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Background: Recent studies suggest that aspirin use may improve survival in patients with prostate cancer.
Objective: To assess the association between postdiagnosis
use of low-dose aspirin and prostate cancer mortality.
Design: Nationwide cohort study.
Setting: Denmark.
Patients: Men with incident prostate adenocarcinoma between
2000 and 2011.
Measurements: Nationwide registry data on tumor characteristics, drug use, primary prostate cancer therapy, comorbidity, and
socioeconomic parameters. Postdiagnosis use of low-dose aspirin (75 to 150 mg) was deﬁned as 2 or more prescriptions ﬁlled
within 1 year after prostate cancer diagnosis. Follow-up started 1
year after prostate cancer diagnosis. In secondary analyses, lowdose aspirin use was assessed within exposure periods of 5 or
7.5 years after prostate cancer diagnosis.

through 2015. Postdiagnosis low-dose aspirin use was associated with adjusted hazard ratios (HRs) of 0.95 (95% CI, 0.89 to
1.01) for prostate cancer–speciﬁc mortality and 1.12 (CI, 1.05 to
1.20) for other-cause mortality. The secondary analyses showed
that prostate cancer mortality was slightly reduced with low-dose
aspirin use after the 5-year (HR, 0.91 [CI, 0.83 to 1.01]) and 7.5year (HR, 0.84 [CI, 0.72 to 0.97]) postdiagnosis exposure periods,
notably among patients ﬁlling prescriptions for a large quantity
of low-dose aspirin tablets during the 7.5-year period.
Limitations: Data on over-the-counter aspirin use were unavailable. Some residual confounding was possible as a result of incomplete data on some prognostic factors.
Conclusion: The study did not support an overall effect of postdiagnosis low-dose aspirin use on prostate cancer mortality.
However, results for extended exposure periods suggest that
low-dose aspirin use might be inversely associated with prostate
cancer mortality after 5 years from cancer diagnosis
Primary Funding Source: Danish Cancer Society.

Results: Of 29 136 patients (median age, 70 years), 7633 died
of prostate cancer and 5575 died of other causes during a median follow-up of 4.9 years (interquartile range, 3.1 to 7.2 years),
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inﬂuences COX-2 activity (20, 21) and is involved in
cancer cell dissemination and metastasis (24).
In a nationwide cohort study in Denmark, we examined the association between postdiagnosis use of lowdose aspirin and mortality among patients with prostate cancer.

egular aspirin use has been suggested to improve
prostate cancer survival, but study results are inconclusive (1, 2). Pooled analyses of cardiovascular disease
prevention trials have shown reduced overall cancer
incidence, metastasis, and mortality (3– 6) among
persons assigned to aspirin use. However, these
pooled analyses did not speciﬁcally evaluate the effect of aspirin use after cancer diagnosis. Thus, whether
postdiagnosis aspirin use has a beneﬁcial effect on the
prognosis of prostate cancer, or other cancer types, remains unclear (1).
Results of observational studies of postdiagnosis
aspirin use and prostate cancer mortality are inconsistent (7–15). A recent meta-analysis reported a 16% reduction in prostate cancer mortality associated with
postdiagnosis aspirin use (1); however, the individual
studies examined had mixed results and methodological heterogeneity.
Aspirin has been shown to induce apoptosis (16)
and reduce growth (16, 17) and cell invasion (18, 19) in
prostate tumors. The speciﬁc antineoplastic mechanisms of aspirin remain unclear; however, inhibition of
cyclooxygenase (COX) enzymes seems to play an important role (20, 21). Overexpression of COX-2 has
been found in prostate tumors (22) and is associated
with impaired prognosis (23). At low doses, aspirin inhibits mainly COX-1 and platelet function (20, 21), but
increasing evidence indicates that its antiplatelet effect
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METHODS
Setting and Data Sources
Using the unique civil registration numbers assigned
to all residents of Denmark (25), we retrieved information
from the nationwide cancer (26), pathology (27), prescription (28), patient (29), and demographic registries (25,
30 –32). The Appendix (available at Annals.org) provides a
detailed description of the registries, with codes for prostate cancer characteristics, drug exposure, and covariates.
Study Population
From the Danish Cancer Registry (26), we identiﬁed
all men in Denmark with a ﬁrst diagnosis of prostate
cancer during 2000 to 2011. Inclusion criteria were histologically veriﬁed prostate adenocarcinoma, patient
age greater than 35 years, no history of cancer (except
See also:
Editorial comment . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
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Figure 1. Flow chart of the cohort selection.

Patients with incident prostate
cancer, 2000–2011; age > 35 y; no
history of previous cancer;
residence in Denmark on 1 January
1995 (n = 37 181)
Had tumor with no histologic
verification or nonadenocarcinoma
(n = 5189)
Did not live in Denmark within 5 y
before prostate cancer diagnosis
(n = 100)
Eligible cohort (n = 31 892)
Emigrated within 1 y after prostate
cancer diagnosis (n = 14)
Died within 1 y after prostate
cancer diagnosis (n = 2413)
Had chemotherapy within 1 y after
prostate cancer diagnosis (n = 329)
Final cohort (n = 29 136)

nonmelanoma skin cancer), and residence in Denmark
on 1 January 1995, when the Danish National Prescription Registry was initiated (28, 33). In addition, patients
had to have resided in Denmark for 5 years before their
prostate cancer diagnosis, as recorded in the Danish
Civil Registration System (25) (Figure 1).
Study Outcomes and Follow-up
Study outcomes were prostate cancer–speciﬁc and
other-cause mortality based on data retrieved from the
Danish Registry of Causes of Death (30). Patients were
followed from 1 year after their prostate cancer diagnosis (baseline) to the date of death, emigration, or end of
follow-up (31 December 2015). We excluded patients
who died, emigrated, or received chemotherapy (indicating severe prostate cancer [34]) within 1 year after
their diagnosis (Figure 1).
Clinical Measures
Patients with prostate cancer were categorized by
clinical stage at diagnosis (localized, nonlocalized, or
unknown [Appendix Table 1, available at Annals.org])
on the basis of Danish Cancer Registry data (26). We
retrieved Gleason scores from the Danish Pathology
Registry (27); if Gleason codes were missing from the
registry, we manually reviewed pathology reports. Prostate cancer aggressiveness was based on the highest recorded Gleason score preceding diagnosis or within 6
months after diagnosis; scores were categorized into 4
groups: 6 or lower, 7, 8 or higher, and unknown.
Data on primary prostate cancer therapy received
within 1 year after diagnosis were retrieved from the
Danish National Patient Registry (29). Intended curative
therapies (brachytherapy, radical prostatectomy) were
ranked ﬁrst, and radiotherapy or endocrine therapy
2 Annals of Internal Medicine
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was ranked second (Appendix Figure, available at
Annals.org). No clear distinction was feasible among
intended curative, salvage, and symptomatic radiotherapy. However, Danish national guidelines recommend
that intended curative radiotherapy be delivered as 78
Gy in 39 fractions (35); consequently, we regarded radiotherapy with curative intent as more than 30 rounds
within 1 year after prostate cancer diagnosis (assuming
that the intended curative radiotherapy continued beyond this period).
Assessment of Low-Dose Aspirin Use
We identiﬁed prescriptions for low-dose aspirin
(75, 100, or 150 mg per tablet) from the Danish National Prescription Registry (28). In Denmark, aspirin is
available over the counter; however, most low-dose aspirin purchases (92% in 2012) are dispensed by prescription (36). In contrast, use of high-dose aspirin (500
mg per tablet) typically is sporadic, and these tablets
primarily are purchased over the counter (36, 37).
We deﬁned postdiagnosis low-dose aspirin use as
2 or more prescriptions ﬁlled after the prostate cancer
diagnosis and nonuse as fewer than 2 prescriptions
ﬁlled. We assessed postdiagnosis low-dose aspirin use
within 1 year from prostate cancer diagnosis in the
main analysis and within 5 or 7.5 years in the secondary
analyses. In the secondary analyses, we further categorized postdiagnosis low-dose aspirin use according to
the number of tablets dispensed (≤365, 366 to 1095, or
≥1096 tablets, equivalent to ≤1, 1 to 3, or >3 years of
therapy, assuming a dosage of 1 tablet per day); tablet
strength (75 to 100 mg only, 150 mg only, or mixed
use); and duration of use (≤365, 366 to 1095, or ≥1096
days), deﬁned as the time between the ﬁrst and last
prescription ﬁlls. Finally, we deﬁned prediagnosis lowdose aspirin use as 2 or more prescriptions ﬁlled within
5 years before the prostate cancer diagnosis, overall
and dichotomized according to the total number of
tablets dispensed (1 to 999 or ≥1000 tablets) within this
period.
Statistical Analysis
In the main analysis, we assessed postdiagnosis lowdose aspirin use and covariates until 1 year after prostate
cancer diagnosis (Figure 2, top). We used Cox proportional hazards regression analysis, with time since baseline as the underlying axis, to estimate minimally adjusted (age and calendar period) and multivariableadjusted hazard ratios (HRs) with 95% CIs for prostate
cancer–speciﬁc or other-cause mortality associated with
postdiagnosis low-dose aspirin use compared with
nonuse. The multivariable-adjusted models also included clinical stage; Gleason score; primary prostate
cancer therapy; postdiagnosis use (≥2 prescriptions) of
nonaspirin nonsteroidal anti-inﬂammatory drugs, 5␣reductase inhibitors, ␣-adrenoreceptor antagonists,
statins, nonaspirin antithrombotic agents, antihypertensives, other cardiovascular drugs, insulin, metformin,
other oral antidiabetic drugs, psychotropic drugs,
proton-pump inhibitors, or antihistamines; medical history of ischemic heart disease, congestive heart failure,
cerebrovascular disease, atrial ﬁbrillation or atrial ﬂutAnnals.org
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ter, diabetes mellitus, chronic obstructive pulmonary
disease, or moderate to severe kidney disease; education level; income; marital status; and residence
(Appendix).
We estimated adjusted HRs for prostate cancer and
other-cause mortality associated with postdiagnosis
use of low-dose aspirin, overall and stratiﬁed by clinical
stage, Gleason score, primary prostate cancer therapy,
age at diagnosis, calendar period of diagnosis, and
postdiagnosis statin use (≥2 prescriptions). Potential effect measure modiﬁcation was evaluated by likelihood
ratio tests.
In the secondary analyses, we calculated adjusted
HRs for prostate cancer and other-cause mortality associated with postdiagnosis use of low-dose aspirin (≥2
prescriptions) within exposure periods of 5 or 7.5 years
after prostate cancer diagnosis. Follow-up started at
the end of the 2 exposure periods. Concomitant drug
use and comorbidity were assessed up to 5 or 7.5 years
after the diagnosis, and the remaining covariates were
handled as described for the main analysis (Figure 2,
bottom). In these analyses, postdiagnosis low-dose aspirin use also was stratiﬁed by duration of use, total
number of tablets dispensed, and tablet strength used
during the exposure periods.
We conducted 3 preplanned sensitivity analyses
and a post hoc analysis. First, we estimated the HR for
prostate cancer mortality associated with postdiagnosis
low-dose aspirin use, deﬁned as at least 1 prescription
ﬁlled within 1 year after prostate cancer diagnosis,
compared with nonuse, deﬁned as no prescriptions
ﬁlled. Second, for the main analysis, we performed
analyses using an exposure matrix combining pre- and
postdiagnosis low-dose aspirin use, including a new-

user analysis (postdiagnosis use only), prediagnosis use
only, both pre- and postdiagnosis use, and no pre- or
postdiagnosis use (reference). Third, for the main analysis, including the analysis stratiﬁed by Gleason score,
and the secondary analyses, we accounted for competing risk for death from causes other than prostate cancer by using the subdistribution hazards model proposed by Fine and Gray (38). Finally, in a post hoc
analysis, we examined the inﬂuence of missing values
for education level, clinical stage, Gleason score, and
primary prostate cancer therapy in the main and secondary analyses by using multiple imputation (39).
We tested the proportional hazards assumption
with scaled Schoenfeld residuals and found no violations. All statistical analyses were performed with statistics software R, version 3.5.0 (R Foundation for Statistical Computing) (40). The study was approved by the
Danish Data Protection Agency. According to Danish
law, ethics committee approval was not required (41).
Role of the Funding Source
The funding source had no role in the design of the
study; the collection, analysis, or interpretation of the
data; or the decision to approve publication of the ﬁnal
manuscript.

RESULTS
Figure 1 shows the derivation of the ﬁnal cohort of
29 136 patients with prostate cancer. During a median
follow-up of 4.9 years (interquartile range, 3.1 to 7.2
years) from the 1-year baseline, 7633 patients died of
prostate cancer and 5575 died of other causes. The
median age at diagnosis was 70 years (interquartile

Figure 2. Overview of the assessment of postdiagnosis low-dose aspirin use and covariates.
Prostate cancer
1-y
diagnosis
baseline

5-y
baseline

7.5-y
baseline
Time since
diagnosis

Low-dose aspirin
Concomitant drugs
Comorbid conditions
Primary prostate cancer
therapy
Gleason score
Clinical stage, education level,
income, marital status, and
residence

1-y analysis
5-y analysis
7.5-y analysis

Time since
diagnosis

Low-dose aspirin
Concomitant drugs
Comorbid conditions
Primary prostate cancer
therapy
Gleason score
Clinical stage, education level,
income, marital status, and
residence

Top. Main analysis with a ﬁxed 1-y exposure period. Bottom. Secondary analyses with ﬁxed 5- or 7.5-y exposure periods.
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Table 1. Characteristics of Patients With Prostate Cancer, by Use of Low-Dose Aspirin Within 1 Year After Diagnosis, Denmark,
2000 to 2011
Characteristic

Low-Dose Aspirin Within 1 Year After Prostate Cancer Diagnosis
Use
(n ⴝ 7163; 24.6%)*

Nonuse
(n ⴝ 21 973; 75.4%)†

Mean follow-up (SD), y

4.7 (3.0)

5.4 (3.2)

Age at diagnosis, n (%)
36–54 y
55–64 y
65–74 y
75–84 y
≥85 y

39 (0.5)
941 (13.1)
3056 (42.7)
2585 (36.1)
542 (7.6)

720 (3.3)
5641 (25.7)
9477 (43.1)
5264 (24.0)
871 (4.0)

Calendar period of diagnosis, n (%)
2000–2003
2004–2007
2008–2011

1349 (18.8)
2454 (34.3)
3360 (46.9)

4750 (21.6)
7179 (32.7)
10 044 (45.7)

Clinical stage at diagnosis, n (%)
Localized
Nonlocalized
Unknown

3888 (54.3)
1122 (15.7)
2153 (30.1)

12 753 (58.0)
3621 (16.5)
5599 (25.5)

Gleason score at diagnosis, n (%)‡
≤6
7
≥8
Unknown

1769 (24.7)
2340 (32.7)
2296 (32.1)
758 (10.6)

5731 (26.1)
7479 (34.0)
6365 (29.0)
2398 (10.9)

Primary prostate cancer therapy, n (%)§
Brachytherapy
Radical prostatectomy
Radiotherapy, <30 rounds
Radiotherapy, ≥30 rounds
Endocrine therapy
No therapy

316 (4.4)
754 (10.5)
572 (8.0)
522 (7.3)
1646 (23.0)
3353 (46.8)

1125 (5.1)
4548 (20.7)
1724 (7.8)
1629 (7.4)
3966 (18.0)
8981 (40.9)

Prediagnosis low-dose aspirin use, n (%)㥋

6212 (86.7)

1708 (7.8)

Concomitant drug use, n (%)*
High-dose aspirin
Nonaspirin NSAIDs
5␣-Reductase inhibitors
␣-Adrenoreceptor antagonists
Statins
Nonaspirin antithrombotic agents
Antihypertensives
Other cardiovascular drugs
Insulin
Metformin
Other oral antidiabetic drugs
Psychotropic drugs
Proton-pump inhibitors
Antihistamines

<5 (<0.1)
1178 (16.4)
264 (3.7)
1248 (17.4)
3659 (51.1)
1488 (20.8)
5825 (81.3)
1154 (16.1)
301 (4.2)
615 (8.6)
520 (7.3)
1964 (27.4)
1158 (16.2)
199 (2.8)

9 (<0.1)
3203 (14.6)
578 (2.6)
2847 (13.0)
2967 (13.5)
1922 (8.7)
8842 (40.2)
919 (4.2)
280 (1.3)
719 (3.3)
602 (2.7)
4230 (19.3)
2204 (10.0)
443 (2.0)

Comorbid conditions, n (%)¶
Ischemic heart disease
Congestive heart failure
Cerebrovascular disease
Atrial ﬁbrillation or atrial ﬂutter
Diabetes mellitus
Chronic obstructive pulmonary disease
Moderate to severe kidney disease
Moderate to severe liver disease

3207 (44.8)
850 (11.9)
1717 (24.0)
1039 (14.5)
939 (13.1)
680 (9.5)
349 (4.9)
10 (0.1)

1865 (8.5)
595 (2.7)
1402 (6.4)
1414 (6.4)
1003 (4.6)
1154 (5.3)
548 (2.5)
48 (0.2)

Continued on following page
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Table 1—Continued
Characteristic

Low-Dose Aspirin Within 1 Year After Prostate Cancer Diagnosis
Use
(n ⴝ 7163; 24.6%)*

Nonuse
(n ⴝ 21 973; 75.4%)†

Education level at diagnosis, n (%)
Basic/high school
Vocational
Higher education
Unknown

2707 (37.8)
2696 (37.6)
1228 (17.1)
532 (7.4)

7346 (33.4)
8278 (37.7)
5145 (23.4)
1204 (5.5)

Income at diagnosis, n (%)
Low
Medium
High

3060 (42.7)
2463 (34.4)
1640 (22.9)

6564 (29.9)
7447 (33.9)
7962 (36.2)

Marital status at diagnosis, n (%)
Married
Widowed
Divorced
Unknown

5141 (71.8)
1031 (14.4)
650 (9.1)
341 (4.8)

16 327 (74.3)
2243 (10.2)
2103 (9.6)
1300 (5.9)

Residence at diagnosis, n (%)
Capital Region of Denmark
Central Denmark Region
North Denmark Region
Region Zealand
Region of Southern Denmark

1943 (27.1)
1640 (22.9)
788 (11.0)
1161 (16.2)
1631 (22.8)

6794 (30.9)
4315 (19.6)
2329 (10.6)
3767 (17.1)
4768 (21.7)

NSAID = nonsteroidal anti-inﬂammatory drug.
* ≥2 prescriptions ﬁlled within 1 y after prostate cancer diagnosis.
† <2 prescriptions ﬁlled within 1 y after prostate cancer diagnosis.
‡ Highest recorded Gleason score value preceding or within 6 mo after prostate cancer diagnosis.
§ Primary prostate cancer therapy recorded within 1 y after diagnosis.
兩兩 ≥2 prescriptions ﬁlled within 5 y before prostate cancer diagnosis.
¶ Comorbid conditions before 1 y after prostate cancer diagnosis.

range, 64 to 76 years). In the year after prostate cancer
diagnosis, 24.6% of patients used low-dose aspirin (Table 1). Of these, 86.7% had also used low-dose aspirin
before their diagnosis. Compared with nonusers, postdiagnosis low-dose aspirin users on average were
older at diagnosis; had lower education and income
levels; had a higher prevalence of cardiovascular diseases, diabetes mellitus, chronic obstructive pulmonary
disease, and moderate to severe kidney disease; and
had greater concomitant drug use. Moreover, a higher
proportion of postdiagnosis low-dose aspirin users had
endocrine therapy or no prostate cancer therapy in the
year after the diagnosis; conversely, a lower proportion
had radical prostatectomy.
In the main analysis, postdiagnosis low-dose aspirin use was associated with a multivariable-adjusted HR
of 0.95 (95% CI, 0.89 to 1.01) for prostate cancer mortality (Table 2). For other-cause mortality, the minimally
adjusted analysis revealed an HR of 1.48 (CI, 1.40 to
1.56), decreasing to 1.12 (CI, 1.05 to 1.20) in the
multivariable-adjusted analysis.
We observed no substantial variation in HRs for
prostate cancer mortality according to clinical stage or
primary prostate cancer therapy (Table 2), whereas a
reduction in prostate cancer mortality was seen among
patients with low Gleason scores (≤6) (HR, 0.82 [CI,
0.70 to 0.97]). No major effect measure modiﬁcation
was observed with age at prostate cancer diagnosis or
with postdiagnosis statin use, except for a reduced HR
Annals.org
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among patients younger than 55 years at diagnosis,
which was based on small numbers (Appendix Table 2,
available at Annals.org). After stratiﬁcation by calendar
period, the HRs for prostate cancer mortality were
slightly reduced among patients who received their diagnosis during 2000 to 2003 and 2004 to 2007, but not
among those whose cancer was diagnosed during
2008 to 2011.
In the secondary analyses, postdiagnosis low-dose
aspirin use was associated with slightly reduced HRs for
prostate cancer mortality in the 5-year (0.91 [CI, 0.83 to
1.01]) and 7.5-year (0.84 [CI, 0.72 to 0.97]) assessments
(Table 3). We observed no apparent trends in duration
of low-dose aspirin use or cumulative amount used in
the 5-year analysis; however, in the 7.5-year analysis,
HR reductions were greatest among patients with longterm use (≥1096 days; 0.79 [CI, 0.67 to 0.93]) or a high
cumulative amount (≥1096 tablets; 0.77 [CI, 0.65 to
0.91]) of low-dose aspirin. The HRs did not vary substantially with tablet strength in either analysis.
The sensitivity analysis deﬁning postdiagnosis lowdose aspirin use as at least 1 prescription ﬁlled within 1
year after prostate cancer diagnosis yielded an HR of
0.98 (CI, 0.93 to 1.04) for prostate cancer mortality. In
analyses including prediagnosis low-dose aspirin use,
we observed no substantial variation in HRs for prostate
cancer mortality among prediagnosis users only, postdiagnosis users only (new users), and patients using
low-dose aspirin both before and after their diagnosis
Annals of Internal Medicine
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Table 2. Associations Between Postdiagnosis Low-Dose Aspirin Use and Prostate Cancer or Other-Cause Mortality, Overall
and by Clinical Stage, Gleason Score, and Primary Prostate Cancer Therapy
Variable

Person-Years

Prostate Cancer Mortality*
Events, n

Postdiagnosis low-dose aspirin use
Nonuse§
Use兩兩

Minimally
Adjusted HR
(95% CI)†

Fully
Adjusted HR
(95% CI)‡

Other-Cause Mortality*
Events, n

Minimally
Adjusted HR
(95% CI)†

Fully
Adjusted HR
(95% CI)‡

118 322
34 021

5699
1934

Reference
0.97 (0.92–1.02)

Reference
0.95 (0.89–1.01)

3646
1929

Reference
1.48 (1.40–1.56)

Reference
1.12 (1.05–1.20)

Clinical stage
Localized¶
Nonlocalized¶
Unknown¶
P value**

20 874/77 271
3700/13 104
9447/27 947

612/1720
642/2269
680/1710

1.03 (0.94–1.13)
0.95 (0.87–1.04)
0.99 (0.90–1.08)

0.96 (0.87–1.06)
0.92 (0.83–1.01)
0.98 (0.89–1.08)
0.56

1016/1898
275/563
638/1185

1.56 (1.44–1.68)
1.41 (1.22–1.64)
1.39 (1.26–1.53)

1.16 (1.07–1.26)
1.10 (0.95–1.28)
1.07 (0.97–1.19)
0.46

Gleason score††
≤6¶
7¶
≥8¶
Unknown¶
P value**

10 373/37 563
11 356/40 827
8583/26 754
3708/13 179

222/641
463/1323
953/2743
296/992

0.91 (0.78–1.07)
1.06 (0.95–1.18)
1.00 (0.93–1.08)
0.87 (0.76–0.99)

0.82 (0.70–0.97)
0.94 (0.84–1.05)
0.98 (0.90–1.06)
0.87 (0.76–0.99)
0.16

528/1003
553/1004
588/1057
260/582

1.50 (1.34–1.66)
1.55 (1.40–1.72)
1.48 (1.34–1.65)
1.38 (1.19–1.60)

1.12 (1.00–1.25)
1.15 (1.03–1.29)
1.17 (1.05–1.31)
1.05 (0.90–1.23)
0.68

Primary prostate cancer therapy‡‡
Brachytherapy¶
Radical prostatectomy¶
Radiotherapy, <30 rounds¶
Radiotherapy, ≥30 rounds¶
Endocrine therapy¶
No therapy¶
P value**

1729/6573
4842/30 787
2250/7226
2944/10 109
6007/14 944
16 250/48 682

18/38
18/115
227/804
40/144
707/1942
924/2656

1.67 (0.95–2.95)
0.93 (0.57–1.54)
0.96 (0.83–1.12)
0.86 (0.60–1.24)
0.91 (0.83–0.99)
0.97 (0.90–1.05)

1.81 (1.02–3.20)
1.10 (0.67–1.83)
0.91 (0.78–1.06)
1.13 (0.79–1.63)
0.92 (0.84–1.01)
0.98 (0.91–1.07)
0.19

46/81
66/262
136/267
66/168
467/834
1148/2034

2.06 (1.43–2.98)
1.53 (1.17–2.01)
1.50 (1.21–1.86)
1.38 (1.04–1.85)
1.27 (1.14–1.43)
1.51 (1.41–1.63)

1.62 (1.11–2.35)
1.25 (0.95–1.65)
1.12 (0.90–1.39)
1.14 (0.85–1.52)
1.01 (0.89–1.13)
1.16 (1.07–1.26)
0.13

HR = hazard ratio.
* Excluding deaths in the year after prostate cancer diagnosis.
† Adjusted for age at diagnosis and calendar period of diagnosis.
‡ Additional adjustments for clinical stage; Gleason score; primary prostate cancer therapy; postdiagnosis use (≥2 prescriptions) of nonaspirin
nonsteroidal anti-inﬂammatory drugs, 5␣-reductase inhibitors, ␣-adrenoreceptor antagonists, statins, nonaspirin antithrombotic agents, antihypertensives, other cardiovascular drugs, insulin, metformin, other oral antidiabetic drugs, psychotropic drugs, proton-pump inhibitors, or antihistamines; medical history of ischemic heart disease, congestive heart failure, cerebrovascular disease, atrial ﬁbrillation or atrial ﬂutter, diabetes
mellitus, chronic obstructive pulmonary disease, or moderate to severe kidney disease; education level; income; marital status; and residence.
§ <2 prescriptions ﬁlled within 1 y after prostate cancer diagnosis.
兩兩 ≥2 prescriptions ﬁlled within 1 y after prostate cancer diagnosis.
¶ Postdiagnosis low-dose aspirin use vs. nonuse within 1 y after prostate cancer diagnosis.
** Likelihood ratio test with overall model of postdiagnosis low-dose aspirin use vs. nonuse as the alternative model.
†† Highest recorded Gleason score value preceding or within 6 mo after prostate cancer diagnosis.
‡‡ Primary prostate cancer therapy recorded within 1 y after diagnosis.

(Appendix Table 3, available at Annals.org). No major
variation in HRs was observed when continued use (before and after diagnosis) was stratiﬁed by cumulative
amount used before diagnosis. In analyses accounting
for competing risk from other causes of death, associations were similar to those in the main analysis, although the inverse association among patients with
Gleason scores of 6 or lower was slightly attenuated.
The inverse associations persisted in the 5- and 7.5year analyses (results not shown). Analyses that used
multiple imputation of missing values showed results
similar to those of the original approach for both the
main and secondary analyses (results not shown).

DISCUSSION
In our nationwide study of patients with prostate
cancer in Denmark, we did not ﬁnd convincing evidence of an overall protective effect of postdiagnosis
low-dose aspirin use on prostate cancer mortality. However, an inverse association between postdiagnosis
6 Annals of Internal Medicine
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low-dose aspirin use and prostate cancer mortality was
seen among patients with low Gleason scores (≤6). In
contrast, we observed no substantial effect measure
modiﬁcation by clinical stage. Including prediagnosis
use of low-dose aspirin did not substantially inﬂuence
the associations. In secondary analyses with postdiagnosis exposure periods and conditioned survival of 5
and 7.5 years, we observed a slight reduction in prostate cancer mortality with postdiagnosis low-dose aspirin use in the 5-year analysis; a somewhat greater reduction was seen in the 7.5-year analysis, notably
among patients with long-term or high cumulative use
of low-dose aspirin. Postdiagnosis low-dose aspirin use
was associated with slightly increased other-cause mortality in most analyses. However, the ﬁndings for prostate cancer mortality persisted in the analyses that accounted for competing risk from other causes of death.
Although some earlier studies supported an inverse
association between postdiagnosis aspirin use and prostate cancer mortality (7, 9, 11, 15), others observed either
Annals.org
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null results (8, 12–14) or, as in 1 study, increased mortality
(10). Recently, researchers using data from the Physicians'
Health Study in the United States reported that current
postdiagnosis aspirin use was associated with 32% and
28% reductions in lethal prostate cancer (metastatic disease or prostate cancer death) and all-cause mortality, respectively, among 3462 patients with nonmetastatic disease (7). Likewise, another U.S. study reported that
postdiagnosis aspirin use was associated with a 57% reduction in prostate cancer mortality among 5955 patients
with localized disease who had radical prostatectomy or

radiotherapy (15). In contrast, we did not observe an apparent reduction in prostate cancer mortality associated
with postdiagnosis low-dose aspirin use during the ﬁrst
year after diagnosis. Although this ﬁnding is in line with
several studies reporting null results (8, 12–14), our secondary analyses did reveal slightly reduced prostate cancer mortality associated with postdiagnosis low-dose aspirin use for exposure periods of 5 or 7.5 years after
prostate cancer diagnosis. These results may indicate that
a potential effect of low-dose aspirin use on prostate cancer mortality requires several years to appear. On the ba-

Table 3. Associations Between Postdiagnosis Low-Dose Aspirin Use and Prostate Cancer or Other-Cause Mortality, by Use
Within 5 or 7.5 Years After Prostate Cancer Diagnosis
Postdiagnosis Low-Dose
Aspirin Use

5-y analysis‡
Nonuse§
Use兩兩
Duration of use
1–365 d
366–1095 d
≥1096 d
P value¶
Total number of tablets
1–365
366–1095
≥1096
P value¶
Tablet strength
75–100 mg only
150 mg only
Mixed use
P value¶
7.5-y analysis**
Nonuse§
Use兩兩
Duration of use
1–365 d
366–1095 d
≥1096 d
P value¶
Total number of tablets
1–365
366–1095
≥1096
P value¶
Tablet strength
75–100 mg only
150 mg only
Mixed use
P value¶

Patients, n

PersonYears

Prostate Cancer Mortality

Other-Cause Mortality

Events, n

Minimally
Adjusted HR
(95% CI)*

Fully
Adjusted HR
(95% CI)†

Events, n

Minimally
Adjusted HR
(95% CI)*

Fully
Adjusted HR
(95% CI)†

11 714
6311

60 716
21 045

1502
960

Reference
0.99 (0.91–1.07)

Reference
0.91 (0.83–1.01)

1264
1206

Reference
1.43 (1.32–1.55)

Reference
1.06 (0.96–1.16)

622
1253
4436

2668
4566
13 812

98
190
672

1.03 (0.84–1.26)
0.99 (0.85–1.15)
0.98 (0.89–1.07)

0.94 (0.76–1.16)
0.89 (0.76–1.04)
0.92 (0.82–1.02)
0.89

135
237
834

1.57 (1.31–1.87)
1.39 (1.21–1.59)
1.42 (1.30–1.56)

1.13 (0.94–1.36)
1.04 (0.90–1.21)
1.05 (0.94–1.16)
0.70

557
1521
4233

2441
5488
13 117

92
227
641

1.08 (0.88–1.34)
0.97 (0.84–1.11)
0.98 (0.89–1.08)

0.92 (0.74–1.14)
0.92 (0.79–1.07)
0.91 (0.82–1.02)
0.99

110
292
804

1.41 (1.16–1.71)
1.43 (1.26–1.62)
1.44 (1.31–1.57)

1.06 (0.87–1.30)
1.08 (0.94–1.23)
1.05 (0.94–1.16)
0.92

4807
794
710

15 307
3098
2641

637
162
161

0.98 (0.89–1.08)
0.97 (0.82–1.14)
1.03 (0.87–1.21)

0.90 (0.81–1.00)
0.91 (0.77–1.08)
0.99 (0.83–1.18)
0.57

803
200
203

1.37 (1.26–1.50)
1.48 (1.28–1.72)
1.66 (1.43–1.92)

1.03 (0.93–1.14)
1.13 (0.96–1.32)
1.09 (0.93–1.28)
0.51

5440
3523

27 961
10 307

578
453

Reference
0.91 (0.81–1.04)

Reference
0.84 (0.72–0.97)

542
615

Reference
1.43 (1.27–1.60)

Reference
1.08 (0.93–1.24)

302
529
2692

1239
1727
7340

49
71
333

1.26 (0.94–1.68)
1.07 (0.83–1.37)
0.85 (0.74–0.98)

1.11 (0.82–1.50)
0.87 (0.67–1.14)
0.79 (0.67–0.93)
0.10

40
104
471

1.04 (0.75–1.43)
1.73 (1.40–2.14)
1.42 (1.25–1.60)

0.82 (0.59–1.15)
1.30 (1.04–1.62)
1.06 (0.92–1.24)
0.04

298
655
2570

1249
2132
6926

44
98
311

1.15 (0.84–1.56)
1.17 (0.94–1.45)
0.83 (0.72–0.96)

0.96 (0.70–1.31)
1.03 (0.82–1.30)
0.77 (0.65–0.91)
0.03

42
118
455

1.13 (0.83–1.55)
1.53 (1.26–1.87)
1.43 (1.26–1.63)

0.92 (0.67–1.27)
1.20 (0.97–1.48)
1.06 (0.91–1.24)
0.30

2629
357
537

7426
1201
1680

291
59
103

0.89 (0.77–1.02)
0.88 (0.67–1.15)
1.03 (0.83–1.27)

0.81 (0.68–0.95)
0.85 (0.64–1.13)
0.92 (0.73–1.17)
0.52

415
74
126

1.39 (1.22–1.58)
1.40 (1.10–1.79)
1.57 (1.29–1.91)

1.06 (0.91–1.23)
1.10 (0.85–1.43)
1.12 (0.90–1.39)
0.86

HR = hazard ratio.
* Adjusted for age at diagnosis and calendar period of diagnosis.
† Additional adjustments for clinical stage; Gleason score; primary prostate cancer therapy; postdiagnosis use (≥2 prescriptions) of nonaspirin
nonsteroidal anti-inﬂammatory drugs, 5␣-reductase inhibitors, ␣-adrenoreceptor antagonists, statins, nonaspirin antithrombotic agents, antihypertensives, other cardiovascular drugs, insulin, metformin, other oral antidiabetic drugs, psychotropic drugs, proton-pump inhibitors, or antihistamines; medical history of ischemic heart disease, congestive heart failure, cerebrovascular disease, atrial ﬁbrillation or atrial ﬂutter, diabetes
mellitus, chronic obstructive pulmonary disease, or moderate to severe kidney disease; education level; income; marital status; and residence.
‡ Follow-up began 5 y after prostate cancer diagnosis. Postdiagnosis drug use and comorbidity were assessed up to this 5-y baseline. Deaths within
5 y after prostate cancer diagnosis were excluded.
§ <2 prescriptions ﬁlled after prostate cancer diagnosis.
兩兩 ≥2 prescriptions ﬁlled after prostate cancer diagnosis.
¶ Likelihood ratio test with overall model of postdiagnosis low-dose aspirin use vs. nonuse as the alternative model.
** Follow-up began 7.5 y after prostate cancer diagnosis. Postdiagnosis drug use and comorbidity were assessed up to this 7.5-y baseline. Deaths
within 7.5 y after prostate cancer diagnosis were excluded.
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sis of secondary analysis of cardiovascular disease prevention trials, Rothwell and colleagues (5) suggested that
aspirin use may have a delayed effect on cancer mortality.
If so, it might explain our ﬁnding that patients who received their diagnosis late in the study period did not
have a decrease in prostate cancer mortality associated
with postdiagnosis low-dose aspirin use.
In a study based on data from the Finnish Prostate
Cancer Screening Trial, postdiagnosis aspirin use was
associated with a statistically nonsigniﬁcant reduction in
prostate cancer mortality, and the decrease tended to
be greater with longer use but not with a higher cumulative amount of aspirin (9). In contrast, no duration–
response trend was observed in the Physicians' Health
Study (7), and effects of cumulative aspirin doses were
not evaluated in the U.S. studies (7, 15). We found a
slightly larger reduction in prostate cancer mortality
among patients with long-term or high cumulative lowdose aspirin use in the 7.5-year analysis. However, no
apparent trends according to the duration of low-dose
aspirin use or the cumulative amount used were seen in
the 5-year analysis. The reason for these differing results remains elusive. Additional studies are needed to
determine whether a speciﬁc timing or duration of
postdiagnosis low-dose aspirin use is necessary to reduce prostate cancer mortality.
Two U.S. studies (11, 15) reported an improved
prostate cancer prognosis associated with postdiagnosis aspirin use notably among patients with high-risk
disease. In contrast, we observed a reduction in prostate cancer mortality among patients with low Gleason
scores at diagnosis. These apparently conﬂicting results
may be explained partly by differences in the study
populations. The U.S. studies (11, 15) included only patients with nonmetastatic prostate cancer, who make up
the vast majority of patients with prostate cancer in the
United States because of broad implementation of
prostate-speciﬁc antigen screening (42). In contrast,
Denmark had no general screening program during
the study period; thus, the stage distributions were
markedly different between patients in the United
States and those in Denmark (43). In pooled analyses of
trials of daily aspirin use for cardioprotection, Rothwell
and colleagues (4) observed the greatest reduction in
adenocarcinoma mortality among patients without metastases at diagnosis. This ﬁnding is compatible with
the hypothesis that aspirin might reduce the risk for
metastatic spread by platelet inactivation (24). Thus, the
inﬂuence of aspirin use may depend on the extent of
disease at drug initiation, which may explain our ﬁndings regarding Gleason scores, because tumors with
low Gleason scores generally have not metastasized at
diagnosis. Contrary to this explanation, we observed no
substantial variation based on clinical stage or primary
prostate cancer therapy. The inﬂuence of therapy and
clinical stage on the associations warrants additional
studies with more detailed information on therapeutic
measures for prostate cancer than was available in our
registry-based study.
Our study had several strengths. The large study
population ensured high statistical precision. The com8 Annals of Internal Medicine

Downloaded from https://annals.org by guest on 03/26/2019

Low-Dose Aspirin Use and Prostate Cancer Mortality

prehensive registry data on prostate cancer diagnosis,
clinical measures, drug use, comorbidity, socioeconomic factors, and cause of death allowed detailed
analyses of low-dose aspirin use and prostate cancer
and other-cause mortality, with complete follow-up and
broad adjustment for prognostic factors. The nationwide registry approach minimized selection bias and
misclassiﬁcation. The histologic veriﬁcation of prostate
cancer provided high case validity.
Our study also had some limitations. Confounding
by indication was a potential challenge, because lowdose aspirin is used almost exclusively for cardioprotection, and cardiovascular mortality thus constituted
an event competing with prostate cancer death. Therefore, patients who used low-dose aspirin after their diagnosis might have been prone to a higher risk for
death from cardiovascular disease than from prostate
cancer. In our minimally adjusted analyses, postdiagnosis
low-dose aspirin use was indeed associated with increased other-cause mortality, which was attenuated after
multivariable adjustment for the available prognostic factors. When we accounted for competing risk, the results
for prostate cancer mortality were consistent with those of
the main, 5-year, and 7.5-year analyses, although the inverse association observed among patients with low
Gleason scores was slightly attenuated.
In addition, our results might have been affected
by residual confounding due to misclassiﬁed or unmeasured prognostic factors. Of note, data on lifestyle factors were not available in the Danish registries. High
body mass index and smoking have been associated
with an impaired prostate cancer prognosis (44, 45)
and increased risk for cardiovascular disease (46). Lack
of information on these factors may have confounded
our results but, if so, probably attenuated the associations. Another concern was patients with cancer of unknown clinical stage (26.6%). In an earlier study, we
found that unknown stage—as deﬁned by the tumor,
node, metastasis (TNM) classiﬁcation system (47)—was
associated with advanced age and comorbidity (48). Although we adjusted for age, Gleason score, and comorbid conditions, we cannot exclude a potential imbalance in prognostic factors due to the missing
information on clinical stage. Finally, information on
Gleason scores and nonsurgical prostate cancer therapy was incomplete in the ﬁrst part of the study period;
however, we do not believe these missing data are
likely to be associated with postdiagnosis low-dose aspirin use. Furthermore, the results of the analyses using
multiple imputation of missing values were similar to
those of the main and secondary analyses.
Another limitation was potential exposure misclassiﬁcation due to a lack of information on over-thecounter aspirin use. Most low-dose aspirin is obtained
by prescription in Denmark (36), and any misclassiﬁcation would most likely be nondifferential, leading to attenuation of the associations. In contrast, high-dose aspirin is primarily purchased over the counter; however,
preparations of high-dose aspirin are used predominantly for short-term treatment of transient pain (36)
and, as such, probably did not inﬂuence our results maAnnals.org
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terially. In addition, we used prescription data to estimate low-dose aspirin use; therefore, nonadherence
may have resulted in some misclassiﬁcation of longterm aspirin use. However, in a Danish validation
study, the correspondence between the date of general
practitioner–reported use of low-dose aspirin and the timing of prescription dispensing at pharmacies (within ±90
days) was high (93%) (49). Moreover, nonadherence to
low-dose aspirin prescriptions probably would have
driven the associations toward unity.
Finally, potential misclassiﬁcation of cause of death
may have inﬂuenced our results. However, in a study
including a small sample of patients with prostate cancer in Denmark (50), we compared causes of death reported in hospital records with information in the Danish Registry of Causes of Death (30) and found good
correspondence (7% misclassiﬁcation).
In conclusion, our study did not support an overall
effect of postdiagnosis low-dose aspirin use on prostate cancer mortality. However, our results suggest that
low-dose aspirin use might be inversely associated with
prostate cancer mortality after 5 years from cancer
diagnosis.
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APPENDIX: DATA SOURCES, IDENTIFICATION OF
COVARIATES, AND ADDITIONAL RESULTS
Data Sources
The Danish National Health Service provides taxsupported health care to all residents, guaranteeing
uniform access to general practitioners and hospitals,
and partial reimbursement for prescribed medications
(25). Information on demographic and health-related
issues is available in registries covering the entire Danish population (41). Unambiguous linkage of individuallevel data is secured by use of the unique civil registration number assigned to all Danish residents by the
Danish Civil Registration System (25).
The Danish Cancer Registry (26) contains accurate
and nearly complete information on incident cancer in
Denmark since 1943. Cancer diagnoses are recorded
according to the International Classiﬁcation of Diseases, 10th Revision (ICD-10), and the International
Classiﬁcation of Diseases for Oncology, Third Edition, is
used to code histologic details. The cancer data also
include details on clinical stage, recorded as localized,
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regional, distant, or unknown, until 2003 and according
to the TNM system from 2004 to the present (26, 47).
The Danish Pathology Registry (27) contains information on all cytologic and pathologic examinations in
Denmark and became nationwide in 1999. Pathologic
diagnoses are coded according to a Danish version of
the Systematized Nomenclature of Medicine, including
information on Gleason scores for prostate specimens.
The Danish Registry of Causes of Death (30) has
recorded the dates and speciﬁc causes of death for the
entire Danish population since 1875. Causes of death
have been classiﬁed according to the ICD-10 since
1994.
The Danish National Prescription Registry (28)
holds detailed information on all drug prescriptions
dispensed at Danish pharmacies since 1995. Each prescription record includes the date of dispensing, type
of drug according to the Anatomical Therapeutic
Chemical classiﬁcation system (51), and quantity of
drug dispensed. The drug quantity is given as the number of units (for example, tablets), strength, and number of deﬁned daily doses (average maintenance dose
per day) (51). Dosing schedules and indications are not
recorded, and individual-level information on drug use
in the hospital setting is not available.
The Danish National Patient Registry (29) has recorded all nonpsychiatric hospital admissions since
1977 and all outpatient contacts and psychiatric admissions since 1995. Each record includes information on
the date of admission, discharge, or contact; diagnoses; and associated diagnostic procedures, surgical
procedures, or medical therapy. Diagnoses were recorded according to the ICD-8 until 1993 and the
ICD-10 from 1994 to the present. Surgical or diagnostic
procedures have been coded according to a Danish
version of the Nordic Medico-Statistical Committee
classiﬁcation since 1996 (29).
Statistics Denmark is a governmental institution
that manages registries with information on a large variety of characteristics of all Danish residents, including
socioeconomic parameters (41). The Danish Population
Education Registry (31) contains annually updated information on the highest education level achieved. The
Danish registries on personal income and transfer payments (32) hold data on income and allowances of the
Danish population since 1976.
The Danish Civil Registration System (25) has maintained continuously updated information on addresses,
marital status, migration, and deaths for all Danish residents since 1968.
Data on Covariates
Covariates were selected a priori on the basis of
current evidence on prognostic factors for prostate
cancer (50, 52–55) and data available from the nationwide registries (25, 28, 29, 31, 32).
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From the Danish National Prescription Registry
(28), we retrieved all prescriptions for high-dose aspirin, nonaspirin nonsteroidal anti-inﬂammatory drugs,
5␣-reductase inhibitors, ␣-adrenoreceptor antagonists,
statins, nonaspirin antithrombotic agents, antihypertensives, other cardiovascular drugs, insulin, metformin,
other oral antidiabetic drugs, psychotropic drugs,
proton-pump inhibitors, and antihistamines. We deﬁned postdiagnosis use of concomitant drugs as 2 or
more prescriptions to reduce the inﬂuence of potential
nonadherence.
From the Danish National Patient Registry (29), we
retrieved information on comorbid conditions before
and after the prostate cancer diagnosis, including diagnoses of ischemic heart disease, congestive heart failure, cerebrovascular disease, atrial ﬁbrillation or atrial
ﬂutter, diabetes mellitus, chronic obstructive pulmonary disease, moderate to severe kidney disease, and
moderate to severe liver disease.
We obtained information on highest education
level achieved and gross earnings at the time of the
prostate cancer diagnosis from the education and income registries within Statistics Denmark (31, 32). Education level was categorized as basic/high school, vocational, higher education (short, medium, or long), or

Annals of Internal Medicine

Downloaded from https://annals.org by guest on 03/26/2019

unknown; income was categorized as low, medium, or
high, according to approximate tertiles of the gross
earnings of all patients.
Finally, from the Danish Civil Registration System
(25), we retrieved information on marital status (married, widowed, divorced, or unknown) and residence (5
regions) at the time of prostate cancer diagnosis.
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Appendix Table 1. List of Codes for Prostate Cancer Diagnosis, Prostate Cancer Stage, Drug Use, Selected Chronic Diseases
(Comorbid Conditions), and Prostate Cancer Therapy
Danish Cancer Registry
Prostate Cancer Diagnosis and Morphology

Codes

ICD-10
ICD-O-3

C61.9
M81403—adenocarcinoma

Stage
Localized: classiﬁcation until 2003
Localized: TNM codes, after 2003

Codes
Localized
T1–4,x; N0; M0
T1–2; N0,x; M0,x
Regional, distant
T1–4,x; N1–3; M0,x
T1–4,x; N0–3,x; M1

Nonlocalized: classiﬁcation until 2003
Nonlocalized: TNM codes, after 2003

Danish National Prescription Registry
Drugs
Aspirin—low-dose
Other drugs (covariates)
Aspirin—high-dose
Nonaspirin nonsteroidal anti-inﬂammatory drugs
5␣-Reductase inhibitors
␣-Adrenoreceptor antagonists
Statins
Nonaspirin antithrombotic agents
Antihypertensives
Other cardiovascular drugs
Insulin
Metformin
Other oral antidiabetic drugs
Psychotropic drugs
Proton-pump inhibitors
Antihistamines

Anatomical Therapeutic Chemical Classiﬁcation Codes
B01AC06 (75 mg, 100 mg, or 150 mg per tablet), N02BA01 (100 mg or 150 mg per tablet)
N02BA01 (500 mg per tablet), N02BA51 (500 mg per tablet)
M01A, excluding M01AX
D11AX10, G04CB01, G04CB02
G04CA (excl. G04CA52*)
C10AA, C10BA
B01AA, B01AB, B01AC04, B01AC07, B01AC22, B01AC24, B01AC30, B01AE, B01AF
C02, C03, C07, C08, C09
C01
A10A
A10BA02, A10BD (excl. A10BD04, A10BD09)
A10BB, A10BC, A10BD04, A10BD09, A10BF, A10BG, A10BH, A10BX
N05, N06A
A02BC
R06A
Danish National Patient Registry

Chronic Diseases (Comorbid Conditions)
ICD-8 (1977–1993)
Ischemic heart disease
Congestive heart failure
Cerebrovascular disease
Atrial ﬁbrillation or atrial ﬂutter
Diabetes mellitus
Chronic obstructive pulmonary disease
Moderate to severe kidney disease
Moderate to severe liver disease
ICD-10 (1994–present)
Ischemic heart disease
Congestive heart failure
Cerebrovascular disease
Atrial ﬁbrillation or atrial ﬂutter
Diabetes mellitus
Chronic obstructive pulmonary disease
Moderate to severe kidney disease
Moderate to severe liver disease
Prostate Cancer Therapy
Brachytherapy
Radical prostatectomy
External radiotherapy
Endocrine therapy
Hormonal and antihormonal antineoplastic treatment
Bilateral orchiectomy
Chemotherapy

Codes
410–414
427.09, 427.10, 427.11, 427.19, 428.99, 782.49
430–438
427.93, 427.94
249, 250
491–492
403, 404, 580–583, 584, 590.09, 593.19, 753.10–753.19, 792
070.00, 070.02, 070.04, 070.06, 070.08, 573.00, 456.00–456.09
I20–I25
I50, I11.0, I13.0, I13.2
I60–I69, G45, G46
I48
E10–E14
J41–J44
I12, I13, N00–N05, N07, N11, N14, N17–N19, Q61
B15.0, B16.0, B16.2, B19.0, K70.4, K72, K76.6, I85
SKS Codes†
BWGE, KKEV30
KKEC
BWGC
BWHC
KKFC10, KKFC13
BWHA

ICD = International Classiﬁcation of Diseases; ICD-O = International Classiﬁcation of Diseases for Oncology; TNM = tumor, node, metastasis.
* Combination of tamsulosin and dutasteride; negligible use among Danish men in the study period (37).
† Health Care Classiﬁcation System codes used in the Danish National Patient Registry (29).
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Appendix Figure. Categorization of patients with
prostate cancer according to primary prostate cancer
therapy received in the year after prostate cancer
diagnosis.

All patients (n = 29 136)
Brachytherapy (n = 1441)

Radical prostatectomy (n = 5302)

Radiotherapy (n = 4447)
<30 rounds: 2296
≥30 rounds: 2151
Endocrine therapy (n = 5612)
No therapy (n = 12 334)
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Appendix Table 2. Associations Between Postdiagnosis Low-Dose Aspirin Use and Prostate Cancer or Other-Cause Mortality,
by Age at Diagnosis, Calendar Period of Diagnosis, and Postdiagnosis Statin Use
Variable

Person-Years*

Prostate Cancer Mortality†
Events, n*

Other-Cause Mortality†

Minimally
Adjusted HR
(95% CI)‡*

Fully
Adjusted HR
(95% CI)§*

Events, n*

Minimally
Adjusted HR
(95% CI)‡*

Fully
Adjusted HR
(95% CI)§*

Age at diagnosis
36–54 y
55–64 y
65–74 y
75–84 y
≥85 y
P value兩兩

225/4233
5496/34 565
16 065/53 629
10 655/23 343
1580/2552

6/128
166/988
651/2127
876/2008
235/448

0.87 (0.38–1.96)
1.09 (0.93–1.29)
1.07 (0.98–1.16)
0.91 (0.84–0.99)
0.80 (0.69–0.94)

0.66 (0.29–1.51)
0.89 (0.75–1.06)
0.99 (0.91–1.09)
0.96 (0.88–1.05)
0.85 (0.73–1.00)
0.37

6/26
98/454
633/1315
949/1550
243/301

4.30 (1.77–10.44)
1.39 (1.12–1.73)
1.69 (1.53–1.86)
1.40 (1.29–1.52)
1.24 (1.05–1.47)

2.85 (1.13–7.16)
0.97 (0.77–1.21)
1.23 (1.11–1.37)
1.07 (0.98–1.16)
1.11 (0.94–1.32)
0.03

Calendar period of diagnosis
2000–2003
2004–2007
2008–2011
P value兩兩

6957/29 578
13 604/45 039
13 461/43 705

628/2355
755/2049
551/1295

0.97 (0.89–1.06)
0.99 (0.91–1.08)
1.10 (0.99–1.22)

0.92 (0.83–1.01)
0.93 (0.85–1.02)
1.09 (0.98–1.21)
0.02

542/1301
784/1408
603/937

1.44 (1.30–1.60)
1.43 (1.30–1.56)
1.64 (1.47–1.81)

1.05 (0.94–1.17)
1.11 (1.01–1.22)
1.27 (1.14–1.42)
0.03

Postdiagnosis statin use
Nonuse¶
Use**
P value兩兩

16 156/103 267
17 864/15 055

1144/5196
790/503

1.04 (0.97–1.11)
1.00 (0.89–1.12)

0.96 (0.90–1.03)
0.92 (0.82–1.04)
0.57

1133/3189
796/457

1.60 (1.49–1.71)
1.22 (1.09–1.37)

1.17 (1.08–1.26)
1.05 (0.93–1.18)
0.12

HR = hazard ratio.
* Postdiagnosis low-dose aspirin use vs. nonuse within 1 y after prostate cancer diagnosis.
† Excluding deaths in the year after prostate cancer diagnosis.
‡ Adjusted for age at diagnosis and calendar period of diagnosis. In analyses stratiﬁed by age at diagnosis or calendar period of diagnosis, no
adjustment was made for the stratifying variable.
§ Additional adjustments for clinical stage; Gleason score; primary prostate cancer therapy; postdiagnosis use (≥2 prescriptions) of nonaspirin
nonsteroidal anti-inﬂammatory drugs, 5␣-reductase inhibitors, ␣-adrenoreceptor antagonists, statins, nonaspirin antithrombotic agents, antihypertensives, other cardiovascular drugs, insulin, metformin, other oral antidiabetic drugs, psychotropic drugs, proton-pump inhibitors, or antihistamines; medical history of ischemic heart disease, congestive heart failure, cerebrovascular disease, atrial ﬁbrillation or atrial ﬂutter, diabetes
mellitus, chronic obstructive pulmonary disease, or moderate to severe kidney disease; education level; income; marital status; and residence.
兩兩 Likelihood ratio test with overall model of postdiagnosis low-dose aspirin use vs. nonuse as the alternative model.
¶ <2 statin prescriptions ﬁlled within 1 y after prostate cancer diagnosis.
** ≥2 statin prescriptions ﬁlled within 1 y after prostate cancer diagnosis.

Appendix Table 3. Associations Between Postdiagnosis Low-Dose Aspirin Use and Prostate Cancer or Other-Cause Mortality,
by Prediagnosis Low-Dose Aspirin Use
Low-Dose Aspirin Use

No prediagnosis use§ or postdiagnosis use兩兩
Prediagnosis use§ only
Postdiagnosis use兩兩 only (new users)
Prediagnosis use§ and postdiagnosis use兩兩
P value¶
Prediagnosis use§ and postdiagnosis use兩兩
1–999 tablets prediagnosis**
≥1000 tablets prediagnosis**

Person-Years

Prostate Cancer Mortality*

Other-Cause Mortality*

Events, n Minimally
Adjusted HR
(95% CI)†

Fully
Adjusted HR
(95% CI)‡

Events, n Minimally
Adjusted HR
(95% CI)†

110 408
7914
4712
29 309

5198
501
314
1620

Reference
1.11 (1.01–1.22)
1.11 (0.99–1.24)
0.95 (0.90–1.01)

Reference
3208
1.08 (0.98–1.19)
438
1.01 (0.90–1.13)
265
0.95 (0.89–1.02) 1664
0.21

9692
19 618

528
1092

0.88 (0.80–0.96) 0.92 (0.84–1.02)
544
1.00 (0.93–1.06) 0.97 (0.90–1.05) 1120

Reference
1.49 (1.35–1.65)
1.51 (1.33–1.71)
1.55 (1.46–1.65)

Fully
Adjusted HR
(95% CI)‡
Reference
1.11 (1.00–1.23)
1.18 (1.03–1.34)
1.14 (1.06–1.23)
0.15

1.52 (1.39–1.67) 1.15 (1.04–1.27)
1.56 (1.46–1.68) 1.14 (1.05–1.23)

HR = hazard ratio.
* Excluding deaths in the year after prostate cancer diagnosis.
† Adjusted for age at diagnosis and calendar period of diagnosis.
‡ Additional adjustments for clinical stage; Gleason score; primary prostate cancer therapy; postdiagnosis use (≥2 prescriptions) of nonaspirin
nonsteroidal anti-inﬂammatory drugs, 5␣-reductase inhibitors, ␣-adrenoreceptor antagonists, statins, nonaspirin antithrombotic agents, antihypertensives, other cardiovascular drugs, insulin, metformin, other oral antidiabetic drugs, psychotropic drugs, proton-pump inhibitors, or antihistamines; medical history of ischemic heart disease, congestive heart failure, cerebrovascular disease, atrial ﬁbrillation or atrial ﬂutter, diabetes
mellitus, chronic obstructive pulmonary disease, or moderate to severe kidney disease; education level; income; marital status; and residence.
§ ≥2 prescriptions ﬁlled within 5 y before prostate cancer diagnosis.
兩兩 ≥2 prescriptions ﬁlled within 1 y after prostate cancer diagnosis.
¶ Likelihood ratio test with overall model of postdiagnosis low-dose aspirin use vs. nonuse as the alternative model.
** Total number of tablets dispensed within 5 y before prostate cancer diagnosis, among users with pre- and postdiagnosis use.
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