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Purpose: To evaluate the prostate cancer (PCa) detection rate in men with chronic use of Aspirin and to compare it with the detection
rate of non-users.

Patients and Methods: Prospectively maintained database regarding patients undergoing prostate biopsy over the last 10 years in
five institutions. Patients were divided into two groups according to their exposure to Aspirin. We relied on multivariable linear and
logistic regression models to test whether Aspirin administration was associated with lower PSA values at prostate biopsy, higher PCa
diagnosis, and higher Gleason Grade Grouping (GGG) at biopsy.

Results: Were identified 1059 patients, of whom 803 (76%) did not take Aspirin vs 256 (24%) were taking it. In multivariable log-
linear regression analysis, Aspirin administration was associated with lower PSA levels (OR 0.83, 95% CI 0.71-0.97, p = 0.01), after
controlling for age, prostate volume, smoking history, associated inflammation at prostate biopsy, presence of PCa at biopsy, and GGG.
In multivariable logistic regression analysis, Aspirin administration was not found to be a predictor of PCa at prostate biopsy (OR
1.40, 95% CI 0.82-2.40, p = 0.21) after controlling for age, PSA, smoking history, prostate volume, findings at digital rectal
examination and the number of biopsy cores. In patients with PCa at prostate biopsy (n = 516), Aspirin administration was found
to predict higher GGG (OR 2.24, 95% CI 1.01-4.87, p = 0.04).

Conclusion: Aspirin administration was found to be a predictor of more aggressive GGG. These findings suggest that a lower PSA
threshold should be considered in patients taking Aspirin, as, despite low PSA levels, they might harbour aggressive PCa.
Keywords: prostate-specific antigen, aspirin, inflammation, prostate cancer, prostate biopsy

Introduction

Prostate cancer (PCa) is the most common cancer diagnosed in men accounting alone for 26% of diagnoses in 2021 in
the United States, according to population-based cancer incidence data collected by the National Cancer Institute’s
(NCTI’s) Surveillance, Epidemiology, and End Results (SEER) program.'? Europe had an all-age incidence ASR of
63 per100000males (473 334 estimated new cases in the year 2020).
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The role of chronic inflammation in carcinogenesis has been widely studied, and it is estimated that it may contribute
to the development of up to 20% of all adult cancers.*

In recent years, considerable attention has been paid to how the presence of chronic inflammation, which is found in
nearly 70% of autopsied prostates,” may influence the development of PCa.®'°

In addition, chronic inflammation is known to increase prostate-specific antigen (PSA) levels.® The increase in PSA
level in PCa patients may be inevitably due to PCa itself and partly due to the prostate volume and the associated
inflammatory processes.

Considering all these aspects, several studies on anti-inflammatory drugs have been carried out to investigate the
potential effect of reduction on lowering both PSA levels and the risk of PCa development.'' '

A recent meta-analysis and population-based case-control studies examined the efficacy of NSAIDs and
Acetylsalicylic acid (Aspirin) in preventing PCa: they found a significant 5-29% reduction in relative PCa risk compared
with non-users.'”%°

On the other hand, the Nashville Men’s Health Study suggests that PSA levels are significantly lower in Aspirin users
with latent cancer. The results suggest that Aspirin may interfere with the detection of PCa, highlighting a possible
detection bias."'

The aim of our study is to evaluate the PCa detection rate in men with chronic use of Aspirin and to compare it with
the detection rate non-users. Aspirin users are expected to have a significantly higher PCa rate, because of the reduction

in the proportion of PSA that would be elevated due to inflammation.

Materials and Methods

Study Population and Study Design
This study was approved in 2018 by the South African Health Research Ethics Committee (HREC) (Stellenbosch Health
Research Ethics Committee; protocol N18/02/023 - Project ID: 6408).

Patients submitted to prostate biopsy in the past 10 years were consecutively recruited at five different institutions
(IRCCS Policlinico San Martino Genova, Italy; San Raffaele Turro Hospital, Milan, Italy; Hospital Garbagnate Milanese,
Italy; Ospedale Galliera, Genova, Italy; and Tygerberg Hospital, Cape Town, South Africa) (Flow chart A).

The recommendation for prostate biopsy was made by urologists based on clinical suspicion of PCa (PSA levels,
digital rectal examinations, US or MRI findings). Data from our Institution’s prospectively updated databases were
retrospectively analyzed including age, race, PSA history, previous prostate surgery, personal habits (smoking and
alcohol intake), family history of PCa, DRE, type of biopsy performed, mpMRI performed, and prostate size. Prostate
volume was determined based on the transrectal ultrasound (TRUS) before biopsy or MRI findings. We considered
systematic prostate biopsies performed by either a transperineal or transrectal approach.?’

Transperineal prostate biopsies were performed using either the “fan technique” (FT) or the Free Hand technique (FH).*

Moreover, we included MRI ultrasound fusion biopsies performed with a transrectal approach at all institutions. In
these cases, combined targeted and systematic biopsies were performed according to the current EAU guidelines.

The pathology results were reported according to the 2014 International Society of Urological Pathology (ISUP)
classification.”?

All the prostate biopsy specimens were performed by the same urologist at each institution and the specimens were
analyzed by dedicated uro-pathologists in each pathology department. We recorded the number of specimens, the number of
positive specimens, the percentage (%) of positive samples, associated inflammation, histology, and the Gleason Score.

Patients’ medical history was collected focusing on long-term Acetylsalicylic Acid, years of use, and dose. We
included patients with at least three months of Aspirin therapy, at a dose of 100 mg per day. Aspirin therapy was not
discontinued in all 5 institutions before biopsy.

Exclusion criteria were PSA levels above 100 ng/dL, unknown histopathological report at prostate biopsy, immuno-
suppressive medications or long-term corticosteroids, Aspirin dosages other than 100 mg, unknown duration or dosage of
Aspirin therapy, and men with baseline PCa. Patients taking other NAIDS or on 5-alpha-reductase inhibitors (finasteride,
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dutasteride) were not included. We also excluded prostate biopsies performed by inexperienced urologists (at least 100
procedures).

Endpoints
The primary endpoint was to determine whether there was a higher detection rate in men on chronic therapy with
acetylsalicylic acid, compared with non-users.

As a secondary endpoint, we evaluated whether long-term users of acetylsalicylic acid users who were diagnosed with
PCa were affected by more aggressive disease in terms of Gleason Grade Group.?

Statistical Analysis
Patients were divided into two groups according to their exposure to Aspirin (group A: Aspirin users; group B: non-
users).

Descriptive statistics were used to examine the differences in clinic-pathological characteristics between the two
groups with frequencies and proportions reported for categorical variables. Means, medians, and interquartile ranges
(IQR) were reported for continuously coded variables. The Wilcoxon rank-sum test and the Kruskal-Wallis rank-sum test
examined the statistical significance of difference between the means and distributions of the 2 groups (Aspirin users vs
Aspirin non-users). Pearson’s Chi-squared test and Fisher’s exact test were used to test whether or not there was
a significant association between the variables.

We relied on multivariable log-linear and logistic regression models to test whether Aspirin administration was
associated with lower PSA levels at prostate biopsy, higher prostate cancer diagnosis, and higher Gleason Grade
Grouping (GGG) at biopsy.

All tests were two-sided with a level of significance set at p <0.05. R software environment for statistical computing
and graphics (version 3.4.3) was used for all analyses.

Results
We identified 1059 patients (Figure 1), of whom 803 (76%) were not taking Aspirin and 256 (24%) were taking
Aspirin. Aspirin users were significantly older (median age 72 years vs 67 years), were smokers (44 vs 15%), had
lower median PSA levels (8 ng/mL vs 7 ng/mL), and had displayed prostatic inflammation at prostate biopsy (124
(48%) vs 273 (34%)) (all p < 0.001). The median (interquartile range (IQR)) duration of Aspirin therapy was 25 (12—
35) months.

The majority of participants were Caucasian (985 patients (93%)), followed by Black (52 patients (4,9%)),
Hispanic/Latino (20 patients (1,9%)) and American Indian (2 cases (<1%)). No Asian cases were collected. Among
group A, 54 (5.1%) transrectal fusion biopsies, 119 (11.24%) systematic transperineal biopsies, and 83 (7.84%)
systematic transrectal prostate biopsies were performed. Similarly, among group B 143 (13.5%) transrectal fusion
biopsies, 390 (49.4%) systematic transperineal biopsies and 270 (47%) systematic transrectal prostate biopsies were
carried out (p = 0.5).

Conversely, there were no statistically significant or clinically meaningful differences between Aspirin users vs
Aspirin non-users in terms of prostate volume (57 mL vs 57 mL, p = 0.4), histology [cancer (124 (48%) and 273 (34%))
vs non-cancer (132 (52%) and 530 (66%)), p = 0.6] and higher GGG [4-5 (39 (15%) and 95 (12%)) vs 1-2-3 (89 (35%)
and 293 (36%)), p = 0.4] (Table 1). In multivariable log-linear regression analysis, Aspirin administration was associated
with lower PSA levels (OR 0.83, 95% CI 0.71-0.97, p = 0.01), after controlling for age, prostate volume, smoking
history, associated inflammation at prostate biopsy, presence of PCa at biopsy, and GGG (Table 2). In multivariable
logistic regression analysis, Aspirin administration was not found to be a predictor of PCa at prostate biopsy (OR 1.40,
95% CI 0.82-2.40, p = 0.21) after controlling for age, PSA, smoking history, prostate volume, findings at digital rectal
examination (DRE) and the number of biopsy cores (Table 3). After controlling for the same variables, in patients with
PCa at prostate biopsy (n = 516), Aspirin administration was found to predict higher GGG (OR 2.24, 95% CI 1.01-4.87,
p = 0.04) (Table 4).
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Figure | Patients’ selection flow chart.

Discussion
We hypothesized a significantly higher detection rate of PCa in Aspirin users, due to the potential PSA lowering effect
associated with Aspirin’s anti-inflammatory properties. Our analysis resulted in many remarkable evaluations.

First, we confirmed that Aspirin users who underwent prostate biopsy had lower PSA levels. Our findings are
consistent with previous observations addressed in a post hoc analysis of the REDUCE cohort conducted by Vidal et al.
After adjusting for age, race, and DRE, relative to nonusers, both Aspirin use and Aspirin and NSAIDs use were
significantly associated with lower PSA compared with non-users (B= - 0.18; p=- 0.22, respectively, p < 0.006).* The
same conclusion was reached in recent research by Praise et al who analyzed the impact of Aspirin use on PSA levels and
PCa development in a prospective screening study cohort of 4314 men from the Swiss section of the European
Randomized Study of Screening for Prostate Cancer (ERSPC).'® They found that PSA values were significantly lower
in ASA users at both baseline (1.6 vs 1.8 ng/mL, p = 0.007) and follow-up visits (1.75 vs 2.1 ng/mL, p < 0.001).

Second, according to our results, Aspirin administration does not appear to be associated with a higher likelihood of
PCa at prostate biopsy.
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Table | Descriptive Characteristics of 1059 Patients Who Underwent Prostate Biopsy in the Last 10 Years at 5 Different Institutions,
Divided into Aspirin Users and Aspirin Non-Users

Characteristic Overall, Aspirin Users N=256 Aspirin Non-Users N=803 | p-value®
N = 1059* (24%)* (76%)*
Age at prostate biopsy, years | Median (IQR) 68 (62, 74) 72 (68, 77) 67 (61, 72) <0.001
PSA, ng/mL Median (IQR) 8 (6, 12) 7 (5, 10) 8 (6, 13) <0.001
Prostate Volume, mL Median (IQR) 57 (43, 77) 57 (44, 78) 57 (43, 76) 0.4
Smoker <0.001
No n (%) 669 (63) 139 (54) 530 (66)
NA n (%) 160 (15) 4 (1.6) 156 (19)
Yes n (%) 230 (22) 113 (44) 117 (15)
Digital rectal examination <0.001
Doubt n (%) 82 (7.7) 53 (21) 29 (3.6)
Negative n (%) 615 (58) 118 (46) 497 (62)
Positive n (%) 362 (34) 85 (33) 277 (34)
Type of prostate biopsy
Fusion, transrectal n (%) 197 (18.6) 54 (5.1) 143 (13.5) 0.5
Systematic transperineal n (%) 509 (48.06) 119 (11.24) 390 (49.4)
Systematic transrectal n (%) 353 (33.4) 83 (7.84) 270 (25.5)
N° of biopsy cores Median (IQR) 14 (12, 16) 16 (12, 16) 14 (12, 16) <0.001
Histology 0.6
Non PCa n (%) 543 (51) 128 (50) 415 (52)
PCa n (%) 516 (49) 128 (50) 388 (48)
Associated inflammation <0.001
No n (%) 662 (63%) 132 (52%) 530 (66%)
Yes n (%) 397 (37%) 124 (48%) 273 (34%)
GGG 0.4
Non cancer n (%) 543 (51%) 128 (50%) 415 (52%)
1-2-3 n (%) 382 (36%) 89 (35%) 293 (36%)
4-5 n (%) 134 (13%) 39 (15%) 95 (12%)
Notes: *Median (IQR); n (%). ®"Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher's exact test.
Table 2 Regression Models to Test Whether Aspirin Administration
Was Associated with Lower PSA Levels at Prostate Biopsy
Characteristics OR* 95% CI? p-value
NSAIDs
No - -
Yes 0.830 0.706, 0.968 0.014
Age 1.004 0.996, 1.013 0.278
Prostate volume 1.007 1.006, 1.008 <0.001
Smoker
No - -
NA 0.896 0.736, 1.069 0.248
Yes 1.103 0.955, 1.263 0.158
Associated inflammation 0.938 0.821, 1.066 0.336
Biopsy Result
Negative - -
GGG® 1-2-3 1.810 1.021, 1.362 0.024
GGG 4-5 2.842 1.566, 2.160 <0.001
Abbreviations: *OR, odds ratio; Cl, confidence interval; bGGG, Gleason Grade Group.
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Table 3 Regression Models to Test Whether Aspirin Administration
Was Associated with Higher Prostate Cancer Diagnosis

Characteristic OR?* 95% CI* p-value
NSAIDs

No - -

Yes 1.402 0.823, 2.401 0.215
Age 1.050 1.026, 1.075 <0.001
PSA 1.023 1.008, 1.040 0.004
Prostate volume 0.985 0.978, 0.991 <0.001
Smoker

No - -

NA 0.426 0.121, 1.320 0.155
Yes 0.799 0.495, 1.283 0.356
NP° of biopsy cores 1.052 0.995, 1.112 0.077
DRE

Negative - -

Positive 2.534 1.761, 3.662 <0.001

Abbreviations: *OR, odds ratio; Cl, confidence interval.

Table 4 Regression Models to Test Whether Aspirin Administration
Was Associated with Higher Gleason Grade Group (GGG) at Biopsy

Characteristic OR? 95% CI? p-value
NSAIDs

No - -

Yes 2.240 1.013, 4.871 0.043
Age 1.056 1.012, 1.105 0.014
PSA 1.022 1.003, 1.043 0.027
Prostate volume 1.002 0.990, 1.013 0.773
Smoker

NA - -

No 0.311 0.039, 2.030 0.220
Yes 0.176 0.019, 1.325 0.093
NP° of biopsy cores 0.958 0.854, 1.074 0.465
DRE

Negative - -

Positive 2.330 1.217, 4.584 0.012

Abbreviations: *OR, odds ratio; Cl, confidence interval.

There is still considerable concern regarding the use of Aspirin and/or NSAIDs and the overall risk of PCa. Some
studies available in literature found no association between Aspirin intake and PCa risk.'>*>® On the contrary, several
studies supported the PCa risk reduction among Aspirin users. According to a recent meta-analysis by Wang et al which
examined whether Aspirin intake can reduce or increase cancer risk in general, the use of Aspirin resulted in a risk
reduction of colorectal cancer (RR = 0.85, 95% CI: 0.78-0.92), gastric cancer (RR = 0.67, 95% CI: 0.52-0.87), breast
cancer (RR =0.93, 95% CI: 0.87-0.99) and prostate cancer (RR = 0.92, 95% CI: 0.86—0.98). Regular Aspirin use was
estimated to have a significant reduction of 7% prostate cancer risk, with no significant association with PCa mortality.
The meta-analysis included 2 randomized clinical trials (RCTs) and 29 cohort studies on PCa incidence and mortality
related to the use of NSAIDs.?” Several biological mechanisms have been described by which Aspirin may exert its
anticancer effects, including its well-known anti-cyclooxigenase-2 (COX-2) activity.?®
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COX-2 plays a critical role in the human inflammatory response and its persistent effects may promote cellular
changes and, ultimately, cancer development. In contrast, a meta-analysis involving more than 100,000 PCa cases
worldwide highlighted that the association between NSAID use and PCa risk varies by geographic region, with some

European case-control studies finding an increased risk of PCa overall.'

Although most of the available studies support
a favorable protective effect of the Aspirin intake on PCa risk, further large-scale cohort studies and prospective clinical
trials are needed to validate these findings.

Finally, we observed that Aspirin administration, in patients with PCa at prostate biopsy, was found to be a predictor
of more aggressive Gleason Grade Group. Literature on this topic is controversial and no clear conclusion can be drawn.
The studies by Bosetti et al and Olivan et al are in line with our findings both reporting an increase in high-grade PCa
among Aspirin Users.'>** On the contrary, further evidence points in different directions. According to Vidal et al's
study, the use of aspirin and/or NSAIDs was significantly associated with decreased total (OR = 0.87, P = 0.030) and
high-grade (OR = 0.80, P = 0.040), but not with low-grade, PCa risk (OR = 0.90, P = 0.15).%*

Moreover, Nordstrom et al examining the effect of Aspirin, Statin, or Antidiabetic medications on PCa in
a population-based cohort of 185,667 patients, found a borderline significant association was found between the risk
of PCa and Aspirin use (OR 1.12; 95% CI: 0.99-1.25; p = 0.06). This association was not significant for high-grade
cancer (OR 1.03; 95% CI: 0.89-1.17; p = 0.72).*°

Our study is not devoid of limitations. We included patients who regularly took aspirin, but we did not have complete
information on the drug recommendation. Due to the retrospective nature of the research, the analysis is prone to
selection, detection, or recall bias. The difference in age may be justified considering that the incidence of diseases
requiring Aspirin generally increases with age.

We pointed out that the two groups were quite unbalanced for some variables including age. Nevertheless, multi-
variable adjustment for age was performed in all analyses.

In the multivariable linear and logistic regression models, we did not adjust for other medication such as metformin
and statins, which could be potential confounding factors, because of the missing data in the databases. This limitation
may impair the strength of the results. Anyway, we believed that our research could be a starting point for further
studies.

Furthermore, our analysis focused on patients on Aspirin 100 mg therapy. It is likely that in these patients, Aspirin
acts more like anti-platelets than an anti-inflammatory drug. However, it was demonstrated that low-dose aspirin has been
shown to have the ability to inhibit innate immune responses.’’ However, we believe that future studies should focus on
other NSAIDs to further validate our findings.

Moreover, the data were collected from multi-institutional experiences. Of course, the multi-centric nature of the
cohort could be considered as a limitation; however, in order to evaluate the generalizability of the results, the
heterogeneity of baseline characteristics might be desirable.

Finally, the lack of a centralised pathology review could be considered an additional limitation. However, in each
participating institution, pathology specimens are reviewed by dedicated, expert uro-pathologists.

Conclusions
Our study suggests that Aspirin administration may be associated with lower levels of PSA in patients undergoing
prostate biopsy. Aspirin administration does not seem to be associated with a higher probability of PCa at prostate biopsy.
However, among patients with PCa at prostate biopsy, Aspirin administration was found to be a predictor of more
aggressive Gleason Grade Grouping.

Further studies are needed in order to obtain stronger evidence.

Ethics and Consent Statements
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