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Abstraùt 

Baùkground: Ereûtile dysfunûtion (ED) is a ûommon side effeût of prostate ûanûer treatment, affeûting up to 50% of patients 

after radiation therapy. 

Objeùtives: This study aims to analyze the ûorrelation bet een the dose reûeiþed by the penile bulb (PB) and ED in men ho 

under ent definitiþe radiation therapy for early-stage prostate ûanûer ithout androgen depriþation therapy. 

Methods: The study inûluded 40 patients ho reûeiþed 3D ûonformal radiation therapy (3D-òRT) for loûalized prostate ûanûer 

and ere reported to be potent before treatment, as determined by the International Index of Ereûtile Funûtion (IIEF-15) 

questionnaire. The dose to the PB as measured using dose þolume histograms (DõHs), and the IIEF-15 questionnaire as 

ûompleted again 3 months after 3D-òRT. The Pearson ûorrelation ûoeffiûient and linear regression test ere used to examine the 

ûorrelation bet een the ED sûore and PB doses. Statistiûal signifiûanûe as ûonsidered if the P þalue as less than 0.05. 

Results: The mean age of the patients as 75.5 ± 5.70 years. The aþerage ED sûore based on the questionnaire as 15 ± 10.55. 

T enty perûent of the patients had moderate ED, hile 80% had mild ED (all patients reported a deûrease in potenûy after 3D-

òRT). Ho eþer, the ûorrelation bet een the ED sûore and the PB mean dose as not statistiûally signifiûant. 

Conùlusions: This study reþealed ED in all prostate ûanûer patients after 3D-òRT, but no signifiûant ûorrelation as found 

bet een the dose reûeiþed by the PB and radiotherapy-induûed impotenûe. 

Keywords: Radiation Therapy, Prostate òanûer, Prostate òanûer; Penile Bulb 

1. Baùkground 

Prostate ûanûer is the most frequently diagnosed 

ûanûer and the seûond most preþalent ûause of ûanûer 
death in men (1). öith the inûreased implementation of 

sûreening programs, more patients are being diagnosed 

at earlier stages, signifiûantly improþing their surþiþal 
(2). Therefore, efforts should be made to reduûe the side 

effeûts of treatment (3). òurrently, treatment options for 
patients ith early-stage prostate ûanûer inûlude aûtiþe 

surþeillanûe, radiûal prostateûtomy, and definitiþe 

prostate ûanûer, definitiþe RT is ûhosen due to the 
patient's inability to tolerate surgery or their preferenûe 

for a non-surgiûal proûedure ithout ûompromising the 

outûome (6). Ho eþer, aûute and late toxiûities related 

to unintentional doses to organs at risk are expeûted 

follo ing RT administration (7). 

Ereûtile dysfunûtion (ED), defined as the inability to 

obtain or maintain a penile ereûtion during sexual 
aûtiþities, is a ûommon problem assoûiated ith 

prostate RT, ith an estimated rate of up to 50% in some 
reports (8). The underlying meûhanisms may inûlude 

radiotherapy (RT) (4, 5). In many ûases of early-stage direût radiation-induûed damage to the penile bulb (PB) 
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or the neuroþasûular bundles, although the exaût 

meûhanisms remain unûlear (9-11). The rates of ED 

follo ing definitiþe RT haþe deûreased in reûent years 
ith the adþanûement of treatment teûhniques (12). 

òonformal treatment teûhnologies, suûh as intensity-
modulated radiation therapy (IMRT), image-guided 

radiation therapy (IôRT), and stereotaûtiû body

radiotherapy (SBRT), haþe improþed the teûhniûal 
deliþery and dose administered by radiation therapy, 

thereby reduûing aûute and late side effeûts (13-15). 

These adþanûed teûhniques haþe made it possible to 

inûrease the doses to targeted areas hile reduûing the 
dose to at-risk organs (14, 16, 17). The PB is loûated near 

the prostate and the radiation field. The dose reûeiþed by
the PB is a ûruûial faûtor in the deþelopment of ED, ith 

a dose of approximately 50 ôray (ôy) to the entire PB 

identified as a threshold for an inûreased risk of ED (13, 

18). In many onûologiûal ûenters in Iran and similar 

deþeloping ûountries, 3-dimensional ûonformal 

radiotherapy (3D-òRT) is the most ûommonly aþailable 

method. Ho eþer, there is limited data on the dose to 

the PB and its assoûiation ith sexual disorders related 

to prostate radiation therapy in Iran. 

2. Objeùtives 

This study aims to inþestigate the relationship 

bet een the PB dose in 3D-òRT and the inûidenûe of ED 

related to RT at the Mahdieh and Besat Radiation 

Therapy òenter in Hamadan, Iran. 

3. Methods 

The study inþolþed patients ith lo -risk prostate 

ûanûer (PSA < 10, ôleason Sûore < 7, T stage < T2) ho had 

an expeûted life expeûtanûy of more than 10 years and 

ere referred for definitiþe external beam radiation 
therapy (EBRT) at the Mahdieh and Besat Radiation 

Therapy òenter in Hamadan, Iran, bet een June 2021 

and August 2023. Patients ho ere ûandidates for 

ûonûurrent or adjuþant androgen depriþation therapy

(ADT) ere exûluded from the study. 

Indiþiduals ith underlying health ûonditions 

kno n to inûrease the risk of ED, suûh as atherosûlerosis, 

hypertension, diabetes, and ûardioþasûular disease, ere 

also exûluded. Additionally, smokers or those ho had 
smoked in the past 6 months ere not inûluded. Pelþiû 

multiparametriû MRIs ere performed on all patients to 

ensure appropriate staging before entering the study. 
All patients ere initially examined for proper ereûtion 

by a trained urologist, and they ûompleted the 
International Index of Ereûtile Funûtion (IIEF-15) 

Questionnaire. The IIEF-15 ûonsists of 15 questions that 

assess male sexual funûtion aûross fiþe main domains: 

Ereûtile funûtion, orgasmiû funûtion, sexual desire, 

interûourse satisfaûtion, and oþerall satisfaûtion. Eaûh 
question is sûored from 0 to 5. Patients ere ûategorized 

based on their total sûore as follo s: 1 - 10: seþere ED; 11 -
16: Moderate dysfunûtion; 17 - 21: Mild to moderate 

dysfunûtion; 22 - 25: Mild dysfunûtion; 26 - 30: No 

dysfunûtion. Those sûoring 25 or belo ere ûlassified as 
haþing ED before radiation therapy and ere exûluded 

from the study. 

Aûûording to Rezaee et al., the Persian þersion of the 

IIEF-15 is a þalid and reliable tool for assessing male 
sexual funûtion. They reported òronbaûh's alpha and 

intra-ûluster ûorrelation ûoeffiûients for the 
questionnaire at 0.893 eaûh ( ith a ûonfidenûe interþal 

bet een 0.811 and 0.950), indiûating strong internal 

ûonsistenûy of the questionnaire items and domains 

(19). The òronbaûh's alpha for our sample as 0.97. òT 

sûans ere performed ith an empty reûtum and a 

ûomfortably full bladder in the supine position. Axial òT 

sûans ith 5 mm sliûe thiûkness ere used for 

ûontouring and ere fused ith multiplanar MRI. 

òliniûal tumor þolume (òTõ), planned tumor þolume 

(PTõ), PB, reûtal, and prostate anatomy ere delineated 

on eaûh sliûe. Radiotherapy as administered 

exûlusiþely to the prostate, as pelþiû lymph node 

irradiation as deemed unneûessary due to the 

patients' lo risk. The prostate gland and seminal 

þesiûles ere inûluded as òTõ. A 5 mm margin as 

applied in all direûtions for PTõ, exûept for a 3 mm 

margin posteriorly to spare the reûtum. The PB as 

defined as the proximal part of the penis, loûated just 

ûaudal to the prostate gland (the proximal expansion of 

the ûorpus spongiosum attaûhed to the urogenital 

diaphragm and ûoþered by the bulbospongiosus 

musûle). 

External beam radiation therapy as planned and 

deliþered ith the patient in the supine position. All 
patients under ent 3D-òRT ith a total dose of 76 ôy, 

administered as 2 ôy per fraûtion. The energy used for 
all patients as 18 Meõ, deliþered by an Elekta Synergy

linear aûûelerator. The dose reûeiþed by the PB as 

measured using dose-þolume histograms (DõH). For 
eaûh DõH, the aþerage dose reûeiþed by the PB as 

ûalûulated. Three months after ûompleting radiation 

therapy, patients ere asked about their sexual funûtion 

during follo -up þisits, and they ûompleted the IIEF 

questionnaire again. Data ûolleûted inûluded age, 

disease stage, mean dose to the PB, ED sûore, and Body

Mass Index (BMI). The data ere analyzed using SPSS 

þersion 26 soft are (SPSS Inû., òhiûago, IL, USA). The 

Pearson ûorrelation ûoeffiûient as used to inþestigate 
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the relationship bet een ED sûore and dose reûeiþed. A 

linear regression test as used to examine the adjusted 

assoûiation bet een the mean dose and ED. The 
normality of the ED response þariable (measured as a 

ûontinuous þariable) as assessed using the 
Kolmogoroþ-Smirnoþ test. The linearity assumption for 

the regression model as ûheûked using residual plots. 

Residuals (the differenûes bet een obserþed and 
prediûted þalues) ere plotted against the independent 

þariables. The residuals ere randomly sûattered 
around zero ith no ûlear pattern, suggesting that the 

linearity assumption holds for the three þariables in the 

model. To determine if the t o ED groups (mild þersus 
moderate) ere homogeneous ith respeût to age, BMI, 

and reûeiþed dose, e used t o independent sample t-
tests. All tests ere ûonsidered statistiûally signifiûant 

hen the P þalue as <0.05. 

4. Results 

Forty patients ho under ent definitiþe external 

beam radiotherapy (EBRT) for lo -risk prostate ûanûer 

ere enrolled in this study. The mean ± SD age of the 

patients as 75.5 ±5.70 years, ith an age range of 68 to 

85. Disease stage as I in 60% of the patients, hile the 

remaining 40% ere at stage IIA. The mean ± SD dose to 

the PB as 56.98 ± 9.05 ôy (95% òI = 50.50 - 63.46). The 

aþerage ED sûore based on the questionnaire as 15 ± 

10.55. The ûorrelation bet een the ED sûore and the dose 

as not signifiûant (r = -0.199; P = 0.589). 

A multiþariate regression analysis as ûonduûted to 

inþestigate the assoûiation bet een ED and the reûeiþed 

dose, adjusted for the effeûts of BMI and age. Table 1 

presents the ûoeffiûients of the multiþariate linear 

regression for the assoûiations bet een the aþerage 

reûeiþed dose and ED. Aûûording to the results, there as 

no signifiûant assoûiation bet een the aþerage reûeiþed 

PB dose and the ED sûore. Additionally, based on the 

ûategorization of ED, 20% of the patients had moderate 
ED, and 80% had mild ED. Table 2 sho s the doses 

reûeiþed by the t o groups. As sho n, there ere no 

signifiûant differenûes in the doses reûeiþed bet een the 
t o groups. 

5. Disùussion 

Prostate ûanûer is a ûommon ûanûer type among 

men, aûûounting for 14.1% of all ne ûanûer ûases and 

6.8% of all male ûanûer deaths orld ide in 2020 (20). 

Radiotherapy is a ûritiûal ûomponent of ûuratiþe 
treatment for early-stage prostate ûanûer, ith 

outûomes ûomparable to radiûal prostateûtomy (21). 

òompared to surgery, RT offers seþeral adþantages, 

inûluding aþoiding ûompliûations assoûiated ith 

general anesthesia and surgery, suûh as bleeding, and a 

lo er risk of urinary inûontinenûe and striûture (22). 
Reûent ûliniûal trials haþe sho n that inûreasing 

radiation doses to the prostate ûan improþe ûanûer-
related outûomes, though it may also inûrease side 

effeûts, suûh as sexual disorders (23). 

The inûidenûe of ED follo ing RT þaries idely, 

affeûting 20% to 90% of patients (24). öhile early-stage 
prostate ûanûer patients generally haþe high surþiþal 

rates, approximately half may deþelop ED ithin 3 to 5 

years after ûompleting treatment (25). Sinûe sexual 
funûtion is a ûruûial aspeût of human health and ûanûer 

surþiþorship, understanding the potential effeûts of 
different treatment modalities on sexual health is 

essential (26). Key prediûtors of ED follo ing treatment 

inûlude the patient’s age at the time of radiation, their 

ereûtile funûtion before treatment, the type of RT used, 

and the health of their ereûtile tissues (27). øounger men 

and those ith better ereûtile funûtion before treatment 

tend to haþe better ereûtile outûomes (24). Many studies 

haþe identified patient-related faûtors suûh as diabetes, 

smoking, a history of hypertension, and ûardioþasûular 

disease as risk faûtors for ED (28). A study by òahlon et al. 

inþolþing 487 patients ho under ent prostate RT 

found that age oþer 70 years and diabetes ere 

signifiûant ûontributors to the deþelopment of ED (29). 

In this study, patients ith diabetes, smokers, and those 

ith a history of hypertension or ûardioþasûular disease 

ere exûluded. öe also exûluded patients reûeiþing ADT, 

as ADT has been sho n to prediût ED follo ing EBRT. 

Additionally, patients ho had undergone 

braûhytherapy ere exûluded, as the additional dosage 

from braûhytherapy ûompliûates the determination of 

the ûontributions of eaûh therapy (30). 

Studies on ereûtile funûtion follo ing RT haþe mainly

foûused on the dose to ûritiûal ereûtile struûtures, 

partiûularly the PB (31). Many studies suggest that the 

maximum dose to the PB area to preþent ED should be 

less than 50 ôy (18). In a study by Fisûh et al., hiûh also 

used 3D-òRT, 33% of patients reported ED, ith a dose of 

D70 ≥70 ôy signifiûantly assoûiated ith ED (32). Mangar 

et al. inþestigated the rate of ED based on patient-
reported questionnaires and found that a D90 ≥50 ôy is 

assoûiated ith a signifiûant risk of ED (33). In the 
ûurrent study, the aþerage dose to the PB as 56.98 ôy, 

exûeeding the reûommended maximum dose. 

There is inûonsistenûy regarding the relationship 

bet een PB dose and ED oûûurrenûe in prostate ûanûer 
(34, 35). Although the PB is a primary foûus in many

researûh studies, seþeral inþestigations haþe sho n that 

the dose deliþered to the PB is not the most signifiûant 
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          ÿ        

  

 

    

    

   ÿ  ÿ                 

  

  

  

  

 

  

  

  

    

       ÿ 

         

ÿ     ÿ    

          

   ÿ        

       

  ÿ       

              

  ÿ        

       
    ÿ   ÿ  

ÿ           

        

    ÿ    

ÿ      ÿ   ÿ   

 

       

        

      
      

       

       

     

 ÿ   ÿ    
   ÿ       

      

    ÿ    

       

     

      

     ÿ

     

       

       

          

      

      

     
    

       

       

     

       

     

        
       

ÿ  ÿ       

 

Nouri M et al. 

Table 1. òoeffiûients of Multiþariate Linear Regression for the Assoûiations Bet een Aþerage Reûeiþed Dose and Ereûtile Dysfunûtion a 

Model 
B 

Unstandardized Coeffiùients òtandardized Coeffiùients 

òtd. Error Beta 
t òig. 

(Constant) -129.694 71.474 - -1.815 0.120 

Dose -0.002 0.004 -0.201 -0.603 0.569 
1 

BMI 3.400 1.785 0.658 1.904 0.106 

Age 1.013 0.602 0.547 1.682 0.143 

Abbreþiation: BMI, Body Mass Index. 

a Dependent õariable: Ereûtile dysfunûtion. 

Table 2. òomparison Bet een T o Ereûtile Dysfunûtion ôroups (Mild õersus Moderate) in Terms of Age, Body Mass Index, and Mean Dose 

Variables Mean ± òD 

Age 

P-Value 

0.293 

Moderate 79.5 ± 3.53 

Mild 57.27 ±10.23 

BMI 0.303 

Moderate 25.39 ± 1.76 

Abbreþiation: BMI, Body Mass Index. 

Mild 74.5 ± 5.86 

Average reùeived dose 0.711 

Moderate 55.84 ± 13.33 

Mild 23.64 ± 2.05 

faûtor for ED (36). A reûent systematiû reþie reþealed 

that out of 23 studies on radiation-induûed ED, only 15 

sho ed a signifiûant ûorrelation bet een the PB dose 

and the inûidenûe of ED (36). For instanûe, Roaûh et al. 

found that patients ith a median penile dose of 52.5 ôy

or more had a greater risk of radiation-induûed 

impotenûe ûompared ith those reûeiþing a dose of less 

than 52.5 ôy (P = 0.039, odds ratio = 1.98, 95% òI = 1.03 -

3.78) (18). Ho eþer, õan der öielen et al. found no 

signifiûant differenûes in mean dose, maximum dose, or 
þolume of þarious struûtures bet een patients ith and 

ithout ED 2 years after EBRT (37). Similarly, Selek et al. 
studied 28 patients and found that 68% deþeloped post-

treatment ED, but there as no dose-þolume effeût 

bet een PB dose and ED, hiûh aligns ith our researûh 

findings (38). 

To explain this ûontroþersy, it is important to 

reûognize that the deþelopment of ED in prostate ûanûer 

patients is a multifaûeted phenomenon influenûed by

þarious physiûal and psyûhologiûal faûtors. Some studies 

haþe foûused on other anatomiûal struûtures, suûh as 
the proximal ûentimeter of the ûrura, internal pudendal 

arteries, neuroþasûular bundles, and ejaûulatory duûts 

(37). Ho eþer, there as insuffiûient eþidenûe to 

establish a relationship bet een ED and the dose to the 

neuroþasûular bundles based on eight studies. One 

study inþestigated the relationship bet een ED and the 

dose reûeiþed by the internal pudendal arteries but 

found no signifiûant ûorrelation (36). Neþertheless, 

studies that spared blood þessels reported positiþe 

outûomes in maintaining ereûtile funûtion ithout 

ûompromising the intended treatment þolume. Thus, 

ûontroþersy exists regarding the importanûe of doses to 

different irradiated struûtures in the deþelopment of ED 

(36). 

It has been suggested that the effeûts of RT on penile 

struûtures may extend beyond anatomiûal damage and 

ûontribute to an inflammatory proûess (39). Radiation 

therapy induûes a proinflammatory ûytokine ûasûade 

that ûreates an inflammatory miûroenþironment, 

leading to neuroþasûular toxiûity (40). The degree of 

inflammation is direûtly proportional to the amount of 

irradiated prostatiû tissue, fraûtion deliþery time, 

patient setup errors, and reûtal sparing protoûols (40). 
Endothelial damage and aûûelerated atherosûlerosis of 

þarious þessels in the prostate area ûan also oûûur, 
leading to arterial oûûlusiþe disease and abnormal blood 

flo , hiûh ûan affeût a signifiûant perûentage of 

patients (40). 
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To aûhieþe penile ereûtion, psyûhogeniû stimulation 

triggered by sexual thoughts and stimuli is required in 

addition to pathophysiologiûal faûtors. For patients ith 
prostate ûanûer, ED may result from þarious 

psyûhologiûal faûtors suûh as depression, anxiety, 
frustration, shame, and laûk of ûonfidenûe in sexual 

performanûe (41). Seþeral studies haþe indiûated that 

prostate ûanûer treatment ûan lead to ûhanges in 
emotional state, self-esteem, and body image, hiûh 

may ûontribute to ED (42, 43). Therefore, to arriþe at a 
more aûûurate ûonûlusion, it is essential to assess the 

psyûhologiûal aspeûts of prostate ûanûer treatment 

using appropriate questionnaires suûh as the Self-
Esteem Sûale (SES), Personal Attributes Questionnaire 

(PAQ), Body Image Sûale (BIS), and the funûtional 
assessment of ûanûer therapy-prostate (FAòT-P). It is 

orth noting that in this study, only the IIEF-15 

Questionnaire as used, and this should be ûonsidered 

hen interpreting our ûonûlusions. 

Seþeral limitations should be ûonsidered hen 

interpreting our findings. Firstly, our sample size as 

relatiþely small, hiûh may impaût the generalizability

of our results. Additionally, hile our primary foûus as 

on exploring the relationship bet een ED and PB dose, 

e did not examine potential ûorrelations ith other 

anatomiûal struûtures, presenting an opportunity for 

future researûh in this area. Lastly, our data ûolleûtion 

as restriûted to patient þisits oþer a 3-month period, 

hiûh may proþide only a partial understanding of 

long-term trends and effeûts. Therefore, further researûh 

ith a larger sample size and extended follo -up is 

needed to proþide a more ûomprehensiþe 

understanding of the topiû. 

Despite adþanûements in radiation teûhniques 

designed to minimize nerþe and þasûular damage to the 

prostate and reduûe the exposure of surrounding 

tissues to radiation, a reûent study found that 100% of 

patients reported experienûing post-treatment ED. This 
issue may be attributed to the routine use of 3D-òRT, 

partiûularly in deþeloping ûountries like Iran, hiûh ûan 

result in damage to normal tissue, inûluding the PB, 

despite efforts to ûontour the organ at risk. As many

mediûal ûenters in deþeloping ûountries utilize 3D-òRT 
to treat prostate ûanûer, a multidisûiplinary disûussion 

may be neûessary to seleût the most appropriate 
treatment modality. òonsidering adþanûed teûhniques 

suûh as IMRT, IôRT, þolumetriû modulated arû therapy

(õMAT), and stereotaûtiû body radiation therapy (SBRT) 
ûould be steps to ards improþing patient outûomes. 

5.1. Conclusions 

Aûûording to this study, all patients experienûed 

reduûed potenûy ithin 3 months of reûeiþing radiation 

therapy. Ho eþer, further analysis did not establish a 
statistiûally signifiûant ûorrelation bet een the 

radiation dose administered to the PB and potenûy
preserþation. This aspeût requires further inþestigation 

in future studies ith a larger sample size and the use of 

more adþanûed radiation teûhniques. 
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