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Abstract

Prostate cancer is one of the leading causes of cancer-
related death in U.S. men. There is an unmet need to
identify modifiable risk factors for prostate cancer survival.
Experimental studies have suggested that nonsteroidal anti-
inflammatory drugs (NSAIDs) may improve prostate cancer
survival through antithrombotic and anti-inflammation
mechanisms. Results from previous observational studies
have been equivocal, and few have assessed whether an
etiologically relevant time window of exposure exists. We
sampled incident prostate cancer cases from two large U.S.
prospective cohorts, NIH-AARP Diet and Health Study and
PLCO Cancer Screening Trial, to investigate whether pre-
and postdiagnostic aspirin and non-aspirin NSAID use were
associated with prostate cancer-specific and all-cause mor-
tality. Cox proportional hazards regression models estimat-
ed hazard ratios (HRs) and 95% confidence intervals (CIs).
Study-specific results were meta-analyzed using fixed-effects

Introduction

Despite a recent reduction in prostate cancer mortality,
prostate cancer remains the third leading cause of cancer-
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models. Pre- and postdiagnostic aspirin or non-aspirin
NSAID use were not statistically significantly associated
with prostate cancer-specific mortality. However, occasion-
al (less than daily) and daily aspirin users five years or more
before prostate cancer diagnosis had 18% (HR = 0.82; 95%
CI = 0.75-0.90) and 15% (HR = 0.85; 95% CI = 0.77-
0.94) reduced all-cause mortality versus nonusers. Similar-
ly, postdiagnostic occasional and daily aspirin use were
associated with 17% (HR = 0.83; 95% CI = 0.72-0.95) and
25% (HR = 0.75; 95% CI = 0.66-0.86) reduced all-cause
mortality, independent of prediagnostic aspirin use. This
study suggests that aspirin or non-aspirin NSAIDs are not
associated with prostate cancer survival. However, aspirin
use both before and after prostate cancer diagnosis was
associated with longer overall survival, highlighting the
importance of comorbidity prevention among prostate
cancer survivors. Cancer Prev Res; 10(7); 410-20. ©2017 AACR.

related death in U.S. men with an estimated 26,730 deaths
in 2017 (1). Few modifiable risk factors have been estab-
lished for prostate cancer progression and survival, despite
putative evidence for body size, physical exercise, and
smoking (2). Nonsteroidal anti-inflammatory drugs
(NSAIDs) have been hypothesized to inhibit prostate
cancer carcinogenesis and progression through antithrom-
botic and anti-inflammation mechanisms via blocking
cyclooxygenase (COX)-1 and -2 isozymes, respectively
(3, 4).

Experimental studies support that platelets aid tumor
metastasis by inducing angiogenesis, protecting tumor cells
from immune surveillance, and promoting interactions
between tumor cells and blood vessels (5). The antithrom-
botic effect of COX-1 inhibition in platelets can impair
prostate cancer micrometastases (6, 7). Meanwhile, COX-2
is highly expressed in human prostate cancer (8), and
inhibition of COX-2 in mouse models downmodulates
inflammation, suppresses angiogenesis, and retains anti-
metastasis markers (9, 10). Phase II trials of celecoxib
found that the COX-2 inhibitor decreases prostate-specific
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antigen (PSA) velocity among biochemical recurrent pros-
tate cancer cases after definitive treatments (11, 12).

Despite biological plausibility, few observational studies
have examined whether NSAIDs alter prostate cancer sur-
vival and whether an etiologically relevant time window of
exposure exists. Four studies examined prediagnostic
NSAID use (three for aspirin and two for non-aspirin
NSAIDs) in relation to prostate cancer-specific mortality
(PCSM), although the time between exposure and cancer
diagnosis was often short, providing a limited time interval
prior to cancer diagnosis for meaningful biological effects
(13-16). Seven studies assessed postdiagnostic NSAID use
(seven for aspirin and one for non-aspirin NSAIDs) and
reported inconsistent results (14, 16-21). Herein, we
report associations of pre- and postdiagnostic aspirin and
non-aspirin NSAID use with PCSM and all-cause mortality
among prostate cancer cases in two large U.S. prospective
cohort studies.

Materials and Methods

Study population

NIH-AARP diet and health study. The study design has been
previously described in detail (22). Briefly, this is a pro-
spective cohort study of diet, health-related behaviors, and
cancer. The cohort included 566,398 AARP members aged
50-71 years, who resided in one of six states or two
metropolitan areas in the U.S. and completed a mailed
Baseline Questionnaire (BQ) in 1995-1996. A Risk Factor
Questionnaire (RFQ) was then mailed in 1996-1997 to
participants without self-reported colon, breast, or prostate
cancers at baseline for additional epidemiologic informa-
tion including frequency of NSAID use. A total of 334,905
participants completed RFQ. In 2004-2006, a Follow-Up
Questionnaire (FUQ) including additional questions
regarding NSAID use was sent, and a total of 221,189
participants responded. Because the baseline question-
naire did not collect NSAID information, we restricted our
study population to men who completed RFQ.

Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer
Screening Trial. The trial design has been previously
described in detail (23). Briefly, this is a multicenter, ran-
domized, two-arm trial to evaluate the effect of screening on
disease-specific mortality. The trial enrolled 76,685 men
and 78,216 women aged 55-74 at ten screening centers in
the U.S. during 1993-2001. Men in the intervention arm
received annual PSA tests for the first 6 years and annual
digital rectal examinations for the first 4 years to screen for
prostate cancer. Men in the control arm were encouraged to
follow usual care. At randomization, participants in both
arms were mailed a baseline questionnaire (BQM) to collect
epidemiologic information including frequency of NSAID
use. During 2006-2008, retained participants were mailed
a supplemental questionnaire (SQX) including additional
questions regarding NSAID use.
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NSAIDs and Prostate Cancer Survival

Both studies have been approved by Institutional Review
Boards at the National Cancer Institute.

Analytic sample

Prostate cancers were ascertained by record linkage to
state cancer registries through 2011 for AARP, and by
annual questionnaires with subsequent medical record
confirmation through 2009 for PLCO. The timeline of data
collection in both studies is shown in Fig 1. To evaluate the
critical time window of exposure associated with prostate
cancer survival, we created two case-only cohorts within
each study: the prediagnostic cohorts ascertained expo-
sures 6 years (median) before prostate cancer diagnosis for
AARP and 5 years for PLCO, and the postdiagnostic cohorts
ascertained exposures 4 years (median) after prostate can-
cer diagnosis for AARP and 5 years for PLCO.

Details of exclusion and inclusion of the AARP study
population are shown in Supplementary Fig. S1. In brief, of
the 176,901 men considered at risk for prostate cancer at
RFQ, 19,474 first primary prostate cancers occurred. The
prediagnostic cohort included 19,063 invasive first prima-
1y prostate cancers, after excluding 24 cases diagnosed with
carcinoma in situ, 38 without follow-up, and 349 lacking
NSAID information on RFQ. The postdiagnostic cohort
included 7,574 cases nested in the prediagnostic cohort,
after additionally excluding 5,125 cases without FUQ,
5,583 diagnosed after FUQ, 769 lacking NSAID informa-
tion on FUQ, and 12 without follow-up.

Details of exclusion and inclusion of the PLCO study
population are shown in Supplementary Fig. S1. In brief, of
the 72,119 men considered at risk for prostate cancer at
BQM, 7,916 first primary prostate cancers occurred. The
prediagnostic cohort included 7,827 invasive first primary
prostate cancers, after excluding 59 lacking NSAID infor-
mation on BQM and 30 without follow-up. The postdiag-
nostic cohort included 4,012 cases nested in the prediag-
nostic cohort, after excluding 2,318 cases without SQX,
1,166 diagnosed after SQX, 322 lacking NSAID informa-
tion on SQX, and 9 without follow-up.

Mortality and NSAID ascertainment

Vital status and underlying cause of death were ascer-
tained through linkage to the National Death Index for
AARP, and by annual questionnaire with subsequent con-
firmation by death review supplemented with annual
linkage to the National Death Index for PLCO.

Frequency of NSAID use in the past year was self-reported.
Participants were specifically instructed not to include
Tylenol or other pain relievers. AARP RFQ asked about
frequency of aspirin and a list of 19 nonselective non-aspirin
NSAID use (e.g., ibuprofen and naproxen) separately in
eight categories (none, <2 times/month, 2-3/month, 1-2/
week, 3-4/week, 5-6/week, 1/day, >2/day). PLCO BQM
asked about frequency of aspirin and ibuprofen use in a
similar fashion (no regular use, <2 pills/month, 2-3/month,
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NIH-AARP Study

Median = 7.4 yrs End of follow-

PCSM = 709; All deaths = 3,640

v

up 12/31/2011

Postdiagnostic
exposures at FUQ
(2004-2007)

Median =7.1yrs | Eng of follow-

up 12/31/2011

PCSM = 209;
All deaths = 1,326

Median = 6.0 yrs End of follow-

Prediagnostic Median = 6.3 yrs CaP
exposures at RFQ |—= — — = = = = = >| diagnosis
(1996-1997) n=19,063
CaP
diagnosis
n=17,574
PLCO Study
Prediagnostic Median = 5.4 yrs CaP
exposures at BQM | _ _ _ — - = = >| diagnosis
(1993-2001) n=17,827
CaP Median = 5.0 yrs
diagnosis .................
n=4,012

Figure 1.

PCSM = 266; All deaths = 1,122

...... >

A 4

up 12/31/2009

Postdiagnostic | Median = 2.5 yrs
exposures at SQX

(2006-2008)

End of follow-
up 12/31/2009

PCSM = 35;
All deaths = 208

Timeline of data collection and survival follow-up NIH-AARP and PLCO. The dashed line indicates the time interval from exposure
ascertainment to prostate cancer diagnosis in NIH-AARP and PLCO, the dotted line indicates the lag time and the solid line indicates the follow-up
time in the model. The shaded area indicates exposures of interest. Therefore, for the prediagnostic analysis, follow-up started at the

age of prostate cancer diagnosis and ended at the age of death due to the cause of interest or right censoring, whichever occurred earlier. For the
postdiagnostic analysis, follow-up started at the age of SQX/FUQ and ended at the age of death due to the cause of interest or right-censoring,
whichever occurred earlier. RFQ, Risk Factor Questionnaire; FUQ, Follow-up Questionnaire; BQM, Baseline Questionnaire for Men; SQX,
Supplemental Questionnaire; CaP, prostate cancer; PCSM, prostate cancer-specific mortality.

1/week, 2/week, 3-4/week, 1/day, >2/day). During fol-
low-up, AARP again assessed frequency of aspirin and
nonselective non-aspirin NSAID use in five categories
(none, 1-3 times/month, 1-2/week, 3-6/week, >1/day)
at FUQ. PLCO SQX assessed aspirin and nonselective
non-aspirin NSAID use in similar categories (none or less
than once/month, 1-3 times/month, 1-2/week, 3-6/
week, >1/day). To avoid sparse numbers and to harmonize
exposure categories, we combined frequency of exposure
into three categories: no/no regular, occasional (<once/
day), and daily use (>once/day).

Statistical analysis

Study-specific hazard ratios (HRs) and 95% confi-
dence intervals (95% Cls) for NSAID use in relation to
PCSM and all-cause mortality were estimated using Cox
proportional hazards regression models with age as the
time metric. In prediagnostic cohorts, follow-up started
at the age of prostate cancer diagnosis and ended at
the age of death due to the cause of interest or right-
censoring, whichever occurred earlier. In postdiagnostic
cohorts, follow-up started at the age of FUQ for AARP or
SQX for PLCO, and ended at the age of death due to the
cause of interest or right-censoring, whichever occurred
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earlier. Censoring events included deaths due to causes
other than the one of interest or end of study follow-up
(12/31/2011 for AARP and 12/31/2009 for PLCO). The
proportional hazards assumption was tested by includ-
ing an interaction term of the exposure and log-trans-
formed age and visual inspection of log(—log) survival
plots.

To account for potential confounding, we fitted (i) a
basic model, adjusted for Gleason score (prostatectomy or
biopsy; <7 vs. >7), stage [pPTNMs, ¢cTNMs, or SEER sum-
mary staging (AARP); localized vs. regional/distant], pri-
mary cancer treatment, and intervention arm (PLCO); and
(ii) a full model, additionally adjusted for race, marital
status, body mass index (BMI, kg/m?), smoking status,
history of cardiovascular disease and diabetes, history of
screening for prostate cancer (AARP), and self-perceived
general health status (AARP). Potential confounding vari-
ables were decided a priori. For missing data, we conducted
study-specific multiple imputation using a sequence of
regression models (24, 25) via IVEware (26). The multiple
imputation model included Nelson-Aalen estimators,
event indicators, and variables that had less than 30%
missing data from the two questionnaires with one excep-
tion for primary cancer treatment in AARP (31%). Five
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846 (43.8)

2,322 (39.4)
425 (7.2)

4,714 (46.1)

3,901 (44.1)
811 (9.2)
771 (8.7)

1,816 (43.0)

1,352 (37.5)
225 (6.2)

6,833 (45.4)

1,782 (44.4)

years
Quit <10 years

Quit >10

125 (6.5)
196 (10.2)

930 (9.1)

325 (7.7)
430 (10.2)

1,382 (9.2)

359 (9.0)
359 (9.0)

628 (10.7)

888 (8.7)

394 (10.9)

1,300 (8.6)

Current/Quit <1 year
NOTE: Column percentage does not add up to 100% due to missing data. Study-specific P values were calculated by xztests using non-missing data.

NA, not available; NS, not statistically significant at 0.05; *, P value <0.05; **, P value <0.01; ***, P value <0.001.

3Gleason score was derived from prostatectomy or biopsy, of which information from prostatectomy was preferentially used if available.

bTumor stage was derived from pathological/clinical TNMs or summary stage (only available in AARP), of which pathological information was preferentially used followed by clinical information

and then summary stage.

“Cardiovascular diseases include any of the following: heart attack, stroke, and hypertension.

imputed datasets were created and analyzed individually,
and then HR estimates were combined using PROC MIA-
NALYZE in SAS. Therefore, no analytical sample was
excluded in the main analysis due to missing data.

In sensitivity analyses, we (i) used four levels of
frequency (no/no regular, 1-3 times/month, 1-6
times/week, and daily use) to explore whether there was
a non-linear relationship; (ii) restricted to exclusive users
who only took aspirin or non-aspirin NSAIDs in the past
year; (iii) delayed cohort entry for 1 year by excluding the
first year of observation following prostate cancer diag-
nosis to account for potential reverse causation resulting
from increasing use of NSAIDs for palliative care; (iv)
excluded men who answered the questionnaire within 1
year before prostate cancer diagnosis to evaluate poten-
tial reverse causation resulting from latent-tumor symp-
toms; and (v) updated exposure and covariate informa-
tion from the most recent prediagnostic questionnaire
for cases diagnosed after the last study-specific question-
naire (n = 5,205/19,063 for AARP and n = 1,113/7,827
for PLCO). Subgroup analyses were conducted by stage,
Gleason score, self-perceived general health (AARP), and
trial arms (PLCO). Neither sensitivity (except for the first
analysis using four-level exposure) nor subgroup analy-
ses were conducted in postdiagnostic cohorts due to
small sample sizes. We also assessed whether the time
interval between prediagnostic aspirin use and prostate
cancer diagnosis modified relationships between aspirin
use and PCSM. This analysis was not performed for non-
aspirin NSAIDs due to small sample sizes. Statistical
analyses were performed using SAS 9.3 software (SAS
Institute Inc.,). Two-sided P < 0.05 were considered
statistically significant.

Lastly, we meta-analyzed study-specific fully adjusted
risk estimates using fixed-effects models in Stata version 14
(Stata Corp.,College Station,).

Results

In prediagnostic cohorts, 709 of 3,640 (19%) deaths
were due to prostate cancer in AARP with a median
follow-up of 7 years, and 266 of 1,122 (24%) deaths
were due to prostate cancer in PLCO with a median
follow-up of 6 years. The median age at prostate cancer
diagnosis was 71 years old (IQR = 67-74) in AARP and
70 (IQR = 66-74) in PLCO. Distributions of study-
specific prediagnostic characteristics of prostate cancer
cases are shown in Supplementary Table S1. Compared
with AARP, prostate cancer cases in PLCO were more
likely to be diagnosed with high-grade (Glean score >7)
and localized tumors, to receive radical prostatectomy as
the primary treatment, and to have a history of cardio-
vascular disease. Approximately 29% and 8% of cases
reported prediagnostic daily aspirin and non-aspirin
NSAID use in the past year in both cohorts, whereas
more cases in AARP versus PLCO reported occasional use
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Table 2. Frequency of prediagnostic NSAID use in relation to mortality in NIH-AARP and PLCO

Aspirin Non-aspirin NSAID
None Occasional Daily None Occasional Daily
Prostate cancer-specific mortality
AARP
No. of deaths, n = 709 161 332 216 374 286 49
Model 1, HRs (95% Cls)? ref 0.94 (0.78-1.14) 1.05 (0.85-1.29) ref 0.83 (0.71-0.97) 0.80 (0.59-1.08)
Model 2, HRs (95%Cls)P ref 0.95 (0.78-1.15) 0.99 (0.80-1.22) ref 0.84 (0.72-0.98) 0.77 (0.57-1.05)
PLCO total
No. of deaths, n = 266 122 68 76 202 40 24
Model 1, HRs (95% Cls)“ ref 1.5 (0.85-1.55) 0.99 (0.74-1.32) ref 1.09 (0.77-1.54) 1.19 (0.78-1.83)
Model 2, HRs (95% Cls)? ref 1.15 (0.85-1.55) 0.98 (0.72-1.32) ref 1.02 (0.72-1.44) 1.07 (0.69-1.65)
Pooled HRs (95% Cls)® ref 1.00 (0.85-1.18) 0.98 (0.83-1.17) ref 0.87 (0.75-1.00) 0.86 (0.67-1.10)
All-cause mortality
AARP
No. of deaths, n = 3,640 834 1,534 1,272 1,850 1,458 332
Model 1, HRs (95% Cls)? ref 0.82 (0.76-0.90) 1.08 (0.99-1.18) ref 0.88 (0.82-0.95) 1.11 (0.98-1.24)
Model 2, HRs (95% Cls)® ref 0.87 (0.80-0.95) 0.97 (0.89-1.07) ref 0.90 (0.84-0.96) 1.01 (0.90-1.14)
PLCO total
No. of deaths, n = 1,122 476 259 387 856 169 97
Model 1, HRs (95% Cls)“ ref 1.06 (0.91-1.23) 1.22 (1.07-1.40) ref 1.00 (0.84-1.18) 1.11 (0.90-1.37)
Model 2, HRs (95% Cls)¢ ref 1.03 (0.89-1.20) 111 (0.97-1.28) ref 1.00 (0.84-1.18) 1.07 (0.87-1.33)
Pooled HRs (95% Cls)® ref 0.91(0.84-0.98) 1.01 (0.94-1.09) ref 0.91(0.85-0.97) 1.02 (0.92-1.14)

Abbreviations: HRs, hazard ratios; Cls, confidence intervals; ref, reference.

“Model 1used age as the time-metric, adjusted for Gleason score (<7 vs. >7), tumor stage (localized vs. regional/distant), and primary treatment
(no curative treatment, prostatectomy, radiation only, hormone treatment only, radiation and hormone treatment, and other).

PModel 2 additionally adjusted for race (non-Hispanic white vs. other), marital status (married/cohabiting vs. other), history of cardiovascular
disease (ever vs. never), history of diabetes (ever vs. never), BMI (<25, 25-29, and >30 kg/m?), smoking status (never, former & quit >10 years,
former & quit <10 years, and current & quit <1 year), history of prostate cancer screening in the past three years (yes vs. no), and self-reported
general health status (excellent/very good, good, and fair/poor).

“Model 1 used age as the time-metric, adjusted for Gleason score (<7 vs. >7), tumor stage (localized vs. regional/distant), primary treatment
(prostatectomy, radiation only, hormone treatment only, radiation and hormone treatment, and other), and trial arm (screening vs. usual care).
9Model 2 additionally adjusted for race (non-Hispanic white vs. other), marital status (married/cohabiting vs. other), history of
cardiovascular disease (ever vs. never), history of diabetes (ever vs. never), BMI (<25, 25-29, and >30 kg/m?), and smoking status

(never, former & quit >10 years, former & quit <10 years, and current & quit <1 year).
®Pooled HRs and 95% Cls were computed using study-specific results from Model #2 in fixed-effects models.

of aspirin (50% vs. 25%) and non-aspirin NSAIDs (46%
vs. 17%).

Table 1 shows characteristics by status of prediagnostic
NSAID use in the past year. Study-specific aspirin users
versus nonusers were more likely to have prostate cancer
screening in the past 3 years (AARP), be non-Hispanic
white, have a history of cardiovascular disease, and be
overweight. Study-specific non-aspirin NSAID users were
more likely to be younger at prostate cancer diagnosis,
undergo prostatectomy, and be overweight/obese. Distri-
butions of characteristics by status of postdiagnostic
NSAID use in the past year (Supplementary Table S2)
mirrored those in the prediagnostic cohorts.

Table 2 shows associations between prediagnostic
NSAID use and mortality. Aspirin use was not statistically
significantly associated with PCSM in AARP or PLCO
cohorts. In AARP, occasional non-aspirin NSAID use was
associated with 16% (HR = 0.84; 95% CI = 0.72-0.98)
reduced PCSM, and a similar non-significant inverse
association was found for daily non-aspirin NSAID use.
However, such associations were not observed in PLCO.

www.aacrjournals.org

When we meta-analyzed results from the two studies,
neither aspirin nor non-aspirin NSAIDs were statistically
significantly associated with PCSM. Occasional use of
aspirin and non-aspirin NSAIDs were associated with
reduced all-cause mortality in AARP, but not in PLCO.
Pooled risk estimates mirrored what were observed in
AARP. Sensitivity analyses using four-level exposure
resulted in similar associations, and no obvious non-
linear pattern was observed (Supplementary Table S3).
The inverse association between occasional use of non-
aspirin NSAIDs and PCSM in AARP became null in
sensitivity analyses restricted to exclusive users of such
in the past year (Supplementary Table S4). Other sensi-
tivity analyses using three-level exposure, including
delaying cohort entry for one year, excluding cases with
exposure collected within 1 year before diagnosis, and
using exposure and covariate information from the most
recent prediagnostic questionnaire, yielded similar
results (results not tabulated). The inverse associations
of occasional aspirin and non-aspirin NSAID use with
all-cause mortality were only restricted to localized

Cancer Prev Res; 10(7) July 2017
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(Supplementary Table S5) or less aggressive (Supplemen-
tary Table S6) prostate cancers. Subgroup analyses by self-
perceived general health (AARP) and screen arm (PLCO)
did not materially alter results (results not tabulated).

Table 3 shows associations between prediagnostic
aspirin use and mortality within strata of the time
interval from exposure ascertainment to prostate cancer
diagnosis. The study-specific multiplicative interactions
between the time interval and exposure were statistically
significant in AARP (Prisher's method < 0.001) and PLCO
(Prisher's method < 0.03). In AARP, occasional use within 2
years before diagnosis was positively associated with
PCSM (HR = 1.38; 95% CI = 1.06-1.82), while occa-
sional (HR = 0.80; 95% CI = 0.63-1.00) and daily (HR
=0.91; 95% CI=0.70-1.19) aspirin use >5 years before
diagnosis appeared inversely associated. Similarly, daily
users diagnosed >5 years after exposure ascertainment
tended to have reduced PCSM (HR = 0.62; 95% CI =
0.39-1.01) in PLCO, although such association was
not observed among occasional users. For all-cause mor-
tality, consistent inverse associations were observed
across two studies among aspirin users >5 years before
prostate cancer diagnosis with statistically significant
study-specific multiplicative interactions (Pisher's method
< 0.001) between the time interval and the exposure.
When we meta-analyzed results from two studies, occa-
sional (HR = 0.82; 95% CI = 0.75-0.90) and daily (HR
=0.85; 95% CI = 0.77-0.94) aspirin use >5 years before
prostate cancer diagnosis were associated with reduced
all-cause mortality.

Table 4 shows associations between postdiagnostic
NSAID use and mortality. In AARP, aspirin use was con-
sistently associated with reduced PCSM and all-cause mor-
tality—with or without adjustment for prediagnostic aspi-
rin use, although only all-cause mortality reached statisti-
cal significance. In PLCO, non-significant inverse associa-
tions were also seen between aspirin use and all-cause
mortality, but not for PCSM. When we meta-analyzed
study-specific results, occasional and daily aspirin use after
diagnosis were associated with 17% (HR = 0.83; 95% CI =
0.72-0.95) and 25% (HR = 0.75; 95% CI = 0.66-0.86)
reduced all-cause mortality, respectively, independent of
prediagnostic aspirin use (occasional: HR = 0.93; 95% CI
= 0.82-1.07; daily: HR = 1.05; 95% CI = 0.91-1.20).
Comparing with associations of aspirin, associations
between non-aspirin NSAID use and all-cause mortality
were weaker and did not reach statistical significance.
Sensitivity analyses using four-level exposure resulted in
similar associations and provided no obvious non-linear
pattern (Supplementary Table S7).

Discussion

Across two large prospective cohort studies of prostate
cancer survivors, we did not find statistically significant
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associations of pre- or postdiagnostic NSAIDs with PCSM.
However, aspirin use before (>5 years) and after prostate
cancer diagnosis was associated with an approximately
20% reduced all-cause mortality without evidence of a
dose-response relationship.

This study adds to the limited evidence of survival
benefits of prediagnostic NSAID use among prostate cancer
survivors. Few studies have investigated prediagnostic
aspirin use, and even fewer have examined non-aspirin
NSAID use. Four studies have reported null associations of
aspirin or non-aspirin NSAIDs with PCSM (13-16), and
agree with what we found in AARP and PLCO. However, all
of these studies had fewer outcomes comparing with this
analysis, three restricted to non-metastatic cases only (13-
15), and two overlooked over-the-counter NSAID use (13,
16). Importantly, these studies have failed to evaluate
whether the time interval from exposure ascertainment to
prostate cancer diagnosis modifies survival benefits among
prostate cancer survivors. Among cancer-free volunteers, a
pooled analysis of 7 randomized clinical trials of daily
aspirin for prevention of vascular events has demonstrated
a delayed protective effect of aspirin on overall cancer-
related death with 5 years of follow-up and a non-
significant inverse association with PCSM based on 37
deaths (27). Our study suggests that—for prediagnostic
exposure—only prolonged (> 5 years) aspirin use provides
a survival benefit in men with prostate cancer, as supported
by consistently reduced mortality due to prostate cancer
and all causes, although the association for PCSM did not
surpass the nominal statistical significance threshold.

Seven studies have investigated postdiagnostic NSAID
use following prostate cancer diagnosis with inconsistent
results (14, 16-21). Two prescription-based studies in the
UK Clinical Practice Research Datalink (aspirin: HR = 1.46;
95% CI=1.29-1.65; ref. 17) and the Finnish Prostate
Cancer Screening Trial (non-aspirin NSAIDs: HR = 2.09;
95% CI = 1.75-2.50; ref. 16) reported that postdiagnostic
aspirin or non-aspirin NSAIDs were associated with
increased PCSM. However, such associations may be
explained by reverse causation from increasing use of
NSAIDs in disease progression or palliative care, as the
positive association diminished when cohort entry was
delayed for 3 years in the Finnish study. In contrast, a study
in the Cancer of the Prostate Strategic Urologic Research
Endeavor (CaPSURE) found that ever aspirin use during
follow-up after diagnosis with localized prostate cancer
was associated with decreased PCSM (HR = 0.43, 95% CI
= 0.21-0.87; ref. 19), yet this result is limited by survival
bias whereby cases who lived longer were more likely to be
classified as being exposed. A more recent analysis of the
Physicians' Health Study assessed time-varying regular
aspirin use (>3 days/week for >1 year) after diagnosis of
non-metastatic prostate cancer in relation to PCSM (n =
315) and all-cause mortality, yet reported contradictory
results for patients who stopped using aspirin (past users;
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Table 4. Frequency of postdiagnostic NSAID use in relation to mortality in NIH-AARP and PLCO

Aspirin Non-aspirin NSAID
None Occasional Daily None Occasional Daily
Prostate cancer-specific mortality
AARP
No. of deaths, n = 209 62 59 88 125 71 13
Model 1, HRs (95% Cls)? ref 0.85 (0.59-1.22) 0.81(0.58-1.12) ref 0.97 (0.72-1.30) 0.87 (0.49-1.54)
Model 2, HRs (95% Cls)® ref 0.91 (0.63-1.31) 0.82 (0.58-1.16) ref 0.95 (0.70-1.28) 0.74 (0.41-1.33)
Model 3, HRs (95% Cls)“ ref 0.87 (0.60-1.27) 0.77 (0.54-1.11) ref 0.97 (0.71-1.33) 0.78 (0.43-1.43)
PLCO total
No. of deaths, n = 35 5 15 15 19 12 4
Model 1, HRs (95% Cls) ref 1.44 (0.51-4.03) 1.30 (0.47-3.61) ref 1.58 (0.75-3.30) 2.53 (0.84-7.62)
Model 2, HRs (95% Cls)® ref 1.56 (0.55-4.40) 1.27 (0.44-3.63) ref 1.63 (0.78-3.43) 2.22 (0.71-6.94)
Model 3, HRs (95% Cls)’ ref 1.52 (0.53-4.33) 1.26 (0.43-3.67) ref 1.65 (0.77-3.50) 2.35 (0.74-7.51)
Pooled HRs (95% Cls)® ref 0.93 (0.65-1.33) 0.81(0.58-1.14) ref 1.05 (0.79-1.40) 0.99 (0.58-1.68)
All-cause mortality
AARP
No. of deaths, n = 1,326 397 344 585 808 425 93
Model 1, HRs (95% Cls)® ref 0.78 (0.67-0.90) 0.80 (0.70-0.91) ref 0.91(0.81-1.02) 1.02 (0.82-1.26)
Model 2, HRs (95% Cls)® ref 0.83 (0.72-0.96) 0.77 (0.67-0.87) ref 0.92 (0.82-1.04) 0.90 (0.72-1.12)
Model 3, HRs (95% Cls)“ ref 0.85 (0.73-0.98) 0.75 (0.66-0.86) ref 0.94 (0.83-1.06) 0.89 (0.71-112)
PLCO total
No. of deaths, n = 208 47 65 96 138 53 17
Model 1, HRs (95% Cls)¢ ref 0.74 (0.51-1.08) 0.86 (0.61-1.23) ref 0.97 (0.71-1.33) 119 (0.71-1.97)
Model 2, HRs (95% Cls)® ref 0.73 (0.50-1.06) 0.76 (0.53-1.09) ref 1.01(0.73-1.39) 1.27 (0.76-2.12)
Model 3, HRs (95% Cls)f ref 0.72 (0.49-1.05) 0.76 (0.52-1.10) ref 0.97 (0.70-1.34) 1.27 (0.76-2.14)
Pooled HRs (95% Cls)® ref 0.83 (0.72-0.95) 0.75 (0.66-0.86) ref 0.94 (0.84-1.06) 0.94 (0.77-1.16)

Abbreviations: HRs, hazard ratios; Cls, confidence intervals; ref, reference.
@Model 1used age as the time-metric, adjusted for Gleason score (<7 vs. >7), tumor stage (localized vs. regional/distant), and primary treatment
(no curative treatment, prostatectomy, radiation only, hormone treatment only, radiation and hormone treatment, and other).

PModel 2 additionally adjusted for race (non-Hispanic white vs. other), marital status (married/cohabiting vs. other), history of cardiovascular
disease (ever vs. never), history of diabetes (ever vs. never), BMI (<25, 25-29, and >30 kg/m?), smoking status (never, former & quit >10 years,
former & quit <10 years, and current & quit <1 year), history of prostate cancer screening in the past three years (yes vs. no), and self-reported

general health status (excellent/very good, good, and fair/poor).

“Model 3 additionally adjusted for prediagnostic aspirin or non-aspirin NSAID use, respectively, from Risk Factor Questionnaire.

9Model 1 used age as the time-metric, adjusted for Gleason score (<7 vs. >7), tumor stage (localized vs. regional/distant), primary treatment
(prostatectomy, radiation only, hormone treatment only, radiation and hormone treatment, and other), and trial arm (screening vs. usual care).
*Model 2 additionally adjusted for race (non-Hispanic white vs. other), marital status (married/cohabiting vs. other), history of cardiovascular
disease (ever vs. never), history of diabetes (ever vs. never), BMI (<25, 25-29, and >30 kg/m?), and smoking status (never, former & quit >10

years, former & quit <10 years, and current & quit <1 year).

*Model 3 additionally adjusted for prediagnostic aspirin or non-aspirin NSAID use, respectively, from Baseline Questionnaire for Men.
9Pooled HRs and 95% Cls were computed using study-specific results from Model #3 in fixed-effects models.

PCSM: HR = 1.51, 95% CI = 1.06-2.16; all-cause: HR =
1.28, 95% CI = 1.08-1.53) versus those who were using
aspirin (current users; PCSM: HR = 0.66, 95% CI = 0.48-
0.90; all-cause: HR = 0.72, 95% CI = 0.61-0.84) imme-
diately before the corresponding outcome (21). Similar to
our findings, three studies reported null results despite
some having more outcomes (14, 18, 20); one of these in
the Cancer Prevention Study-II (CPS-1I) reported a reduc-
tion in PCSM among high-risk, non-metastatic cases (>T3
and/or Gleason score >8; HR = 0.60, 95% CI=0.37-0.97;
ref. 14) but not in low-risk cases. However, we did not find
an inverse association with comparable sample size when
restricting to high-grade (Gleason score >7), high-stage
(regional/distant) cases in AARP (daily: HR=0.98; 95% CI
= 0.51-1.86). It remains unclear whether the differences
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are a result of chance due to multiple comparisons in
posthoc analyses or differential time windows of exposure;
the CPS-1I study used aspirin information 1 year after
diagnosis versus 3 years in AARP, on average. Nevertheless,
we found postdiagnostic aspirin use was consistently asso-
ciated with reduced all-cause mortality in AARP and PLCO.
This observation was supported by another analysis in
CaPSURE among cases who underwent radical prostatec-
tomy and radiotherapy (28).

Limitations of this study include NSAIDs being self-
reported and thus subject to recall accuracy. The limited
time-points of exposure ascertainment increases the
likelihood of misclassification, yet this should be non-
differential for prediagnostic exposures given the prospec-
tive designs, and the true association may be
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underestimated. Conversely, postdiagnostic exposures
may be affected by severity and treatment of the disease,
although distributions of tumor characteristics and prima-
ry treatment by exposure status did not differ substantially
(Supplementary Table S2) and we adjusted for these factors
in all statistical models. Second, there were slight differ-
ences in exposure ascertainment including the referent
group for prediagnostic analysis (none vs. no regular use)
and patients' characteristics between PLCO and AARP
(Supplementary Table S1), which may partially explain
inconsistencies in associations of occasional and daily
use despite adjustment for tumor characteristics and
history of cardiovascular disease. Third, we lacked dose
information of NSAIDs, although the CPS-II study did
not support a dose-response relationship of pre- or
postdiagnostic daily aspirin use with PCSM (14).
Fourth, we lacked indications for NSAID use, which
may share risk factors with prostate cancer survival.
Although we adjusted for history of cardiovascular dis-
ease and metabolic conditions, residual confounding
may have attenuated estimated associations. Lastly, the
analytic sample is predominantly non-Hispanic white,
and the role of aspirin or non-aspirin NSAIDs among
African American prostate cancer survivors is unclear. A
small analysis among African American prostate cancer
cases treated with radiotherapy reported a reduced risk
of distant metastases among aspirin users (29). A recent
case-control study supported such a finding reporting a
reduced risk of T3/T4 prostate cancer among daily or
long-term (>3 years) regular aspirin users, and tenta-
tively longer survival time to disease recurrence for
African American men (30).

In conclusion, aspirin or non-aspirin NSAIDs were not
associated with prostate cancer survival, despite a non-
significant inverse association of aspirin use >5 years
before prostate cancer diagnosis. Conversely, overall
survival benefits among aspirin users were observed
regardless of whether the exposure was pre- or postdiag-
nostic, highlighting the importance of prevention of
comorbidities among prostate cancer survivors. Howev-
er, the use of aspirin needs to be considered in light of
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