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Purpose

Experimental evidence suggests that anticoagulants (ACs) may inhibit cancer growth and
metastasis, but clinical data have been limited. We investigated whether use of ACs was
associated with the risk of death from prostate cancer.

Patients and Methods

This study comprised 5,955 men in the Cancer of the Prostate Strategic Urologic Research
Endeavor database with localized adenocarcinoma of the prostate treated with radical prostatec-
tomy (RP) or radiotherapy (RT). Of them, 2,175 (37%) were receiving ACs (warfarin, clopidogrel,
enoxaparin, and/or aspirin). The risk of prostate cancer-specific mortality (PCSM) was compared
between the AC and non-AC groups.

Results

After a median follow-up of 70 months, risk of PCSM was significantly lower in the AC group
compared with the non-AC group (3% v 8% at 10 years; P < .01). The risks of disease recurrence
and bone metastasis were also significantly lower. In a subgroup analysis by clinical risk category,
the reduction in PCSM was most prominent in patients with high-risk disease (4% v 19% at 10
years; P < .01). The benefit from AC was present across treatment modalities (RT or RP). Analysis
by type of AC medication suggested that the PCSM reduction was primarily associated with
aspirin. Multivariable analysis indicated that aspirin use was independently associated with a lower

risk of PCSM (adjusted hazard ratio, 0.43; 95% Cl, 0.21 to 0.87; P = .02).

Conclusion

AC therapy, particularly aspirin, was associated with a reduced risk of PCSM in men treated with
RT or RP for prostate cancer. The association was most prominent in patients with

high-risk disease.

J Clin Oncol 30:3540-3544. © 2012 by American Society of Clinical Oncology

The association between cancer and the coagulation
system is widely recognized. Patients with cancer are
prone to develop thromboembolism, ' and patients
diagnosed with idiopathic venous thrombosis are at
increased risk of developing cancer.> In addition to
the correlative evidence, there are substantial exper-
imental data that suggest that the coagulation system
is implicated in multiple cancer pathways, including
tumor proliferation, angiogenesis, apoptosis, and
metastasis.” ' Several clinical studies have been con-
ducted to test whether cancer development and
treatment outcomes can be modified by medica-
tions interfering with the coagulation pathway."*®
However, perhaps because of the heterogeneity in
cancer types and stages in these trials, findings have
been conflicting and inconclusive.

For prostate cancer, the potential use of antico-
agulants (ACs) for anticancer purposes is of partic-
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ular interest. Prostate cancer is the most common
noncutaneous malignancy in men, and because
prostate cancer is typically diagnosed in the elderly, a
significant proportion of patients have comorbidi-
ties that require AC therapy. It is important to un-
derstand whether such therapy can influence disease
outcome and the health care costs related to prostate
cancer treatment and recurrence. Several epidemio-
logic and prospective studies have suggested that AC
medications reduce the incidence of prostate cancer
development.'”""? A recent meta-analysis, which in-
cluded 10 case-control and 14 cohort studies, also
concluded that aspirin had a significant chemopre-
ventive effect on prostate cancer, particularly for
advanced prostate cancer.””

In addition to the possible chemopreventive
effect on prostate cancer, there may be a therapeu-
tic effect on preexisting prostate cancer as well.
In a previous study of patients with prostate can-
cer treated with radiation therapy (RT), those
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undergoing AC therapy (warfarin, clopidogrel, or aspirin) demon-
strated improved biochemical control rates compared with the men
not receiving those medications.”' The rate of distant metastasis was
also lower for men receiving ACs. Although suggestive of an antineo-
plastic effect of these medications, this single-institution study was
limited by a relatively small number of patients who were all treated
with RT only.

The objective of the current study was to explore the association
between ACs and cancer outcome using a multi-institutional registry
of men treated for prostate cancer with either RT or radical prostatec-
tomy (RP). The confirmation of such an association in a larger data set
would add significantly to the existing body of data and support a case
to prospectively test the hypothesis that a fairly well-tolerated medica-
tion such as aspirin could improve disease outcomes for men under-
going therapy for prostate cancer.

Studyeertitipants are enrolled in the Cancer of the Prostz Siral tegic Urologi
Research Endeavor (CaPSURE) Study, a longitudinal, observati f
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Fig 1. Prostate—=amcer-specific mortality (PCSM) by anticoagulant (ACLu=€
Men us#ergoing AC therapy had a 10-year PCSM of 3% compared wst8% for
Tien not taking an AC (P < .01 by log-rank test).

men with biopsy-proven prostate cancer. Patients have been enrolled from 41
institutions nationwide since 1995 and treated according to the usual practices
of their physicians. The database contains diagnostic, clinical, and pathologic
information, as well as patient-reported data from questi ires, adminis-
tered at diagnosis and at regular intervals. Details of the CAPSURE methodol-
ogy and database have been previously published.”

Of 13,821 men in the database at the time of analysis, 8,292 men had
medication information included in the registry. Of these men, 8,084 b
localized adenocarcinoma of the prostate (node-negative, nonmetastatic). A
total of 5,955 patients were treated with primary RT or 22 Radiotherapy
included brachytherapy, external-beam radiotherapzor a combination of
the two.

The primary end point was progt€ cancer-specific mortality (PCSM).
The sources for dates and causesGf death include state-issued death cemﬁ—
cates, National Death Indez;and other sources, such as data reports from lgsi
study coordinatgrz=Disease recurrence (biochemical failure or recejp«of sal-

reference group.
Wealsor

use. In these models, w
dependent exposur: sand upda(ud use during each individual ques-
gommaire cycle to consider changes in usage over time. To minimize the
lpotential for reverse causation to bias the results, the value for the primary
exposure for the last reporting cycle was set to the value of the previous cycle.
Because many patients have comorbid conditions that may influence survival,
a separate multivariable analysis was included using the Fine & Gray compet-
ing risk model. The medication usage status was again considered a time-
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d covariate. Covariables potentially

Sgnostic for PCSM were.
selected a priori and included in all mode#s"Data were analyzed with SAS 9.1
for Windows software (SAS Ips#iite, Cary, NC) and STATA/IC 11>

‘Windows (Statacorp, Colleg€ Station, TX).
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Fig 2. Prostate cancer-specific mortality (PCSM) by the treatment modality. The
improved PCSM in the anticoagulant (AC) group was observed whether patients
were treated with (A) radical prostatectomy or (B) radiotherapy.
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The covariables are not specified here which seems atypical.
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Probably a word count issue, look

Author: iAnnotate User Subject: Highlight Date: 1/25/18, 08:36:08

Author: iAnnotate User Subject: Note  Date: 1/25/18, 08:35:44

Continuous enroliment and the term registry should help indicate this is an open cohort

Author: iAnnotate User Subject: Highlight Date: 1/25/18, 08:36:02

— Author: iAnnotate User Subject: Note Date: 1/25/18, 08:38:45

Typically here, would be good to say if there was an end of study date, or what date was used to censor so-called
“survivors”. It was probably last known date of follow up.

Author: iAnnotate User Subject: Note Date: 1/31/18, 16:14:27

What do folks think about this? Where do prevalent users go? Is there concern regarding mixing
exposure categories that are too heterogeneous?

The underlying biological assumption one is making in doing this is that timing and duration of
usage don’t matter with regards to PCSM and that a single report of usage is the same a say
10yrs of usage.

Also, as discussed in Part 4 of the recorded lecture on PT & Bias and in Dr. Glymour's DAG
lecture (Wk 4 live) - using an exposure variable that requires follow-up time to complete the
exposure definition produces immortal person-time bias.

Note, this was just for the simple KM two group comparisons. They did use time varying exposure
person-time in the Cox models described blow.

Author: iAnnotate User Subject: Highlight Date: 1/25/18, 08:39:33

Author: jchan  Subject: Sticky Note Date: 1/31/18, 16:23:45

It would have been helpful if they clarified here how AC use was classified in these time-varying
exposure analyses... if it was simple updating (current use or not) or some version of the ever/
never. simple updating would avoid the Immortal PT bias issue, whereas | believe ever/never
does not.

the details are shown in Table 4.
Author: iAnnotate User Subject: Note  Date: 1/25/18, 08:44:19

A slightly different approach to dealing with reverse causation than lagging all exposures over follow up time



Choe et al

Table 1. Distribution of Anticoagulant Medication Types (n = 2,175)
Medication No. %
Aspirin 1,817 84
Warfarin 461 21
Clopidogrel 309 14
Enoxaparin 27 1
Combination 439 20
No combination 1,736 80

Patient Characteristics

The study included 5,955 men who were treated with either
RP (n = 4,028, 68%) or RT (n = 1,927, 32%). Among them, 2,175
(37%) were identified as AC users. The majority of the patients
reported their medication usage within the first 2 years (58%), with
the median time to report of 14.0 months. The distribution of the
medication type is shown in Table 1. Aspirin was the most com-
monly used AC (84%), followed by warfarin, clopidogrel, and
enoxaparin. Four hundred thirty-nine patients (20%) were treated
with multiple AC medications, mostly aspirin and another AC
medication. The median age was 64 years (range, 39 to 86 years

with RT, typically consisting of short-term ¢
therapy (= 6 months).
Patient, disease, and treatment ¢

Ag ACs presented with high-risk disease (19% v
4. Men on AC were slightly older (66 v 63 years;

/e reference group (37% v 30%; P < .01).

After a median follow-up time of 70 months, 779 patients died
and had cause of death documented. Among them 193 (25%) died of
prostate cancer and 586 (75%) died of other causes. Within the 779
deceased patients, most of the patients with documented metastasis
died of prostate cancer (92 dead of prostate cancer among 119
with metastases).

Comparison of Unadiji d O by
Anticoagulant Use

When PCSM was compared between the two groups, the AC
group had a significantly lower risk of PCSM. The 7- and 10-year
actuarial PCSM was 1% and 3% in the AC group, compared with 3%
and 8% in the reference group (log-rank P < .01). Kaplan-Meier
curves for PCSM are shown in Figure 1. The use of AC was also
associated with lower risks of disease recurrence and bone metastasis.
The risk of disease recurrence was 24% and 28% at 7 and 10 years in

3542 © 2012 by American Society of Clinical Oncology

Table 2. Patient, Disease, and Treatment Characteristics (n = 5,955)
AC Reference
Characteristics No. % No. % P
No. of patients 2,175 37 3,780 63
Age, years <.01
Median 66 63
Range 42-86 39-85
Follow-up time, months. <01
Median 79.0 63.0
Range 2.0-330.0 1.0-352.0
Gleason score, n = 5,676 24
2-6 1,430 69 2,389
7 507 24
8+ 149 7 8
Initial PSA, ng/mL <.01
Median 6.0
Interquartile range 4594
Clinical T stage, n = 5,659 08
T1-T2a E 72 2,578 72
T2bc 535 26 904 25
T3a-T4 40 2 104 3
Risk category, n 576,633 <.01
857 42 1,464 42
782 39 1.229 35
395 19 806 23
<.01
RT + no ADT 566 26 833 22
RT + ADT = 6 months 165 8 228 6
RT + ADT > 6 months 68 3 67 2
RP 1,376 63 2,652 70
Salvage therapy a2
None 1,821 84 3,099 82
RT 78 4 129 3
Other 276 13 552 15
Abbreviations: AC, anticoagulant; ADT, androgen deprivation therapy; PSA,
prostate-specific antigen; RP, radical prostatectomy; RT, radiotherapy.

the AC group, as compared with 28% and 36% in the reference group
(P < .01). Similarly, the risk of bone metastasis was lower in the AC
group (7- and 10-year risk of 1% and 3% compared with 3% and 6%,
P<.01).

Analysis of Prostate Cancer-Specific Mortality
by Subgroups

To identify a group of patients who may potentially benefit the
most from AC therapy, an exploratory subgroup analysis was
performed. When the entire cohort was divided into three risk
categories, the difference in PCSM between the AC and reference
groups was most prominent in patients with high-risk disease
(10-year PCSM 4% v 19%; log-rank P < .01). Men with
intermediate-risk disease had a modest difference in PCSM with
AC (3% v 6%; P = .01). The difference was not statistically signif-
icant in low-risk patients (10-year PCSM of 2% v 4%, P = .12).
When patients were analyzed by treatment modality (RP or RT),
the improvement in PCSM in the AC group was observed in both
treatment modalities (Fig 2).

Next, we analyzed the types of AC medications for their associa-
tions with PCSM. As shown in Table 3, those taking aspirin, either
alone or with another AC medication, had a significantly lower PCSM,

JOURNAL OF CLINICAL ONCOLOGY

Page: 3

Author: iAnnotate User Subject: Note

Date: 1/25/18, 08:48:40

Here is a demonstration of the oft quoted comment that men diagnosed with prostate Cancer are likely to die with

rather than from their cancer.



Aspirin Is Associated With Lower Prostate Cancer Mortality

Table 3. Unadjusted Rates for PCSM by Type of Medication (n = 5,872)

7 Year 10 Year
Medication Type (%) (%) HR 95% Cl P
None, n = 3,726 3 8 1.00 —
AC, no aspirin, n =350 2 6 056 0.31t01.03 06
Aspirin, n = 1,796 1 2 028 0.19t00.41 <.01

Abbreviations: AC, anticoagulant; HR, hazard ratio; PCSM, prostate cancer—
specific mortality.

compared with the reference group. For those on nonaspirin AC
medications (AC, no aspirin), the difference in PCSM was not as
prominent. These results suggested that aspirin may offer more ben-
efit than other AC medications.

Multivariable Analysis of Anticoagulant Use
Prostate Cancer-Specific Mortality

The association between AC medicatafis and PCSM was further
examined in a Cox proportional kezards regression model with cova-
riates of aspirin use, nonzspitin AC use, initial PSA, Gleason score, T
stage, and treatmert modality (Table 4). The multivariable analysis
#fat use of aspirin was independently associated with lower
258 (HR, 0.43; 95% CI, 0.21 to 0.87). The use of other nonaspirin
AC medications was not significantly associated with PCSM. Gleason
score, clinical T stage, and treatment modality were also significantly
associated with PCSM.

Cumulative incidence analysis was also performed for PCSM,
treating death from other causes as a competing risk (Appendix Table
Al online only). Fine and Gray’s competing risk regression model
continued to demonstrate a significant inverse association between
aspirin use and PCSM (P < .01).

Medications that interfere with the coagulation pathway, or ACs, are
frequently used among patients with prostate cancer, as these patients
are often elderly and have cardiovascular comorbidities. Understand-

Table 4. Multivariable HRs for AC Use and Prostate Cancer-Specific
Mortality Using Cox Proportional Hazards Regression

Covariate Parameter HR 95% Cl P
Aspirin® Yes vno (referent) 043  0.21t00.87 02
AC, no aspirin” Yes vno (referent) 130  0.551t03.06 55
Initial PSA (log) Per ng/mL 128 0.96t01.70 10
Gleason score 2-6 (referent) 1.00 —

7 2.53 1.43104.48 <.01
8-10 589 323t0107 <.01
Clinical T stage T1-T2a (referent) 1.00 —
T2b-c 320 191105635 <.01
T3a-T4 425 17610102 <.01
Treatment modality ~ RP (referent) 1.00 —
RT alone 212 127t0383 <.01
RT + ADT 097 044t02.12 93

Abbreviations: AC, anticoagulant; ADT, androgen deprivation therapy; HR,
hazard ratio; PSA, prostate-specific antigen; RP, radical prostatectomy;
RT, radiotherapy.

“Updated as time-dependent variables.

www.jco.org

ing the potential interaction between prostate cancer and such com-
monly prescribed medications is of significant interest.

Weanalyzed a large registry of 5,955 patients with prostate cancer
to investigate the potential antineoplastic effect of ACs. When PCSM
was compared between the group taking AC medications and those
who were not, PCSM was significantly reduced in the AC group
(10-year PCSM of 3% v 8%; P < .01), particularly in those~vith
high-risk disease (10-year PCSM of 4% v 19%; P_=01). When
different types of AC medications were analyzed, the reduction in
PCSM was primarily associated with~€ use of aspirin, more than
other AC medications. In_mettivariable analysis, use of aspirin was
ith improved PCSM, independently of other

r findings corroborate and strengthen the hypothesis that
aspirin may have chemopreventive and antineoplastic effects. The
existing evidence is most convincing for colorectal cancer,”” but
prostate cancer has been implicated as well.® For example, a large
cohort study of 146,113 patients showed that daily use of aspirin
was associated with a reduced incidence of any malignancy, and
specifically, prostate cancer among men.”” In addition to the che-
mopreventive effect on prostate cancer development, our results suggest
that aspirin may have an antineoplastic effect on preexisting cancer.

The potential mechanism responsible for this finding is not
clear. Carcinogenesis is a complex process involving initial trans-
formation, progression, and metastasis.*® Abundant preclinical
evidence suggests that the coagulation pathway plays a role in
many of the steps during this process.”'? For example, in metasta-
sis, as cancer cells spread hematogenously, they are surrounded by
platelets, which may promote survival and colonization at distant
sites.”’ Studies in mice have shown that deficiency in platelet ag-
gregation substantially attenuates metastasis.”® Aspirin effectively
reduces platelet aggregation, and this may confer protection
against metastasis. Intriguingly, our study showed that the reduc-
tion in PCSM was most prominent among patients with high-risk
disease, who have the highest risk of developing metastasis. More-
over, the rate of bone metastasis was significantly lower in patients
taking anticoagulants. Similar to our results, a recent study in
patients with breast cancer showed a reduction in risk of distant
recurrence and breast cancer deaths with aspirin use.*? Elucidating
the underlying biology and mechanism will help guide optimal
aspirin use in the clinic. For example, there are currently conflict-
ing data with regard to the timing of aspirin use and whether its use
early versus late in carcinogenesis has a differential effect on pros-
tate cancer outcomes.”>** Further studies are warranted.

Although the findings from this study may potentially affect
many patients diagnosed with prostate cancer, there are several caveats
that need to be considered. First, it is possible that men receiving
aspirin or other ACs had more significant comorbidities, and this
competing mortality lowered the chance to observe PCSM in this
group. In an attempt to address this possibility, camulative incidence
analysis was performed, and the association between the use of aspirin
and PCSM remained significant. On the other hand, patients who live
longer may have a greater chance to start on AC medications, whicl
could lead to an overestimation of the effect of these medications o
PCSM. We used time-dependent covariate analysis to minimize this
potential bias. In addition, because of the observational nature of this
study, unforeseen interactions with other variables may have contrib-
uted to the results. For example, it has been suggested that statins

© 2012 by American Society of Clinical Oncology ~ 3543
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might be associated with improved biochemical control after RT in
prostate cancer,” and statins are commonly prescribed together with
anticoagulants (1,459 of 2,175 patients in the AC group of the current
study). Of note, when the use of a statin was included in the multivari-
able analysis, aspirin use continued to be associated with a lower risk of
PCSM (Appendix Table A2, online only). Finally, in this study, the
dosage, duration, and timing of aspirin use were not addressed in
detail. The optimal usage of aspirin, as well as the potential toxicity,
should be addressed in a prospective study.

In a large cohort of men with prostaeTancer treated with radia-

corroborate this association and justify a routine recommendation of
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As mentioned previously, aspirin is recommended in this age group for the prevention of Ml and
colorectal cancer, for those with a >=10% risk of CVD in 10yrs, no increased risk of bleeding,
willing to take low dose aspirin for 10 yrs, and at least a 10 yr life expectancy. https://
www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/
aspirin-to-prevent-cardiovascular-disease-and-cancer?rf=

Given this, it's interesting to consider whether one could do a RCT in adult males with prostate
cancer (i.e., is there equipoise?), what the outcomes would be, and if so, how one might want to
define the study population (e.g., would you exclude those who meet the recommendation above
for taking aspirin for CVD and colorectal cancer prevention, bc that group would not be in
"equipoise").





