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Abstract

Background: Thromboxane A2 (TXA2) is a platelet- and cyclooxygenase-derived eicosanoid that has been linked to metasta-
sis. We investigated the role of TXA2 in the development of lethal prostate cancer in African American (AA) and European
American (EA) men. Methods: We measured urinary 11-dehydrothromboxane B2 (TXB2), a stable metabolite of TXA2, with
mass spectrometry. Samples were obtained from 977 cases and 1022 controls at time of recruitment. We applied
multivariable logistic and Cox regression modeling to examine associations of TXB2 with prostate cancer and patient
survival. The median survival follow-up was 8.4 years, with 246 deaths among cases. Aspirin use was assessed with a ques-
tionnaire. Race was self-reported. Results: Urinary TXB2 was inversely associated with aspirin use. High (>median) TXB2 was
associated with prostate cancer in AA (adjusted odds ratio [OR] ¼ 1.50, 95% confidence interval [CI] ¼ 1.13 to 2.00) but not EA
men (OR ¼ 1.07, 95% CI ¼ 0.82 to 1.40), suggesting upregulated TXA2 synthesis in AA men with prostate cancer. High TXB2
was positively associated with metastatic prostate cancer (OR ¼ 2.60, 95% CI ¼ 1.08 to 6.28) compared with low (�median)
TXB2. Furthermore, high TXB2 was also associated with all-cause (adjusted hazard ratio ¼ 1.59, 95% CI ¼ 1.06 to 2.40) and
prostate cancer-specific mortality (hazard ratio ¼ 4.74, 95% CI ¼ 1.62 to 13.88) in AA men only. Conclusions: We report a
distinct association of TXB2 with prostate cancer outcomes in AA men. In this high-risk group of men, upregulation of TXA2
synthesis may promote metastasis and lethal disease. Our observation identifies a potential benefit of aspirin in preventing
lethal prostate cancer through inhibition of TXA2 synthesis.

Systemic low-grade inflammation and an inflammatory tumor
microenvironment are candidate risk factors for prostate cancer
that promote aggressive disease (1-3). Prostate tumors in
African American (AA) men harbor a distinct immune and in-
flammation signature consistent with a unique immunobiology
and the activation of inflammation pathways (4-6). These obser-
vations, coupled with our previous findings that regular use of
aspirin is associated with decreased odds of lethal prostate can-
cer in AA men (7,8), suggest that low-grade chronic inflamma-
tion might be a driver of adverse outcomes in AA prostate
cancer patients.

The preventative benefits of aspirin have been attributed to
inhibition of the arachidonic acid signaling pathway (9,10).

Arachidonic acid is broken down to eicosanoids by the cycloox-
ygenase (COX) 1 and 2 enzymes. These enzymes and subse-
quent production of these eicosanoids are important for normal
physiological processes, including the modulation of immune
responses and regulation of blood clotting. However, as a pro-
moter of inflammatory responses, eicosanoid synthesis is com-
monly upregulated in cancer and may contribute to cancer
progression (11).

Thromboxane A2 (TXA2), an eicosanoid produced primarily
via COX1 in activated platelets, orchestrates platelet aggrega-
tion. TXA2, activated and elevated at times of inflammation,
contributes to carcinogenesis through roles in vasoconstriction,
endothelial adhesion (12), cell motility (13), and cell
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proliferation (14). Importantly, platelet-derived TXA2 is pro-
metastatic (15). Aspirin may reduce metastatic cancer and in-
hibit the pro-metastatic effects of platelet-derived COX1 or
TXA2, as shown in an animal model of lung metastasis (15-17).

There have been no studies investigating the relationship of
TXA2 or TXB2 formation with adverse prostate cancer out-
comes. Hence, we assessed the role of TXA2 levels in the devel-
opment of lethal prostate cancer in a diverse study population .

Methods

Study Population

The National Cancer Institute (NCI)-Maryland prostate cancer
case-control study has been described (7,18). The study was ini-
tiated to test the primary hypothesis that environmental expo-
sures and ancestry-related factors contribute to the excessive
prostate cancer burden among AA men. Before the interview, all
individuals signed informed consent for participation. All study
forms and procedures were approved by the NCI (protocol # 05-
C-N021) and the University of Maryland (protocol #0298229) in-
stitutional review boards. Research followed the ethical guide-
lines set by the Declaration of Helsinki. Cases were recruited at
the Baltimore Veterans Affairs Medical Center and the
University of Maryland Medical Center through arrangements
with physicians. Controls were identified through the Maryland
Department of Motor Vehicle Administration database and
were frequency matched to cases on age and race. This article
follows the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines for the reporting of
observational studies. See the Supplementary Methods (avail-
able online) for exclusion and inclusion criteria, questionnaire,
and biospecimen information.

Laboratory Assay for Urinary TXB2 Measurement

Because TXA2 is unstable, its primary, more stable metabolite,
urinary 11-dehydrothromboxane B2 (TXB2), was measured by
the Eicosanoid Core Laboratory at Vanderbilt University Medical
Center (Nashville, TN). See the Supplementary Methods (avail-
able online) for more details about this assay and its quality
control performance. It has previously been shown that urinary
TXB2 correlates well with platelet-derived TXA2 synthesis (19).

Assessment of Aspirin Use

Our survey evaluated aspirin use with the following question:
“Have you taken aspirin or aspirin-containing compounds (such
as Bufferin, Anacin, Ascriptin, Excederin) regularly—at least 1
pill per week for 2 months during the past 5 years?” Responses
were no, yes, or do not know.

Statistical Analysis

Data analysis was performed using the Stata/SE 16.0 statistical
software package (StataCorp). All statistical tests were 2-sided.
An association was considered statistically significant with
P less than .05. For analysis, we assessed TXB2 as either a con-
tinuous measure or assigned TXB2 values to quartiles (Q1-Q4,
Q1 being the lowest, Q4 being the highest) and median
(�median or >median) with cutoff points determined using the
distribution of TXB2 values among all controls. TXB2 data

analyzed as a continuous measure were log2 transformed. The
nonparametric Kruskal-Wallis or the Mann-Whitney test was
used to determine differences in TXB2 levels across groups.
Furthermore, cases were assigned to risk groups according to
National Comprehensive Cancer Network (NCCN) Risk Score
classification, which stratifies patients into pretreatment recur-
rence risk groups according to the clinical tumor stage, biopsy
Gleason score, and serum prostate-specific antigen level (20).
We condensed these risk groups into 4 categories (low, interme-
diate, high or very high, and regional or metastatic ).

Unconditional logistic regression models were used to calcu-
late adjusted odds ratios (OR) and 95% confidence intervals (CI)
to assess the association of TXB2 with use of aspirin, case sta-
tus, or the NCCN risk score. We adjusted for the following po-
tential confounding factors: age at study entry, body mass
index, diabetes, aspirin use, education, family history of pros-
tate cancer, self-reported race, smoking history, treatment, dis-
ease stage, and Gleason score (see the Supplementary Methods,
available online, for more information). To test for a statistical
interaction between aspirin use and TXB2 levels, we applied the
multivariable logistic regression model with and without the in-
teraction term and examined statistical significance with the
likelihood ratio test. A P less than .05 was considered as statisti-
cal evidence for effect modification.

We applied the Cox regression model to estimate adjusted
hazard ratios (HR) and 95% CI for all-cause mortality and pros-
tate cancer-specific mortality in cases. Median survival follow-
up was 8.4 years. In the analysis of all-cause mortality, median
follow-up time to death from any cause was 4.52 years for AA
men and 5.99 years for EA men. In the analysis of prostate
cancer-specific survival, median follow-up time to death from
prostate cancer was 2.75 years for AA men and 7.7 years for EA
men. We adjusted for potential confounding factors (defined in
the Supplementary Methods, available online). We calculated
survival for cases and controls from date of diagnosis to either
date of death or to the censor date of December 31, 2018. We
confirmed nonviolation of the proportionality assumption
based on the goodness-of-fit test using Schoenfeld residuals. In
a sensitivity analysis, the Fine-Gray competing risk model was
used to estimate whether the association of TXB2 with prostate
cancer survival was influenced by other causes of death. For
survival analysis with the Kaplan-Meier method, the log-rank
test was used to examine differences in all-cause and prostate
cancer–specific mortality according to TXB2 levels.

Results

Clinical and Demographic Characteristics of Participants
in the NCI-Maryland (NCI-MD) Prostate Cancer Case-
Control Study

Demographic characteristics of the enrolled participants are
shown in Supplementary Table 1 (available online) with the dis-
ease characteristics of the cases. The study enrolled 977 cases
(490 AA and 487 EA) and 1022 population controls (479 AA and
543 EA) from the greater Baltimore area in Maryland. Race or
ethnicity was self-reported as part of the eligibility screener and
with the survey. The distributions of age and body mass index
were very similar in cases and controls. Controls had higher lev-
els of education, with 24.9% reporting a graduate school qualifi-
cation compared with 14.6% of cases. Cases had a higher
proportion of current smokers at 24.8% compared with 14.5% of
controls .
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Urinary TXB2 Levels Among Cases and Controls and
Their Association With Aspirin Use

Urinary TXB2 was statistically significantly upregulated in AA
men with prostate cancer (Figure 1, A). Among controls, EA men
tended to have higher levels than AA men (P ¼ .03). With TXB2
data distributed into quartiles according to control values and
stratified by race, a higher proportion of AA cases presented
with the most elevated (Q4) TXB2 levels compared with con-
trols. There was a statistically significant difference in Q4 TXB2
levels between cases and controls for AA men (P < .001) but not
for EA men (P¼ .35) (Figure 1, B).

Next, we investigated whether intake of the most common
antiinflammatory drug, aspirin, would have the anticipated in-
hibitory effect on urinary TXB2. Data on aspirin use was avail-
able for 99.1% of our cases (968 of 977), with 49.6% reporting
regular aspirin use, which is generally consistent with aspirin
use in this age group (21). However, broken down by self-
reported race, 43.1% of AA men reported to have taken aspirin
compared with 56.9% of EA men. Aspirin use was associated
with decreased TXB2 in both cases and controls (Table 1). For
cases who used aspirin, the adjusted odds of having high uri-
nary TXB2 levels (Q4) were statistically significantly reduced
compared with nonusers (OR ¼ 0.27, 95% CI ¼ 0.18 to 0.41)

(Table 1), and this observation remained when data were strati-
fied by race (AA men: OR ¼ 0.20, 95% CI ¼ 0.11 to 0.36; EA men:
OR ¼ 0.39, 95% CI ¼ 0.21 to 0.70), suggesting strong inhibition of
TXB2 formation by aspirin in men with prostate cancer. There
was also a strong inhibition of TXB2 by aspirin use in controls
(OR ¼ 0.21, 95% CI ¼ 0.14 to 0.32) (Table 1). This was consistent
for both AA and EA controls. These findings agree with previous
work showing inhibition of TXA2 by aspirin through inhibition
of the COX1 and TXA2 pathway (15). Notably, however, the aspi-
rin inhibitory effect tended to be more robust among both AA
cases and controls than EA cases and controls.

TXB2 and Aggressive Prostate Cancer

We used unconditional logistic regression to determine the
odds of having prostate cancer when TXB2 is elevated. The ad-
justed OR for prostate cancer was 1.24 (95% CI ¼ 1.02 to 1.50) for
men with high (>median) TXB2 compared with low TXB2
(�median) (Table 2), pointing to a moderate but statistically sig-
nificant association with the disease. To further understand the
importance of this finding for AA men, we stratified the analysis
by race. In this analysis, a statistically significant association
between high TXB2 and having prostate cancer was observed

Figure 1. Urinary 11-dehydrothromboxane B2 (TXB2) levels in African American and European American men and their association with prostate cancer and National

Comprehensive Cancer Network (NCCN) risk scores. A) Urinary TXB2 levels in cases and controls shown as a continuous measure, stratified by race. B) Bar charts show

distribution of cases and controls stratified into African American and European American men across TXB2 quartiles (Q). Q cutoff points originate from the combined

control groups and are 0.35, 0.505, and 0.738 ng TXB2/mg creatinine. C) Shown are urinary TXB2 levels across 4 NCCN risk score categories. Two-sided Mann-Whitney

(A), v2 (B), and Kruskal-Wallis (C) tests were applied for statistical significance testing. The error bars in (A) and (C) represent the 95% confidence interval.
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only among AA men (OR ¼ 1.50, 95% CI ¼ 1.13 to 2.00) but not EA
men (OR ¼ 1.07, 95% CI ¼ 0.82 to 1.40). We previously reported
that aspirin use associates with a reduced risk of developing ad-
vanced prostate cancer among AA in our study cohort (7). Given
this observation, we conducted a mediation analysis to esti-
mate direct effects of aspirin use on prostate cancer risk and in-
direct effects via TXB2. From this analysis, we estimate that the
indirect effect of TXB2 as a mediator of prostate cancer risk
accounts for almost one-half of the protective effect of aspirin
use on prostate cancer risk in AA men (Supplementary Table 2,
available online).

We further investigated the association between TXB2, ag-
gressive disease, and metastasis, and assigned men with pros-
tate cancer into NCCN risk groups as described under the
Methods and shown in Supplementary Table 3 (available on-
line). In the unadjusted analysis, the highest median level of
TXB2 associated with prostate cancer patients who had devel-
oped regional and distant metastatic disease (Figure 1, C). This
association remained statistically significant using an adjusted
logistic regression model. High levels of TXB2 associated with
prostate cancer only among cases who were in the risk group
for regional and distant metastatic disease (Table 3) (OR ¼ 2.60,
95% CI ¼ 1.08 to 6.28, >median vs �median). We did not find an
association of TXB2 with localized disease, consistent with the
role of TXA2 or TXB2 signaling in metastasis (15). These obser-
vations suggest a distinct relationship between high TXB2 levels
and lethal prostate cancer.

Association of High TXB2 With Survival and the Effect of
Aspirin Use

To build on our findings that high TXB2 is associated with pros-
tate cancer among AA men, we next examined if there is an as-
sociation between high levels of TXB2 and survival outcomes in
our population. As of the end of 2018, there have been 246
deaths in our case population, of whom 47.6% had a cancer

diagnosis as the recorded primary cause of death, and 26.8% of
all deaths (n¼ 66) were directly attributed to prostate cancer. In
agreement with the literature, AA men in the NCI-MD study
were more likely to die after a prostate cancer diagnosis than
EA men (all-cause mortality, adjusted HR ¼ 1.59, 95% CI ¼ 1.20
to 2.10) (Supplementary Table 4, available online). Moreover, a
higher proportion of them died because of prostate cancer
(prostate cancer-specific mortality, adjusted HR ¼ 1.71, 95% CI ¼
0.97 to 3.01) (Supplementary Table 5, available online), corrobo-
rating that AA patients are at an increased risk of lethal prostate
cancer (22).

To examine the role of TXA2 in this survival disparity, we in-
vestigated the relationship of urinary TXB2 with vital status and
survival among the men in our study. An initial analysis showed
that a greater proportion of the all-cause mortality among cases

Table 1. Inverse association of regular aspirin use with urinary TXB2 levels in cases and controls

TXB2

Aspirin use

All African American European American

No, No. (%) Yes, No. (%) OR (95% CI) No, No. (%) Yes, No. (%) OR (95% CI) No, No. (%) Yes, No. (%) OR (95% CI)

Cases
Q1a 72 (15.1) 132 (27.9) Refb 35 (12.9) 60 (29.6) Refb 37 (18.0) 72 (26.7) Refb

Q2 85 (17.9) 107 (22.6) 0.72 (0.46 to 1.14)b 52 (19.2) 46 (22.7) 0.47 (0.24 to 0.83)b 33 (16.1) 61 (22.6) 1.16 (0.58 to 2.30)b

Q3 128 (26.9) 123 (26.0) 0.47 (0.31 to 0.73)b 74 (27.3) 51 (25.1) 0.31 (0.17 to 0.56)b 54 (26.3) 72 (26.7) 0.70 (0.37 to 1.31)b

Q4 191 (40.1) 111 (23.5) 0.27 (0.18 to 0.41)b 110 (40.6) 46 (22.7) 0.20 (0.11 to 0.36)b 81 (39.5) 65 (24.1) 0.39 (0.21 to 0.70)b

Ptrend <.001 <.001 <.001
Controls

Q1 71 (16.4) 180 (31.8) Refc 38 (16.6) 84 (35.4) Refc 33 (16.3) 96 (29.1) Refc

Q2 86 (19.9) 163 (21.8) 0.69 (0.46 to 1.04)c 57 (24.9) 75 (31.7) 0.48 (0.27 to .84)c 29 (14.3) 88 (26.7) 0.91 (0.49 to 1.68)c

Q3 129 (29.9) 121 (21.3) 0.31 (0.21 to 0.46)c 66 (28.8) 47 (19.8) 0.27 (0.15 to 0.48)c 63 (31.0) 74 (22.4) 0.32 (0.18 to 0.56)c

Q4 146 (33.8) 103 (18.2) 0.21 (0.14 to 0.32)c 68 (29.7) 31 (13.1) 0.14 (0.08 to 0.27)c 78 (38.4) 72 (21.8) 0.27 (0.15 to 0.47)c

Ptrend <.001 <.001 <.001

aQuartile (Q) cutoff points are 0.35, 0.505, and 0.738 ng TXB2/mg creatinine. CI ¼ confidence interval; OR ¼ odds ratio; Ref ¼ reference.
bLogistic regression analysis adjusted for age at study entry, body mass index (kg/m2), diabetes (yes or no), education (high school or less, some college, college, profes-

sional school), family history of prostate cancer (first-degree relatives, yes or no), self-reported race (not included in stratified analysis), disease stage (1¼ stage I,

2¼ stage IIA and IIB, 3¼ stage III, 4¼ stage IV), Gleason score (0¼Gleason �7 and 1¼Gleason >7), smoking history (never, former, current), and treatment (0¼none,

1¼ surgery, 2¼ radiation, 3¼hormone, 4¼ combination).
cLogistic regression analysis adjusted for age at study entry, BMI (kg/m2), diabetes (yes or no), education (high school or less, some college, college, professional school),

family history of prostate cancer (first-degree relatives, yes or no), self-reported race (not included in stratified analysis), and smoking history (never, former, current).

Table 2. Association of urinary TXB2 levels with prostate cancer

TXB2

Odds of case status

Control, No. (%) Case, No. (%) OR (95% CI)a

All cases
�Medianb 500 (50.0) 397 (41.8) Ref
>Median 499 (50.0) 554 (58.2) 1.24 (1.02 to 1.50)

African American
�Median 254 (54.5) 193 (40.6) Ref
>Median 212 (45.5) 282 (59.4) 1.50 (1.13 to 2.00)

European American
�Median 246 (46.2) 204 (42.9) Ref
>Median 287 (53.8) 272 (57.1) 1.07 (0.82 to 1.40)

aUnconditional logistic regression adjusted for age at study entry, body mass in-

dex (kg/m2), diabetes (no or yes), aspirin (no or yes), education (high school or

less, some college, college, professional school), family history of prostate can-

cer (first-degree relatives, yes or no), self-reported race (not included in stratified

analysis), and smoking history (never, former, current). CI ¼ confidence interval;

OR ¼ odds ratio; Ref ¼ reference.
bMedian cutoff point is 0.505 ng TXB2/mg creatinine.
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associated with high TXB2 (>median) (Supplementary Table 6,
available online). This relationship was most pronounced in AA
men, where 70.6% of the case deaths associated with high TXB2
compared with 57.3% of EA cases, reaching statistical significance
only among the AA cases. Additionally, we did not find a relation-
ship between TXB2 levels and vital status in the controls
(Supplementary Table 6, available online). We then investigated
whether high TXB2 was associated with survival outcomes in our
case population. In the Kaplan-Meier (Supplementary Figure 1,
available online) and multivariable-adjusted Cox regression sur-
vival analyses (Table 4), there was a marginal but positive associa-
tion between high TXB2 levels and an increased all-cause
mortality after a prostate cancer diagnosis (HR ¼ 1.33, 95% CI ¼
0.99 to 1.79). However, when the data were stratified by self-
reported race, high TXB2 was associated with an elevated all-cause
mortality in AA men (HR¼ 1.59, 95% CI¼ 1.06 to 2.40) but not in EA
men (HR ¼ 1.11, 95% CI ¼ 0.70 to 1.76). Associations were observed
with both dichotomized and continuous TXB2 level data in the sur-
vival analysis, although the continuous data additionally sup-
ported an association among EA men (Table 4). Lastly, this
relationship of urinary TXB2 with all-cause mortality was uniquely
observed among men with prostate cancer but not in our control
population (Supplementary Table 7, available online).

Although all-cause mortality is an important outcome mea-
sure for prostate cancer patients with advanced disease, pros-
tate cancer-specific survival is the most rigorous outcome
determinant for prostate cancer patients. We found that high
TXB2 was associated with lethal prostate cancer in AA men (HR

¼ 4.74, 95% CI ¼ 1.62 to 13.88 with data dichotomized at the me-
dian) but not in EA men (HR ¼ 1.12, 95% CI ¼ 0.34 to 3.66) (Table
5; Supplementary Figures 2 and 3, available online). Similar rela-
tionships were observed when we used continuous TXB2 data
in the survival analysis. Additional Fine-Gray competing risk
analysis showed that the association of TXB2 with lethal pros-
tate cancer was largely independent of competing causes of
death (subdistribution HR ¼ 3.83, 95% CI ¼ 1.29 to 11.35) (Table
5).

As a final point, we explored the possibility of an interaction
between aspirin use and TXB2 on survival. Although a statisti-
cally significant interaction was not found in the analysis of all-
cause and prostate cancer-specific survival, stratification of
cases by aspirin use status (yes or no) revealed disparate out-
comes. The association between high TXB2 and all-cause mor-
tality remained statistically significant only in AA men who did
not use aspirin (Supplementary Table 8, available online) but
not in aspirin users. Our observations suggest that aspirin may
reduce all-cause mortality by decreasing TXA2 levels in AA
patients with an otherwise upregulated pro-metastatic COX1
and TXA2 pathway .

Discussion

Determining which prostate cancers will develop into lethal dis-
ease is an unmet clinical need. The choice is currently between
active surveillance or immediate intervention with surgery or
radiation, which can lead to complications. Although AA men
are at increased risk of aggressive disease, consensus has not
been reached on the appropriateness of active surveillance
(23,24). Identifying novel markers of aggressive disease and tar-
gets for therapy would therefore be important for men of
African descent who experience a disproportionately high bur-
den of prostate cancer lethality (22,25).

Here, we report a distinct association of upregulated TXB2
with lethal prostate cancer in AA men. Furthermore, because
TXA2 and TXB2 formation are inhibited through aspirin use, as
shown by our and other data, inhibitors of the COX1 and TXA2
signaling pathway, like aspirin, might be used to reduce the ex-
cess prostate cancer mortality among AA patients. Our findings
further corroborate the hypothesis that a systemic low-grade
inflammation is prevalent in AA men with prostate cancer, and
these elevated inflammatory processes are contributing to ad-
verse outcomes for this population.

A reduction of metastasis due to aspirin use has been estab-
lished in both murine models and clinical studies, but until

Table 3. Association of high urinary TXB2 with NCCN Risk Score for
metastatic prostate cancer

NCCN risk score OR (95% CI)a Pb

Low Ref
Intermediate 1.49 (0.98 to 2.26) .06
High or very high 1.34 (0.80 to 2.26) .27
Regional or metastatic 2.60 (1.08 to 6.28) .03

aUnconditional logistic regression adjusted for age at study entry, body mass in-

dex (kg/m2), diabetes (no or yes), aspirin (no or yes), education (high school or

less, some college, college, professional school), family history of prostate can-

cer (first-degree relatives, yes or no), self-reported race, smoking history (never,

former, current), and treatment (0¼none, 1¼ surgery, 2¼ radiation,

3¼hormone, 4¼ combination). CI ¼ confidence interval; NCCN ¼ National

Comprehensive Cancer Network; OR ¼ odds ratio; Ref ¼ reference.
bP value was calculated using 2-sided Wald statistical test.

Table 4. Association of urinary TXB2 levels with all-cause mortality among prostate cancer patients

TXB2

All cases African American European American

Alive,
No. (%)

Dead,
No. (%)

HR
(95% CI)a

Alive,
No. (%)

Dead,
No. (%)

HR
(95% CI)a

Alive,
No. (%)

Dead,
No. (%)

HR
(95% CI)a

�Medianb 313 (43.6) 82 (33.2) Ref 153 (44.3) 39 (28.7) Ref 160 (42.9) 43 (39.6) Ref
>Median 396 (56.4) 158 (66.8) 1.33

(0.99 to 1.79)
186 (55.7) 95 (71.3) 1.59

(1.06 to 2.40)
210 (57.1) 63 (60.4) 1.11

(0.70 to 1.76)
Continuousc — — 1.24

(1.09 to 1.41)
— — 1.31

(1.10 to 1.56)
— — 1.21

(1.01 to 1.45)

aUnconditional Cox regression adjusted for age at study entry, body mass index (kg/m2), diabetes (no or yes), aspirin (no or yes), education (high school or less, some

college, college, professional school), family history of prostate cancer (first-degree relatives, yes or no), self-reported race (not included in stratified analysis), smoking

history (never, former, current), treatment (0¼none, 1¼ surg, 2¼ radiation, 3¼hormone, 4¼ combination), disease stage (1¼ stage I, 2¼ stage IIA and IIB, 3¼ stage III,

4¼ stage IV), and Gleason score (0¼Gleason �7 and 1¼Gleason >7). CI ¼ confidence interval; OR¼ odds ratio; Ref ¼ reference.
bMedian cutoff point is 0.505 ng TXB2/mg creatinine.
cTXB2 as a continuous, log2-transformed variable.
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recently the molecular mechanism remained elusive (16,17,26).
Lucotti et al. (15) used a murine model of lung cancer to demon-
strate suppression of an early metastatic niche in the vascula-
ture via inhibition of the COX1 and TXA2 pathway. Aspirin
inhibited this metastatic process. Although very intriguing,
similar experimental data for prostate cancer and bone metas-
tasis have not been reported. Nevertheless, our study further
supports the observations from the lung cancer model, provid-
ing epidemiological evidence that high TXA2 levels may in-
crease the odds of developing metastatic prostate cancer in AA
men.

Aspirin use has been associated with a decreased prostate
cancer–specific mortality (8,27). The mechanism for this associ-
ation has yet to be established; however, our findings suggest
involvement of arachidonic acid signaling, specifically inhibi-
tion of TXA2, in AA men. We did not find an association be-
tween TXB2 levels and prostate cancer–specific mortality
among EA men in our study. The reasons for this are unclear
and will have to be investigated in future studies. Consistent
with other studies, AA men in the NCI-MD study were less likely
to report taking aspirin regularly compared with EA men (27).
This is important in the context of our findings, where high
TXB2 associated with increased risk of mortality for AA men
could possibly be mitigated by aspirin use. Through platelet ag-
gregation, TXA2 is a mediator of cardiovascular disease (CVD).
Irreversible inhibition of platelet COX1-derived TXA2 with low-
dose aspirin affords protection against vascular thrombotic
events (28). This established link between TXA2 and CVD is rel-
evant to this study, because use of low-dose aspirin may afford
protection from both CVD events and lethal prostate cancer in
AA men.

Our study has limitations. Firstly, the case-control study de-
sign is retrospective, so it remains unknown if elevated TXA2 is
a risk factor for prostate cancer development. Secondly, the
question remains as to why AA men with prostate cancer have
higher TXB2 levels than EA men. Current lines of enquiry in-
clude whether increased arachidonic acid signaling may con-
tribute to higher incidence of CVD comorbidities in AA men
(29). Higher dietary ingestion of arachidonic acid or linoleic acid
may also increase levels of TXB2. Thirdly, aspirin use data were
self-reported. However, our findings that aspirin use may re-
duce TXA2 or TXB2 levels is very much in agreement with the
published literature providing strong support of the correctness
of the self-reported aspirin use data. Lack of dose information
for aspirin use prevents us from making any conclusions as to
what dose is required to inhibit TXA2 formation. However, it is
known that low-dose aspirin inhibits COX1, and the antimeta-
static effects of aspirin are attributed to both low and high
doses (15,16). Lastly, in our analysis of the relationship of TXB2
with metastatic disease, we could not further stratify by race
because too few men presented with metastatic prostate cancer
in our study population (AA¼ 30, EA¼ 22) at the time of
enrollment.

In conclusion, this study identifies a novel association be-
tween high urinary TXB2 and aggressive prostate cancer as
well as adverse survival outcomes for AA men. These observa-
tions need further validation, but they are consistent with our
previous findings of a prevalent immune-inflammation signa-
ture and an inverse association of aspirin use with lethal pros-
tate cancer in these patients (6–8). Our study highlights the
potential benefit of aspirin for prevention of lethal prostate
cancer in this high-risk group of men through inhibition of
TXA2 synthesis.T
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