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This study evaluated the impact of aspirin on the biochemical recurrence (BCR) rate following
robot-assisted radical prostatectomy (RARP) in patients. A database search identified patients who
underwent RARP for pT2-3NOMO disease at any of 25 centers between 2011 and 2022, categorized
into aspirin (n=350) and control groups (n=5857). Adjustment by 1:1 propensity score matching (PSM)
and Mahalanobis distance matching (MDM) created 350 matched pairs. The effect of aspirin on the
BCR rate was evaluated by analysis of BCR-free survival. After PSM and MDM, the 3-year BCR-free rate
was significantly better in the aspirin group (85.0%, 95% confidence interval [CI] 80.8-89.4) than in the
control group (PSM, 74.5%, 95% Cl 66.5-83.5, p=0.021; MDM, 74.7%, 95% Cl 66.3-84.3, p=0.037). In
the analysis of high-risk subgroups, patients in the aspirin group with an ISUP (International Society
of Urological Pathology) grade =4 had a significantly lower recurrence rate in both matched groups
(PSM, hazard ratio 0.44, 95% Cl 0.22-0.88; MDM, hazard ratio 0.45, 95% CI 0.23-0.90). In conclusion,
this study suggests that aspirin could enhance BCR-free survival post-RARP, especially in patients with
higher ISUP grades.
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Aspirin is an antithrombotic agent that inhibits the function of cyclooxygenase (COX)-1 by acetylating serine
residues, thereby reducing the synthesis of thromboxane A2, which promotes thrombosis!. While aspirin is often
administered in patients at high risk of cardiovascular disease?, its tumor-suppressive effects in various types
of cancer are also attracting attention®—. These antitumor effects are attributed to inhibition of proliferation
of cancer cells and angiogenesis through the putative acetylation of COX-2, a COX-dependent mechanism,
and inhibition of inhibitory kappa B kinase beta (IKK-f), a COX-independent mechanism®. The double-blind
CAPP2 study® highlighted the antitumor benefits of aspirin in patients with mismatch repair gene mutations
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(i.e., Lynch syndrome), and the ongoing CAPP3 trial is investigating the effects of aspirin in doses as low as
100 mg/day.

The development of prostate cancer (PCa) has also been reported to be associated with chronic inflammation’.
On the other hand, PCa is also known to be an immunologically cold tumor that is resistant to immune
checkpoint inhibitors®. In addition, the effects of aspirin on PCa also remain controversial. Aspirin has been
also reported to suppress metalloproteinase (MMP)-9 activity and urokinase-type plasminogen activator (uPA)
expression by inhibiting IKK-p-mediated nuclear factor-kappa B (NF-kB) activation, thereby suppressing PCa
cell invasion’. However, the anti-tumor effect of aspirin on PCa is controversial in clinical research.

While several studies have reported potential benefits, showing antitumor effects of aspirin in patients with
PCal!%12, other studies have presented conflicting results with negative outcomes'>!. In a meta-analysis of
randomized controlled trials and population based real-world studies, Ma et al.!> demonstrated that aspirin
reduces the incidence (relative rate [RR] 0.96, 95% CI 0.95-0.98, p<0.001) and mortality (RR 0.88, 95% CI
0.82-0.95, p<0.001) of PCa.

However, there is limited evidence specifically evaluating the effectiveness of aspirin after radical
prostatectomy for PCa. Choe et al.!” investigated the prognostic value of anticoagulants including aspirin after
radiotherapy or radical prostatectomy in patients with PCa and demonstrated that 10-year PCa-specific mortality
was significantly lower in the anticoagulants group (3% vs. 8%, p<0.01). However, this study did not include
postoperative data, such as Gleason score (GS) based on surgical specimens, pathological T stage (pT stage),
and resection margin status, and was conducted before the introduction of robotic surgery. Since the advent of
robotic surgery, robot-assisted radical prostatectomy (RARP) has played an important role in the treatment of
patients with non-metastatic PCa who are candidates for surgery, such as those with a life expectancy of more
than 10 years'®!”. While advancements in radiation therapy have improved its efficacy, RARP remains a key
surgical option achieving postoperative biochemical recurrence (BCR) rate comparable to those of open and
laparoscopic surgery'.

Therefore, it is essential to accumulate evidence concerning the antitumor effects of aspirin post-RARP,
particularly in patients with PCa who are at high risk of recurrence and expected to benefit from aspirin. The
aim of this study was to assess the impact of aspirin on the risk of BCR of PCa after RARP.

Patients and methods

Data sources and patient eligibility

The study had a retrospective observational design and analyzed the clinical data for 8194 patients identified in
the Daimonji Clinical Application Database (Dai-CAD)'® to have undergone RARP at any of 25 centers between
January 2011 and January 2022. We defined patient eligibility using the following inclusion criteria: pathological
diagnosis of PCa based on surgical specimens; no lymph node or distant metastasis; and pT2 or pT3 stage
disease, excluding pT4 stage because of the small number involved (n=5) (Fig. 1). Using these criteria, we
extracted patients with pT2 or pT3, cNO or pNO, and cMO disease. Patients were excluded if they had received
preoperative hormone therapy because of its impact on the prognosis. Patients taking either dutasteride or
chlormadinone acetate orally before surgery were also excluded because of the effect of these agents on the
prostate-specific antigen (PSA) level.

Definition of aspirin group

Patients taking aspirin at the time of surgery, including those who temporarily discontinued it perioperatively,
were defined as the aspirin group, regardless of whether they were taking anticoagulant medication or
concomitant antiplatelet therapy other than aspirin. Duration of aspirin therapy was not considered owing to
lack of relevant information in the database.

Statistical analysis

Patient characteristics were compared between the control group and the aspirin group using Pearson’s chi-
squared test. Multivariable Cox regression analysis was performed to assess the prognostic impact of each
variable in all eligible patients. There were conflicting reports?®?! on the effect of obesity on BCR after radical
prostatectomy, so we included obesity as a factor in multivariable Cox analysis. Propensity scores were calculated
using logistic regression analysis to adjust for differences in patient characteristics between the two groups.
Propensity score matching (PSM) was performed by the optimal matching method in a ratio of 1:1 based on
propensity scores. The variables matched included PSA (<10 vs.>10 ng/mL), ISUP (International Society of
Urological Pathology) grade (<3 vs.>4), pT stage (pT2 vs. pT3), and resection margin status (negative vs.
positive). The ISUP grade was based on the GS diagnosed at the time of histopathological examination of
the surgical specimens. Although PSM is one of the most popular methods for between-group adjustment in
non-randomized studies, there is also a report showing that PSM alone is insufficient for balancing the groups
and recommending the use of other matching methods?2. Thus, Mahalanobis distance matching (MDM) was
performed as an additional matching method to improve the robustness of our results. Both PSM and MDM were
performed using the “Matchlt” R package?. In the subgroup analysis, these two matching methods were used
for each high-risk group, namely, PSA > 10 ng/mL, ISUP grade >4, pT3 stage, and positive resection margin. The
effect of aspirin on the risk of BCR after RARP was evaluated by assessing the time to BCR and tested by the log-
rank test and Cox regression analysis. The date of BCR was defined as (i) the date of surgery when the PSA did
not fall below 0.2 ng/mL after surgery, or (ii) the first date of PSA >0.2ng/mL when the PSA was below 0.2 ng/
mL one month after surgery and the PSA measured at an interval of two to four weeks was >0.2 ng/mL on two
consecutive occasions?*?. All analyses were performed using R (version 4.4.0 for Windows®; The R Foundation
for Statistical Computing, Vienna, Austria)?®. All statistical analyses were two-sided, and a p-value <0.05 was
considered statistically significant.
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All patients with prostate cancer who underwent RARP
between January 2011 and January 2022 at any of 25

Japanese centers (n=8194)

Inclusion criteria:

* Prostate cancer pathologically diagnosed by surgical specimen
*  Without lymph node or distant metastases

*  pT2-3 prostate cancer

Patients with pT2 or pT3, ¢cNO or pNO, cM0

prostate tumors (n=7228)

Exclusion criteria;

* Clinical characteristics unknown

* Hormonc therapy before surgery

*  Oral treatment with dutasteride or chlormadinone acetate

A,

Eligible patients
(n=6207)
Control group Aspirin group
(n=5857) (n=350)

Fig. 1. Flow diagram showing the patient selection process.

Ethics statement

The study was approved by the Institutional Review Board of Kyoto University Hospital (R3168) and performed
in accordance with the 1964 Declaration of Helsinki and its subsequent amendments or comparable ethical
standards. Due to the retrospective nature of the study, informed consent was not required. An opt-out
mechanism with clear instructions was provided for individuals who did not wish to participate. This procedure
was approved by the Institutional Review Board of Kyoto University Hospital to ensure compliance with ethical
standards, participant protection, anonymity, and secure data handling.

Results

Patient characteristics before matching

Patients who met the study eligibility criteria (Fig. 1) were divided into a control group (n=>5857) and an aspirin
group (n=350). Table 1 shows the patient characteristics in each study group. The proportion of patients aged > 70
years was significantly higher in the aspirin group than in the control group (56.9% vs. 41.5%, p <0.001), as were
the proportions with PSA > 10 ng/mL (35.7% vs. 28.5%, p=0.005) and pT3 disease (30.9% vs. 25.2%, p=0.021).
The proportion of overweight or obese patients with a BMI of 25 or more was not significantly different between
the two groups. As shown in Figs. 2 and 84% of the reasons for taking aspirin in the aspirin group were due to
vascular disease (coronary artery disease, stroke, and carotid artery stenosis) or preventive administration for
high risk of vascular disease.

Risk factors for BCR after RARP identified before matching

Before adjustment, aspirin was not associated with BCR in multivariable analysis (hazard ratio [HR] 0.91,
95% confidence interval [CI] 0.68-1.21, p=0.52) (Fig. S1). However, PSA>10 ng/mL (HR 1.42, CI 1.24-1.64,
p<0.001),ISUP grade >4 (HR 2.44,95% CI 2.12-2.82,p <0.001), pT3 stage (HR 2.43,95% CI 2.10-2.81, p < 0.001),
and a positive resection margin (HR 2.09, 95% CI 1.81-2.40) were identified to be significant predictors of a poor
prognosis. Being overweight or obese with a BMI of 25 or more did not significantly affect prognosis.

After adjustment by PSM and MDM

After PSM, there were 350 patients in each group, with no significant between-group differences in patient
characteristics. Similarly, there were no differences in patient characteristics after MDM (Table 2). As shown in
Fig. S2, the absolute standardized mean differences for each variable were < 0.1 after both matching methods, and
the balance of covariates was better than before adjustment. Therefore, both matching methods were considered
adequately conducted.
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Age (years), n (%) <0.001
<70 3426 (58.5) 151 (43.1)
>70 2431 (41.5) 199 (56.9)
BMI, n (%) 0.360
<25 3946 (67.4) 227 (64.9)
>25 1911 (32.6) 123 (35.1)
PSA (ng/mL), n (%) 0.005
<10 4186 (71.5) 225 (64.3)
>10 1671 (28.5) 125 (35.7)
ISUP grade, n (%) 0.722
<3 4647 (79.3) 281 (80.3)
>4 1210 (20.7) 69 (19.7)
pT stage, n (%) 0.021
pT2 4383 (74.8) 242 (69.1)
pT3 1474 (25.2) 108 (30.9)
Resection margin status, n (%) 0.165
Negative | 4355 (74.4) 248 (70.9)
Positive | 1502 (25.6) 102 (29.1)

Table 1. Patient characteristics before adjustment. BMI, body mass index; PSA, prostate-specific antigen;
ISUP, International Society of Urological Pathology.

Reasons

B Coronary artery disease
s S I Stroke

23 (6.6% M Carotid artery stenosis

B Preventive administration

' Others

71 (20.3%

Fig. 2. Reasons for taking aspirin.

Effect of aspirin on BCR rate after RARP

Figure 3 showed the results of Kaplan—Meier analysis of the time to BCR after RARP before and after matching.
Before matching, there was no significant difference in the 3-year BCR-free survival rate between the aspirin
group and the control group (85.0% [95% CI 80.8-89.4] vs. 85.6% [95% CI 84.5-86.6]; p=0.926, log-rank test).
However, after adjustment by PSM, the 3-year BCR-free survival rate was significantly higher in the aspirin
group than in the control group (85.0% [95% CI 80.8-89.4] vs. 74.5% [95% CI 66.5-83.5]; p=0.021, log-rank
test). Furthermore, after adjustment by MDM, the 3-year BCR-free rate was significantly better in the aspirin
group (85.0% [95% CI 80.8-89.4] vs. 74.7% [95% CI 66.3-84.3]; p=0.037, log-rank test).
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Mahalanobis distance

Propensity score matching matching

Control group | Aspirin group Control group | Aspirin group

(n=350) (n=350) p-value | (n=350) (n=350) p-value
Age (years), n (%) 0.819 0.543
<70 155 (44.3) 151 (43.1) 160 (45.7) 151 (43.1)
>70 195 (55.7) 199 (56.9) 190 (54.3) 199 (56.9)
BML, n (%) 0.433 0.694
<25 216 (61.7) 227 (64.9) 221 (63.1) 227 (64.9)
=25 134 (38.3) 123 (35.1) 129 (36.9) 123 (35.1)
PSA (ng/mL), n (%) 1.000 1.000
<10 225 (64.3) 225 (64.3) 225 (64.3) 225 (64.3)
>10 125 (35.7) 125 (35.7) 125 (35.7) 125 (35.7)
ISUP grade, n (%) 0.405 1.000
<3 271 (77.4) 281 (80.3) 281 (80.3) 281 (80.3)
>4 79 (22.6) 69 (19.7) 69 (19.7) 69 (19.7)
pT stage, n (%) 0.467 1.000
pT2 232 (66.3) 242 (69.1) 242 (69.1) 242 (69.1)
pT3 118 (33.7) 108 (30.9) 108 (30.9) 108 (30.9)
Resection margin status, n (%) 0.447 1.000
Negative | 258 (73.7) 248 (70.9) 248 (70.9) 248 (70.9)
Positive | 92 (26.3) 102 (29.1) 102 (29.1) 102 (29.1)

Table 2. Patient characteristics after adjustment by propensity score matching and Mahalanobis distance
matching. BMI, body mass index; PSA, prostate-specific antigen; ISUP, International Society of Urological
Pathology.

Effect of aspirin in subgroups at high risk of recurrence

We evaluated the effect of aspirin on the BCR rate in the subgroups identified to have a poor prognosis in
the multivariable analysis before adjustment, namely, those with a PSA level>10 ng/mL, those with an ISUP
grade of >4, those with pT3 stage disease, and those with a positive resection margin. After adjustment of
patient characteristics by PSM and MDM, there was no significant between-group difference in any patient
characteristic in any of the high-risk subgroups (Tables S1 and S2). In patients with ISUP grade >4, aspirin had
a significant beneficial effect on time to BCR after both PSM (HR 0.44, 95% CI 0.22-0.86, p=0.017) and MDM
(HR 0.45, 95% CI 0.23-0.90, p=0.024) (Fig. 4). In contrast, patients with pT3 stage disease or a PSA>10 ng/mL
did not derive significant benefit from aspirin. Moreover, in patients with a positive resection margin, the impact
of aspirin was beneficial only after PSM (HR 0.51, 95% CI 0.29-0.90, p=0.019) (Fig. 4a). These findings suggest
that the benefit of aspirin depends on tumor grade and that its beneficial effect in patients with a positive margin
status after resection seen after PSM warrants further investigation.

Discussion

The BCR rate after RARP varies according to risk group. A study in which risk was classified using the D’Amico
system found that the 10-year postoperative BCR-free rate was significantly higher in the low-risk group than
in the high-risk group (85.7% vs. 43.2%)?’. Although preventing BCR after RARP remains a controversial issue,
especially in high-risk patients, COX inhibitors, including aspirin, may be candidate agents for prevention
of recurrence. The present study demonstrated the efficacy of aspirin in prevention of recurrence in patients
after RARP in a retrospective multicenter analysis using two types of matching adjustment. We did not detect
a prognostic benefit of aspirin before adjustment (HR 0.91, 95% CI 0.68-1.21, p=0.515), which may reflect
between-group differences in the proportion of patients with a PSA >10 ng/mL (35.7% vs. 28.5%, p=0.005) and
those with pT3 stage disease (30.9% vs. 25.2%, p=0.021) in the pre-adjusted patient population. After adjustment
for this imbalance in patient characteristics, the prognosis was better in the aspirin group. Our findings suggest
that COX inhibitors, such as aspirin, may be effective as adjunctive therapy for PCa after radical treatment. The
impact of aspirin on the risk of developing PCa is controversial. Lapi et al.! investigated the correlation between
aspirin and the risk of PCa in Italy and found that the incidence of PCa was lower in patients who received
aspirin <100 mg/day (HR 0.64, 95% CI 0.48-0.86), particularly when used for more than 5 years (HR 0.43,
95% CI 0.21-0.91), than in those who received aspirin > 100 mg/day (HR 0.87, 95% CI 0.51-1.51). Conversely,
Elwood et al.? analyzed the effects of aspirin on various types of cancer using a meta-analysis and reported
that the cancer mortality rate for PCa was HR 0.89 (0.78-1.02). Furthermore, Nordstrom et al.'* showed that
the initial PSA level was lower in men in the Stockholm cohort who received low-dose aspirin (75 mg) than in
their counterparts who did not receive aspirin (-3.92%, 95% CI —5.76, —2.05, p <0.001); however, aspirin did
not reduce the occurrence risk of PCa at any dose (odds ratio 1.115, 95% CI 0.995-1.250, p=0.061), including
high-grade PCa (GS>7; odds ratio 1.025, 95% CI 0.894-1.174, p=0.723). As a concern regarding the decrease
in PSA caused by aspirin, Mantica et al.”® reported that in patients with PCa diagnosed by prostate biopsy,
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Fig. 3. Results of Kaplan-Meier analysis of time to BCR before and after adjustment. (a) Before matching. (b)
After propensity score matching. (¢) After Mahalanobis distance matching. BCR, biochemical recurrence; HR,
hazard ratio; CI, confidence interval.

aspirin administration was predictive of a higher Gleason grade group (OR 2.24, 95% CI 1.01-4.87, p=0.04).
Thus, they suggested that aspirin may interfere with the detection of PCa, and the cutoft value for PSA should
be considered lower in patients taking aspirin. On the other hand, Choe et al.!° demonstrated that the effect of
aspirin on recurrence rate after radical treatment was even more pronounced in patients with high-risk PCa
(4% vs. 19%, p <0.01). Therefore, the effect of aspirin on the prognosis of PCa may vary according to duration
of administration and dosage and tumor characteristics. Wang et al.*’ evaluated dose-response relationship
between aspirin and cancer risk in a meta-analysis and reported that the RR of PCa varied with the dose of
aspirin administered. These differences in efficacy may reflect the COX-2 expression level in PCa, which has been
correlated with the prognosis of PCa and is highly expressed in metastatic PCa3!. Our finding after adjustment
using the two matching methods that the prognosis was significantly better in patients with an ISUP of >4 who
took aspirin may be explained by the efficacy of COX inhibitors in patients with high-risk PCa and high COX-2
expression. In this study, we defined a positive margin as a high risk of recurrence, which was identified as a
significant risk factor for BCR in multivariable analysis before matching group, but there are conflicting reports
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Fig. 4. Impact of aspirin on time to biochemical recurrence in high-risk subgroups. (a) After propensity score
matching. (b) After Mahalanobis distance matching. HR, hazard ratio; CI, confidence interval; PSA, prostate-
specific antigen; ISUP, International Society of Urological Pathology.

regarding the impact of positive surgical margins after radical prostatectomy on BCR. Some studies suggest it
is a risk factor®?, others report it is not*>, and some indicate it only poses a risk in cases of high-grade tumors
at the resection margins®**, making the overall impact unclear. Unfortunately, the database used in this study
did not include information on the Gleason status of the positive resection margins, so we could not evaluate it.
However, by analyzing the effects of aspirin in different tumor statuses of positive resection margins, it may be
possible to examine the effects of aspirin in more detail.

Aspirin-associated adverse events are not a negligible concern. Although continuing low-dose aspirin or
anticoagulant therapy in the perioperative period has been reported not to increase bleeding during RARP%,
long-term aspirin therapy is known to increase the risks of major bleeding (RR 1.66, 95% CI 1.41-1.95) and
gastrointestinal bleeding (RR 1.37, 95% CI 1.15-1.62)*. Given this bleeding risk, COX-2 selective inhibitors
are also candidates for adjunctive therapy, as well as aspirin. COX-2 selective inhibitors such as celecoxib are
thought to be associated with fewer adverse events than non-selective non-steroidal anti-inflammatory drugs®®
and can be expected to have a suppressive effect on PCa similar to that of aspirin®®. Pruthi et al.’ reported that
celecoxib delayed elevation of PSA after BCR in patients with PCa who have been treated with radiotherapy
or radical prostatectomy. However, in the present study, we could not explore the effects of COX-2 selective
inhibitors on PCa owing to the lack of relevant information in the database. Therefore, prospective studies are
needed to evaluate the efficacy of aspirin and COX-2 selective inhibitors in patients with high-risk PCa, such as
those with a high ISUP grade.

This study had several limitations. First, no information on the duration and dosage of aspirin therapy was
available in the database similar to the study previously reported by Choe et al.!” Therefore, the correlation
between the duration or dosage of aspirin and the recurrence rate could not be analyzed. However, previous
studies have suggested that prolonged daily use of low-dose aspirin (=75 mg) may reduce cancer-related
mortality, including PCa, with significant effects observed after 5 years and further benefits seen with over 7.5
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years of use*!. Similarly, long-term aspirin use may also play a role in reducing the risk of BCR. Unlike mortality,
which requires a longer observation period to assess, BCR could have been detected much earlier due to the
sensitivity of biochemical tests, which may have allowed an earlier assessment of the effect of aspirin. Since the
patients in this study were matched based on pathological findings and most were taking aspirin continuously
postoperatively, the continuation of aspirin therapy after surgery might be particularly important for influencing
BCR outcomes. Furthermore, as shown by the reasons for taking aspirin among the participants in this study
(Fig. 2), approximately 80% of the patients had vascular disease requiring continuous low-dose aspirin (usually
100 mg in Japan), so it was speculated that few patients used higher doses of aspirin or discontinued aspirin
in the early postoperative period. Second, no information on mortality was available, making it difficult to
determine whether aspirin improves overall survival or cancer-specific survival. In addition, we could not
evaluate EAU-defined high-risk BCR after radical prostatectomy'®*? (ISUP=4 or PSA doubling time<1 year)
due to insufficient postoperative PSA trend data. Third, the information on oral medications in this database was
limited. For example, there have been reports that proton pump inhibitors, often used to prevent gastrointestinal
disorders caused by aspirin, may affect PCa progression*®. Therefore, it cannot be ruled out that other oral
medications may have influenced the risk of BCR. Finally, because this is a retrospective study, it might contain
potential bias, limiting its generalizability and causal interpretation. For reasons that are unclear, the aspirin
group included a proportion of patients with advanced age or comorbidities who underwent RARP rather than
radiotherapy even though they would be typically considered high risk for surgery. Therefore, the possibility
of selection bias cannot be excluded. However, use of two matching methods helped to reduce the risk of bias,
making the present study valuable in terms of demonstrating the tumor-suppressive effect of aspirin on PCa
even in the era of robotic surgery.

In conclusion, aspirin may have beneficial effects in terms of BCR-free survival after RARP, even in groups
with high recurrence rates, such as those with ISUP grade > 4. The findings of this study provide a rationale for
conducting prospective studies of the prognostic impact of low-dose aspirin in patients with PCa, particularly
those at high risk of poor prognosis.

Data availability
This research database is not publicly available due to privacy concerns but can be provided by the correspond-
ing author upon reasonable request.
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