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Background

Prostate cancer (PC) is the most common male malignancy 
in the United States with 238 000 cases and 29 720 deaths 
expected in 2013,1 of which 20–30% have high-risk features.2 
For high-risk PC defined by the National Comprehensive Cancer 
Network (NCCN) as Gleason score (GS) ≥ 8, stage ≥ cT3a, 
prostate-specific antigen (PSA) ≥ 20, standard treatment guide-
lines include definitive radiation therapy with neo-adjuvant, 
concurrent, and long-term androgen deprivation therapy in the 
United States.3 In spite of the multimodality therapy, long-term 
outcomes are suboptimal with 5-y biochemical progression-free 
survival of 60–70% and 5-y mortality rate of 15–25%.4-7 These 

poor outcomes have led to efforts to investigate novel strategies 
for high-risk PC.2

There is substantial pre-clinical and clinical evidence that 
anticoagulants (ACs) including aspirin, clopidogrel, warfa-
rin, and enoxaparin have anti-neoplastic properties in several 
types of malignancies including PC.8 A potential association 
between the use of ACs and improved biochemical control for 
PC patients treated with radiotherapy was first reported by Choe 
et al.9 In that study, the 4-y FFBF was 91.2% among AC users, 
compared with 78% in patient not taking any ACs. Within the 
high-risk group, the difference was more robust (82% vs. 58%, 
P = 0.0007). The overall survival (OS) rates, however, were 
not different. The association between AC use and improved 
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Purpose: High-risk prostate cancer (PC) has poor outcomes due to therapeutic resistance to conventional treatments, 
which include prostatectomy, radiation, and hormone therapy. Previous studies suggest that anticoagulant (AC) use may 
improve treatment outcomes in PC patients. We hypothesized that AC therapy confers a freedom from biochemical fail-
ure (FFBF) and overall survival (OS) benefit when administered with radiotherapy in patients with high-risk PC.

Materials and Methods: Analysis was performed on 74 high-risk PC patients who were treated with radiotherapy 
from 2005 to 2008 at UT Southwestern. Of these patients, 43 were on AC including aspirin (95.6%), clopidogrel (17.8%), 
warfarin (20%), and multiple ACs (31.1%). Associations between AC use and FFBF, OS, distant metastasis, and toxicity were 
analyzed.

Results: Median follow-up was 56.6 mo for all patients. For patients taking any AC compared with no AC, there was 
improved FFBF at 5 years of 80% vs. 62% (P = 0.003), and for aspirin the FFBF was 84% vs. 65% (P = 0.008). Aspirin use 
was also associated with reduced rates of distant metastases at 5 years (12.2% vs. 26.7%, P = 0.039). On subset analysis of 
patients with Gleason score (GS) 9–10 histology, aspirin resulted in improved 5-year OS (88% vs. 37%, P = 0.032), which 
remained significant on multivariable analysis (P < 0.05).

Conclusions: AC use was associated with a FFBF benefit in high-risk PC which translated into an OS benefit in the 
highest risk PC patients with GS 9–10, who are most likely to experience mortality from PC. This hypothesis-generating 
result suggests AC use may represent an opportunity to augment current therapy.
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PC outcomes was further supported by a large registry study of 
5995 patients from the Cancer of the Prostate Strategic Urologic 
Research Endeavor database.10 PC specific mortality was reduced 
from 19% to 4% in high-risk PC at 10 y in patients treated with 
definitive radiation therapy or radical prostatectomy. These lines 
of evidence suggest that AC use has the potential to improve 
therapeutic outcomes in patients with PC. The purpose of this 
study is to explore our hypothesis that AC used in conjunction 
with radiation therapy may lead to improved OS in patients with 
high-risk PC.

Results

Patient characteristics
The clinical and pathologic characteristics of these high-risk 

PC patients are described in Table 1. The median age for the con-
trol group was 66 y and 70 y for the AC group. Median follow-up 
was 56.6 mo (1.9–88.3 mo). A total of 45 patients reported use of 
ACs during radiotherapy, and 29 patients did not take ACs (con-
trol group). Within the AC group, 43 patients were using aspirin 
(95.6%), 8 patients were using clopidogrel (17.8%), 9 patients 
took warfarin (20%), and 14 patients (31.1%) reported taking 
multiple ACs (generally aspirin and another AC). All patients 
with GS 9 or 10 tumors had a primary GS pattern of 5. Age 
was the only patient characteristic found to be significantly dif-
ferent between the two groups, with the control group slightly 
younger (median age of 66 y vs. 70 y in the AC group, P = 0.04). 
Otherwise, no statistically significant differences were noted 
with respect to other major baseline prognostic factors.

Effect of AC use on 5-y FFBF and OS
To investigate the potential the relation between AC use and 

PC outcomes, univariate analysis was performed with known 
prognostic factors and AC use (Table  2). For 5-y FFBF, there 
were no significant associations with T-stage, pelvic irradia-
tion, or duration of hormone deprivation. However, there was 
a statistically significant improvement in the 5-y FFBF in the 
AC group compared with the control group (84% vs. 62%, P 
= 0.003). Among the specific ACs studied, only aspirin use was 
associated with a significant improvement in biochemical failure 
(BF) (16% vs. 35%, P = 0.008). Kaplan–Meier FFBF curves were 
generated showing significant improvement in FFBF (Fig. 1A), 
with median FFBF of 4.5 y in the non-aspirin group and median 
FFBF not yet reached in the aspirin group (P = 0.008).

On univariate analysis, there was a trend for improved OS in 
patients who took any AC (Table 2). It is important to note that 
although the two groups had a statistically significant difference 
among patient ages, the trend of improved survival occurred in 
the AC group which had the more elderly patients. In the AC 
group, 5-y OS was 87% compared with 70% in those who did 
not take ACs (P = 0.089). AC use did not significantly impact 
OS, although the aspirin group also had a numerical trend of 
improved 5-y OS of 86% compared with 72% in those who did 
not take aspirin (Fig. 1B). There were no significant differences 
in 5-y OS with respect to other prognostic variables. The trend 
of improved survival in patients who took aspirin led to further 

analysis in order to identify subgroups in which aspirin might 
confer an OS advantage.

Effect of AC use on distant metastasis
In order to find a potential explanation for improved FFBF 

and trend toward improved OS in the AC group, univariate anal-
ysis was performed with respect to AC use and the rate of distant 
metastases at 5 y (Table 3). A significant reduction in the rate of 
distant metastases was seen in the AC group (11.6% vs. 28.6%, 
P = 0.023). The only type of AC associated with a significant 
improvement in distant metastasis rate was aspirin (P = 0.039). 
For those taking aspirin, there was a substantial reduction in 
the distant metastasis rate of 12.2% compared with 26.7% in 
patients who did not report aspirin use.

Impact of AC use on OS in GS 9–10 subgroup
We next investigated whether aspirin use might be associated 

with an OS benefit in certain subgroups such as those with GS 
9–10 tumors who may be at highest risk for distant metastases. 
We therefore generated Kaplan–Meier survival curves to com-
pare the OS of patients between the AC and no-AC groups, strat-
ified by their Gleason grade. In patients with GS ≤ 8 (Fig. 2A), 
there was no significant association between aspirin use and OS 
(P = 0.943), as was the case for all patients (Fig. 1B). However, in 
patients with GS 9–10 histology (Fig. 2B), there was a significant 
improvement in OS (P = 0.012).

In order to confirm the independent significance of aspi-
rin use on OS in this group of patients, additional statistical 
analyses were performed on these 27 patients who had GS 
9–10 disease. First, univariate analysis was used to examine the 
effect of key prognostic factors and aspirin use on 5-y OS in 
patients with GS 9–10 tumors (Table 4A). Only age and aspi-
rin use were associated with a statistically significant impact on 
OS (P < 0.05), and there was a trend toward improved OS in 
patients who received hormone deprivation ≥ 24 mo (P = 0.063). 
For patients who took aspirin with GS 9–10 tumors, the 5-y 
OS was 88% compared with 37% in those who did not take 
aspirin, representing a 2.4-fold improvement in OS associated 
with aspirin use. When looking specifically at prostate cancer 
deaths in these patients with GS 9–10 tumors, only 5.9% (1/17) 
of patients in the aspirin group died from prostate cancer, where 
as 30% (3/10) of patients in the non-aspirin group died from 
prostate cancer.

Multivariable analysis was performed on the variables with 
most significant impact on OS. In GS 9–10 patients, when vari-
ables with P ≤ 0.1 were included (Table  4B), only aspirin use 
remained a significant factor associated with improved survival 
(P = 0.036). Moreover, when variables with P ≤ 0.05 were consid-
ered (Table 4C), aspirin again remained significantly associated 
with improved OS in GS 9–10 tumors (P = 0.017) suggesting 
that aspirin use is independently associated with survival benefit 
in this subgroup of patients.

Toxicity
Radiation therapy and AC use was tolerated well with low rates 

of acute and long-term gastrointestinal (GI) toxicity. All patients 
with bowel toxicity had grade 1–2 toxicity, and no patient expe-
rienced acute or late toxicity ≥ grade 3. In patients who took any 
AC, the rate of acute GI toxicity was 15% compared with 20% 
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in control group (P = 0.49), and the rate of late GI toxicity was 
14.2% compared with 14.3% in control group (P = 1.00). In 
patients taking multiple ACs, the rate of acute GI toxicity was 
8% compared with 19.6% in those who did not take multiple 
ACs (P = 0.35), and 23.1% vs. 12.25% respectively for late GI 
toxicity (P = 0.32). Thus, no significant increases in GI toxicity 
could be attributed to AC use in this study.

Discussion

In our experience of patients with high-risk PC treated with 
definitive radiotherapy, we observed a 5-y FFBF benefit associ-
ated with AC use, as well as a 5-y OS benefit in patients with 
GS 9–10 tumors. Of the ACs evaluated, aspirin had a significant 
association with improved FFBF as well as OS. These findings 

Table 1. Patient characteristics compared with respect to major prognostic variables

Characteristic Control AC P value

n = 29 45 N/A

Age (years)

Median 66 70
0.04

Range 49–84 53–86

Gleason score

6 3 (10.3%) 2 (4.4%)

0.52

7 8 (27.6%) 9 (20%)

8 8 (27.6%) 17 (38.8%)

9 8 (27.6%) 16 (35.6%)

10 2 (6.9%) 1 (2.2%)

Initial PSA

Mean 40 49
0.47

Median 30.9 21.6

Standard deviation 33 69.6

Range 4.7–147 1.8–332.7

Tumor clinical stage

T1c-T2b 14 (48.3%) 23 (51.1%)

0.81T2c-T3b 14 (48.3%) 20 (44.4%)

Unknown 1 (3.4%) 2 (4.4%)

Follow-up (mo)

Mean 47 53.5
0.27

Median 51.3 61.6

Standard deviation 26 22.2

Range 3.2–88.3 1.9–81.9

Pelvic lymphatic irradiation

Yes 25 (86.2%) 40 (89.9%)
0.73

No 4 (13.8%) 5 (11.1%)

Hormone therapy

Yes 24 (82.8%) 40 (95.6%)
0.36

No 3 (10.3%) 2 (4.4%)

Duration of hormone therapy

None 3 (10.3%) 2 (4.4%)

0.25

<6 mo 4 (13.8%) 4 (8.9%)

6–23 mo 10 (34.4%) 12 (26.7%)

≥24 mo 10 (34.4%) 27 (60%)

Unknown 2 (6.9%) 0 (0%)

PSA, prostate specific antigen; AC, anticoagulant; P, P value.
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are consistent with previous analyses that have reported improved 
biochemical control and PC specific survival in high-risk PC.10 
The finding of improved OS in patients with GS 9–10 histology 
taking aspirin is notable given that even with a relatively short 
follow-up and with many of the patients being on hormone ther-
apy, this study suggests that particularly in the patients with the 
highest risk of disease recurrence and distant metastases, aspirin 
may confer a survival advantage.

One concern regarding AC use and radiation therapy for PC 
is the development of worse acute and long-term radiation toxic-
ity. AC use is potentially associated with exacerbation of radia-
tion-induced GI bleeding and ulceration. There are reports of 
increased GI toxicity associated with AC use during radiotherapy 
for PC,11 but no significant impact on acute or late gastrointesti-
nal toxicity was observed in our study. Additionally, there were no 
toxicities greater than grade 2 observed in any patient. The obser-
vation of a non-significant difference in mild GI toxicity may be 
attributed to the small number of patients observed in our study. 
Of note, all of these patients were treated using IMRT techniques 
and with strict dose constraints on the rectum. Moreover, the 
majority of patients treated in our study received a dose of 75.6 
Gy, prior to data showing a benefit for further dose escalation. It 
is also likely that AC use was stopped if GI bleeding occurred, 
thereby preventing a serious further progression of the GI com-
plication. While AC use was well tolerated in our study, it was 
shown in other studies to increase rectal bleeding.12 Therefore, 

Figure 1. The effect of aspirin use on 5-y FFBF and OS. (A) Kaplan–Meier 
curve comparing FFBF in patients who took aspirin compared with those 
who did not. (B) Kaplan–Meier curve comparing OS in patients who took 
aspirin compared with those who did not. Solid line, patients who took 
aspirin; dashed line, patients who did not take aspirin.

Table 2. Univariate analysis of major prognostic factors and AC use with respect to 5-y FFBF, and OS

Variable 5-y BF % HR 95% CI P value 5-y OS% HR 95% CI P value

T-stage

T1c-T2b vs. T2c-T3b 19% vs. 32% 1.956 0.761–5.076 0.155 84% vs. 75% 1.624 0.562–4.688 0.365

Pelvic irradiation

Yes vs. no 25% vs. 22% 1.047 0.240–4.558 0.952 81% vs. 78% 1.262 0.282–5.654 0.761

Hormone deprivation

≤6 mo vs. >6 mo 8% vs. 27% 0.339 0.045–2.556 0.271 67% vs. 84% 2.714 0.833–8.842 0.084

Any AC use

Yes vs. no 20% vs. 38% 0.262 0.100–0.685 0.003 87% vs. 70% 0.410 0.142–1.186 0.089

Aspirin

Yes vs. no 16% vs. 35% 0.294 0.113–0.765 0.008 86% vs. 72% 0.444 0.154–1.282 0.123

Warfarin

Yes vs. no 22% vs. 25% 0.874 0.201–3.804 0.857 78% vs. 81% 1.227 0.273–5.513 0.789

Clopidogrel

Yes vs. no 12.5% vs. 26% 0.493 0.066–3.707 0.483 75% vs. 81% 1.345 0.142–1.186 0.698

Multiple AC use

Yes vs. no 21% vs. 25% 0.843 0.244–2.913 0.787 71% vs. 83% 1.626 0.511–5.237 0.402

HR, hazard ratio; CI, confidence interval; P, P value.
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we still advise caution, strict rectal dose volume histogram con-
straints, and close follow-up when dose escalated radiotherapy is 
used in PC patients taking ACs.

Although there has been an abundance of research investigat-
ing the molecular basis for the beneficial effect of aspirin and 
ACs in prostate and other malignancies, the precise mechanisms 
for this effect remains elusive. Multiple mechanisms including 
inhibition of platelet functions, cyclooxygenase (COX)-2 inhi-
bition,13 and reduction in pro-neoplastic inflammatory cyto-
kines have been hypothesized,14 but this phenomenon remains 
a topic of active interest and research. An interesting finding in 
our study that may support the platelet dysfunction hypothesis is 
that 0% of the patients who received clopidogrel were observed 
to develop distant metastases whereas 20.6% of patients in the 
control group did. It is also possible that ACs increase blood flow 
to potentially hypoxic cancer cells thereby enhancing radiation-
induced reactive oxygen species and improving cell kill, which 
may account for the improved outcomes in patients receiving 
radiation therapy and ACs. However, the benefit of AC use is not 
limited to concurrent treatment with radiotherapy and thus, radi-
ation sensitization is unlikely to be the primary mode of action.10 
Since aspirin represents the overwhelming majority of AC use 
in our cohort studied, it brings into question whether there may 
be other mechanisms of actions related to aspirin that may be 
mediating the improvement in radiation outcomes. For example, 
there is significant literature suggesting COX-2’s importance in 
prostate cancer,15-18 and its inhibition as a potential mechanism 
for improving radiation outcomes in cancer.19 However, COX-2 
inhibition requires much higher doses than the aspirin doses typ-
ically used by patients, and which showed antineoplastic effects 
in these studies.20

When analyzed as a group, there were no statistically signifi-
cant differences between the AC group and control with respect 
to duration of hormone deprivation therapy (Table 1). However, 
a potential issue which we needed to clarify for this study was the 
observation that a slightly higher percentage of patients in the 
GS 9–10 group with aspirin use had hormone duration >24 mo 
compared with those who did not use aspirin (53% of patients 
on aspiringroup compared with 40% for those not on aspi-
rin). However, we felt that this small difference was unlikely to 
account for the 50.7% difference in survival benefit seen at 5 y in 
the GS 9–10 patients who were taking aspirin. In support of this, 
we performed multivariable analysis (Table 4B), which demon-
strated that differences in OS associated with aspirin remained 
independently significant when adjusting for duration of hor-
mone deprivation. Furthermore, when we consider experiences 

from a large randomized study, long-term androgen deprivation 
therapy compared with short-term androgen deprivation therapy 
was associated with only a 3.8% improvement in mortality in 
the EORTC trial, suggesting that the magnitude of OS benefit 
observed in our study with aspirin use is unlikely to be solely 
due to differences due to variances in the duration of hormone 
therapy.5

Another potential confounder in our study is that the age in 
the control group was significantly younger than patients who 
took AC therapy. There has been some retrospective data sug-
gesting that older patients may have decreased risk of developing 
metastatic prostate cancer after initiation of androgen depri-
vation therapy (ADT).21 However, there are conflicting stud-
ies which do not clearly show age to be a prognostic factor for 
prostate cancer specific survival, particularly in patients with 
high Gleason grade.21-23 In our study, in multivariate analysis 
of patients with GS 9–10 tumors, while the effect of age (P = 

Table 3. The effect of AC use on 5-y rates of distant metastasis

Variable
Distant 

metastasis %
HR 95% CI P value

Any AC 11.6% vs. 28.6% 0.293 0.095–0.901 0.023

Aspirin 12.2% vs. 26.7% 0.325 0.106–0.998 0.039

Clopidogrel 0% vs. 20.6% N/A N/A 0.183

Warfarin 12.5% vs. 19% 0.694 0.089–5.387 0.726

Multiple agents 7.7% vs. 20.7% 0.351 0.045–2.712 0.294

Figure 2. Subgroup analysis comparing effect of aspirin on 5-y OS based 
upon GS. (A) Kaplan–Meier curve comparing OS with respect to aspirin 
use in GS ≤ 8 tumors. (B) Kaplan–Meier curve comparing OS with respect 
to aspirin use in GS 9–10 tumors. Solid line, patients who took aspirin; 
dashed line, patients who did not take aspirin.
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0.068) only trended toward significance, aspirin remained a 
highly statistically significant predictor of overall survival (P = 
0.036). Thus, while our sample size precludes definite conclu-
sions, it is unlikely that age was responsible for the highly statis-
tically significant survival advantage in patients with GS 9–10 
who took aspirin.

While our study suggests that the subgroup of patients with 
GS 9–10 disease may benefit from aspirin use, there are caveats. 
In our study, all patients with GS 9–10 disease had a primary GS 
of 5. Therefore, we may need to caution against generalizing this 

observation to patients with GS 9 (4 + 5) disease. Furthermore, 
only 3 patients had GS 10 disease in our study. We anticipate that 
any benefit conferred by aspirin on GS 9 (5 + 4) patients should 
also be seen in the GS 10 patients. However, this will need to be 
verified in a larger study of high-risk patients. Finally, a major 
limitation of this study is the small number of patients (n = 27) 
included in the subset analysis of those with GS 9–10 in which 
the survival benefit was noted. Therefore, these findings though 
intriguing, at best, are hypothesis generating, and not conclusive 
for this finding.

Taken together, these hypothesis generating results suggest 
that AC and particularly aspirin use may have the potential to 
improve outcome in high-risk PC. Along with previous studies 
examining the association of AC use with radiation therapy,9,10 
these data would support a larger prospective trial examining 
AC use in PC patients treated with definitive radiotherapy to 
clarify the associations observed in these retrospective analyses. 
Such data along with ongoing trials examining aspirin in the 

Table 4A. Subset analysis of the effect of aspirin use in patients with GS 9–10 histologies

Variable 5-y OS% HR 95% CI P value

Age per year N/A 1.162 1.102–1.327 0.027

Gleason score per unit N/A 0 0.00–0.00 0.996

T-stage per unit N/A 1.43 0.857–2.386 0.171

% cores positive N/A 11.16 0.105–1184.064 0.311

Pelvic irradiation

Yes vs. no 70% vs. 100% 0 0.00–0.00 0.996

Hormone deprivation

≥24 mo vs. <24 mo 92% vs. 54% 0.133 0.016–1.112 0.063

N-stage

N0 vs. N1 75% vs. 67% 1.782 0.199–15.991 0.606

Aspirin

Yes vs. no 88% vs. 37% 0.165 0.032–0.853 0.0315

Univariate analysis on the effect of major prognostic variables and aspirin on 5-y OS

Table 4B. Subset analysis of the effect of aspirin use in patients with GS 9–10 histologies

Variable 5-y OS% HR 95% CI P value

Age per year N/A 1.162 1.102–1.327 0.027

Gleason score per unit N/A 0 0.00–0.00 0.996

T-stage per unit N/A 1.43 0.857–2.386 0.171

% cores positive N/A 11.16 0.105–1184.064 0.311

Pelvic irradiation

Yes vs. no 70% vs. 100% 0 0.00–0.00 0.996

Hormone deprivation

≥24 mo vs. <24 mo 92% vs. 54% 0.133 0.016–1.112 0.063

N-stage

N0 vs. N1 75% vs. 67% 1.782 0.199–15.991 0.606

Aspirin

Yes vs. no 88% vs. 37% 0.165 0.032–0.853 0.0315

Multivariate analysis of variables with P ≤ 0.1.

Table 4C. Subset analysis of the effect of aspirin use in patients with GS 
9–10 histologies

Variable HR 95% CI P value

Age 1.151 1.025–1.293 0.018

Aspirin use 0.113 0.019–0.676 0.017

Multivariate analysis of variables with P ≤ 0.05.
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metastatic setting will clarify whether routine use of ACs should 
be considered in PC.

Materials and Methods

The Institutional Review Board (IRB) approved registry pro-
tocol (STU 052012-019) at the University of Texas Southwestern 
Medical Center permitted this study. A retrospective review of 
all patients with high-risk PC treated at the University of Texas 
Southwestern Medical Center with definitive radiation therapy 
from 2005 to 2008 was performed.

Associations between AC (warfarin, clopidogrel, and/or aspi-
rin) use and FFBF, distant metastasis, and OS in high-risk PC 
patients treated with definitive radiation therapy were examined 
in a cohort of 74 patients who met NCCN criteria for high-risk. 
BF was censored from FFBF analysis at the time of recurrence, 
and deaths were censored from OS analysis at time of occurrence. 
Patients were included in the AC group if warfarin, aspirin, and/
or clopidogrel were included on their medication list at the time 
of initial consultation or subsequent visits.

All patients were treated using intensity-modulated radia-
tion therapy (IMRT) to a target area which included the pros-
tate, seminal vesicles, and the pelvic lymph nodes. The median 
dose to the prostate gland was 75.6 Gy (range 75.6–79.2 Gy) 
and the median pelvic lymphatic irradiation dose was 45 Gy 
(range 45–54 Gy), all delivered in 1.8 Gy per fraction daily. 
The planning target volume (PTV) included the prostate and 
seminal vesicles as well as the internal and external iliac vessels 

with 6–10 mm expansions modified at the discretion of treating 
physician. BF was defined as a PSA increase of >2 ng/mL from 
the post-treatment nadir per Radiation Therapy and Oncology 
Group (RTOG)/American College of Radiology (ACR) Phoenix 
consensus definition.24 FFBF was defined as patients who did 
not meet Phoenix criteria for BF at time of follow-up. Patients 
were followed once every 3 mo for the first year, every 6 mo for 
the second year, and yearly thereafter upon completion of radia-
tion therapy. Toxicity analysis was documented as defined by the 
Common Toxicity Criteria version 4.0. Median follow-up time 
was 4.7 y, and ranged from 56 d to 7.3 y.

Comparisons between the AC group and non-AC control group 
were made using the Fisher Exact test for categorical values and 
paired t test or Wilcoxon 2-sample test for continuous variables. 
Univariate analyses were performed to determine the association 
between AC use and FFBF, distant metastasis rate, and 5-y OS. 
Multivariable analysis was performed using Cox proportional-
hazards model, which included covariates that were significant or 
approached significance in the univariate analysis. Kaplan–Meier 
curves for 5-y FFBF and OS were compared by log-rank test.
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