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Abstract

Background: Prior epidemiological and intervention studies have not been able to separate independent effects of dose,
timing, and duration of aspirin use in colorectal cancer (CRC) chemoprevention. We examined aspirin-based CRC chemopre-
vention according to timing in the Nurses’ Health Study and Health Professionals Follow-Up Study. Methods: The exposures
include cumulative average dose and total duration of aspirin use in more than 10 years before follow-up started (remote pe-
riod) and in the immediate 10 years before follow-up started (recent period). Cox models were used to estimate hazard ratios
(HRs) and 95% confidence intervals (CIs) for exposures and CRC risk. Results: Aspirin use of longer than 10 years before
follow-up started (HR ¼ 0.88, 95% CI ¼ 0.83 to 0.94) per 5-year increment and the immediate 10 years before follow-up started
(HR ¼ 0.90, 95% CI ¼ 0.84 to 0.96) were similarly important in CRC chemoprevention, though a 5-year lag was required for a
clear benefit in the recent period. In the remote period, the association was not dose dependent; compared with less than 0.5
standard-dose (325 mg) tablets per week; hazard ratios were 0.78 (95% CI ¼ 0.63 to 0.98), 0.81 (95% CI ¼ 0.72 to 0.91), and 0.74
(95% CI ¼ 0.64 to 0.86) for doses of 0.5 to less than 1.5, 1.5 to less than 5, and 5 and more tablets per week, respectively.
However, there was dose dependency in the recent period (with respective HR ¼ 0.91, 95% CI ¼ 0.79 to 1.06; HR ¼ 0.87, 95% CI
¼ 0.77 to 0.98; and HR ¼ 0.76, 95% CI ¼ 0.64 to 0.91). Conclusions: A suggestive benefit necessitates at least 6-10 years and
most clearly after approximately 10 years since initiation of aspirin. Remote use and use within the previous 10 years both
contribute independently to decrease risk, though a lower dose may be required for a benefit with longer term use.

The global disease burden of colorectal cancer (CRC) is substan-
tial (1,2). CRC accounted for 10% of all new cancer diagnoses
and 9% of cancer deaths worldwide (1) and is estimated to be
the third-most common incident cancer and the second leading
cause of cancer death in the United States in 2020 (2). Aspirin
(acetylsalicylic acid) is the most promising chemopreventive
agent for CRC, with convincing evidence having emerged over
the past 3 decades (3-8) since the hypothesis and initial observa-
tional studies and trials in this field were reported (3,9-15). In
2016, after systematic evidence reviews (16) and the balance of
benefits and harms (17), the US Preventive Services Task Force
(USPSTF) recommended low-dose aspirin for CRC primary

prevention among US adults with specific age and cardiovascu-
lar risk profiles as a crucial first step (18).

Although the USPSTF recommendation reflects mounting
evidence for the potential of aspirin in the complex landscape
of CRC primary prevention, several important issues remained
unsatisfactorily resolved entering the 2020s. Timing is a critical
issue in aspirin-based CRC chemoprevention strategies (4,6,18).
The concept of “delayed chemoprevention,” initially suggested
by the Nurses’ Health Study (NHS) and Health Professionals
Follow-up Study (HPFS) analyses (10,11), borne out over time,
indicates that the observable benefit of aspirin on CRC would re-
quire approximately 10 or more years after initiation of aspirin
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use (4, 11, 12, 18–20). Aspirin may act at early stages of CRC car-
cinogenesis. However, important questions regarding timing re-
main, including if there is a time lag to demonstrate an
apparent benefit, is continuing use necessary to reduce risk, or
does it add benefit over remote use? If a benefit occurs in the re-
mote period (eg, use before 10 years in the past), what is the
dose and duration effect during this period? Is benefit of long-
term aspirin use dose dependent? Is there heterogeneity in min-
imal effective dose across timing? Prior studies have not been
able to adequately distinguish the effect of aspirin use accord-
ing to timings (ie, in the remote and recent periods separately).

The NHS (21) and HPFS (22) longitudinal cohorts afford rich sour-
ces to consistently add high-quality evidence to this field
(4,10,11,20,23). We thus comprehensively investigated the pivotal
role of timing in aspirin-based primary CRC chemoprevention.

Methods

Study Population

This study was conducted using data from 2 ongoing US large
cohort studies: the NHS and HPFS. The details of these cohorts
have been described previously (21,24). The NHS was initiated
in 1976 (21), when 121 700 female registered nurses aged 30 to
55 years were enrolled. The HPFS began in 1986 (24), enrolling
51 529 male health professionals aged between 40 and 75 years.
Participants who were alive and free of cancer at the time when
information on their aspirin use was first assessed were eligible
for inclusion. Participants who reported any cancer or who
reported colorectal adenoma removal were excluded from sub-
sequent follow-up (Supplementary Methods, available online).

Assessment of Aspirin Use and Covariates

Duration and dose of aspirin use were first assessed in the NHS
in 1980, with biennial updates thereafter except for 1986. In the
HPFS, participants were first queried about duration and dose of
aspirin use in 1986 and 1992, respectively, and with regular
updates every 2 years. Considering it generally requires at least
10 years for newly onset adenomas to develop into CRC, we
used total duration and cumulative average dose of aspirin use
in the “remote periods” (ie, >10 years before follow-up periods)
and “recent periods” (subsequent 10-year periods, ie, the imme-
diate 10 years before follow-up periods), respectively, to assess
long-term effects of aspirin in CRC chemoprevention (Figures 1
and 2; Supplementary Methods, available online). Covariates
were selected a priori as potential confounders (Supplementary
Methods, available online).

Ascertainment of CRC Cases and Participant Deaths

CRC cases were ascertained via questionnaires, medical records, pa-
thology reports, and state cancer registries. Participant deaths were
confirmed through the National Death Index and next of kin or
postal authorities (Supplementary Methods, available online).

Statistical Analysis

Person-years of follow-up accrued from the return date of the
baseline questionnaire until the date of any cancer diagnosis
reported, death recorded, loss to follow-up, diagnosis of colorec-
tal adenoma, or follow-up completion (defined as 2014),

whichever was earliest. The analysis was censored for those
who had colorectal adenoma removed because this will alter
the timing of the natural history for CRC.

Statistically significant heterogeneity by sex for each mea-
sure was not detected (Pheterogeneity > .33). We first performed
separate analyses for each cohort. Pooled analyses were then
combined by meta-analysis using the fixed-effect model. We
used Cox proportional hazard models to estimate age- and
multivariable-adjusted hazard ratios (HRs) and 95% confidence
intervals (CIs) of the associations between duration and cumu-
lative average dose of aspirin use in remote and recent periods
and CRC risk (Supplementary Methods, available online). Given
the entire follow-up time has been segmented in our primary
analyses to investigate the pivotal role of timing, we are essen-
tially not assuming proportional hazards for aspirin across all
times but rather looking at individual time periods separately.
The proportionality assumption for individual time periods was
verified using interactions between the exposure of interest and
the (log-) time scale.

In primary analyses, we presented hazard ratios and confi-
dence intervals by categories of both duration and cumulative
average dose of aspirin use and then by per 5-year increment in
duration and per 2.5-standard tablets–per-week increase in
dose, respectively. Tests for linear trend were performed by
assigning the median values to categories of duration (in years)
and dose (in 325-mg tablets per week) of aspirin use and model-
ing these values as continuous variables. Moreover, we mutu-
ally controlled for the above-mentioned time periods in
separate multivariable-adjusted models due to the fact that, be-
cause use is correlated over time, recent and remote use could
confound each other.

In secondary analyses, we further presented hazard ratios
and confidence intervals for joint associations of remote and re-
cent period aspirin use with CRC risk by using the collapsed cat-
egories. In duration analyses, remote and recent period aspirin
use were dichotomized into low category (�5 years) vs high cat-
egory (>5 years), resulting in 4 categories (low remote to low re-
cent, low remote to high recent, high remote to low recent, and
high remote to high recent aspirin use). In dose analyses, the
thresholds for dichotomization were defined as low (<1.5 tab-
lets per week) vs high (�1.5 tablets per week). We also assessed
joint associations of duration and dose of aspirin use with risk
of CRC in the remote and recent periods, first respectively and
then combined. P values for interaction were calculated using
the multiplication of mid-point of each low or high category in
years (duration analyses) or in tablets (dose analyses).

For repeatedly measured variables, missing data were car-
ried forward from the latest valid data in the previous follow-up
cycle (allowing only 1 cycle). Missing indicators were created for
the remaining categorical variables with no values and were in-
cluded in the models when necessary.

We performed analyses using SAS statistical software (ver-
sion 9.4; SAS Institute Inc), with 2-sided P values less than .05
indicating statistical significance.

Results

In this prospective study of 2 large cohorts, 123 816 eligible par-
ticipants were included in duration analyses, with 2147 incident
CRC cases documented. We included 113 582 eligible partici-
pants in dose analyses, with 1764 CRC cases documented.
Variations across the exposures of interest were observed for
age; race; body mass index; physical activity engagement;
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smoking status and pack-years of smoing; use of nonaspirin
nonsteroidal antiinflammatory drugs and multivitamins; diag-
noses of Type 2 diabetes; family history of CRC; Alternate
Healthy Eating Index score; and intake of folate, vitamin D, cal-
cium, alcohol, red or processed meat, total fiber, and total en-
ergy, etc (Tables 1 and 2; Supplementary Tables 1-4, available
online).

When exploring the association between duration of aspirin
use and CRC risk according to timing in fully adjusted pooled
analyses, compared with participants who never used aspirin in
the remote period, longer duration of aspirin use in the remote
period was associated with a decreased CRC risk (HR ¼ 0.88, 95%
CI ¼ 0.83 to 0.94 per 5-year increment). Similarly, in the recent
period, compared with participants who reported no aspirin use
in this period, longer duration of use was associated with lower

CRC risk (HR ¼ 0.90, 95% CI ¼ 0.84 to 0.96, per 5-year increment).
The apparent (statistically significant) benefit of aspirin was ob-
served in the 1-5 years of use in the remote period and 6 or
more years of use in the recent period (Table 3; Supplementary
Tables 5 and 6, available online).

When examining the association between dose of aspirin
use and CRC risk according to timing in fully adjusted pooled
analyses, in both the remote and recent periods, larger dose in
the same period was associated with a decreased risk of CRC. In
the remote period, the association was not dose dependent;
compared with participants who used aspirin with a cumulative
average dose of less than 0.5 standard-dose tablets per week,
hazard ratios were 0.78 (95% CI ¼ 0.63 to 0.98), 0.81 (95% CI ¼
0.72 to 0.91), and 0.74 (95% CI ¼ 0.64 to 0.86) for doses of 0.5 to
less than 1.5, 1.5 to less than 5, and 5 and more tablets per

Figure 1. Delayed effect of aspirin use and colorectal cancer (CRC) risk: timeline of analyses according to duration of use in the Nurses’ Health Study (NHS) and Health

Professionals Follow-up Study (HPFS). While examining the delayed effects of duration of aspirin use in CRC chemoprevention: In the NHS, the first “remote period”

was 1980-1982, and the first “subsequent 10-year period” was 1982-1992. The second “remote period” was 1980-1984, and the second “subsequent 10-year period” was

1984-1994. The last remote period was 1980-2002, then the last subsequent 10-year period was 2002-2012. Similarly, in the HPFS, the first remote period was 1986-1988,

and the first subsequent 10-year period was 1988-1998. The last remote period was 1986-2002, and the last subsequent 10-year period was 2002-2012. The follow-up pe-

riod was from the end of the first subsequent 10-year period (ie, 1992 in the NHS; 1998 in HPFS) to 2014.

Figure 2. Delayed effect of aspirin use and colorectal cancer (CRC) risk: timeline of analyses according to dose of use in the Nurses’ Health Study (NHS) and Health

Professionals Follow-up Study (HPFS). While examining the delayed effects of dose of aspirin use in CRC chemoprevention: In the NHS, the first “remote period” was

1980-1982, and the first “subsequent 10-year period” was 1982-1992. The second remote period was 1980-1984, and the second subsequent 10-year period was 1984-

1994. The last remote period was 1980-2002, then the last subsequent 10-year period was 2002-2012. Similarly, in the HPFS, the first remote period was 1992-1994, and

the first subsequent 10-year period was 1994-2004. The last remote period was 1992-2002, and the last subsequent 10-year period was 2002-2012. The follow-up period

was from the end of the first subsequent 10-year period (ie, 1992 in the NHS; 2004 in HPFS) to 2014.
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week, respectively. However, there was dose dependency in the
recent period (with respective HRs of 0.91, 95% CI ¼ 0.79 to 1.06;
0.87, 95% CI ¼ 0.77 to 0.98; and 0.76, 95% CI ¼ 0.64 to 0.91). It is
noteworthy that results were statistically significant for those
who used 0.5 and more tablets per week in the remote period
and were only robust for those used 1.5 and more tablets per
week in the recent period (Table 4; Supplementary Tables 7-10,
available online).

We then explored joint association of remote and recent pe-
riod aspirin use with CRC risk according to duration and dose.
In fully adjusted pooled analyses, the duration of aspirin use in
remote and recent periods seemed to have independent associ-
ations in CRC chemoprevention. The benefit from the remote
period was sustained even after a decade, and those who had
longer duration of aspirin use in both periods had a lower risk
than in each period singly (Tables 5 and 6; Supplementary
Tables 11 and 12, available online).

We examined joint association of duration and dose of aspi-
rin use with CRC risk according to timing. In fully adjusted
pooled analyses, in the remote period, participants reported
high duration and low dose of aspirin use and those who
reported low duration and high dose had a similarly decreased
risk of CRC, with the lowest CRC risk observed among those
used both high duration and dose. Interestingly, in the recent
period, participants who reported low duration and high dose
might get more benefit from aspirin compared with those who
used high duration and low dose at the same time
(Supplementary Tables 13 and 14, available online).

We further explored joint association of overall status (com-
bined duration and dose) and timing of aspirin use with CRC
risk based on thresholds of duration and dose derived from
results in Tables 3 and 4. In fully adjusted pooled analyses, the
overall status of using aspirin in the remote period seemed to
have independent effects, and the benefit from the remote pe-
riod was sustained even after a decade. This combined overall
status in the recent period tended to also have an independent
effect (Supplementary Table 15, available online).

Discussion

Defining the optimum treatment duration and the lowest effec-
tive dose is of critical importance for aspirin-based CRC chemo-
prevention (4,6,18). In this large prospective cohort study, we
rigorously examined the duration- and dose-dependent associ-
ations between aspirin use and CRC risk in the context of tim-
ing. To the best of our knowledge, we presented the first study
that completely separated effect of aspirin exposure in the re-
mote period (>10 years before follow-up started) from that in
the recent period (immediate 10 years before follow-up started)
and disentangled their mixed effect in the subsequent indepen-
dent follow-up period.

In the 1990s, findings from the NHS and HPFS analyses (10,11)
initially suggested the concept of “delayed chemoprevention” of at
least 10 years in aspirin-based CRC primary prevention (4). This con-
cept, indicating the importance of timing in this association,
explained the null findings from early trials (12,25,26) and was borne
out over time (4) by follow-up studies with updated data
(19,20,23,27) and many other high-quality observational studies and
trials (16,28,29). In 2016, the USPSTF, after a systemic review of prior
evidence (16), recommended low-dose aspirin for CRC primary pre-
vention (among adults with certain age and risk profiles) with an
emphasis on keeping at least a decade of regular use (18). Of note,
among the high-risk population (eg, those with Lynch syndrome),

this latency may be shortened (30-33). In 2020, the UK National
Institute for Health and Care Excellence also advised using daily as-
pirin for CRC prevention among people with Lynch syndrome in the
latest guidance (34), though optimal dose remained to be
determined.

In this study, we reported that the apparent benefit of aspi-
rin was duration and dose dependent in both periods, appearing
generally after 1-5 years of use in the remote period and after 6
or more years of use in the recent period. Interestingly, the dose
requirement appeared to vary, with 0.5 and more standard-dose
tablets per week (�23 mg/d) sufficient in the remote period, but
1.5 and more standard-dose tablets per week (�70 mg/d) in the
recent period.

Collectively, we observed no association between aspirin use
and CRC risk within up to 5 years and a suggestive benefit after
6-10 years of use. A clearer benefit was detected only after
10 years of usage, and it persisted regardless of continuing use
or not. Our duration-dependent finding in the average-risk pop-
ulation adds to the existing evidence in support of an approxi-
mate 10-year latency before benefit of aspirin-based
chemoprevention could be observed among men (35) and is
generally consistent with the suggested similar latency among
women in previous studies (�10 years) (20,27), the systemic
reviews of randomized trials and observational studies for both
sexes combined (�10 years) (16,19,29), and latest updates after-
wards (�5 years) (23,36).

Prior evidence generally supported that statistically significant
CRC risk reduction might be achieved with long-term use of dose
equivalents as low as 70-75 mg/d (16,18,20,23,36), 100mg per alter-
nate day (27), or higher (19). It is still controversial whether benefit
of long-term aspirin use is dose dependent (16,37). Nonetheless, few
trials directly compared different doses. Our results, indicating po-
tential heterogeneity in minimal effective dose across timing (re-
mote period: not dose dependent; recent period: dose dependent,
with a minimum effective dose of 70mg/d), was also not completely
consistent with prior findings and recommendations from the
USPSTF Statement (18). Interestingly, those with lower duration and
high dose and with high duration and low dose received largely sim-
ilar benefits. In the 10 years before CRC diagnosis, it is more likely
that an adenoma may already be present, so the apparent dose re-
quirement difference (low in remote period, high in the recent pe-
riod) may reflect whether the precursor lesion is present and how
advanced it may be.

Clinical decision making is typically guided by indications of use
(eg, cardiovascular disease), risk of developing CRC, and risk to bene-
fit profile (18). The USPSTF recommends initiating low-dose (81 mg/
d) aspirin use for CRC primary prevention in adults aged 50-59 years
or 60-69years who have a 10% or greater 10-year CVD risk, are not
at increased risk for bleeding, have a life expectancy of at least
10 years, and are willing to take low-dose aspirin daily for at least
10 years (18). The existing evidence is insufficient among those aged
50 years old and younger or 70 years and older (18). Of note, the
most recent large trial of 100mg/d aspirin use has suggested in-
creased risks of mortality and late-stage cancers among adults pre-
dominantly aged 70 years and older (38-40). Our findings may have
provided new initial clues of practical importance in altering patient
management: for example, the potential benefit of initiating aspirin
use at even lower doses (eg, 23-70 mg/d) among persons with a life
expectancy exceeding 15-20years, and the possibility of using lower
dose (70 mg/d) among persons (especially for those�70years of age)
that have already used aspirin for at least 10years.

Mechanisms driving the potential of aspirin in CRC chemo-
prevention remain inconclusive, with multiple interrelated
pathways (eg, prostaglandin synthesis and catabolism, platelet-
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mediated effects, WNT–b-catenin signaling, inflammatory and
immune responses) having been suggested (3,5,8). Most CRCs
develop from colorectal adenomas, and newly onset adenomas
generally require at least 10 years to develop into carcinoma (4).
The effects of aspirin, starting from a low dose, may be predom-
inantly explained by regulation of platelet-induced phenotypic
switching of cells involved in colorectal neoplastic transforma-
tion (3). This reflects that low-dose aspirin may be operative at
early stages of colorectal carcinogenesis (3,4), which has also
been supported by most of the observational evidence and pre-
vention trials linking low-dose aspirin use to decreased risk or
recurrence of colorectal adenomas in average-risk (15,41) and
high-risk (42-46) populations, albeit a few mixed findings exist
(44,47). However, the mechanisms driving the time and dose de-
pendence of the observed effects remain to be explored.

Our study represents one of the largest prospective studies
to investigate this topic. By setting “hard” thresholds on time-
line, we were able to rigorously examine the effects of aspirin
use in remote and recent periods in the natural history of CRC
and account for their independent and joint effects for the first

time. Importantly, this also allowed us to reduce confounding of
recent aspirin use from past aspirin use. Major strengths of this
study also include detailed assessments of exposures (prospec-
tively updated aspirin intake data throughout follow-up permits
precise assessments of its benefits at a broad range of doses,
durations, and timings), validated time-varying information on
a wide range of covariates, minimized socioeconomic con-
founding, and satisfying data quality and internal validity, etc.
Our study also has limitations. First, as an observational study,
our results are not as definitive as those of randomized clinical
trials designed for CRC primary prevention purpose. However, it
is not likely to be feasible to consider such trials with adequate
follow-up time in the context of “10-year delayed chemo-
prevention” suggested by prior analyses, the high prevalence of
aspirin use required in various clinical practices, and the ethical
concerns (given the efficacy of current colonoscopy screening
practices). Second, demographic homogeneity of our study par-
ticipants (all health-care professionals and predominantly
White) may limit the generalizability of the current findings to
diverse populations. Lastly, we were not able to individually

Table 5. Joint associations of remote perioda and recent periodb duration of aspirin use with CRC risk in the NHS and HPFS

Pooled NHS and HPFS

Joint associations according to duration of aspirin use and timing

Pinteraction
dLow to lowc Low to highc High to lowc High to highc

No. of CRC cases (2147 in total) 1225 437 201 284
Age-adjusted model, HR (95% CI)e 1 (Reference) 0.80 (0.72 to 0.90) 0.78 (0.67 to 0.91) 0.65 (0.57 to 0.74) .72
MV-adjusted model, HR (95% CI)f 1 (Reference) 0.82 (0.73 to 0.92) 0.79 (0.68 to 0.92) 0.67 (0.58 to 0.77) .75

aRemote period duration of aspirin use: duration of regular aspirin use during every specific remote period (>10 years before every follow-up period, ie, begin from 1980

[NHS] and 1986 [HPFS], and then was extended by every 2-year subsequent interval at a time, until 2002). AHEI ¼ Alternate Healthy Eating Index score; BMI ¼ body

mass index; CI ¼ confidence interval; CRC ¼ colorectal cancer; HPFS ¼ Health Professionals Follow-up Study; HR ¼ hazard ratio; MV ¼ multivariable; NHS ¼ Nurses’

Health Study; NSAIDs ¼ nonsteroidal antiinflammatory drugs.
bRecent period duration of aspirin use: duration of regular aspirin use during every specific subsequent 10-year period after the remote periods.
cAdjusted for age and follow-up cycle in the follow-up period.
dAdjusted for age, follow-up cycle, sex, race, pack-years of smoking, physical activity, BMI, alcohol consumption, AHEI, regular use of nonaspirin NSAIDs, family history

of CRC, history of diabetes mellitus, screening colonoscopy or sigmoidoscopy in the past 2 years, multivitamin use, total calorie intake, red or processed meat intake, fi-

ber intake, folate intake, calcium intake, and vitamin D intake in the follow-up period.
eRemote period duration of aspirin use and recent period duration of aspirin use were dichotomized into low category (�5 years) vs high category (>5 years), resulting

in 4 categories (low to low, low to high, high to low, and high to high, ie, low remote to low recent, low remote to high recent, high remote to low recent, and high re-

mote to high recent duration of aspirin use).
fPinteraction was calculated using the multiplication of mid-point of each low or high category of duration of aspirin use in years.

Table 6. Joint associations of remote perioda and recent periodb dose of aspirin use with CRC risk in the NHS and HPFS

Pooled NHS and HPFS

Joint associations according to dose of aspirin use and timing

Pinteraction
dLow to lowc Low to highc High to lowc High to highc

No. of CRC cases (1746 in total) 729 234 338 463
Age-adjusted model, HR (95% CI)e 1 (Reference) 0.84 (0.72 to 0.97) 0.77 (0.68 to 0.88) 0.68 (0.61 to 0.77) .47
MV-adjusted model, HR (95% CI)f 1 (Reference) 0.84 (0.72 to 0.97) 0.79 (0.69 to 0.90) 0.69 (0.61 to 0.77) .56

aRemote period dose of aspirin use: cumulative average dose of aspirin use during every specific remote period (>10 years before every follow-up period, ie, begin from

1980 [NHS] and 1992 [HPFS], and then was extended by every 2-year subsequent interval at a time, until 2002). AHEI ¼ Alternate Healthy Eating Index score; BMI ¼ body

mass index; CI ¼ confidence interval; CRC ¼ Colorectal cancer; HPFS ¼ Health Professionals Follow-up Study; HR ¼ hazard ratio; MV ¼ multivariable; NHS ¼ Nurses’

Health Study; NSAIDs ¼ nonsteroidal antiinflammatory drugs.
bRecent period dose of aspirin use: cumulative average dose of aspirin use during every specific subsequent 10-year period after the remote periods.
cAdjusted for age and follow-up cycle in the follow-up period.
dAdjusted for age, follow-up cycle, sex, race, pack-years of smoking, physical activity, BMI, alcohol consumption, AHEI, regular use of nonaspirin NSAIDs, family history

of CRC, history of diabetes mellitus, screening colonoscopy or sigmoidoscopy in the past 2 years, multivitamin use, total calorie intake, red or processed meat intake, fi-

ber intake, folate intake, calcium intake, and vitamin D intake in the follow-up period.
eRemote period dose of aspirin use and recent period dose of aspirin use were dichotomized into low category (<1.5 tablets per week) vs high category (�1.5 tablets per

week), resulting in 4 categories (low to low, low to high, high to low, and high to high, ie, low remote to low recent, low remote to high recent, high remote to low recent,

and high remote to high recent dose of aspirin use).
fPinteraction was calculated using the multiplication of mid-point of each low/high category of dose of aspirin use in tablets per week.
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examine nonaspirin nonsteroidal antiinflammatory drugs by
using the current analytic strategy because their quantity of use
was not assessed with adequate follow-up time.

Other challenges regarding use of aspirin in CRC chemopre-
vention should be mentioned. First, the hints that aspirin-
mediated reductions in CRC risk may differ by subsites (proxi-
mal or distal colon) (37), molecular subtypes (48-50), genetic var-
iants (51), inflammatory status (52,53), immune response in
the tumor microenvironment (54), high- or average-risk groups
(31-33), bodyweight or body mass index (55,56), smoking status
(55), and race (57) add further complexity. Second, the potential
dose or duration-response relationships observed in these asso-
ciations need to be validated in randomized trials. Lastly, al-
though low-dose aspirin generally has the most favorable risk
to benefit profile (58), the absolute bleeding risk may vary con-
siderably by patient (59). The 1-dose or duration-fits-all strategy
in aspirin-based CRC chemoprevention may not be optimal, and
therefore more individualized chemoprevention strategies are
warranted in the context of precision medicine.

In conclusion, the present large prospective cohort study
supports a delayed effect of aspirin use in CRC chemopreven-
tion. A suggestive benefit necessitates at least 6-10 years and
most clearly after approximately 10 years since initiation of as-
pirin. Remote use (not dose dependent) and use within the pre-
vious 10 years (dose dependent) both contribute independently
to decreased CRC risk, though a lower dose may be required for
a benefit with longer term use. Our findings may have provided
new initial clues of practical importance in altering patient
management, including the potential benefit of initiating using
aspirin at even lower doses (eg, 23-70 mg/d) among persons
with a life expectancy exceeding 15-20 years, and the possibility
of using lower doses (70 mg/d) among persons (especially for
those aged �70 years) who have already used aspirin for at least
10 years. The decision making should be guided in the context
of timing.
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