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Abstract

Phosphodiesterase type 5 inhibitors (PDES5I) are used to treat erectile dysfunction, as they increase
blood flow to the penis during sexual stimulation, supporting erection maintenance. There is limited
evidence that their use increases survival in various types of cancer. As treatment for rectal cancer
often results in erectile dysfunction, many patients take PDE5Is. This study assessed the association
between PDES5I use and survival in rectal cancer patients. Utilizing data from Clalit Health Services
in Israel, the analysis included 1,552 patients, with 256 users of PDE5Is. Survival differences were
evaluated using non-parametric tests, Cox proportional hazards models, and propensity score
matching to control for confounding variables. Results indicated that PDESI use was significantly
associated with improved survival, with a hazard ratio of 0.455 (p<0.001). The survival benefit
persisted after adjusting for covariates and implementing matching procedures. These findings
suggest a potential protective effect of PDE5I use on survival in rectal cancer patients, warranting
further investigation into underlying mechanisms and clinical implications.

Keywords: rectal cancer; phosphodiesterase type 5 inhibitors; survival analysis; mortality risk

1. Introduction

According to the World Health Organization’s International Agency for Research on Cancer,
rectal cancer is the tenth most common cause of cancer-related death and ranks eighth in terms of
cancer incidence worldwide; in Europe and the USA, it ranks respectively third and fourth. [1] The
survival rate for rectal cancer patients has significantly improved in recent years. [2] In Israel, the
survival rate for male rectal cancer patients is approximately 70%. [3] Although the guidelines for
rectal cancer treatment have changed over the years, the morbidity caused by surgery and
chemoradiation remains a significant issue. [4,5] In addition to experiencing low anterior resection
syndrome (fecal incontinence, frequency, urgency, or feelings of incomplete emptying), male patients
also suffer from erectile dysfunction. [6-8]

Over the past few decades, phosphodiesterase-5 (PDE5) inhibitors have revolutionized the
treatment of erectile dysfunction, which is observed in about 52% of males between the ages of 40
and 70. [9] PDES5, a metallohydrolase, is present in various tissues and is responsible for hydrolysis
of cyclic adenosine monophosphate (cAMP) and cyclic guanosine monophosphate (cGMP),
regulating their levels by breaking them down into inactive derivatives. [10,11] PDES5 is the primary
enzyme responsible for breaking down cGMP in the corpus cavernosum (erectile tissue of the penis).
PDES inhibitors block the degradative action of PDE5, which prevents the breakdown of cGMP,
prolonging the effect of cGMP, enhancing and sustaining erection in response to sexual stimulation.
[12] PDE5 plays a crucial role in maintaining intracellular homeostasis and the PDE5 enzyme family
is involved in inflammatory processes, immune responses, and tumor cell biology. [13-16]

While PDESIs were approved by the FDA decades ago for the treatment of erectile dysfunction,
there is accumulating evidence of their anti-cancer/anti-tumoral activity. Colorectal tumorigenesis
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starts with the development of benign polyps. In vivo studies have shown that PDES5 inhibitors can
reduce the rate of polyp formation by 50%. This effect may be linked to changes in cGMP levels,
which improve the epithelial barrier function and suppress tumorigenesis, or it may involve a
reduction in the activity of myeloid-derived suppressor cells. [17,18] PDE5 inhibitors have been
shown to induce cell cycle arrest in rectal tumor cells in vitro, ultimately leading to apoptosis. A
possible mechanism for this effect is an increase in levels of reactive oxidative species, which in turn
impairs the function of CDK and PARP proteins. [19] Moreover, high expression of PDES5 itself in
tumors often correlates with worse prognosis. [20] However, another aspect of their anticancer
activity is seen when they are used in conjunction with chemotherapeutic agents. Enhanced
permeation retention (EPR) is the phenomenon whereby macromolecules, nanoparticles, or
liposomes tend to accumulate more in tumor tissue than in normal tissues due to an increase in both
permeability and retention. Tumors induce angiogenesis to support their rapid growth and
expansion. The blood vessel walls are often defective or “leaky,” allowing large molecules and
particles (like drug-loaded nanoparticles) to pass easily from the bloodstream into the tumor tissue.
Additionally, tumors often exhibit poor lymphatic drainage. Once these large particles enter the
tumor, they are not efficiently removed, leading to prolonged retention. PDES5 inhibitors decrease
efflux pump activity, thereby enhancing the EPR effect and increasing the concentration of the
anticancer drug in tumor tissues. [21]

In Israel, four primary healthcare providers cover a significant portion of the Israeli population.
The largest of these, in terms of insured members, is Clalit Health Services (CHS). CHS data, managed
via MDClone, integrates clinical information from community clinics, hospitals, and emergency
departments, providing a comprehensive national dataset. [22] According to the National Insurance
Agency, in 2024, CHS provided health care to over 52% of Israel’s 9.67 million citizens. [23] The CHS
offers researchers access to a scientific platform called the "Research Room," which serves as a data
source for the current study. This platform contains comprehensive patient data, including
information on ethnicity, socioeconomic status, medications purchased or prescribed, diagnoses, and
treatments administered with an optional anonymizing protocol. Access to this data enabled us to
conduct a retrospective study to evaluate the potential correlations between the use of PDE5
inhibitors and survival improvements after completion of rectal cancer treatment.

2. Materials and Methods

2.1. Study Sample

The data for this study were obtained from CHS, Israel’s largest HMO, via its secure "research
room" platform. The data had been pre-filtered according to predefined inclusion and exclusion
criteria. The final sample was comprised of 1,552 patients, of whom 256 had purchased PDE5
inhibitors (PDES5I) as sexual performance enhancement drugs at some point. Among participants,
83.4% (n =1295) were Jewish, 13.6% (n = 211) were Arab, and the remaining 3.0% (n = 46) belonged
to other ethnic minority groups. The patients' ages at diagnosis ranged from 26 to 95 years (mean =
65.12, SD = 12.80).

2.2. Data Collection and Processing

The anonymizing level chosen for the current study required the removal of detailed
descriptions, including the type and exact date of surgery, the place and date of radiotherapy, and
the precise chemotherapy protocol, as well as the stage of disease at the time of diagnosis, from the
database.

The dataset included both demographic and clinical features. Most variables were either binary
or categorical, with a few exceptions that were numeric in nature. Demographic variables include
socio-economic status and ethnicity. Examples of clinical covariates include diagnosis age, surgery
year, PDE5I use (binary indicator based on purchase history), age of PDE5I use onset (set to 0 for non-
users), Charlson Comorbidity Index (CCI) score, and individual (CCI) conditions. Variables with no

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1293.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 August 2025 d0i:10.20944/preprints202508.1293.v1

3 of 10

variation or many missing values were removed. For example, the AIDS indicator, which had only
zeros, was removed. An indicator for connective-tissue disease was also removed due to missing data
in over 50% of patients. The final dataset consisted of a total of 26 covariates, a survival time variable
(in years), and an event indicator (death = 1, censored = 0).

2.3. Patient Selection

In this retrospective study, we included individuals assigned male at birth who were diagnosed
with non-metastatic rectal adenocarcinoma between January 2009 and October 2024. The treatment
guidelines in Israel are similar to those accepted in the USA and European Community, which
include 5-FU-based chemotherapy and radiotherapy in both neo-adjuvant and adjuvant, depending
on the clinical and/or pathological status. Patients who were managed with a total neoadjuvant
approach and did not undergo surgery were not enrolled due to the short follow-up time. The date
of surgery was used as the initial time point for calculating PDE5I exposure time.

Patients were distributed into two groups: users and non-users of PDES5 inhibitors at the time of
surgery. Patients who took the drug before surgery but did not continue after were combined with
non-users, since we were assessing the effect of PDES5I on survival after surgery.

2.4. Ethnicity

In Israel, the population consists of Jews, Arabs, and other minority ethnic groups. Within the
Jewish population, there are several subpopulations characterized or defined by their home
languages, religious communities, and countries of origin. All these traits are stored in the database,
but for this study’s purposes, they were combined under the single rubric “Jewish”.

2.5. PDE5I Use

The use of PDE5Is was based on data on purchases and dosages obtained from the CHS
database. Since various drugs with similar bioeffects are available on the Israeli market, the minimal
effective dose of sildenafil (50 mg) was used as the "active unit" for comparing the consumption rates
of similar medications in this class.

2.6. Statistical Methods

Differences between users and non-users were examined with demographic and clinical
attributes. These analyses were performed using non-parametric statistical tests: chi-squared tests for
categorical variables and Wilcoxon rank-sum tests for scale variables. Normality of scale variables
within PDESI use levels was assessed graphically using histograms, Kernel Density Estimates
(KDEs), and Shapiro-Wilks normality tests.

2.7. Initial Survival Analysis

We began our analysis with a log-rank test comparing survival distributions between PDE5I
users and non-users. Next, we fit a Cox proportional hazards (PH) model including all available
covariates to assess:

Which variables significantly influence survival.

Whether the effect of PDESI use remains significant after adjusting for other covariates.

Addressing Confounding with Propensity Score Matching

To mitigate the potential confounding impact, we employed Propensity Score Matching (PSM).
The covariates to be balanced were selected as follows:

We standardized all numerical covariates (0 mean and unit variance) and refit the Cox PH
model.

We also fit a Random Survival Forest (RSF) model to the data, using 10,000 trees, log-rank
splitting criteria, and a minimum terminal node size of 10. Bootstrap sampling was used for
observations, and model performance was assessed using out-of-bag (OOB) data at each RSF
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iteration. Variables were subsampled at each split by the default method (number of covariates
divided by three).

Variable importance was extracted from both models. For the RSF, we used the built-in variable
importance measure “random”, which compares performance with splits over a specific variable
with random splits over its values. For the Cox PH model, standardized coefficients were normalized
to sum to one.

We selected the top six variables from both models (accounting for a total of seven variables,
due to overlap), and used them for PSM, treating PDESI use as the treatment indicator. We also
incorporated an additional variable, as its levels differed significantly in the Cox PH model.

We tested three matching ratios of users to non-users across four caliper values and selected the
one yielding optimal covariate balance, as evaluated by comparing mean standardized differences
(for numeric variables) and differences in proportions (for categorical variables). Matching was
performed using the nearest neighbor approach without replacement. The final matching algorithm
used the best-performing ratio and caliper combination.

To assess whether the effect of PDES5I use on survival persisted after covariate balancing, we re-
ran the log-rank test on the matched dataset.

2.8. Additional Analyses

We conducted stratified log-rank tests by dividing the whole dataset into two subgroups based
on the levels of the two most informative categorical variables, creating two binary subgroups per
variable.

P-values are reported for all statistical tests. Key findings are presented graphically. All analyses
were conducted in R (version 4.2.3). Throughout the text, we denote degrees of freedom by df.

3. Results

The CHS database contained information on 1,552 patients diagnosed with non-metastatic rectal
cancer at the time of their diagnosis. The characteristics of these patients are presented in Table 1.

The initial analysis focused on survival rates between users and non-users of a particular
treatment. Results indicated that users performed significantly better, achieving statistical
significance in the Log Rank, Breslow, and Tarone-Ware tests with a p-value <0.0001 (see Figure 2).
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Figure 1. Standardized Mean Differences pre- and post-PSM, with 1:3 User to Non-User Ratio and 0.2 Caliper.

Figure 1: Standardized mean differences pre- and post-PSM, using our final PSM algorithm. The
solid lines represent the 0.1 threshold. As can be seen, all matched standardized mean differences are
below the 0.1 threshold (in absolute value).
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Figure 2. KM Survival Estimates for PDE5I Users Versus Non-Users, pre- (left) and post-PSM (right).

Figure 2 presents the KM survival estimates for PDE5I users and non-users pre-(left) and post-
PSM (right). In both plots, green represents users, while blue represents non-users. The plots also
display the log-rank test p-value, which is significant given any reasonable significance level, both
before and after performing Propensity Score Matching. As can be seen (and is verified by the Log-
Rank tests), although effect was reduced after matching, a clear and significant difference remains.
The vertical and horizontal dashed lines in the graph represent the median survival for non-users.
Median survival was not reached for PDE5I users.

Our non-parametric analyses revealed significant associations between PDE5I use and ethnicity
(X2=19.778,2 df, p <0.001) and age at diagnosis (Wilcoxon rank-sum test: W = 239625, p <0.001, effect
size =0.286). Users and non-users did not significantly differ in terms of socioeconomic status. Among
the PDESI users (n=256), 204 (79.7%) were Jewish, while 54 (20.3%) were Arabs. This compared to
1091 Jews (84.2%), 159 Arabs (12.3%), and 46 (3.5%) belonging to some other ethnic minority, among
non-PDESI users. Users and non-users also significantly differed in terms of age at diagnosis, with
users (mean = 57.42, SD = 10.63) tending to be younger than non-users (mean = 66.65, SD = 12.65).

Regarding clinical attributes, we observed a significant effect for radiotherapy (RT) (Chi-squared
=10.6, 1 df, p < 0.01), whereby 592 non-users (45.7%) received RT, compared to 146 (57%) of users.
Users and non-users also differed significantly in terms of CCI scores. Non-users had a mean score
of 5.11 (SD =2.97), as opposed to 3.32 (SD = 2.42) among users (Wilcoxon rank-sum test: W = 228724,
p <0.001, effect size = 0.245). Users and non-users did not significantly differ in terms of recurrence
rate, or tumor location. Full statistical summaries of the comparison of patients” demographic and
clinical attributes are provided in Table 1, as well as Shapiro-Wilks normality assessments of scale
attributes, are provided in Table S2. Distributions of patients by age at diagnosis are shown in Figure
S1

3.1. Initial Survival Analysis

The initial log-rank test comparing survival between PDESI users and non-users revealed
significantly better survival for PDESI users (22.66% deaths versus 53.94% among non-users). We
obtained a Chi-squared test statistic value of 94.75048, with p-value<0.001. The Observed-Expected
table is presented below (Table 3A). A complete Cox PH model was fitted with all covariates. We
obtained a Likelihood Ratio Test of 713.8 (32 df, n = 1552), with a p-value of <0.001. The total number
of deaths was 757. Several covariates, including the use of PDES5Is, had statistically significant effects.
The Hazard Ratio for PDES5I use versus non-use based on the Cox model was HR = 0.455, p-
value<0.001. Full model results are provided in the supplementary data (Table S1).

3.2. Variable Importance and PSM

To assess variable importance, we fit a standardized Cox PH model and an RSF model. The RSF
achieved a mean OOB C-index of 0.754 with SD = 0.0015. The ordered importance of the top 6
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variables/coefficients from each model is shown in Table S3. As previously mentioned, we also added
socio-economic status to the PSM algorithm, as it exhibited significance in the Cox PH model. The
covariates used for matching were as follows: ethnicity, recurrence (inferred from medical records),
malignancy (solid tumor from the CCI), age at diagnosis, CCI score, comorbidity count, liver disease
(as indicated in the CCI), and socioeconomic status (classified into three levels).

We evaluated three matching ratios: 1:1, 1:2, and 1:3. The optimal balance was achieved with a
1:3 user-to-non-user ratio, and the caliper value was 0.2 (values tested included 0.05, 0.1, 0.15, and
0.2). The final matched dataset included 253 PDE5I users (3 were unmatched) and 630 non-users. All
seven covariates used for matching achieved mean standardized differences < 0.1. Pre- and post-
matching balance diagnostics are displayed in Figure 2 via a Love plot.

3.3. Post Matching Analysis

To assess whether the effect of PDE5I use on patient survival remained significant after
balancing the data concerning the most informative variables, we refit the log-rank test to the
matched data. Indeed, this confirmed that PDESI users continued to show significantly prolonged
survival: x2 =31.08973, p-value < 0.001. The Observed-Expected Table is presented below (Table 3B).
The Hazard Ratio was again extracted from a Cox PH model, this time fitted post-PSM. We obtained
HR = 0.361, p<0.001. Users” and non-users’ survival curves, based on Kaplan-Meier estimators, are
visually compared between pre- and post-PSM in Figure 2. The median survival time for non-users,
using the original data, was 7.3 years, whereas after balancing the data, it increased to 13.5 years. For
users, the median survival time was not reached in either analysis.

3.4. Additional Analyses

All stratified log-rank tests conducted on subgroups, defined by ethnicity (Jewish vs. Arab) and
disease recurrence status (recurrence vs. no recurrence), showed significant differences between
users and non-users, with better survival rates for PDE5I users. Among patients with recurrence, we
observed 259 events in non-users (79.9%) compared to 32 events in users (54.2%) (Chi-squared =
30.148, p < 0.001). Similarly, among patients without recurrence, the observed number of events was
440 (45.3%) for non-users and 26 (13.2%) among users (X2 =73.576, p < 0.001). For Jews, we identified
1091 events among non-users (54.4%) and 47 events (23%) among users (Chi-squared = 80.756, p <
0.001). Among the examined subsamples, the least significant effect was observed among Arab
patients, with 59 (37.1%) and 11 (21.1%) events for non-users and users, respectively (X2 =4.869, p =
0.027). The full results for these subsamples are summarized in Table 2.

4. Discussion

Our retrospective study used the CHS database in Israel to examine the outcomes of 1,552
patients with rectal cancer, 256 of whom had purchased PDE5Is as sexual performance enhancement
drugs. Non-parametric analyses revealed significant associations between PDES5I use and ethnicity
(p<0.001) and age at diagnosis (p <0.001). Clinical attributes also differed significantly between users
and non-users, including radiotherapy (p<0.01) and Charlson Comorbidity Index (CCI) scores
(p<0.001). Initial survival analysis revealed significantly better survival rates for PDES5I users (p <
0.001), with a Hazard Ratio (HR) of 0.455 in the Cox model (p < 0.001). Variable importance was
assessed using a standardized Cox PH model and an RSF model, with the RSF achieving a mean OOB
C-index of 0.754. Covariates for matching included ethnicity, recurrence, malignancy, age at
diagnosis, CCI score, comorbidity count, liver disease, and socio-economic status. Optimal balance
in PSM was achieved with a 1:3 user-to-non-user ratio and a caliper of 0.2. Following PSM, the log-
rank test confirmed significantly prolonged survival for PDESI users (p < 0.001). The Hazard Ratio
after PSM was HR = 0.361 (p<0.001). The median survival time for non-users increased from 7.3 years
to 13.5 years after the data were balanced. Stratified log-rank tests on subgroups defined by ethnicity
and recurrence status consistently showed better survival rates for PDE5SI users (p < 0.001), except
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among Arab patients, where the effect was less significant (p = 0.027). Among patients with
recurrence, non-users had more events (79.9%) compared to users (54.2%) (p<0.001). Similarly, among
patients without recurrence, non-users had more events (45.3%) compared to users (13.2%) (p<0.001).

Our findings support those of several other studies into the possible anticancer effects of PDE5Is.
An epidemiological analysis of a Swedish cohort clearly showed that PDE5SI may reduce the incidence
of colorectal cancer in men. [24] A retrospective, matched cohort study analyzing data from 5,545
prostate cancer patients who underwent prostatectomy found that PDESI administration was
associated with improved overall survival and reduced risk of death, suggesting routine use of PDE5I
after prostatectomy may improve survival in prostate cancer patients.[25] Another nationwide
Swedish cohort study found that gastric cancer patients who used PDES5I had lower cancer-specific
mortality [26]

Several potential mechanisms have been identified for the survival benefit observed with the
use of PDE5Is. Emerging evidence suggests a duality in the effects of PDE5Is on tumorigenesis and
oncoprotection in various sites and organs, as outlined in a recent review. [13] Zhang’'s study
mentioned above combined their population-based evidence with in vivo and in vitro experiments
to investigate the mechanisms by which the PDES5I sildenafil suppresses gastric cancer growth and
found that it directly activates protein kinase G through PDES5 inhibition, regulating c-MYC
expression and IL-6 transcription.

Overall, the hypotheses regarding the contribution of PDES5I to the survival of cancer patients
can be divided into two approaches. The first is that the same mechanism that leads to improved
erectile function is responsible for the positive effect on survival; increasing blood flow to the pelvis
reduces inflammation and improves healing after oncological surgeries. This has been suggested as
the cause of the anti-inflammatory effects observed in prostate tissue. [14] Increased blood flow to
the tumor area also improves accessibility of anti-tumor drugs to their target, thereby improving the
survival of those patients receiving chemotherapy. [17] Moreover, improved blood flow increases
tumor oxygenation, which is crucial for radiation therapy. [27] The second approach explains the
clinical findings through more direct anti-cancer effects via molecular pathways involving cGMP or
other molecular mechanisms - such as PDL1 upregulation, cell cycle arrest, and induction of
apoptosis. [28,29]

It is worth noting that some evidence suggests patients taking PDE5 inhibitors may have a
higher risk of developing melanoma, which is linked to the activation of the RAS/RAF/ERK signaling
pathway in melanoma cells. [30]

Overall, the findings of our study support the potential role of PDE5 inhibitors as adjunctive
therapeutic agents in the management of rectal cancer. This option has been explored in silico with a
novel, more potent PDE5 inhibitor, which had greater apoptotic effects and higher efficacy as an anti-
tumor agent. [31] There is still a lack of consistent and extensive basic research to explain the clinical
findings and provide a precise mechanism for the improved survival seen in cancer patients.

This study has several limitations, including potential residual confounding despite the use of
propensity score matching, which may not fully account for unmeasured variables influencing
survival outcomes. The observational design precludes establishing causality between PDES5I use and
improved survival, and there may be selection bias related to patients who purchase these
medications, such as differences in health behavior or access to healthcare. Those patients who seek
medication for erectile dysfunction may be healthier than those who do not. Additionally, the data
relies on medication purchase history, which does not confirm actual usage or adherence to PDESI
therapy. The heterogeneity of the patient population, particularly in terms of ethnicity and
comorbidities, may also impact generalizability. Lastly, missing data on certain clinical variables,
such as tumor stage, limits the ability to comprehensively adjust for all relevant prognostic factors.

5. Conclusion

Here, we present evidence that the use of PDE5 inhibitors is associated with improved survival
outcomes in patients with rectal cancer. Initial unadjusted analyses revealed significant differences
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in survival distributions, favoring PDES5I users, with a substantial reduction in hazard risk. To
account for potential confounding factors such as ethnicity, age at diagnosis, comorbidities, and
treatment variables, propensity score matching was employed, further reinforcing these findings.
Post-matching analyses demonstrated that PDES5I users continued to experience significantly
prolonged survival, with median survival times markedly increased compared to non-users.
Stratified analyses across subgroups, including ethnicity and recurrence status, consistently indicated
a survival benefit associated with PDESI use, underscoring its potential role as an adjunctive
therapeutic agent in rectal cancer management.

Supplementary Materials: The following supporting information can be downloaded at the website of this

paper posted on Preprints.org.
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