-
fied as negative for COX-2 overexpression (COX-2—
negative) (Fig. 1).

STATISTICAL ANALYSIS
At baseline, we excluded men and women who did
not complete the baseline dietary questionnaire
or medication questions, who recorded implausible
dietary or aspirin data (e.g., responded “yes” to use
but then recorded use of zero aspirin tablets per
week), or reported a baseline history of cancer (ex-
cept nonmelanoma skin cancer). We also exclud-
ed participants with inflammatory bowel disease,
familial polyposis, or hereditary nonpolyposis co-
lon cancer. After these exclusions, 82,911 women
and 47,363 men were eligible for analysis. They
accrued follow-up time beginning on the month
of return of their baseline questionnaire and end-
ing on the month of diagnosis of colorectal cancer,
death from other causes, or June 2002, whichever
came first. Participants in whom colorectal cancer
was adjudicated as the cause of death by study phy-
sicians after review of medical records were includ-
ed as cases. Data from cases of colorectal cancer
for which we were unable to assay COX-2 expres-
sion in the tumor were censored from the analy-
sis at the date of diagnosis.

To reduce within-person variation and to better
estimate long-term intake, we used the cumulative
average intake of aspirin as reported on all avail-
able questionnaires up to the start of each 2-year
follow-up interval.?” In the NHS, women who re-
ported taking two or more standard (325-mg) as-
pirin tablets per week were classified as regular
users, whereas those who reported less aspirin use
were classified as nonusers. We also estimated the
duration of the regular use of aspirin by NHS par-
ticipants from the number of years of regular use
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Figure 1. COX-2 Expression in Immunohistochemical Assays of Colorectal-Cancer Tissue and Mucosa.

In Panel A, COX-2 is not overexpressed in carcinoma (arrows) as compared with normal mucosa (arrowheads). Panel B
shows weak expression of COX-2 in carcinoma (arrows) as compared with normal mucosa (arrowheads). Panel C shows
moderate overexpression of COX-2 in carcinoma (arrow) as compared with normal mucosa (arrowheads). Panel D
shows strong overexpression of COX-2 in carcinoma (arrow) as compared with normal mucosa (arrowheads).

reported in 1980, with updating of this variable
every 2 years.'2%23 In the HPFS, men who report-
ed using aspirin at least two times per week were
classified as regular users, whereas those who did
not report aspirin use at least two times per week
were classified as nonusers.*® For our main analy-
ses, we pooled data from both cohorts. We con-
ducted tests of heterogeneity using the Q statistic
before pooling.?® In this analysis, we observed no
heterogeneity between the cohorts regarding the
association of regular aspirin use and risk of
colorectal cancer (P=0.33 for Cochran’s Q test).

We calculated the incidence rates of colorectal
cancer for participants in a specific category of
aspirin use by dividing the number of incident
cases by the number of person-years of follow-up.
We calculated relative risks by dividing the inci-
dence rate in one category by the incidence rate in
the reference category; we used Cox proportional-
hazards modeling to control for multiple variables

simultaneously and to calculate 95% confidence
intervals. Multivariate relative risks are adjusted
for age, sex, smoking before the age of 30 years
0, 1to 4,5 to 10, 11 to 15, or more than 15 pack-
years); body-mass index (in quintiles); regular vig-
orous exercise (in quintiles of MET task score per
week); colorectal cancer in a parent or sibling (yes
or no); previous lower gastrointestinal endoscopy
(yes or no); history of polyps (yes or no); current
multivitamin use (yes or no); consumption of beef,
pork, or lamb as a main dish (0 to 3 times per
month, 1 time per week, 2 to 4 times per week, or
5 or more times per week); alcohol consumption
(0, 0.1 to 4.9, 5.0 to 14.9, or 15 g or more per day);
and energy-adjusted folate and calcium intake
(in quintiles). For the analyses restricted to wom-
en, the multivariate models additionally adjusted
for postmenopausal hormone-replacement thera-
py (premenopausal women and postmenopausal
women who never used, formerly used, or were
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currently using hormone-replacement therapy) and
did not include sex. For the analyses restricted to
men, the multivariate models also did not include
sex. We used the most recent information for all
covariates.

To compare the association between aspirin use
and the risk of colorectal cancer in relation to
COX-2 expression in the cancer, we used a compet-
ing-risk analysis that uses a duplication-method
Cox regression.?*3° This method permits estima-
tion of separate regression coefficients for aspirin
use stratified according to the type of outcome
(e.g., cancer with COX-2 overexpression vs. cancer
with weak or absent COX-2 expression). We as-
sessed the statistical significance of the difference
between the risk estimates according to tumor
type by a likelihood-ratio test that compared the
model that allowed for separate associations of
aspirin according to COX-2 expression with a
model that assumed a common association. We
used SAS software (version 9.1.3) for all analyses.
All P values are two-sided.

RESULTS

Among the 82,911 eligible women and 47,363 eli-
gible men at the time of the baseline questionnaire,
participants reporting the regular use of aspirin
(taking two or more standard aspirin tablets per
week or using aspirin at least two times per week)
were older, were slightly less physically active, were
more likely to be current or former smokers,
were more likely to use multivitamins regularly,
were more likely to use postmenopausal hormones
(among women), consumed more alcohol, and
consumed more folate (P<0.001 for all unadjust-
ed comparisons) (Table 1). On the basis of the up-
dated data on aspirin use we obtained on biennial
questionnaires, we observed that patterns of aspi-
rin use changed over time. Averaged over the total
number of person-years of follow-up (2,446,431),
the difference in mean age between regular aspirin
users and nonusers gradually increased (59.0 years
for regular aspirin users and 56.5 years for non-
users, P<0.001). For this analysis, we identified 636
incident cases of colorectal cancer among users
and nonusers of aspirin that were available for
analysis of COX-2 expression (Table 1). Among
these 636 tumors, 423 (67%) had moderate or
strong COX-2 expression (i.e., were COX-2—positive),
whereas 213 (33%) had weak or absent COX-2 ex-
pression (i.e., were COX-2—negative).

As in our previous studies,'®2° we observed in
both cohorts a significantly lower risk of colorec-
tal cancer among regular aspirin users than
among participants who did not regularly use as-
pirin, after controlling for other known or sus-
pected colorectal cancer risk factors (Table 2). For
the combined cohorts, regular aspirin use was as-
sociated with a multivariate relative risk of colorec-
tal cancer of 0.73 (95% confidence interval [CI],
0.62 to 0.86) for cases with tissue available for
COX-2 analysis. Inclusion of all documented cases
of colorectal cancer that were found during follow-
up, irrespective of the availability of tissue for
analysis of COX-2 expression, did not materially
alter these results (multivariate relative risk, 0.76;
95% CI, 0.70 to 0.84 for 1142 cases in the NHS and
853 cases in the HPFS; P<0.001). Regular aspirin
use was associated with a multivariate relative risk
of 0.78 (95% CI, 0.69 to 0.87; P<0.001) among par-
ticipants with colorectal cancer in whom COX-2
expression was not assayed.

We evaluated the influence of aspirin on the
risk of colorectal cancer according to overexpres-
sion of COX-2 in the tumor (Table 2). The benefit
of regular aspirin use appeared to be confined to
cancers with COX-2 overexpression (multivariate
relative risk, 0.64; 95% CI, 0.52 to 0.78). In con-
trast, aspirin use did not appear to be associated
with the risk of colorectal cancer with weak or
absent COX-2 expression (multivariate relative risk,
0.96; 95% CI, 0.73 to 1.206). A test for heterogene-
ity for the association of regular aspirin use with
COX-2—positive or COX-2—negative tumors found
a statistically significant association (P for hetero-
geneity=0.02).

Table 3 shows the association between the du-
ration of regular use of aspirin and the risk of a
COX-2—positive or COX-2—-negative colorectal can-
cer. A statistically significant reduction in the num-
ber of cases of COX-2—positive cancer was not evi-
dent until aspirin had been used regularly for more
than 10 years (multivariate relative risk, 0.59; 95%,
CI, 0.42 to 0.82; P for trend, <0.001); there was no
statistically significant reduction in the number of
COX-2—negative cancers with increasing duration
of aspirin use (P for trend=0.25).

Table 4 shows the association between the
dose of aspirin (tablets per week) and the risk of
colorectal cancer. A reduction in the multivariate
relative risk of colorectal cancer became apparent
with an intake of more than five tablets per week,
and the relative risk was further reduced as the

N ENGLJ MED 356;21 WWW.NEJM.ORG MAY 24, 2007

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.

Copyright © 2007 Massachusetts Medical Society. All rights reserved.

2135



‘sayejul paisnipe-A3iaua jo ueaw ay1 Juasaidal (WiNId|ed pue 218|0)) SAN|BA JUBINN s
‘Ajuo uswom |esnedousiuisod 4oy pajejndjes asam
sauowiioy duisn Auaiind pue ‘Buisn Aluswiioy ‘uisn Jansu asoys jo sadeiusdiad sy “suonesedaid suoisisaBoud snid usBouss Jo usdouiss [esnedouswisod se pauyop aie sauowloH |
‘uaw pue usawom y1oq 4oy 986T ul (Suid3of “3-3) sanianoe |edishyd jo aues e jo Aouanbauy ays 01 3uipiodde pajendjed ‘quajeAinba dijoqelaw sajousp 1IN b
'si919wW Ul 1y3iay ays Jo asenbs ayy Aq papiaip sweadojpy ul ySom ayy sI xapul ssew-Apoq ay] §
"A|UO SJ9XOLUS JUALIND PUE JBLIIOY JOJ PIE|ND|ED dUdM SIedk-yded I
‘salieuuonsanb uo syueddiued ayy Aq passasse-jjas sem adey |
"Pa1EDIpUI 9SIMIBYIO SSI|UN SUBSLU 21 SIN|EA MOYOD 3y} Jo uoinqguisip aSe ay3 03 Suipiodde pazi
-paepuels A|10a.1p uaaq aAey ‘a3e Uey] JaYl0 ‘sanjeA ||y 9am Jad sawi) om) uey) Jamay ulidse jo uoirdwinsuod sy} Se paulap sem asn Jejn3aluoN aam Jad sawi} om) 1ses| e ulidse
4o uondwnsuod ayy se uoljeziio3aled paquosap Asnoiraid uo paseq sem asn uuidse Jendas ‘S4dH aYi Ul yoam Jad S13|qe} OM]} UEL] JaM3) JO UOIIdWNSUOD 3Y} SE paulyap SEM asn
Je[n3aiuoN yoam Jad s19|qe1 Sw-gz¢ omi 1sea| 1e Jo uonduwinsuod ayj se uoneziio3aled paqudsap A|snoiraid uo paseq sem asn uliidse Jen3al ‘SHN ayl U] g (S4dH) Apnis dn-mojjo4
S|BUOISS9J0Id YI[eaH Y] Ul Pa||0Jud UdL 0} 98T Ul PUB o (SHN) APNIS YieaH ,SSINN Y3 Ul Paj|0Jud USLLIOM 0} 06T Ul PaJalSIUILUPE dileuuol}sanb auljaseq ay) Wouy aJe eleq

%

The NEW ENGLAND JOURNAL of MEDICINE

8L S6L L16 068 9zL 9¢/ (Kep/3w) wnpied
L8 6 9zt 801 89 9 (kep/3) joyooty
1187 yO 861 €Ly L€ 09¢ (kep/3ri) a1ej04
4 rara 81 81 97 (4 (3ym/sBuinias) ysip utew e se quie| 4o “jod Jaag
x| eIul Kieaiqg
8 8 8 6 8 8 (96) 3uniqis 4o juaied e uj JaduEd |B12910[0D)
0T 11 1T (4 z z (96) Adodsopusa |eu11saiu10415e3 JaMO| SNOIAAI
472 43 34 6¢ 8¢ 1€ (96) @sn uiwepANW Jua1IND
44 61 (96) sauowioy 3uisn Apuaiin)
0z 61 (96) sauowiioy pasn Alawio4
8¢ 29 (9%) sauowiioy pasn JanaN
9% X4 [ (9%) uswom [esnedousuiisod
091 €41 802 01z et €1 b Gim/s13N) Anainoe [edishyg
6'vC 9¥C L'ST Y4 9¥C 874 fxapur ssew-Apog
§zT 81C 95z 4724 807 0z fsieakopoed jo oN
8S €9 8¢S 6v 89 96 %
Lmv_OrCm 3uUa44Nnd JO J9WIO4
86 96 96 ¥6 86 JA) SHYM
z ¥ ¥ 9 z € SUYMUON
1(%) ooy
6v 8y 9g €§ Ly 9% (14) o3e uelpay
(900'€¥=N) (897'28=N) (zee'c1=N) (try'ee=N) (r80'67=N) (zz8'€s=N)
uuidsy jo uuidsy jo uuidsy jo uuidsy jo uuidsy jo uuidsy jo
SEN SEN, SEN, SEN, SEN, SEN,
Je|n3ay Je[n3aiuoN Je|n3ay Je[ndaiuoN Je|n3ay Je[ndaiuoN
|eloL uspy USWOM JlIsuadeIRYD)

»x"HoYyo) x_v—._um 93 jo sdiisiieldeiey) auljeseq ‘T 9|qe L

WWW.NEJM.ORG MAY 24, 2007

N ENGL J MED 356;21
Copyright © 2007 Massachusetts Medical Society. All rights reserved.

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.

2136



ASPIRIN AND COLORECTAL CANCER IN RELATION TO COX-2 EXPRESSION

'S192UBD dAIIBSAU—Z-XOD SB PalISSe|d aJe A1suajul Jeam Jo Zuiulels yim Jo Suiulels z-XxOD [B2ILUSLD0ISIYOUNLILII OU YiIM Siadue) |
*(wopaai
Jo 23.3ap T ‘£°6=,X) 700 S! 49oued 2AIESBU —Z-XOD YIMm asn uliidse sendau jo pue Jadued aAIlIsod—z-XxOD Yim asn uuiidse seindal jo uoijerdosse ayj jo Alisusdolalay Joj anjea m_nuo:ﬂ_r
'S192UBD 9AIHISOd—Z-XOD S payisse|d ale Ajisusjul 3uouis 03 ajesapow Jo ululels Z-XOD [ed1WAYD0ISIyoUNLILII Yim Siadue) §
X3S 9pN|DUl 10U PIp S|9POW 3JBLIBAIINLU 3Y] ‘USLW 0] Pa1D1IISal SasA[eUE 3y} 104 "Xas apn|dul jou pip pue (Kdeiay) Juawade|dai-suowioy Suisn AJualind a1am 4o ‘pasn Auawiioy ‘pasn
JaAau oym uswom [esnedouswisod pue uswom |esnedouswaid) Adesayy juswade|das-suowioy |esnedouswisod 1oy paisnipe OS|e 319M S|9POLU 1BIIBAI N Y} ‘USLLOM O} PI1D1IISaI
sasA|eue ay3 404 “(sajiuinb ur) axejur wnidjed pue ajejoy paisnipe-A3iaus pue {(Aep uad 8 0°'GT= 40 ‘B 64T 01 0'G ‘S 6% 01 T°0 ‘S 0) uondwinsuod joyod|e ‘(3am 4ad sawi} G 4o Yoam sad
Sawil} 0} Z “|99M B 3dUO ‘Yuow Jad sawiy ¢ 01 0) Ysip ulew e se quie| Jo “jiod 493q Jo uondwinsuod {(ou 1o sak) asn uiwenAlnwW ua1Ind (ou Jo sak) sdAjod jo Kioisiy {(ou Jo sak)
Adodsopua snoinaud {(ou 1o sak) Sulqis 4o Jualed e ul uadUED |€12310[0D ! (39am 4ad 210Ds ysey [ I JusjeAInba d1joqelaw Jo sajiuInb ul) asiuaxa snosoBin Jejndau {(sajnuinb ui) xapul
ssew-Apoq !(sieak-yoed GT< 4o ‘sieak-yded GT 01 TT ‘sieak-yded QT 01 § ‘sieak-yded § 01 T ‘sieak-ped () ade jo sieak 0¢ 2104aq Supjows ‘xas ‘@3e 1oj paisn(pe aie SySu dAIe[a4 eLBADINIA I
*(A1auadoualay 40j 1591 O S,UBIYD0D JO 3SN AY) YIM €£°0=d) SddH PUB SHN WOJj i ejep pajood |
'siasn Jejngaiuou yum patedwod
se siasn Je|n3aJ 1o} aue SySII dAIR[DY 9am Jad salul) om] uey) Jama) ulidse Jo uoindwinsuod ay) Se paulap sem asn JendaiuoN 9am Jad sawui) om) ises| je ulidse jo uondwnsuod
3y se uoljeziio3aied paquIsap A|snoinaid uo paseq sem asn ulidse Jendal ‘S{dH 2yl Ul j9am Jad S19|qe) OM) UBY] JaM3) JO UOIdLINSUOD 3y} SB paulap sem asn JeindaiuoN }dam Jad
s19|qe1 Sw-Gz¢ om) 1se3] Je Jo uonduinsuod ay) se uoneziio3ajed paquasap Ajsnoiaaid uo paseq sem asn unidse Jejn3ai ‘SHN 3yl U] "ZOOZ |1UN PaMO||0) PUB 96T Ul P3|[0Jud ¢ (S4dH)
Apnis dn-mojjo4 s|euoissajold YieaH ayi ul syuedidiied aiam usw ay| "z00Z |1IUN Pamo||of pue O86T Ul P3||0JUS o, (SHN) APNiS yijesH ,sasinN sy ul sjuedidiied aism uswom ay] x

bloz'1-€£70) 9670 0T (67'1-£9°0) £6'0 0T (0¥'1-69°0) 86°0 01T £(1D 9%66) ASH 2A1e[21 S1eLEAIN
(0£'1-9£0) 660 0T (65'1-89°0) ¥0'T 0T (6£'1-69°0) 86°0 0T (1D 9%56) st anize|a1 parsn(pe-ady
¥01'200'1/86 20£'6EV'T/STT 899°20¢/€¥ Ty Tovlvy SEv'v0L/SS 65C°2£0'T/1L 4h-uosiad Jo "ou/sased jo ‘oN
[49oueD 9A11ES5U-Z-XOD
b(82:0-25°0) ¥9°0 0T (9£°0-1°0) 95°0 0T (¥6'0-95°0) ¢£°0 0T 11D 956) o1 anize|au a3eLBAR N
(18'0-¥5°0) 99°0 0T (18°0-¥%0) 650 0T (¥6'0-55°0) 220 0T (12 9656) st aAe[24 parsn(pe-a8y
9%0°£00'T/2ST  €5S'6Ev'T/1LT 759°20¢/%9 TLET0V/L1T vOV'¥0L/88  T8T°L£0'T/¥ST 1h-uosiad jo "ou/sased jo ‘oN
§49oued aAlIsod—z-x0D
(98°0-290) €£°0 0T (98°0-25°0) £9°0 0T (660-59°0) 08°0 01 10D 9%56) A1 2ane[a1 21eLEADIN
(68°0-59°0) 9270 0T (26'0-95°0) 220 0T (660-59°0) 08°0 0T (1D 9%56) st anize|24 parsnipe-ady
€/6'900'T/0ST  8S¥'6£H'T/98¢ 719'20¢/£01 L££°T70¥/191 19€'v0L/€vT  TZ1'££0'1/S2C 4h-uosiad yo "ou/sases jo ‘oN
J3DUBD |B}D340|0D ||
uuidsy jo uuidsy jo uuidsy jo uuidsy jo uuidsy jo uuidsy jo
SEN)| ISEN] SEN)] SEN] ISEN] SEN)]
Je|n3ay Je|n3aiuoN Je|n3ay JendaiuoN 1e|n3ay Jen3aiuoN
Lelog usiy USWOM J|qeneA

'35 uMidsy sejn8ay pue uoissaidx3 z-XOD 01 UOIE[Y Ul JDUED) [€19340[0D JO )SIY SANEJRY Z 3|qeL

2137

MAY 24, 2007

WWW.NEJM.ORG

N ENGLJ MED 356;21

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.
Copyright © 2007 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

*S190UBD dAI3EZDU—Z-XOD SB PalISse|d aie Ajsuajul yeam jo Suiutels yim 1o Suluiels Z-xOD [EDILUSYD0ISIYOUNLULUI OU Y}M SI9DUED [y
"S190UBD dAIISOd—Z-X(OD Se payissed ale Ajisuajul Suouls 0} sjesapou Jo Sululels Z-XOD |ed1WaY20ISIyouNLUILLl Yim siadue) §
X3S 9pN|PUl J0U PIp S|OPOLL 2BLIBAI}NLU Y} ‘USLU O} PaIDLIISal SaSA[BUE 3y} 104 X3S apn|pul jou pip pue (Adeiays Juswadejdai-suowiioy Suisn Aj3ualind a1am 4o ‘pasn Alawioy ‘pasn
JaAau oym uswom [esnedouswisod pue uswom |esnedouswaid) Adesayy jusawade|dal-suowioy |esnedouswisod 4oy paisnipe OS|e oM S[9POLU 1BIIBAI N Sy} ‘USLLOM O} Pa1D1IISaI
sasAjeue ay} Jo4 “(sajipumnb ur) axeul wnied pue ayejoy paisnipe-A3iaus pue {(Kep yad 3 0'gT< 40 ‘S 64T 01 0°G ‘S 6% 01 T°0 ‘S 0) uondwnsuod joyod|e :(3pam 4ad sawil G 40 Haam Jad
Sawill 0} Z “|99M B 9dUO ‘Yuow Jad sawiy ¢ 01 ) Ysip ulew e se quue| o “jiod 493q Jo uonndwinsuod {(ou 1o sak) asn uiweAlnw uaLnd {(ou Jo sak) sdAjod jo Kioisiy {(ou Jo sak)
Adodsopua snoinaid {(ou 1o sak) Sulqis 4o Jualed e ul JadUED |€12310[0D ! (39am 4ad 210Ds 3ysey [ J|A] JusjeAInba d1joqelaw jo sajiuInb ul) asiuaxa snosodin Jejndau {(sajnuinb ui) xapul
ssew-Apoq !(sieak-yoed GT< 4o ‘sieak-yded GT 01 TT ‘sieak-yded QT 01 § ‘sieak-yoed § 01 T ‘sieak-ped () ade jo sieak 0¢ 210joq Supjows ‘xas ‘@3e 10j paisn(pe aie SySU dAIe[24 deLBADINIA T
‘puaJ} JeaUl| 404 dJE SaNjeA 4 L
'siasn JejnSaiuou yum pasedwod se siasn Jejn
-32. 40y 2.4k SHSII AIJE|DY oM Jad SaLUI} OM] UBYY JaM3) ULIIdSE Jo uondWNSUOd ay) S paulydp Sem asn JejnSaiuoN am 4ad sawil omy 3sea)| Je utiidse Jo uondwnsuod sy} Se UoIezL
-03a1eD paqusap A|snoinaid uo paseq sem asn uuiidse sendal {(S4dH) Apns dn-mojjo4 S|euOISS3j0id Y[BSH Yl U] 9am Jad S13|qe} OM] el Jamd) JO uoiidNSUoD ay) Se paulyap Sem
asn sen3aiuop jeam Jad s19|qel Sw-Gz¢ omj 1sed| Je jo uoidwnsuod ay} se uoieziio3a1ed paqusap A|snoiasid uo paseq sem asn uuidse sendas ‘(SHN) Apnis YyyeaH ,SIsINN dy3 U]

vZ°0 (8T'1-££0) 990 (62'1-¥570) £8°0 (97'1-0£70) TO'T (07'1-99°0) 960 01 11D 956) o1 anize|au 33eLIBAIN
970 (0z'1-8¢°0) 89°0 (££°1-95°0) 98°0 (95'1-52°0) 80°T (0s'T-1£°0) €0°T 0T (12 9656) st aAie[24 passn(pe-a8y
050'292/¥1 ¥60'982/0¢ zTr'vovley LY9'187/Sy £65°710'T/SL 4h-uosiad yo -ou/sases jo ‘oN

_.r\_mu:mu m>_umwwr_IN.XOU
100°0> (¥8°0-9€°0) $5°0 (z8°0-2¥0) 65°0 (#0'1-19°0) 08°0 (91'1-69°0) 06°0 0T $(1D 9%56) ds1 2AE[RI 33ELEAINI
1000 (s8°0-££0) 950 (58°0-¥¥0) 19°0 (TT'1-59°0) §8°0 (T 1-¥20) 96°0 0T (1D 9%56) st anize|a1 parsn(pe-ady
6£0'292/97 080°'982/8% $8¢'v0¥/98 ¥09'18%/v6 205°210'1/691 4h-uosiad Jo "ou/sases jo ‘oN

(49oued 2AnISOd—Z-X0OD
100°0> (z8:0-2v0) 850 (98°0-15°0) 99°0 (80'1-0£°0) £8°0 (eT'1-¥£0) 260 01 11D 956) o1 anize|au a3eLIBAIN
100°0> (¥8:0-€%°0) 09°0 (06'0-€5°0) 69°0 FT1-v20) 260 (1z'1-08°0) 86°0 0T (12 9656) st aAe[24 passn(pe-a8y
$z0‘z9z/0v 950'982/81 8YE'vOY/SET £95°T8Y/6€T 6£7'210'T/¥vT 1h-uosiad yo -ou/sases jo ‘oN

Jaoued _muum‘_o_ou __<

0z< 0z-11 01-9 ST 0
lanpep d asn uuidsy Jen3ay jo siea) 9|qeliep

%'9sM ulidsy Je|n3ay jo uoneing pue uoissaidx3 z-XOD 01 UoIle[dY Ul J9dUERD [£12940]0D) JO JSIY dAIE|DY “€ d|qeL

WWW.NEJM.ORG MAY 24, 2007

N ENGL J MED 356;21

2138

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.
Copyright © 2007 Massachusetts Medical Society. All rights reserved.



ASPIRIN AND COLORECTAL CANCER IN RELATION TO COX-2 EXPRESSION

Table 4. Relative Risk of Colorectal Cancer in Relation to COX-2 Expression and Aspirin Dose.*

Cancer

All colorectal cancer

No. of cases/no. of person-yr ~ 126/523,876

Age-adjusted relative risk 1.0
(95% Cl)

Multivariate relative risk 1.0
(95% Cl)x

COX-2—positive cancer{

No. of cases/no. of person-yr ~ 82/523,912

Age-adjusted relative risk 1.0
(95% Cl)

Multivariate relative risk 1.0
(95% Cl)%

COX-2-negative cancer9|

No. of cases/no. of person-yr ~ 44/523,950

Age-adjusted relative risk 1.0
(95% Cl)

Multivariate relative risk 1.0
(95% Cl)%

204/712,066
0.94 (0.75-1.18)

0.93 (0.74-1.17)

145/712,116
1.03 (0.78-1.36)

1.02 (0.77-1.34)

59/712,197
0.78 (0.52-1.16)

0.77 (0.52-1.14)

No. of Aspirin Tablets per Week

0 0.5-1.5 2-5 6-14 >14

118/453,234
0.77 (0.60-1.00)

91/339,473
0.75 (0.57-0.98)

13/103,731
0.75 (0.58-0.97)

0.71 (0.54-0.94)

73/453,273
0.73 (0.53-1.01)

54/339,502
0.68 (0.48-0.96)

7/103,737
0.71 (0.52-0.98)

0.65 (0.46-0.92)

45/453,297
0.85 (0.56-1.29)

37/339,521
0.87 (0.56-1.35)

6/103,736

0.82 (0.54-1.25)  0.83 (0.53-1.29)

0.47 (0.26-0.83)

0.46 (0.26-0.81)

0.39 (0.18-0.85)

0.38 (0.18-0.83)

0.62 (0.26-1.44)

0.60 (0.26-1.41)

P Value}

0.002

0.001

<0.001

<0.001

0.58

0.52

* Aspirin dose is classified according to the number of standard 325-mg tablets taken per week. In the Health Professionals Follow-up Study
(HPFS), data on the number of tablets of aspirin taken per week were not collected until 1992. Thus, this analysis includes 368 incident cas-
es from the Nurses’ Health Study (NHS) from 1980 through 2002 and 184 incident cases from the HPFS from 1992 through 2002. Relative
risks are calculated for each dose category as compared with no aspirin use.

7 P values are for linear trend.

I Multivariate relative risks are adjusted for age, sex, smoking before 30 years of age (0 pack-years, 1 to 4 pack-years, 5 to 10 pack-years, 11 to
15 pack-years, or >15 pack-years); body-mass index (in quintiles); regular vigorous exercise (in quintiles of metabolic equivalent [MET] task
score per week); colorectal cancer in a parent or sibling (yes or no); previous endoscopy (yes or no); history of polyps (yes or no); current
multivitamin use (yes or no); consumption of beef, pork, or lamb as a main dish (0 to 3 times per month, once a week, 2 to 4 times per
week, or 25 times per week); alcohol consumption (0 g, 0.1 to 4.9 g, 5.0 to 14.9 g, or 215.0 g per day); and energy-adjusted folate and calcium
intake (in quintiles). For the analyses restricted to women, the multivariate models additionally adjusted for postmenopausal hormone-
replacement therapy (premenopausal women and postmenopausal women who never used, formerly used, or were currently using hormone-

replacement therapy) and did not include sex. For the analyses restricted to men, the multivariate models did not include sex.
§ Cancers with immunohistochemical COX-2 staining of moderate to strong intensity are classified as COX-2—positive cancers.

§ Cancers with no immunohistochemical COX-2 staining or with staining of weak intensity are classified as COX-2—negative cancers.

number of tablets per week increased (P for trend =
0.001). This association was also noted among
participants with COX-2—positive tumors (P for
trend, <0.001) but not among those with COX-2—
negative tumors (P for trend=0.52). After adjust-
ment for the number of years of use of aspirin, the
association between dose and COX-2—-negative
tumors remained nonsignificant (P for trend=
0.91).

On the basis of the overall incidence of colorec-
tal cancer in these cohorts and the prevalence of
COX-2—positive and COX-2—-negative tumors among
participants in whom we assessed COX-2 expres-
sion, we estimated the age-standardized incidence
rate for COX-2—positive and COX-2—negative colorec-
tal cancers in relation to aspirin use in the entire

N ENGLJ MED 356;21

Downloaded from www.nejm.org on November 23, 2009 . For personal use only. No other uses without permission.

WWW.NEJM.ORG

cohort. The age-standardized incidence rate of
COX-2—positive tumors was 37 per 100,000 per-
son-years for regular aspirin users as compared
with 56 per 100,000 person-years for nonusers. In
contrast, the age-standardized incidence rate of
COX-2—negative tumors was 27 per 100,000 per-
son-years for regular aspirin users as compared
with 28 per 100,000 person-years for nonusers.

DISCUSSION

We found that participants in two large prospec-
tive cohorts who reported long-term, regular as-
pirin use (at least two standard tablets per week
or use of aspirin at least two times per week) had a
significant reduction in the relative risk of colorec-
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tal cancer, as compared with participants who re-
ported less use of aspirin. This reduction in risk
was due almost entirely to a reduction in the num-
ber of COX-2—positive colorectal cancers among
regular aspirin users. In contrast, the difference
in the incidence of COX-2—negative colorectal can-
cers between regular users and nonusers of aspi-
rin was not statistically significant. A reduction of
the risk of COX-2—positive tumors was also found
with increasing aspirin dose and increasing dura-
tion of use. No significant dose or duration effect
was observed for COX-2-negative tumors.

These results are consistent with a cross-sec-
tional case—control study in which the association
of NSAIDs with a reduced risk of adenomatous
polyps was strongest in cases with high expres-
sion of COX-2 messenger RNA.3! Our finding that
the association with a reduced risk of colorectal
cancer is most apparent at intakes of more than
five aspirin tablets per day is consistent with the
results of studies in which higher doses of aspirin
were required to inhibit COX-2 than to inhibit
COX-1.1> Moreover, the association with a reduc-
tion in cancer risk was found only after several
years of aspirin use, a finding that suggests an
effect of aspirin on the early stages of colorectal
adenoma or cancer.*#

COX-2 is progressively overexpressed during the
stepwise sequence from adenoma to carcinoma,’
and randomized, placebo-controlled trials have
shown that selective COX-2 inhibitors prevent re-
currence of adenoma among patients with a his-
tory of adenoma or familial polyposis.1°*> Our
data suggest that the anticancer benefit of aspi-
rin is mediated, at least in part, by inhibition of
COX-2. Experimental studies have shown that
aspirin and NSAIDs, especially at high doses, have
a range of other potentially antineoplastic ac-
tions>173237; these results indicate that further
work is needed to elucidate the effects of these
agents and COX-2 (or its downstream effectors) on
the development of colorectal cancer.3%3° COX-2,
possibly through production of inflammatory
prostaglandins or eicosanoids, may regulate an-
giogenesis, apoptosis, or tumor-cell invasiveness.°

Our study has several strengths. First, because
we collected detailed, updated information on as-
pirin use during 22 years of follow-up, we were
able to evaluate the effects of long-term use across
a broad range of intakes. Second, we obtained as-
pirin data prospectively, before the diagnosis of
colorectal cancer. Any errors in recall would have
tended to attenuate rather than exaggerate true

associations. Third, because the participants were
all health professionals, the accuracy of self-
reported aspirin use is likely to be high. Fourth,
we collected detailed data on potential confound-
ers and had a high follow-up rate (92% of partici-
pants returned questionnaires or were identified
as deceased). Finally, our results were remarkably
consistent between the two independent cohorts.

There are several limitations to our study. The
study was observational, and aspirin use was self-
selected; thus, among aspirin users and nonusers,
there were small, albeit statistically significant,
differences in risk factors for colorectal cancer,
including smoking history, physical activity, and
use of multivitamins. However, adjustment for
these characteristics, as well as for a wide range
of other potential risk factors, had minimal influ-
ence on our findings, suggesting little potential for
residual or uncontrolled confounding. We did not
have sufficient data on use of nonaspirin NSAIDs
in both cohorts to reliably examine their use in
relation to COX-2—expressing tumors. However, it
is improbable that use of nonaspirin NSAIDs in-
fluenced our findings with aspirin; our previous
study did not demonstrate any modification by
NSAID use of the reduced risk of colorectal can-
cer observed with aspirin.2® We were unable to
obtain tumor tissue from all cases of confirmed
colorectal cancer detected in the two cohorts, but
the risk factors in these cases did not apprecia-
bly differ from those in cases with tumor tissue
available.

Another limitation of our study is the lack of
a widely accepted, standardized classification
scheme for COX-2 expression in colorectal cancer.
Nevertheless, previous studies have demonstrat-
ed that the results of Western and Northern blot
analyses correlate well with immunohistochemi-
cal grading of COX-2.4° With our classification of
COX-2 expression, we found, in our overall popu-
lation, a proportion of tumors that overexpressed
COX-2 similar to those found by other investi-
gators.®%#! In validation studies of the central,
blinded review of tumor specimens, we observed
substantial interobserver agreement (92%). Any
significant misclassification of COX-2 overexpres-
sion would be expected to bias our results toward
finding no significant differences in the effect of
aspirin on tumors in relation to COX-2 expression.

Our results support the importance of contin-
ued investigation into COX-2 and related pathways
for the development of new treatments and the
potential use of COX-2 as a molecular marker for
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tailoring chemoprevention in participants with a
history of colorectal cancer.
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