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Introduction: Phosphodiesterase-5 (PDE5) inhibitors, commonly prescribed for
erectile dysfunction, may exhibit immunomodulatory properties by reducing
myeloid-derived suppressor cell activity and enhancing T-cell responses. This
study evaluated the association between PDE5 inhibitor use and overall survival
(OS) in male-predominant solid organ malignancies.

Methods: Male-predominant solid tumors were identified using male-to-female
incidence ratio >3:1 in SEER database: prostate, bladder, colon, esophageal,
hypopharyngeal, laryngeal, tonsillar, and testicular cancers. Using the TriNetX
Research Network, we compared male patients prescribed PDE5 inhibitors within
6 months of cancer diagnosis to those without PDE5 exposure. Propensity score
matching (PSM) was performed on demographic, clinical, and oncologic
variables. OS was assessed in a combined pan-cancer cohort, stratified by
overall stage, and subgroups of included cancers. Kaplan-Meier survival
analyses were conducted for 1-, 3-, and 5-year OS from diagnosis.

Results: After PSM, 108,630 patients were included in each arm of the pan-
cancer analysis. PDE5S inhibitor exposure was associated with significantly
improved OS at 1, 3, and 5 years compared with controls (5-year OS 93.8% vs
86.6%; HR, 0.42 [95% CI, 0.41-0.44]). Stratified analyses demonstrated
significantly improved OS across all four stages, with hazard ratios ranging
from 0.40 to 0.57. Subgroup analyses by tumor site likewise showed
statistically significant improvement in OS for every included cancer type, with
hazard ratios ranging from 0.35 to 0.70.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2025.1720304/full
https://www.frontiersin.org/articles/10.3389/fonc.2025.1720304/full
https://www.frontiersin.org/articles/10.3389/fonc.2025.1720304/full
https://www.frontiersin.org/articles/10.3389/fonc.2025.1720304/full
https://www.frontiersin.org/articles/10.3389/fonc.2025.1720304/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2025.1720304&domain=pdf&date_stamp=2025-12-10
mailto:daniel.uralov@jefferson.edu
https://doi.org/10.3389/fonc.2025.1720304
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2025.1720304
https://www.frontiersin.org/journals/oncology

Uralov et al.

10.3389/fonc.2025.1720304

Conclusions: PDE5 inhibitor use was consistently associated with improved OS
across all male-predominant cancers, including in stage-stratified analyses.
These findings support further investigation into the potential role of PDE5
inhibitors in cancer outcomes.

KEYWORDS

phosphodiesterase-5 inhibitors, overall survival, male-predominant cancers, solid
tumors, large database analysis, immuno-oncology

Introduction

The tumor microenvironment (TME) promotes immune
evasion and therapeutic resistance through the activity of
myeloid-derived suppressor cells (MDSCs) and tumor-associated
macrophages (TAMs), which impair cytotoxic T-cell function and
establish and immunosuppressive microenvironment (1-3). These
cells also contribute to metabolic dysregulation via increased
polyamine production driven by arginase 1 activity (4-6). Given
these mechanisms, pharmacologic strategies that disrupt MDSC
and TAM function are of growing interest.

Phosphodiesterase-5 (PDES5) inhibitors, originally developed
for pulmonary hypertension and more widely known for treating
erectile dysfunction, have been shown to possess unexpected
immunomodulatory properties (7, 8). A chance clinical
observation in a patient receiving the PDES5 inhibitor tadalafil
suggested a significant antimyeloma response, potentially through
reduction of MDSC-mediated immunosuppression (9). Preclinical
studies subsequently demonstrated that PDE5 inhibitors can
downregulate arginase 1 and nitric oxide synthase-2 in tumor-
associated myeloid cells, leading to reduced immune suppression
and increased CD8+ T-cell infiltration into tumors (10-12).

Several retrospective studies have suggested that PDE5 inhibitor
use may be associated with a lower incidence of colorectal cancer
(13). Furthermore, experimental models combining PDE5
inhibitors with vaccine-based or checkpoint-based
immunotherapies have reported improved antitumor responses in
pancreatic ductal adenocarcinoma and hepatocellular carcinoma
(14, 15). Despite this growing body of preclinical and early clinical
data, large real-world analyses evaluating the impact of PDE5
inhibitors on survival are lacking. In this study, we investigated
the association between PDE5 inhibitor exposure and overall
survival in male-predominant solid organ malignancies, using
propensity score-matched data from a large real-world
global database.

Materials and methods

This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
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guidelines. The institutional review board of Thomas Jefferson
University exempted the study from review and waived informed
consent because only deidentified records were used. Data were
obtained from the TriNetX Collaborative Network (TriNetX, LLC,
Cambridge, MA), a real-time multicenter research platform of
health care organizations across the world. It contains
deidentified electronic health record (EHR) data from more than
130 million patients across diverse demographic and socioeconomic
backgrounds. From this network, we queried patients in the United
States. Data from 2000 through 2025 were analyzed. Race
information was obtained from institutional EHRs and
categorized as Asian, American Indian or Alaska Native, Black or
African American, Native Hawaiian or Other Pacific Islander,
White, or unknown. Ethnicity was coded as Hispanic or Latino,
not Hispanic or Latino, or unknown/not reported, based on
standardized EHR data.

Study population

This epidemiologic investigation used data from 103 healthcare
organizations in the United States between 2000 and 2025.
International Statistical Classification of Diseases, Tenth Revision
(ICD-10) codes were used to define cancer type and patient
characteristics. Male-predominant solid organ cancers were
defined as malignancies with a male-to-female incidence ratio
>3:1 in the Surveillance, Epidemiology, and End Results (SEER)
database and were confirmed to show similar sex distribution
patterns within the TriNetX dataset. This threshold was selected
to capture cancers with clear male predominance while maintaining
sufficient cohort size for a representative pan-cancer analysis. The
cancer types included were prostate, bladder, colon, esophageal,
hypopharyngeal, laryngeal, tonsillar, and testicular. Eligible patients
were male, aged 18 years or older, with a primary diagnosis of one of
the abovementioned cancers. We restricted the cohort to adult
males to reduce sex- and indication-related confounding and to
ensure adequate exposure prevalence, as PDE5 inhibitors are
prescribed primarily to men for erectile dysfunction/benign
prostatic hyperplasia. The exposure cohort included patients
prescribed a PDES5 inhibitor (avanafil, sildenafil, tadalafil, or
vardenafil) within 6 months before or after initial cancer

frontiersin.org


https://doi.org/10.3389/fonc.2025.1720304
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Uralov et al.

diagnosis. The control cohort comprised patients with no record of
PDES5 inhibitor prescription. Patients without documented survival
follow-up or complete oncologic staging information
were excluded.

QOutcome variables

The primary outcome was overall survival (OS), defined from
the date of first cancer diagnosis and evaluated at 1, 3, and 5 years.
To account for potential confounders, OS was analyzed in three
ways: (1) in a combined pan-cancer cohort, (2) stratified by overall
stage, and (3) subgroups of individual cancer types. Propensity
score matching (PSM) was performed to further balance key
demographic, clinical, and oncologic variables that could
influence survival for all three analyses. Propensity score
matching was repeated independently for each stage-stratified and
cancer-specific analysis to ensure balanced covariate distributions
within these subsets. Finally, to contextualize survival outcomes, the
5-year OS for each cancer type was evaluated in all
TriNetX patients.

Statistical analysis

Descriptive statistics were used to summarize baseline
demographic and clinical characteristics. Continuous variables

10.3389/fonc.2025.1720304

were reported as mean (range), and categorical variables as
frequency (percentage). PSM was conducted in a 1:1 ratio using
nearest-neighbor matching without replacement and a caliper size
of 0.1 pooled standard deviations. Patients were matched based on
ICD-10 codes for age at diagnosis, race, ethnicity, cardiovascular,
circulatory and respiratory diseases, type 2 diabetes, tobacco use,
alcohol use disorders, and included cancers (Tables 1, 2). Covariate
balance after matching was assessed using standardized differences.
Kaplan-Meier survival analyses were performed to estimate OS,
and survival curves were compared using the log-rank test. Hazard
ratios (HRs) and 95% confidence intervals (CIs) were calculated
using Cox proportional hazards regression models. All analyses
were performed using the TriNetX Analytics platform.

Results
All cancers

Before propensity score matching (PSM), the PDES5 inhibitors
exposed cohort included 109,830 patients, and the control cohort
included 1,393,522 patients. After PSM, 108,630 patients were
included in each cohort. No significant differences in age,
demographics, comorbid conditions and distribution of included
cancers were observed between the two groups after matching
(Tables 1, 2). In the overall pan-cancer analysis of male-
predominant solid organ malignancies, PDE5 inhibitor exposure

TABLE 1 Phosphodiesterase-5 inhibitors exposed cohort baseline characteristics for all cancers combined and stratified by overall stage, after

propensity score matching (PSM).

PDES5-i all cancers
N = 108,630

Description

N = 425

PDES5-i stage |

PDES5-i stage Il
N = 794

PDES5-i stage Il
N = 326

PDES5-i stage IV
N =189

Age at index (mean + SD) 64.1 + 8.4 62.1 + 8.1

64.0 +7.6 62.9 + 8.1 632 +9.1

White 77,287 (71.1%) 296 (69.6%)

540 (68.0%) 216 (66.3%) 121 (64.0%)

Black or African American 17,781 (16.4%) 85 (20.0%)

164 (20.7%) 66 (20.2%) 48 (25.4%)

Asian 2,234 (2.1%) 10 (2.4%)

10 (1.3%) 10 (3.1%) 10 (5.3%)

Unknown Race 8,037 (7.4%) 33 (7.8%)

65 (8.2%) 32 (9.8%) 13 (6.9%)

Not Hispanic or Latino 85,219 (78.4%) 347 (81.6%)

633 (79.7%) 249 (76.4%) 149 (78%)

Hispanic or Latino 4,100 (3.8%) 16 (3.8%)

35 (4.4%) 18 (5.5%) 10 (5.3%)

Unknown Ethnicity 19,311 (17.8%) 62 (14.6%)

126 (15.9%) 59 (18.1%) 30 (15.9%)

Circulat 1
irculatory system 55,338 (50.9%) 219 (51.5%)

diseases

355 (44.7%) 169 (51.8%) 107 (56.6%)

Type 2 diabetes mellitus 15,217 (14.0%) 46 (10.6%)

121 (15.2%) 65 (19.9%) 36 (19.0%)

Tobacco use 2,198 (2.0%) 11 (2.6%)

13 (1.6%) 10 (3.1%) 10 (5.3%)

Alcohol related disorders 3,707 (3.4%) 13 (3.1%)

25 (3.1%) 18 (5.5%) 10 (5.3%)

Ischemic heart diseases 13,551 (12.5%) 54 (12.7%)

104 (13.1%) 46 (14.1%) 30 (15.9%)

Respiratory system

. 33,900 (31.2%)
diseases

139 (32.7%)

197 (24.8%) 106 (32.5%) 62 (32.8%)

All post-matching standardized mean differences were <0.1, consistent with adequate covariate balance across matched cohorts. PDE-5-i, phosphodiesterase-5 inhibitors; SD, standard deviation.
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TABLE 2 Control cohort baseline characteristics for all cancers combined and stratified by overall stage, after propensity score matching (PSM).

Description

Controls all cancers

N = 108,630

Controls stage |
N = 425

Controls stage Il

N =794

Controls stage Il
N = 326

Controls stage IV

N =189

Age at index (mean + SD)

64.0 + 8.6

64.1 + 11.3

65.1 £ 10.8

64.6 + 12.6

64.9 + 10.5

White

77,484 (71.3%)

312 (73.4%)

582 (73.3%)

226 (69.3%)

128 (67.7%)

Black or African American

17,647 (16.2%)

67 (15.8%)

147 (18.5%)

55 (16.9%)

43 (22.8%)

Asian

2,300 (2.1%)

10 (2.4%)

10 (1.3%)

10 (3.1%)

10 (5.3%)

Unknown race

7,945 (7.3%)

35 (8.2%)

45 (5.7%)

35 (10.7%)

13 (6.9%)

Not Hispanic or Latino

85,386 (78.6%)

358 (84.2%)

664 (83.6%)

245 (75.2%)

158 (83.6%)

Hispanic or Latino

3,938 (3.6%)

12 (2.8%)

28 (3.5%)

17 (5.2%)

10 (5.3%)

Unknown ethnicity

19,306 (17.8%)

55 (12.9%)

102 (12.8%)

64 (19.6%)

26 (13.8%)

Circulatory system diseases

55,131 (50.8%)

232 (54.6%)

424 (53.4%)

196 (60.1%)

116 (61.4%)

Type 2 diabetes mellitus

14,907 (13.7%)

48 (11.3%)

135 (17.0%)

62 (19.0%)

41 (21.7%)

Tobacco use

1,960 (1.8%)

10 (2.4%)

14 (1.8%)

10 (3.1%)

13 (6.9%)

Alcohol related disorders

3,479 (3.2%)

10 (2.4%)

28 (3.5%)

24 (7.4%)

10 (5.3%)

Ischemic heart diseases

13,437 (12.4%)

73 (17.2%)

112 (14.1%)

56 (17.2%)

40 (21.2%)

Respiratory system diseases

33,753 (31.1%)

152 (35.8%)

244 (30.7%)

104 (31.9%)

65 (34.4%)

All post-matching standardized mean differences were <0.1, consistent with adequate covariate balance across matched cohorts. SD, standard deviation.

was associated with significantly improved OS at all measured
timepoints compared with controls (1-year OS 98.6% vs 95.7%,
p<0.001; 3-year OS 96.1% vs 90.7%, p<0.001; 5-year OS 93.8% vs
86.6%, p<0.001; HR, 0.42 [95% CI, 0.41-0.44]; Figure 1, Table 3).

All cancers stratified by overall stage

Staging data was available for 2,626 patients in the PDE5
inhibitor cohort and 23,983 patients in the control cohort. Post-
PSM, each cohort included 429, 794, 326 and 189 patients for Stage
L, IL, III and IV, respectively (Tables 1, 2). For Stage I cancers, PDE5
inhibitor exposure was associated with significantly improved 3-
and 5-year OS compared with controls (1-year OS not measurable;
3-year OS 96.1% vs 92.6%, p=0.03; 5-year OS 92.1% vs 87.6%,
p=0.02; HR, 0.57 [95% CI, 0.35-0.93]; Figure 1). For Stage II
cancers, PDE5 inhibitor exposure was also associated with
significantly improved 3- and 5-year OS compared with controls
(1-year OS not measurable; 3-year OS 97.0% vs 90.5%, p<0.001; 5-
year OS 93.3% vs 85.5%, p<0.001; HR, 0.41 [95% CI, 0.28-0.59];
Figure 1). For Stage III cancers, PDE5 inhibitor exposure was
associated with significantly improved OS at all timepoints
compared with controls (1-year OS 96.4% vs 92.9%, p=0.05; 3-
year OS 91.7% vs 82.0%, p=0.001; 5-year OS 88.3% vs 71.4%,
p<0.001; HR, 0.40 [95% CI, 0.26-0.60]; Figure 1). For Stage IV
cancers, PDE5 inhibitor exposure was also associated with
significantly improved OS at all timepoints compared with
controls (1-year OS 92.8% vs 82.4%, p=0.004; 3-year OS 75.1% vs
56.5%, p<0.001; 5-year OS 65.6% vs 47.2%, p<0.001; HR, 0.52 [95%
CI, 0.37-0.74]; Figure 1).
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Prostate cancer

Post-PSM, the PDES5 inhibitor and control cohorts each included
99,010 patients with prostate cancer (Tables 4, 5). PDE5 inhibitor
exposure was associated with significantly improved OS at all
timepoints compared with controls (1-year OS 99.2% vs 96.7%,
p<0.001; 3-year OS 97.3% vs 92.0%, p<0.001; 5-year OS 95.3% vs
88.1%, p<0.001; HR, 0.35 [95% CI, 0.34-0.37]; Figure 2). The 5-year OS
of the entire TriNetX prostate cancer cohort is 85.5% (N = 1,074,022).

Colon cancer

Post-PSM, the PDES5 inhibitor and control cohorts each
included 5,463 patients with colon cancer (Tables 4, 5). PDE5
inhibitor exposure was associated with improved OS at all
timepoints compared with controls (1-year OS 93.4% vs 86.9%,
p<0.001; 3-year OS 84.1% vs 75.3%, p<0.001; 5-year OS 77.7% vs
67.4%, p<0.001; HR, 0.59 [95% CI, 0.54-0.65]; Figure 2). The 5-year
OS of the entire TriNetX colon cancer male cohort is 68.1%
(N =229,821).

Bladder cancer

Post-PSM, the PDES5 inhibitor and control cohorts each included
7,852 patients with bladder cancer (Tables 4, 5). PDE5 inhibitor
exposure was associated with improved OS at all timepoints
compared with controls (1-year OS 96.3% vs 90.7%, p<0.001; 3-year
OS 90.2% vs 80.8%, p<0.001; 5-year OS 85.3% vs 73.8%, p<0.001;
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FIGURE 1
Kaplan—Meier curves for overall survival (OS) up to 5 years in male patients with male-predominant cancers, displaying all cancers combined and
stratified by overall stage. OS is shown for phosphodiesterase-5 inhibitor exposed (PDE5-i) group versus controls, after propensity score matching
(PSM). Hazard ratios (HR) and 95% confidence intervals (Cl) are provided for each cancer type.

TABLE 3 Overall survival in patients prescribed PDES5 inhibitors
compared with controls for all male-predominant cancers.

Tme dmosic) Sl Logrank e
1-year - 98.6% vs. 95.7% <0.001
3-year - 96.1% vs. 90.7% <0.001
5-year 0.42 (0.41-0.44) 93.8% vs. 86.6% <0.001

HR, hazard ratio; CI, confidence interval.

HR,0.49 [95% CI, 0.45-0.54]; Figure 2). The 5-year OS of the entire
TriNetX bladder cancer male cohort is 72.7% (N = 219,836).

Esophageal cancer

Post-PSM, the PDES5 inhibitor and control cohorts each
included 1,671 patients with esophageal cancer (Tables 4, 5).

Frontiers in Oncology

PDES5 inhibitor exposure was associated with improved OS at all
timepoints compared with controls (1-year OS 81.5% vs 69.8%,
p<0.001; 3-year OS 62.6% vs 51.2%, p<0.001; 5-year OS 54.5% vs
46.0%, p<0.001; HR, 0.70 [95% CI, 0.63-0.79]; Figure 2). The 5-year
OS of the entire TriNetX esophageal cancer male cohort is 44.6%
(N = 83,839).

Laryngeal cancer

Post-PSM, the PDE5 inhibitor and control cohorts each
included 1,116 patients with laryngeal cancer (Tables 4, 5). PDE5
inhibitor exposure was associated with improved OS at all
timepoints compared with controls (1-year OS 92.5% vs 85.0%,
p<0.001; 3-year OS 84.1% vs 73.3%, p<0.001; 5-year OS 76.9% vs
65.8%, p<0.001; HR, 0.60 [95% CI, 0.49-0.72]; Figure 2). The 5-year
OS of the entire TriNetX laryngeal cancer male cohort is 65.9%
(N = 62,015).
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TABLE 4 Phosphodiesterase-5 inhibitors exposed cohort baseline characteristics for each cancer type, after propensity score matching (PSM).

PDE5-i PDES5-i PDE5-i PDES5-i PDES5-i PDE5-i PDE5-i PDE5-i

Description prostate colon bladder esophageal laryngeal tonsillar testicular hypopharyngeal

N = 99,010 N = 5,463 N = 7,852 N = 1,671 N = 1,116 N=189 N =1326 N = 213
Ageat :ng;’; (mean 642+79 63.1 £ 10.9 67.1+9.6 65.6 + 9.4 65.6 + 8.7 62.1+85 | 529133 64.6 + 8.4
. 1,037
White 69,824 (70.5%) | 3,844 (70.4%) | 6271 (79.9%) | 1,374 (82.2%) 785 (70.3%) | 956 (78.9%) (78.2%) 152 (71.4%)
.. 0
Black or African
o 16,879 (17.1%) | 955 (17.5%) | 744 (9.45%) 140 (8.4%) 215 (193%) | 126 (104%) | 110 (8.3%) 43 (20.2%)
Asian 2,109 (2.1%) 119 (2.2%) 109 (1.4%) 16 (1.0%) 10 (0.9%) 10 (0.8%) 23 (1.7%) 10 (4.7%)
Unknown Race 7,225 (7.3%) 344 (6.3%) 528 (6.7%) 95 (5.7%) 73 (6.5%) 85 (7.0%) 99 (7.5%) 12 (5.6%)
Not Hispanic or 78,102 (78.9%) | 4,155 (76.1%) | 6,162 (78.5%) | 1,282 (76.7%) 862 (77.2%) | 936 (77.3%) 1,013 174 (81.7%)
Latino (76.4%)
Hispanic or Latino 3,671 (3.7%) 273 (5.0%) 238 (3.0%) 59 (3.5%) 44 (3.9%) 41 (3.4%) 72 (5.4%) 10 (4.7%)
Unknown Ethnicity | 17,237 (17.4%) | 1,035 (18.9%) | 1452 (18.5%) 330 (19.8%) 210 (18.8%) | 234 (19.3%) ( 15421% 34 (15.9%)
. 0
Circulatory system 552
: 42,073 (42.5%) | 3,282 (60.1%) | 4,455 (56.7%) 958 (57.3%) 653 (58.5%) | 622 (51.4%) 159 (74.6%)
diseases (41.6%)
Type 2 diabetes 11,137 (11.2%) | 1,249 (22.9%) | 1,433 (18.3%) 346 (20.7%) 172 (15.4%) 167 (13.8%) 179 33 (15.5%)
mellitus (13.5%)

Tobacco use 1,624 (1.6%) 210 (3.8%) 288 (3.7%) 70 (4.2%) 95 (8.5%) 51(421%) | 37 (2.8%) 24 (11.7%)
Akgi};zlr;:ited 2,875 (2.9%) 326 (6.0%) 345 (4.4%) 107 (6.4%) 121 (10.8%) 88 (7.3%) 49 (3.7%) 48 (22.5%)
Ischemic h

s ‘;‘:;;esea“ 10,410 (10.5%) | 1,006 (18.4%) | 1,474 (18.8%) 314 (18.8%) 213 (19.1%) | 166 (13.7%) | 127 (9.6%) 43 (20.1%)

Respiratory system |7 430 (27.7%) | 2,192 (40.1%) | 2,874 (36.6%) 703 (42.1%) 650 (58.2%) | 565 (46.7%) 404 155 (72.8%)
diseases ? S ? 0 > o7 S s R (30.5%) 7

All post-matching standardized mean differences were <0.1, consistent with adequate covariate balance across matched cohorts. PDE-5-i, phosphodiesterase-5 inhibitors; SD, standard deviation.

Tonsillar cancer

Post-PSM, the PDES5 inhibitor and control cohorts each
included 1,211 patients with tonsillar cancer (Tables 4, 5). PDE5
inhibitor exposure was associated with significantly improved OS at
all timepoints compared with controls (1-year OS 96.2% vs 90.7%,
p<0.001; 3-year OS 90.7% vs 81.0%, p<0.001; 5-year OS 86.1% vs
77.5%, p<0.001; HR, 0.56 [95% CI, 0.44-0.71]; Figure 2). The 5-year
OS of the entire TriNetX tonsillar cancer male cohort is 76.7%
(N = 35,576).

Testicular cancer

Post-PSM, the PDES5 inhibitor and control cohorts each
included 1,326 patients with testicular cancer (Tables 4, 5). PDE5
inhibitor exposure was associated with significantly improved OS at
all timepoints compared with controls (1-year OS 98.3% vs 94.5%,
p<0.001; 3-year OS 94.9% vs 90.2%, p<0.001; 5-year OS 92.2% vs
89.2%, p=0.003; HR, 0.63 [95% CI, 0.47-0.86]; Figure 2). The 5-year
OS of the entire TriNetX testicular cancer male cohort is 91.3%
(N = 50,737).
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Hypopharyngeal cancer

Post-PSM, the PDES5 inhibitor and control cohorts each
included 213 patients with hypopharyngeal cancer (Tables 4, 5).
PDES5 inhibitor exposure was associated with significantly improved
OS at all timepoints compared with controls (1-year OS 87.4% vs
76.4%, p=0.004; 3-year OS 69.9% vs 58.2%, p=0.008; 5-year OS
63.9% vs 48.0%, p=0.002; HR, 0.59 [95% CI, 0.42-0.82]; Figure 2).
The 5-year OS of the entire TriNetX hypopharyngeal cancer male
cohort is 56.6% (N = 16,042).

Discussion

This study provides population-level, propensity score-matched
data evaluating the association between PDES5 inhibitor exposure
and OS in male-predominant cancers. In a cohort of 217,260
matched male patients drawn from a large multi-institutional
database, PDE5 inhibitor use was associated with an overall
survival advantage across all stages and cancer types at all
timepoints investigated. This analysis represents, to the best of
our knowledge, the first pan-cancer evaluation of PDE5 inhibitors
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TABLE 5 Control cohort baseline characteristics for each cancer type, after propensity score matching (PSM).

Controls Controls Controls Controls Controls Controls Controls Controls
Description prostate colon bladder esophageal laryngeal tonsillar testicular hypopharyngeal
N = 99,010 N = 5,463 N = 7,852 N =1,671 N = 1,116 N =1211 N = 1,326 N = 213
Age at index 64279 63.1 + 11.1 67.1+938 657 +9.9 65.6 + 8.8 623 %86 53.1 % 14.0 638+92
(mean + SD)
. 69,981
White (70.7%) 3,868 (70.8%) 6,316 (80.4%) 1,398 (83.7%) 803 (72.0%) 976 (80.6%) 1,058 (79.8%) 162 (76.1%)
./ 70
Black or African 16,827 946 (17.3%) | 723 (9.2%) 139 (8.3%) 211 (18.9%) 120 (9.9%) 95 (7.2%) 38 (17.8%)
American (17.1%)

Asian 2,138 (2.2%) 116 (2.1%) 99 (1.3%) 15 (0.9%) 10 (0.9%) 10 (0.8%) 26 (2.0%) 10 (4.7%)
Unknown Race 7,135 (7.2%) 342 (6.3%) 520 (6.6%) 86 (5.1%) 65 (5.8%) 77 (6.4%) 94 (7.1%) 10 (4.7%)
Not Hispanic or 78,183 4,169 (76.3%) | 6,182 (78.7%) | 1,286 (77.0%) 868 (77.8%) 935 (77.2%) | 1,014 (76.5%) 178 (83.6%)

Latino (79.0%)

Hispanic or Latino 3,624 (3.7%) 278 (5.1%) 228 (2.9%)

48 (2.9%)

35 (3.1%) 38 (3.1%) 76 (5.7%) 10 (4.7%)

lé?limm‘z;fyn (1177’100 /j) 1,016 (18.6%) | 1,442 (18.4%) | 337 (20.2%) 213 (19.1%) | 238 (19.7%) | 236 (17.8%) 30 (14.1%)
Circuf;t;z;ymm (122’230/06) 3,267 (59.8%) | 4,444 (56.6%) | 960 (57.5%) 652 (584%) | 620 (51.2%) | 558 (42.1%) 157 (73.7%)
Typ Ienilﬁz]:etes (1111’2702) 1214 (22.2%) | 1,410 (18.0%) 321 (19.2%) 164 (14.7%) 162 (13.4%) 161 (12.1%) 23 (10.8%)
Tobacco use 1479 (1L5%) | 192 (3.5%) 245 (3.1%) 66 (4.0%) 85 (7.6%) 48 (4.0%) 31 (2.3%) 23 (10.8%)
Alcgi};zlr;:zted 2,754 (2.8%) | 299 (5.5%) 331 (4.2%) 102 (6.1%) 121 (10.8%) 73 (6.0%) 34 (2.6%) 37 (17.4%)
ISCh{;ZZ::” (11%’.35902) 980 (17.9%) | 1,458 (18.6%) 311 (18.6%) 215 (19.3%) 164 (13.5%) 123 (9.3%) 41 (19.3%)
ReSPiEts:z:SyStem (2277’2?,2) 2,189 (40.1%) | 2,859 (36.4%) | 689 (41.2%) 655 (58.7%) | 568 (46.9%) | 399 (30.1%) 155 (72.8%)

All post-matching standardized mean differences were <0.1, consistent with adequate covariate balance across matched cohorts. SD, standard deviation.

in male-predominant tumors, expanding upon prior site-specific
observations in colorectal, prostate, and gastric cancers. By
demonstrating a survival advantage not only in genitourinary and
gastrointestinal cancers, but also in head and neck subsites where
prior work has been limited to immune modulation rather than
survival outcomes, this study suggests a potentially generalizable
oncologic benefit of PDE5 inhibitors and highlights a widely
prescribed, well-tolerated drug class as a candidate for
repurposing in oncology. Restricting the analysis to male-
predominant cancers was intentional to minimize sex-based
confounding and to focus on populations where PDE5 inhibitor
exposure is clinically common. These tumor types also share
relevant clinical and epidemiologic features that help reduce
heterogeneity when assessing post-diagnosis PDES5 inhibitor
exposure. While analyses of sex-balanced or female-predominant
cancers were beyond the present scope, future studies may explore
whether these associations extend to broader oncologic populations.

The survival advantage observed in our analysis extends the
emerging body of evidence supporting an oncologic role for PDE5
inhibitors. In a cohort of 161 patients with gastric cancer, Zhang
et al. reported lower cancer-specific mortality among PDE5
inhibitor users (adjusted HR 0.66, 95% CI 0.47-0.92). This clinical
observation was supported by mechanistic studies in gastric cancer
cell lines, tumor organoids, and xenograft models, demonstrating
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that sildenafil suppresses tumor growth by inhibiting PDES5,
destabilizing ¢-MYC, and downregulating IL-6/JAK/STAT3
signaling (16). Consistent with this evidence, Huang et al. studied
a nationwide cohort of 12,465 male patients with stage I-III
colorectal cancer and found that post-diagnosis PDES5 inhibitor
use was associated with a reduction in cancer-specific mortality and
metastatic progression, with the strongest protective effect observed
in those treated after open surgery (adjusted HR 0.82, 95% CI 0.67-
0.99; adjusted HR 0.85, 95% CI 0.74-0.98, respectively) (17). In
addition, in a propensity score-matched analysis of 1,058 patients
undergoing robot-assisted radical prostatectomy, Lee et al. reported
that PDES5 inhibitor use was associated with a lower mortality risk
without an increase in cancer recurrence (18). Taken together, prior
studies provide the mechanistic and epidemiologic foundation for
an oncologic role of PDE5 inhibitors, which our work extends
across additional male-predominant cancer sites including prostate,
bladder, laryngeal, and esophageal. Importantly, these mechanistic
data provide biological plausibility but do not establish causality in
the context of our observational findings. Thus, the associations
reported here should be interpreted as hypothesis-generating rather
than evidence of a direct therapeutic effect.

The association observed in our study is consistent with
preclinical evidence demonstrating immunomodulatory effects of
PDE5 inhibition within the tumor microenvironment (8, 14).
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FIGURE 2
Kaplan—Meier curves for overall survival (OS) up to 5 years in male patients with male-predominant cancers, displaying individual cancer types. OS is
shown for phosphodiesterase-5 inhibitor exposed (PDE5-i) group versus controls, after propensity score matching (PSM) for age, demographics and
potential clinical confounders. Hazard ratios (HR) and 95% confidence intervals (Cl) are provided for each cancer type.

Specifically, PDES5 inhibition downregulates arginase-1 and nitric
oxide synthase in myeloid-derived suppressor cells (MDSCs), thereby
impairing their suppressive function and facilitating cytotoxic T-cell
infiltration (8, 19). In murine tumor models, PDE5 inhibition slows
tumor growth and enhances antitumor immune responses (10).
Clinical studies in patients with head and neck squamous cell
carcinoma have shown that tadalafil reduces circulating MDSCs
and increases tumor-specific immune activation (20, 21). Moreover,
in multiple preclinical models, including melanoma, pancreatic
adenocarcinoma, and hepatocellular carcinoma, PDE5 inhibitors
have demonstrated synergy with immune checkpoint blockade,
further supporting their potential as immunomodulatory adjuncts
in cancer therapy (14, 15, 22).
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Clinically, these findings support the rationale for considering
PDES5 inhibitors as adjuncts in oncologic therapy. These agents are
inexpensive, orally administered, and have well-established safety
profiles in men, making them potential candidates for therapeutic
repurposing. Nonetheless, PDE5 inhibitors are not without
contraindications, particularly in patients with cardiovascular
instability or nitrate use, and their safety in cancer populations
has not been fully characterized. Observational data also suggest
that perioperative PDES5 inhibitor use may reduce the pro-
metastatic effects of surgical stress by limiting the expansion of
immunosuppressive myeloid cells, further supporting their role
alongside other cancer treatments (23). However, given the
absence of randomized clinical trials evaluating PDE5 inhibitors

frontiersin.org


https://doi.org/10.3389/fonc.2025.1720304
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Uralov et al.

for cancer outcomes, these observational associations should not be
taken to imply clinical benefit and should be interpreted cautiously.

This study has several limitations. Despite propensity score
matching across demographic, oncologic, and comorbidity
variables, residual confounding remains possible given the lack of
data on performance status, treatment intensity, and socioeconomic
context. Due to limited sample sizes, stage-stratified analyses were
only feasible in the combined pan-cancer cohort and may not fully
capture survival outcomes within each individual cancer type.
Reliance on TriNetX data restricted our analyses to overall
survival, as standardized progression or recurrence events are not
uniformly captured across contributing institutions in TriNetX,
precluding a reliable progression-free and disease-free survival
analyses. Exposure was defined by any PDES5 inhibitor
prescription within 6 months of diagnosis; adherence, dose,
duration, and agent-specific effects were not available, and we
could not distinguish short-term or perioperative use from
sustained therapy. This approach may capture heterogeneous
usage patterns, including peri-diagnostic or short-term
prescriptions, and may introduce exposure misclassification.
Treatment-level data, including surgery, radiation, chemotherapy,
and immunotherapy, were variably captured across institutions in
TriNetX and were not uniformly available. The platform does not
support user-defined multivariable or Cox regression analyses
beyond built-in Kaplan-Meier and hazard ratio tools; thus,
accounting for these variables was not feasible and remains an
acknowledged limitation. Because patients must survive long
enough after diagnosis to receive a prescription, some degree of
immortal-time bias is possible. The particularly strong association
observed in prostate cancer may partly reflect channeling bias, as
younger or healthier men are more likely to receive PDE5
inhibitors. Additionally, the TriNetX population may not reflect
the exact survival trends of the general population in the examined
cancers. To provide context, we reported 5-year overall survival
estimates from all TriNetX patients of each included cancer type.
These values differ from those published in population-based
datasets, reflecting possible differences in participating
institutions, referral patterns, patient health-seeking behavior, and
data-capture methods (24, 25). Lastly, this analysis was restricted to
male patients with cancers showing male predominance to reduce
sex-based confounding and reflect the population most likely to
receive PDE5 inhibitors. As such, the findings may not generalize to
sex-balanced or female-predominant cancers, which warrant
dedicated evaluation.

Future research should focus on prospective randomized trials
to determine whether PDE5 inhibitors can improve outcomes when
added to standard cancer treatments, especially in combination
with established immunotherapy regimens. These studies should go
beyond survival data and explore biomarkers that reflect immune
activation and tumor response. Additionally, such studies could
prioritize cancer types with the strongest observed associations (e.g.,
prostate, colorectal), as well as advanced-stage disease where
immunomodulation may be most impactful. It will also be
important to clarify when and how these drugs are most effective,
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whether given around the time of surgery, as ongoing therapy, or
alongside immunotherapy.

Conclusion

Using a real-world global database, population-level data, this
large cohort study found that PDE5 inhibitor use is associated with
improved 1-, 3-, and 5-year overall survival in male patients with
male-predominant solid tumors. These findings support further
investigation into the immunologic and therapeutic effects of PDE5
inhibitors in oncology.
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