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ABSTRACT

Aspirin and other nonsleroidal antiinflammatory drugs inhibit pros-
i.r.'l.imlm synthesis and tumor growth in many experimental systems, but

it is unclear which of these tumor models are relevant to humans. We have
reported reduced risk or fatal colon cancer among persons who used
aspirin in a large prospective study. This analysis examines other fatal
cancers in relation to aspirin among 635,031 adults in that study who
provided information in 1982 on the frequency and duration of their
aspirin use and did not report cancer. Death rates were measured through
1988. Death rates decreased with more frequent aspirin use for cancers of
the esophagus, stomach, colon, and rectum but not generally for other
cancers. For each digestive tract cancer, death rates were approximately
40% lower among persons who used aspirin 16 times/month or more for
at least 1 year compared to those who used no aspirin. The trend of
decreasing risk with more frequent aspirin use was strongest among per
sons who had used aspirin for 10 years or more; it remained statistically
significant, except for esophagcal cancer, in multivariate analyses that
adjusted for other known risk factors. Biases such as early detection or
aspirin avoidance among cases do not appear to explain the results. Our
data suggest that regular, prolonged use of aspirin may reduce the risk of
fatal cancer of the esophagus, stomach, colon, and rectum. Future epide
miolÃ³gica) and basic research should examine all digestive tract cancers in
considering the chemopreventive or therapeutic potential of nonsteroidal
antiinflammatory drugs.

INTRODUCTION

NSAIDs1 inhibit prostuglanclin synthesis and tumor growth in a

wide variety of experimental systems (1). NSAIDs such as aspirin,
indomethacin, piroxicam. and sulindac inhibit chemically induced
tumors of the colon (2-22), tongue (23), esophagus (24-25), pancreas
(26), bladder (27-30), breast (31-35), liver (36, 37), and various
sarcomas (38-40). as well as numerous transplantable tumors (18,
41-59). The experimental evidence is strongest for the rodent colon,

which most closely resembles human colon cancer (60). In rodents,
NSAIDs consistently reduce both the number and size of tumors
induced by chemical carcinogens (2-21 ) or radiation (61 ), even when

administered months after exposure to the carcinogen and when mi
croscopic tumors are already present. Experimental evidence is lim
ited for sites other than the colon. Some models show no inhibition
(62-64) or even enhancement of tumor growth (65. 66) or epithelial
cell proliferation (67-70), and it is unclear which findings are relevant

to humans.
Human data on NSAIDs and cancer consist of four epidemiological

studies of aspirin and colorectal cancer (71-76) and two small clinical
trials (77. 78). We have reported a 40-50% lower risk of fatal colon

cancer in persons regularly using aspirin compared to those who use
no aspirin in a prospective study of over 6()(),()()()United States adults
(76). A similar reduction in the incidence of colorectal cancer was
found by two previous case-control studies (71. 73, 75) but not in a

prospective study of 14.000 elderly Californians (72, 74).
A randomi/ed trial of ten patients with familial polyposis found

regression of rectal polyps associated with the NSAID sulindac (77),
confirming earlier case reports (79, 80). In contrast, aspirin adminis-
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tered as adjuvant therapy did not improve survival among 66 patients
with invasive colorectal cancer (78).

Based upon experimental evidence that NSAIDs may affect the
incidence or growth of a variety of tumors, we have examined the
possible relationship between aspirin use and risk of fatal cancer in the
cohort studied previously for colon cancer (76).

SUBJECTS AND METHODS

The main analyses included 635.031 men and women drawn from Cancer
Prevention Study II. an ongoing prospective mortality study of 1.185,124
persons enrolled by 77.000 volunteers of the American Cancer Society in the
full of 1982 (81). Participants in the study were usually friends, neighbors, or
acquaintances of the volunteers. Enrollment took place in all 50 slates, the
District of Columbia, and Puerto Rico. Families were enrolled if at least one
household member was 45 years old or older and all enrolled members were
30 years old or older. The average age of the participants at enrollment was 57
years.

The participants' vital status was determined at 2-year intervals through

personal enquiry by the volunteers. Mortality was assessed through August 31.
1988. By then. 79.820 participants (6.7%) had died, 1,083,600 (91.4%) were
alive, and 21.704 (1.8%) were lost to follow-up. Death certificates were ob

tained for 94.1 % of the persons known to have died. A nosologist coded cancer
deaths according to the first three digits of the International Classification of
Diseases, 9th revision (ICD-9) (82).

At enrollment, participants completed a four page questionnaire on medi
cation use. smoking history, diet, alcohol intake, physical activity, occupation,
height, weight, current medical illnesses, family history of cancer, and other
characteristics. For each of 15 categories of medications, the questionnaire
asked two questions: "How many times in the last month have you used the
following [medications]'.'" and "How long (in years) have you used them?"The
first category listed was "Aspirin, Bufferin, and Anacin" and the second was
"Tylenol (acetaminophen)." The other categories included vitamins, trunquil-

izers. and medications for specific medical conditions.
We excluded from the analyses 82.382 persons with cancer (except non-

melanoma skin cancer) at the time of enrollment; 16 who died before Sep
tember 1, 1982; 20,198 who were lost to follow-up; and 2.439 who used aspirin

for less than 1 year. Of the remaining 1.080.089 participants, 635,031 (58.8%)
specified both the frequency and (if their use was more than occasional)
duration of their aspirin use. 226.715 (21.0%) specified neither frequency nor
duration, and 218.343 (20.2%) specified frequency but not duration.

Rate Analyses. Age-adjusted death rates from all cancer sites were com

puted based upon underlying cause as coded from death certificates. The
number of person-years at risk was determined from September I. 1982,

through August 31. 1988. In adjusting for age. we used the age distribution of
the overall cohort for direct standardization of men and women separately.
Combined death rates were weighted by the total number of person-years in a

given age stratum multiplied by 42.4% (for men), or 57.6% (for women).
These fractions correspond to the proportion of person-years contributed by

each sex. The rate analyses for men and women combined were therefore
adjusted for both age and sex.

Rates of death from various cancers were calculated for each level of
reported monthly aspirin use: no use; "occasionally"; 1-15 times; or 16 times/

month or more. We also examined death rates from each cancer among persons
with incomplete or missing aspirin data. Similar calculations were made with
respect to acetaminophen. Relative risks were computed with the subjects who
did not use aspirin serving as the referent group, and 95% confidence intervals
were calculated using approximate variance formulas (83, 84).

Multivariate Analyses. We used Cox proportional hazards modelling (85)
to adjust for other potential risk factors for digestive tract cancers in which the
risk decreased with more frequent aspirin use in men and women. Additional
exclusions from the multivariate analyses were 84,494 persons with inadequate
data on height, weight, tobacco and alcohol use. or diet. Multivariate analyses
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ASPIRIN AND FATAL CANCER

matched on age at enrollment, race, and sex and included six categories of
specified or incomplete data on aspirin use (described above), body mass index
(continuous), family history of specific cancer subsite (yes/no), number of
cigarettes smoked per day currently and formerly (both continuous), ever pipe
or cigar (yes/no), drinks of alcohol per day (continuous), sum of the frequency
(in days per week) of consuming selected fruits/vegetables/grains (continuous),
and index of total fat consumption (continuous). Calculation of the nutritional
measures is described elsewhere (86). Parallel analyses were performed for
aspirin and acetaminophen. We tested the proportional hazards assumption by
including time varying covariates which represented the interactions between
each level of aspirin use and time. We assessed effect modification by includ
ing all two-way interaction (product) terms between level of aspirin use and

other covariates and using likelihood ratio tests of their combined statistical
significance with a = 0.05. Multivariate analyses used standard statistical

programs (PHREG; SAS. Cary, NC).

RESULTS

Rate Analyses. Table I presents the number of deaths from all
cancers combined, person-years at risk, and death rates at each level

of aspirin use. Table 2 shows the relative risks and 95% confidence
intervals for all fatal cancers combined and for cancers of major organ
systems. The risk of all fatal cancers combined was somewhat lower
among persons who used aspirin than in nonusers; this difference was
of borderline statistical significance except in women in the highest
category of use. No dose-response trend was seen for all cancers

combined.
Among organ systems, only digestive system cancers (ICD-9. 150-

159) showed a consistent pattern of decreasing relative risks with
more frequent aspirin use in both sexes. Other organ systems showed
either no statistically significant differences between aspirin users and
nonusers or a difference in one sex only with no dose-response trend

(e.g., increased risk of fatal brain cancer in men). Subsequent analyses
are restricted to the digestive system.

When digestive system cancers were examined separately (Table
3), death rates from cancers of the esophagus, stomach, colon, and
rectum were generally inversely associated with aspirin use. No as
sociations were seen between aspirin use and other gastrointestinal
cancers including pancreas, liver and gallbladder, and peritoneum
(data on these cancers not shown). There were few deaths from
cancers of the esophagus, stomach, and rectum in women. Cancer of
the small intestine could not be analyzed.

Multivariate Analyses. Table 4 shows the relative risk estimates
for the digestive tract cancers after controlling for other potential risk
factors. The trends of decreasing risk seen for aspirin alone (in the rate
analyses) were unchanged or somewhat stronger when controlling for
obesity, tobacco and alcohol usage, and dietary consumption of fat and
vegetables/fruit/grains. Persons who used aspirin 16 times/month or
more for at least 1 year experienced approximately 40% lower risk
than those who used no aspirin. Tests of trend were statistically
significant for cancers of the stomach, colon, and rectum and border-

TableI Mortalityfromall cancerscombinedbyfrequencyofaspirinuse

Aspirin use
(limes/mo)Men

0Occasionally

1-1516+SubtotalWomen

0Occasionally

1-1516+SubtotalDeaths

from
cancer2,2991,358

I.IXM7415.4021.4541.040

7185343,746Person-years

atrisk644,145478.969

381.890183.8671,688,87168

1,677641.060

485,067227,3212.035.125Death

rates"/

100,000366.7343.5

337.0341.3225.5201.5

196.9217.7

" Age-adjusted death rates/MXMXX)person-years at risk are directly standardised to age

distribution of the Cancer Prevention Study II total population.

line for esophageal cancer. The association between aspirin and rec
tum cancer was weaker in women than in men.

In Table 5 we further stratified participants according to the dura
tion of their aspirin use. The trends of decreasing risk with more
frequent aspirin use were stronger and more linear among those who
had used aspirin for 10 years or more than in those with shorter
duration, even though the number of deaths was smaller than in the
analysis that did not stratify on duration. After controlling for the
frequency of aspirin use, age, race, sex, and other known risk factors,
a duration of 10 years or more (compared to 1-9 years) was signifi

cantly associated with lower risk only for stomach cancer.
We also assessed whether cases could have differentially discon

tinued aspirin use for any reason, biasing our results by artifactually
increasing risk in the unexposed. We repeated the multivariate anal
yses in Table 4, restricting the referent group to 5047 persons who
stated that they had used no aspirin for 5 years or more. The trend tests
remained statistically significant for men and women combined for
cancers of the esophagus, stomach, and colon, suggesting that for
these cancers aspirin avoidance by cases did not explain the relation
ships. Only for rectum cancer was the trend weakened by restricting
the referent group to long-term nonusers. We also tested whether the

relative risk of fatal digestive tract cancers was higher among persons
who had recently discontinued aspirin use (<5 years) than among
long-term nonusers (> 5 years). No consistent pattern was seen for the
four sites. The risk was slightly higher among the short-term nonusers

for rectum cancer (relative risk, 1.28) but this was not statistically
significant (P = 0.8) and was not seen for other digestive tract sites.

Therefore, changes in medication status due to undiagnosed cancer do
not explain our findings.

None of the interaction terms between aspirin and time varying
covariates (month of follow-up) or two-way product terms between

aspirin and other risk factors were statistically significant for any
digestive tract cancer.

Effect of Missing Data. We tested the possibility that the exclu
sion of persons who did not specify both frequency and duration of
aspirin use might bias our findings. In the rate analyses, cancer mor
tality among persons who gave no information on aspirin use was
similar to or slightly below that of nonusers; while among persons
who specified frequency but not duration of use, risk resembled that
in users. Exceptions were cancer of the esophagus and lung in men.
Men who did not specify the frequency of their aspirin use had a
relative risk of esophagus cancer of 1.10 (95% confidence interval,
0.82-1.46) and of respiratory cancers of 1.20 (95% confidence inter
val, 1.10-1.30). In multivariate analyses, the relative risk estimates for

digestive tract cancers in persons who specified their aspirin usage
became somewhat stronger ( i.e., further below 1.0) when persons with
missing or incomplete data were excluded from the models. We
present in Tables 4 and 5 only the relative risk estimates for aspirin
from models which include the missing data categories, since in our
data, these underestimate the association with aspirin.

Acetaminophen. In contrast to aspirin, acetaminophen was not
consistently associated with decreased risk of any digestive tract can
cer. For colon cancer a statistically insignificant trend of decreasing
risk with more frequent acetaminophen use was seen in univariate
analyses in men only; this disappeared in multivariate analyses and
when both sexes were combined. Rectum cancer mortality was sig
nificantly higher in men and women who used acetaminophen 16
times/month or more compared to those who used neither aspirin nor
acetaminophen (relative risk, 3.08; 95% confidence interval, 1.11-8.

54). The trend of increasing risk with more frequent acetaminophen
use was not statistically significant (P = 0.31). and the relative risk

estimate in the most frequent usage categories was based on only four
deaths from rectum cancer.
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Table 2 Relative risk (and 957? confluence mien-aÃ¯s)of fatal cancer by frequency of aspirin use"

Aspirinfrequency/moSiteAll

cancerscombinedBuccal

cavity andpharynxDigestive

systemRespiratory

systemBreast

(female)Genital

system(female)Genital

system(male)Urinary

systemBrain

and other nervoussystemLymphatic

andhematopoieticOther

and unspecifiedICD-9140-149150-159160-165174-175179-184185-187188-189191-192200-208170-173,190193-194,
199Occasionally0.94(0.87-1.01)0.70(0.31-1.59)0.89(0.77-1.02)0.94(0.83-1.07)0.97(0.75-1.25)0.77(0.52-1.14)1.35(1.03-1.77)0.95(0.75-1.19)1.02(0.82-1.28)Men1-150.92(0.85-1.00)0.99(0.54-1.82)0.79(0.66-0.94)1.00(0.88-1.13)1.03(0.79-1.33)0.77(0.50-1.19)1.42(1.08-1.87)0.76(0.54-1.06)1.09(0.87-1.36)16+0.93(0.85-1.02)1.15(0.65-2.05)0.71(0.56-0.90)1.11(0.98-1.25)0.82(0.56-1.19)0.70(0.39-1.23)1.40(1.03-1.92)0.89(0.66-1.20)1.10(0.86-1.41)Occasionally0.91(0.83-0.99)0.68(0.20-2.29)0.90(0.76-1.07)0.83(0.68-1.03)0.93(0.73-1.19)0.93(0.73-1.20)0.97(0.60-1.58)1.33(0.99-1.78)0.91(0.68-1.23)0.92(0.67-1.26)Women1-150.88(0.80-0.98)0.55(0.09-3.44)0.84(0.68-1.03)0.73(0.56-0.97)0.98(0.76-1.26)0.84(0.61-1.15)1.16(0.77-1.77)1.12(0.76-1.66)1.06(0.80-1.39)1.04(0.77-1.39)16+0.98(0.88-1.08)1.28(0.66-2.49)0.82(0.65-1.04)1.07(0.88-1.30)0.88(0.62-1.24)1.21(0.97-1.51)1.04(0.62-1.77)0.86(0.44-1.68)0.93(0.65-1.33)1.08(0.79-1.48)

" Groups with no aspirin use are the referent categories
Numbers in parentheses, 95*7rconfidence intervals.

Relative risks are based on age-adjusted death rates, directly standardized to Cancer Prevention Study 11total population.

DISCUSSION

Our principal finding was that aspirin use was associated with
reduced risk of fatal cancers of the esophagus, stomach, colon, and
rectum. The decreased risk of digestive tract cancers was similar in
men and women, it was stronger in those with more frequent and
prolonged use of aspirin, and it could not be attributed to other risk
factors for these cancers. In contrast, we saw no consistent dose-

response relationships in men and women for cancers outside the
digestive tract. The inverse association of aspirin with fatal digestive
tract cancers extends the hypothesis regarding aspirin and the preven
tion of colon cancer. However, until the findings can be replicated,
they should be interpreted cautiously, given the observational nature
of our study and the important differences in the biology and epide
miology of these cancers.

Some limitations of our study are its dependence upon a single,
brief, self-administered questionnaire, the absence of data on the

actual dose and number of aspirin or other NSAIDs, the lack of
information on the indications for aspirin use, the reliance on mortal
ity from cancer rather than incidence rates to identify disease, and the
relatively short follow-up. Our use of deaths rather than incident cases

of cancer to define disease status prevents us from separating an effect
on survival from incidence.

Several potential biases should be considered that might introduce

a spurious association between aspirin use and reduced risk of diges
tive tract cancer. First, persons who take aspirin might develop bleed
ing or receive closer medical scrutiny, leading to earlier diagnosis of
polyps or tumors at a stage which improves survival. Under this
hypothesis, the benefits of aspirin might arise indirectly from its side
effects rather than through chemoprevention. Such a detection bias
might affect colon and rectum cancer in our study, but it cannot
explain the reduced risk of esophagus or stomach cancer. Five-year

survival is under 20% for these upper gastrointestinal cancers regard
less of the stage of diagnosis. Early detection also cannot account for
the experimental evidence for chemoprevention in rodent studies or
the regression of rectal polyps in humans with familial polyposis
treated with sulindac.

A second potential bias might involve aspirin avoidance by patients
with undiagnosed gastrointestinal cancer or premalignant lesions due
to side effects such as pain or bleeding. By this hypothesis, undiag
nosed patients would change their medication status, stop taking as-

Table 3 Digestive tract cancer mortality by frequency of aspirin use

CancersiteEsophagusStomachColonRectumAspirin
use

(times/mo)0Occasionally1-1516+0Occasionally1-1516+0Occasionally1-1516+0Occasionally1-1516+No.
of

deaths663528161055837202411349354461997MenRate"10.437.568.857.9116.8714.3012.339.1138.8734.8730.3224.647.044.243.013.08Relativerisk"1.00.720.850.761.00.850.730.541.00.900.780.631.00.600.430.44No.
of

deaths1565551218818412673452014711WomenRate"2.311.291.771.957.904.432.673.3228.3525.7420.8817.563.073.731.874.25TotalRelativerisk*1.00.560.770.841.00.560.340.421.00.910.740.621.01.210.611.38Relativerisk"1.00.690.830.781.00.740.580.491.00.900.760.631.00.830.490.79(95%(0.39-(0.51-(0.42-(0.51-(0.32-(0.22-CI).19).36).44).07).03).12)(0.76-1.07)(0.60-0.96)(0.44-0.89)(0.51-1.35)(0.16-1.50)(0.41-.53)

" Age-adjusted death rate/1 (M),(MK)person-years at risk, directly standardized to Cancer Prevention Study II total population.
''Groups with no aspirin use are the referent categories; relative risk in men and women combined is adjusted for both age and sex. None of the separate relative risk estimates

for men and women is statistically significant at P < 0.05. Numbers in parentheses, 95c/c confidence intervals.
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Table 4 Multivariate relative risk estimates for fatal digestive tract cancers

CancersiteEsophagusStomachColonRectumAspirin
use

(times/mo)0Occasionally1-1516+0Occasionally1-1516+0Occasionally1-1516+0Occasionally1-1516+No.
of

deaths62332613895431162161188947421877MenAdjusted"relativerisks1.00.770.830.621.00.930.710.52*1.00.840.850.62*1.00.630.34*0.48WomenNo.
of

deaths12542411988ISO1055631171477Adjusted"relativerisks1.00.600.710.441.00.620.36*0.541.00.890.68*0.52*1.00.980.711.07Adjusted"relativerisks1.00.740.810.591.00.830.600.531.00.860.780.581.00.740.460.66Total(95%CI)(0.50-1.10)(0.53-1.24)(0.34-1.03)(0.62-1.10)(0.42-0.85)(0.34-0.81)(0.73-1.02)(0.64-0.95)(0.45-0.74)(0.48-1.14)(0.25-0.82)(0.37-1.19)Ptrend0.0540.00010.000

10.016

a Multivariate analyses match on age, race, and sex. Models include (as continuous variables) body mass index, number of cigarette smoked currently or formerly, drinks of alcohol

per day, an index of total dietary fai, and fruit/vegetable/grain consumption. Dichotomous variables are family history of the specific cancer, any tobacco use, and ever pipe or cigar.
b 95% confidence interval (CI) excludes 1.0 where CI not shown.

Table 5 Multivariate relative risk estimates of fatal digestive tract cancers
in men and women combined by duration and frequency of aspirin use.

compared to all nonusers

Duration of aspirinuseCancersiteEsophagusStomachColonRectumAspirinfrequency(times/mo)0Occasionally1-1516+0Occasionally1-1516+0Occasionally1-1516+0Occasionally1-1516+1-9

yrNo.

ofdeaths7451210130141415366184259592211Relativerisk"1.0*1.071.200.621.0*1.590.750.481.0*0.660.800.711.0*0.500.250.8210+

yrNo.

ofdeaths743318513059259366205103195930123Relativerisk"1.0*0.730.670.541.0*0.770.550.521.0*0.880.770.361.0*0.770.500.39

" Relative risks are matched on age, race, and sex and adjusted for smoking (cigarettes

per day), alcohol (drinks per day), family history, and dietary consumption of vegetables/
fruits/grains and total fat.

* Referen! comprised of all nonusers of aspirin, regardless of duration.

pirin, and be classified by us as nonusers, artifactually increasing the
risk among the unexposed. To minimize this possibility, we repeated
the multivariate analyses restricting the referent group to persons who
stated they used no aspirin for 5 years or more, reasoning that this
would exclude cancer patients who had changed their medication
habits. The statistical power of our analyses diminished, but the pat
tern of lower risk among aspirin users persisted, reassuring us that this
bias was unlikely to explain our findings.

Yet another potential bias, which is of less concern in prospective
studies than in retrospective ones, might arise from our exclusion of
many cohort members who did not specify both the frequency and
duration of their aspirin use. We found little evidence that persons for
whom data were incomplete or missing were at higher risk of diges
tive tract cancer than were nonusers of aspirin. The one exception in
the digestive tract was cancer of the esophagus in men. Men who
failed to report their aspirin use were more likely to have missing data
on tobacco use and may have been smokers. Their exclusion does not

bias our findings with regard to aspirin and digestive tract cancers,
since smoking is not generally associated with digestive tract cancers
other than the esophagus, and since we controlled for smoking in our
analyses.

Previous epidemiological studies of aspirin and cancer have fo
cused primarily on cancers of the large bowel (71-72, 76), and there

are few published data on other human cancer sites. Two studies
reported finding no statistically significant associations between as
pirin use and cancers of the lung, breast, or bladder (72, 73) but did
not mention esophagus or stomach cancer. Record linkage studies in
Finland and Sweden have found a lower incidence of cancers of the
stomach, colon, and rectum among patients with rheumatoid arthritis
compared to the general population (87, 88). These patients have high
and prolonged use of aspirin and other NSAIDs. Although rheumatoid
arthritis patients do take other medications and can have severe un
derlying disease, the lower risk of digestive tract cancers provides
some external support for our findings.

Unlike aspirin, acetaminophen was not associated with decreased
risk of any digestive tract cancer in our study, suggesting that our
findings are relatively specific to aspirin. The risk of rectum cancer
actually increased among frequent users of acetaminophen, although
this finding was based on few cases. If two or three persons with rectal
cancer had changed their medication from aspirin to acetaminophen,
this shift could create an artifactual association between rectum cancer
and acetaminophen but cannot account for the aspirin findings, which
are based on larger numbers and are statistically more stable. Our
study included relatively few long-term users of acetaminophen and

thus cannot evaluate whether the association with rectal cancer is
causal or an artifact of changing medication status.

If aspirin does prevent fatal digestive tract cancer in humans, it is
unclear which of several possible mechanisms may be causal. Exper
imentally, NSAIDs inhibit cell proliferation (89, 90), tumor growth
(2-25), tumor promotion (3, 28-31), and metastasis (91) and enhance

host immune responses (48, 92, 93) in various experimental models.
The results of these exploratory analyses provide a bridge between

the extensive experimental evidence that NSAIDs inhibit the growth
and metastasis of a variety of animal tumor models and observations
in humans. They suggest that aspirin, and perhaps other NSAIDs, may
reduce the risk of fatal digestive cancer throughout the gastrointestinal
tract. The findings should stimulate further epidemiological study of
NSAIDs and cancer, as well as basic research on the mechanisms by
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which NSAIDs may influence carcinogenesis, particularly within the 29
digestive tract. Even a modest reduction in the over 81,000 deaths/
year (95) from digestive tract cancers in the United States would have
substantial public health importance. 30.
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