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ABSTRACT

Objective: Erectile dysfunction (ED) is a common side effect of prostate cancer radiotherapy (RT). Stereotactic body RT (SBRT) is a highly conformal
RT technique that utilizes ultra-hypofractionated RT with 4-5 fractions, but the effect of SBRT on sexual function remains uncertain. This study aimed
to analyze the possible relationship between SBRT and ED in patients with clinically localized prostate cancer.

Methods: Between January 2013 and December 2019, the factors affecting ED were analyzed in 55 patients with preserved potency following SBRT
+/— hormone therapy for low- to intermediate-risk prostate cancer. While planning RT, the penile bulb was delineated as an organ at risk (OAR) in
the computed tomography scan. A total dose of 35-36.25 Gy was administered in five fractions of 7-7.25 Gy through alternating-day SBRT treatment
with CyberKnife. Erectile function was assessed using the International Index of Erectile Function (IlEF-5) scale at baseline and 3 months, 1 year, and
2 years after SBRT. Groups were formed with respect to post-treatment potency, as measured by IIEF-5.

Results: The median patient age was 68.5 years, and the median follow-up duration was 58 months. After SBRT, 56.4% of the patients had preserved
potency. Age and inclusion of the proximal seminal vesicles in the planning target volume (PTV) were significantly different between the potency
groups in the univariate analysis (p=0.028 and p=0.036). In the multivariable analysis, the PTV and inclusion of the proximal third of the seminal
vesicles in the PTV were significant in the development of ED (p=0.038 and p=0.020).

Conclusion: Although modern RT techniques are used in prostate cancer treatment, erectile function may be affected. Considering the complex
mechanisms of ED, it would be erroneous to explain the decline in potency based only on dosimetric factors related to OAR doses.
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oz

Amag: Erektil disfonksiyon (ED), prostat kanseri radyoterapisinin siklikla gozlenen bir yan etkisidir. Stereotaktik viicut radyoterapi (SBRT),
ultrahipofraksiyone (UH)-RT 4-5 fraksiyonda uygulanan RT teknigidir. SBRT'nin cinsel islev Uzerindeki etkisi halen tartismalidir. Bu calismanin amaci,
klinik olarak lokalize prostat kanseri olan hastalarda SBRT ve ED arasindaki olast iligkiyi analiz etmektir.

Yéntemler: Ocak 2013 ile Aralik 2019 arasinda, dustk-orta riskli prostat kanseri tanisi nedeniyle SBRT +/- hormonoterapi tedavisi uygulanan ve tedavi
oncesinde ED olmayan 55 hastada ED'yi etkileyen faktérler analiz edildi. RT planlanirken penil bulb (PB) riskli organ (OAR) olarak tanimlanmistir.
Hastalara fraksiyon basina 7-7.25 Gy, toplam doz 35-36.25 Gy/ 5 fraksiyon olacak sekilde Cyberknife ile giin asirn SBRT uygulandi. Hastalarin erektil
fonksiyon durumu tedaviye baslamadan 6nce ve 3. ayda, 1. yilda ve 2. yilda IIEF-5 skorlari kullanilarak degerlendirildi. Hastalar tedavi sonrasi potens
durumuna gére gruplandirild.

Bulgular: Ortanca hasta yasi 68,5 yil ve ortanca takip stresi 58 aydi. SBRT'den sonra hastalarin %56,4'iinde erektil fonksiyon korunmustur. Planlanan
hedef hacime (PTV) proksimal seminal vezikillerin dahil edilmesi ve hasta yasi tek degiskenli analizde potens olan ve olmayan gruplar arasinda anlamli
olarak farkli bulundu (p=0,028 ve p=0,036). Cok degiskenli analizde, PTV'nin biylk olmasi ve PTV'ye seminal vezikillerin proksimal t¢te birinin dahil
edilmesi ED gelisimi acisindan istatistiksel olarak anlamli bulundu (p=0,038 ve p=0,020).
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Sonug: Prostat kanser tedavisinde her ne kadar modern radyoterapi teknikleri kullanilsa da erektil fonksiyon etkilenebilmektedir. ED'nin karmasik
mekanizmasi g6z 6niine alindiginda, potensteki distsl sadece risk altindaki organlarin aldigi dozlara baglamak dogru olmaz.

Anahtar kelimeler: Erektil disfonksiyon, prostat kanseri, radyoterapi, stereotaktik beden radyoterapisi

INTRODUCTION

Prostate cancer (PCa) is the second most frequently diagnosed
cancer among men worldwide (1). For clinically localized PCa,
treatment options include active surveillance, radical surgery,
external beam radiotherapy (EBRT), and brachytherapy with
or without androgen-deprivation therapy (ADT) (2). SBRT is a
form of high-precision conformal EBRT that allows for ultra-
hypofractionation (UF) - RT of treatment over 1-5 fractions,
and it has comparable efficacy and acceptable toxicities to
conventionally fractionated EBRT (3). Based on the low alpha/
beta ratio (1.5-3 Gy) in slowly growing PCa, UF-RT may be
radiobiologically favorable in PCa treatment (4). Different image-
guided RT techniques, such as the CyberKnife robotic radiosurgery
system (Accuray, Sunnyvale, CA, USA), can be applied in UF-RT to
deliver high-dose radiation with large fraction sizes to the target
volumes without increasing the dose to adjacent healthy tissues
(5). Prospective nonrandomized trials have reported benefits in
terms of biochemical disease-free survival with this method that
also resulted in similar levels of gastrointestinal and genitourinary
toxicities when compared with UF-RT (6,7). Moreover, a large
5-year randomized trial reported that UF-RT was noninferior to
conformal RT in terms of biochemical failure-free survival, overall
quality of life, sexual functions, and late toxicity (8).

Nonetheless, erectile dysfunction (ED) is one of the most
concerning toxicities following RT. In a meta-analysis, the
incidence rates of radiation-induced ED following treatments
such as brachytherapy alone, brachytherapy plus EBRT, and EBRT
alone were 24%, 40%, and 45%, respectively. Comparatively, in
surgical treatments, such as nerve-sparing radical prostatectomy,
non-nerve-sparing radical prostatectomy, and cryosurgery, ED is
observed in 66%, 75%, and 87% of the patients, respectively (9).

In a recently published meta-analysis, the 5-year prevalence of ED
was approximately 50% after RT, but likelihood was dependent
on patient age, baseline functions, and comorbidities (10).
Furthermore, several studies have reported that ED risk increases
with the administration of radiation to the erectile apparatus,
particularly the penile bulb (PB) (11,12). However, a review found
that no available evidence suggests that avoidance of critical
erectile structures during RT was effective in the prevention of
these effects (13).

Although veno-occlusive dysfunction of erectile tissues and
hemodynamic alterations following RT have been documented,
radiation-induced ED is related with more complex mechanisms
and remains poorly understood (14). Radiation-induced ED is

supposed to be associated with endothelial cell damage on
erectile tissues and damage to the arterial supply of the corpora
cavernosa regardless of age and comorbidities, in addition to
combinations of neurological, vascular, and endocrine disorders
(15). However, many studies have shown that decreasing PB dose
alone does not directly reduce the incidence of ED, and studies
have also suggested performing treatment planning with respect
to organs at risk (OARs), such as the neurovascular bundle,
internal pudendal artery, and prostatic plexus located posterior
of the prostate (16,17).

In recent studies, the optimal RT modality for localized PCa
treatment remains under investigation; however, modern RT
techniques may reduce the incidence of ED by decreasing the
RT volume received by critical structures, such as the PB or
vasculature, which are normally exposed to high-dose RT (16,18).
Thus, this study aimed to evaluate the factors affecting the
incidence of ED in patients with PCa who received SBRT.

METHODS

Patient Selection

In this retrospective analysis, we evaluated 68 patients with
histopathologically proven low- or intermediate-risk PCa
according to the National Comprehensive Cancer Center (NCCN)
guidelines (19), who received SBRT using the CyberKnife at our
clinic, from January 2013 to December 2019. Eligible patients were
selected according to the following criteria: cT1c-T2¢c NO disease,
Gleason scores of 6-7, and prostate-specific antigen (PSA) levels
of <20 ng/mL. By contrast, those with previous pelvic RT, those
who had undergone prostate surgery, and those with high-risk
diseases were excluded.

The validated Turkish version of the 5-item International Index
Erectile Function (IIEF-5) scoring system was administered before
treatment in all 68 patients. Thirteen patients with severe and
moderate ED (IIEF-5 <11) before RT were excluded from the
study, while 55 patients with preserved potency were included to
investigate ED following SBRT.

Patients were asked about comorbid diseases such as diabetes
mellitus, hypercholesterolemia, or atherosclerosis, which are
considered risk factors for ED. Smoking and alcohol consumption
were also investigated. Patients receiving ADT were included in
the study.

The study protocol was approved by the Ethics Committee of the
istanbul Prof. Dr. Cemil Tascioglu City Hospital (decision no: 369,
date: 22.09.2020).
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Scoring of Erectile Function and Follow-ups

The IIEF-5 questionnaire was administered before RT (baseline)
and on the 349, 12", and 24" months after treatment. The IIEF-
5 questionnaire is a diagnostic tool for ED, consisting of five
items that are based on the ability to obtain erectile function and
intercourse satisfaction. A total IIEF-5 score of 5-25 points can
be obtained, and ED is divided into five categories: severe (5-
7), moderate (8-11), mild to moderate (12-16), mild (17-21), and
none (22-25) (20). After SBRT, 55 patients were subdivided into
two groups according to sexual potency. One group consisted of
patients with IIEF-5 > 11 (potent group), while the other consisted
of those with IIEF-5 < 11 (impotent group).

PSA and total testosterone levels were measured at baseline, at 1
month after treatment, and during follow-up visits every 3 months
for the first 2 years and every 6 months thereafter.

Treatment Planning and Delivery

In patients with organ-confined PCa, 4-5 gold fiducial markers
were placed transperineally into the prostate through transrectal
ultrasonography. RT was delivered with a CyberKnife radiosurgical
device with a 6-megavolt linear accelerator mounted on a
robotic arm for real-time tracking. Treatment planning scanning
was performed 1 week after fiducial markers were implanted to
account for the risk of migration.

All patients underwent simulation with computed tomography
(CT) with a comfortably full bladder and empty rectum in the supine
position. An appropriate fixation device with knee and foot support
was used. Planning CT scans were obtained at 1 mm thickness and
were fused with magnetic resonance images. CT and magnetic
resonance imaging (MRI) datasets were sent for contouring on the
CyberKnife planning system. The target definition was based on
CT in conjunction with MRI support for a more precise delineation
of the anatomical configuration of the prostate, rectum, bladder,
and PB. The Evolution of Radiation Therapy Oncology Group
protocols were followed while contouring the OAR, such as the
bladder, rectum, bowel, PB, and femoral heads (21). The PB was
contoured according to the approach previously described by
Wallner et al. (22) and evaluated with dose-volume histogram
(DVH) analysis during treatment planning by the same radiation
oncologists. Other erectile structures, such as the neurovascular
bundle, corpora cavernosa, or internal pudendal arteries, were
not specifically contoured.

The clinical target volume (CTV) for patients with low-risk ED
included only the prostate, whereas the CTV for those with
intermediate-risk ED included the prostate and the proximal
third of the seminal vesicles. The PTV was defined as the CTV
with an additional margin of 5 mm in all directions, except for the
posterior direction, which was limited to 3 mm to reduce the risk
of rectal toxicity. A total dose of 35-36.25 Gy was prescribed to
95% of the PTV and was administered in five fractions of 7-7.25
Gy through alternating-day treatment. After contouring, DVH
was generated from the CyberKnife plan. The goal of the DVH
analysis for the PB was to ensure that the volume receiving 30
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Gy dosage was limited to <3 cc. The PTV coverage was assessed
using the following parameters: PTV95% (PTV receiving 35-36.25
Gy) and the maximum and mean dose delivered to the PTV. V30
(volume of the PB receiving 30 Gy) and D2%, D25%, D50%, D75%,
and D90% (mean dose to 90% of the PB) with the maximum and
median doses of each DVH was calculated to obtain the delivered
dose to the PB (Table 1).

ADT

The intermediate-risk group received luteinizing hormone-

releasing hormone agonist as an ADT for 6 months so that the

Table 1. Patient characteristics

Characteristics n=55
Age, mean # SD (range) 68.56+7.26 (49-85)
Smoking 31 (56.4)

HT 22 (40%)

CAD 15 (27.3%)
Comorbid disease, DM 5(9.1%)
el ol COPD 5(9.1%)

e T a0

T2a 35 (63.6%)
T score T2b 4 (25.5%)

T2c 6(10.9%)

6 (3+3) 41 (74.5%)
Gleason score 7 (3+4) 10 (18.2%)

7 (4+3) 4(7.3%)
D’amico Low risk 25 (45.5%)
classification Intermediate risk 30 (54.5%)

3500 27 (49.1%)
Total RT dose

3625 28 (50.9%)

. <10 37 (67.3%)

Initial PSA value

>10 18 (32.7%)
Prostate volume, mean + SD 55.61+£31.20
PSA value, mean + SD 8.73+4.33
Testosterone value, mean + SD 3,74+1.63
ADT usage 26 (47.3%)
Dosimetric parameters Median, (range)
PB volume, cc 2.24 (0.49-22.58)
V30, cc 0(0-2.08)
D%25, Gy 11.78 (2.43-37.33)
D%50, Gy 9.16 (2.11-34.48)
D%75, Gy 6.56 (1.75-30.31)
D%90, Gy 4.47 (160-26.73)
D%2, Gy 21.99 (2.80-40.21)
PBmean, Gy 10.11 (2.20-33.51)
PBmax, Gy 23.69 (2.91-40.91)

SD: standard deviation, HT: hypothyroidism, CAD: coronary artery disease,
DM: diabetes mellitus, COPD: chronic obstructive pulmonary disease,
PB: penile bulb, PSA: prostate-specific antigen, RT: radiotherapy
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treatment was employed 3 months before RT as an neoadjuvant
treatment and concurrent ADT in 3 months according to the
NCCN recommendation (19). The low-risk group did not receive
ADT.

Statistical Analysis

Categorical variables were presented as number (percentage).
Continuous variables were presented with mean + standard
deviation or median (range) according to the normality of the
distribution, which was checked using histograms and analytic
methods (Shapiro-Wilk test). The change in IIEF-5 scores over time
was analyzed with the Friedman test, and the Wilcoxon test was
performed to test the significance of pairwise differences using
the Bonferroni correction to adjust for multiple comparisons.
Chi-square tests were used to compare the distributions of
categorical characteristics between the potent and impotent
groups after SBRT. The independent samples t-test was used to
compare the differences in continuous variables between these
two groups. Factors affecting ED were investigated with logistic
regression analysis with impotency after SBRT (IIEF-5 score <11)
as the dependent variable. Any variables demonstrating a p-value
of <0.20 in the univariate analysis of the two groups were entered
into the multivariable model. Hosmer-Lemeshow goodness-of-fit
statistics was used to assess model fit. An overall p-value of <0.05
was considered to show significance. All statistical analyses were
performed using the IBM SPSS Statistics for Windows, version 22
(IBM Corp., Armonk, NY, USA).

RESULTS

In total, 68 patients with low- and intermediate-risk PCa treated
with SBRT using the CyberKnife were included in the study. We
examined the factors affecting ED in 55 (80%) patients who were
sexually potent at presentation. The median follow-up was 58
(range, 24-78) months. The mean age was 68.6 years. Among
these patients, 25 (45.5%) were classified in the low-risk group
and 30 (54.5%) in the intermediate-risk group according to the
NCCN guideline. ADT was applied in 47.3% of the patients
because six patients in the intermediate-risk group refused ADT

non-ADT group

ADT group

- 250

IIEF-5 score
IIEF-5 score

Baseline  3"month  12"month 24" month Baseline  3"month  12"month 24" month

Time Time

Figure 1. Box plots of the distribution and comparison of IIEF-5
scores with respect to hormone therapy

ADT: androgen-deprivation therapy IIEF-5: 5-item International Index
Erectile Function

Tabak Dinger and Uysal.
Radiation-induced Erectile Dysfunction

or the treatment was deemed to be contraindicated because of
comorbidities. The characteristics of the patients are summarized
in Table 1.

According to the IIEF-5 scores, 56.4% of the patients remained
potent after SBRT. Sexual potency declined steadily throughout
the first year of follow-up and plateaued at 12 months. None
of the patients reported using sexual aids during the follow-up
period.

The patients were followed for a minimum of 24 months after
SBRT, and the IIEF-5 scores decreased after RT in all patients
(p<0.001). When patients with and without ADT were analyzed
separately, the IIEF-5 scores were significantly lower than values
before RT and at the 3 and 12 months in both groups (p<0.001
and p<0.001), regardless of ADT (Figure 1) (Table 2). No difference
was found in IIEF-5 scores among the measurements at the 3,
12, and 24" months after treatment.

Significantly larger PTV was observed in the impotent group.
The proportion of the patients in whom the seminal vesicle was
added to the target volume was higher in the impotent group.
No significant differences were observed between the potent and
impotent groups with respect to smoking, alcohol consumption,
comorbidities (hypertension, diabetes mellitus, coronary artery
disease, and chronic obstructive pulmonary disease), T-stage,
administration of hormone therapy, and RT dose. No correlation
was found between the ED and prostate volume, PB dose (mean
or maximum dose), and dose distribution in the PB (Table 3).

In the univariate analysis, age and the inclusion of the proximal
seminal vesicles in the PTV significantly associated with ED
following SBRT (p=0.028, p=0.036). Smoking, ADT usage,
comorbid diseases, RT dose, and PB doses were not significant.
The multivariable analysis showed that the PTV and inclusion
of the proximal seminal vesicles in the PTV were significantly
associated with ED likelihood (p=0.038, p=0.020) (Table 4).

DISCUSSION

In this study, we evaluated 55 patients with PCa who, before SBRT,
had no worse than moderate ED. These patients had undergone
RT with or without ADT and attended follow-up for at least 1 year
after RT. The use of ADT and the PB dose were not associated
with ED, but logistic regression showed that the higher PTV and
the inclusion of the proximal third of the seminal vesicle into the
CTV were associated with ED.

Randomized trials comparing patients receiving UF-RT with those
receiving conventional fractionation showed similar biochemical
control rates and toxicity (gastrointestinal and genitourinary),
while enabling the delivery of highly conformal RT (8,23). A study
recommends a total dose of 35-36.25 Gy (BED = 70 Gy vs. 74
Gy, assuming alpha/beta of 3) given in five fractions (7-7.25 Gy),
while utilizing image-guided RT techniques in SBRT (24). Besides
gastrointestinal and genitourinary toxicity, ED is a known prevalent
side effect of PCa treatment; however, research is limited with
respect to data concerning sexual outcomes following SBRT (25).
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IIEF-5 questionnaire

Baseline 22 (12-25)
Total 39 month 14 (5-25)
(n=55) 12" month 12 (5-25)
24t month 14 (5-25)
Baseline 22 (12-25)
with ADT 39 month 10.5 (5-25)
(n=26) 12" month 9.5 (5-25)
24" month 12 (5-25)
Baseline 23 (14-25)
non-ADT 39 month 15 (5-25)
(n=29) 12" month 15 (5-25)
24" month 15 (5-25)

a: Baseline vs. 3¥ month, b: Baseline vs. 12" month, c: 3¢ month vs. 12t month d:

International Index Erectile Function

Studies that evaluated the relationships between ED and EBRT
have shown decreased potency in patients with PCa (26,27). In
the majority of the studies investigating radiation-induced ED,
the PB/crura is considered an anatomic surrogate in which the
application of high-dose RT can lead to ED (28,29), but a recent
study found no relationship between ED and RT (30). However,
previous studies have recommended limiting the mean dose to
95% of the PBV <50 Gy with conventionally fractionated EBRT
(31,32). In the very recent CHHIP trial, the relationship between
ED and dose to the PB indicated that the PB dose was predictive
of ED development after RT - with a threshold mean dose of
approximately 20 Gy (33). Recommended PB dose constraints
for hypofractionated schedules have not been determined yet
(34), and the standard fractionations stated in the Quantitative
Analyses of Normal Tissue Effects in the Clinic review need to be
validated using data from patients treated with different regimens
(13). In the present study, only the PTV was related with ED
incidence, regardless of the PB dose. Although the target volume
and PTV margin reduction were enabled by SBRT and provided
the capability to ensure that the PB volume of receiving 30 Gy did
not exceed 3 cc, ED was detected in nearly half of the patients.
This could be explained by the effects of dose variations delivered
to the structures for erectile function; therefore, the effects of RT
on ED appear to be associated with other factors in addition to
previously shown relationships with the PB dose.

In contrast to gastrointestinal and genitourinary side effects, it
is difficult to explain radiation-induced ED only with dosimetric
factors linked to OAR doses after SBRT (35). Pretreatment baseline
factors should be considered associated with ED. Attributing ED
to only RT is difficult because erectile function is closely related
with age and other comorbidities, such as cardiovascular disease,
hypertension, diabetes, and behavioral risk factors (i.e., obesity,

Median (range)

p value
(Friedman test)

p value
(Wilcoxon test)

<0.001=
<0.001°
0.359¢
0.5004
<0.001®
<0.001°
0.607¢
0.180¢
<0.001®
<0.001®
0.138¢
0.593¢
12 month vs. 24" month, ADT: androgen-deprivation therapy, IIEF-5: 5-item

<0.001

<0.001

<0.001

smoking, sedentary lifestyle, and alcohol consumption) (36). Some
authors have also suggested that ED can be explained by the
effects of post-RT ED (37). In a recent epidemiologic study, older
patients were found to have experienced a decline in erectile
functions similar to patients without PCa, while ED was observed
in up to 44% of men aged 60-69 years (38). Consistent with
epidemiological data, ED is expectedly seen in approximately
half of the patients in this age group, regardless of RT, therefore,
treatments should be tailored according to age groups and the
current status of the patients (39). In the present study, age (>70
years) was observed as a significant variable associated with ED in
the univariate analysis. Comorbidities and lifestyle habits were not
identified as prognostic factors for ED following SBRT. Similarly,
Dess et al. (37) found that other comorbidities were not significant
factors for ED, except for older age.

ED was a common side effect in 60% of the patients at 2 years
post-RT follow-up, and the largest decline in erectile function
occurs within the first year after radiation-based treatments and
increases with time, predominantly during the first 1-3 years
(40,47). In recently published trials, decreased potency was
observed in nearly 50% of the patients following SBRT, with the
greatest decline seen during the first year after RT (37,42). This
result is similar to our findings that 46.3% of our patients showed
a decline in sexual potency following SBRT in the 3rd and 12th
months. The follow-up period was not enough to analyze the
factors associated with late sexual side effects and/or to assess
the whole group in terms of changes or stabilization of erectile
functions; therefore, these may be short-term ED outcomes in
patients with PCa treated with SBRT. Despite these results, none
of the patients used sexual aids before or after RT, and the most
reliable explanations were the high cost of these treatments and
no coverage by social health insurance.
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Potent (IIEF-5 > 11)

n=31
Age (>70 years) 9 (29%)
Adding SV 14 (45.2%)
ADT usage 14 (45.2%)
Smoking 19 (61.3%)
RT dose (3625 cGy) 17 (54.8%)
Comorbid disease 20 (64.5%)
HT 11 (35.5%)
CAD 6 (19.4%)
DM 3(9.7%)
COPD 3(9.7%)
Second primary cancer 3(9.7%)

Mean = SD
PSA value 8.12+4.06
Testosterone 3.79+1.87
Prostate volume 63.11+£31.21
PTV, cc 84.76+38.99
PB volume, cc 3.08+3.78
PBmean, Gy 13,68+9.35
PBmax, Gy 23.65+12.80
D%2, Gy 22.23+12.80
D%25, Gy 17.05+11.34
D%50, Gy 13.03+9.66
D%75, Gy 10.04+8.36
D%90, Gy 8.51+7.38
V30, cc 0.29+0.56

Impotent (IIEF-5 < 11)

n=24 p-value
12 (50%) 0,112
17 (70.8%) 0.057
12 (50%) 0.721
12 (50%) 0.402
11 (45.8%) 0.437
18 (75%) 0.404
11 (45.8%) 0.437
9 (37.5%) 0.134
2(8.3%) 0.863
2(8.3%) 0.863
1(4.2%) 0.435
Mean = SD

9.51+4.64 0.244
3.68+1.29 0.798
65.05+42.53 0.714
110.10+59.68 0.023*
2.31+1.19 0.298
11,69+8.79 0.812
20.76+11.57 0.675
18.98+11.85 0.624
14.26+10.84 0.651
11.20+9.17 0.835
8.82+7.40 0.598
7.37+6.17 0.302
0.19+0.46 0.406

*Significant result, ADT: androgen-deprivation therapy, IIEF-5: 5-item International Index Erectile Function, PSA: prostate-specific antigen, PB: penile bulb,
SD: standard deviation, HT: hypothyroidism, CAD: coronary artery disease, DM: diabetes mellitus, COPD: chronic obstructive pulmonary disease

Patients who received ADT were not considered ideal in
investigating the effect of RT on sexual outcomes, so they were
excluded from most of the previous studies. In some studies, no
significant difference was found in the erectile function results with
the inclusion of the ADT group and no differences were found in
the frequency or recovery of sexual potency in the RT alone or RT
+ ADT groups (43,44). Similarly, ADT had no significant effects on
ED in the present study.

This study has several limitations. First, this was a retrospective
study from a single center and included a limited number of
patients. Therefore, patient characteristics and interpretations may
be biased. Second, despite the promising results, data regarding
long-term potency preservation after SBRT are lacking. Third, the
method of ED measurement by using the IIEF-5 scoring system
limited the findings because it is a patient-reported instrument,
and this feature may affect the quantification of sexual function.

Finally, other erectile structures, such as the neurovascular bundle,
corpora cavernosa, or internal pudendal arteries, were not
contoured specifically, and only the PB dose was evaluated as a

critical component that could contribute to ED.

CONCLUSION
Although SBRT allows for delivery of highly conformal EBRT,

related with risk reduction by avoidance of erectile tissues such
as the PB, the risk for radiation-induced ED is similar to other
radiation therapy techniques. It appears that explaining the
decline in potency based only on dosimetric factors associated
with SBRT may be erroneous. Therefore, sexual function is a
multifactorial process and should be considered when evaluating
ED. Radiation-induced ED will require more studies with high-

quality data and sufficient follow-up.
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Univariate analysis

p-value
Odds ratio 95% CI

Age (>70 years) - 0.028* 3500
el e s
ADT usage - 0.522 1.417
Smoking - 0.256 0.534
PSA value - 0.319 1.066
Testosterone value - 0.908 0.979
RT dose - ref

- - 0.351 0.601
Comorbid disease - 0.670 1.286
HT - 0.581 1.357
CAD - 0.189 2.250
DM - 0.798 0.783
COPD - 0.798 0.783
Second primary cancer - 0.409 0.375
Prostate volume, cc - 0.884 1.001
PTV, cc - 0.072 1.011
PB volume, cc - 0.419 0.880
PBmean, Gy - 0.623 0.861
PBmax, Gy - 0.522 0.866
D2, Gy - 0.469 0.851
D25, Gy - 0.518 0.852
D50, Gy - 0.695 0.892
D75, Gy - 0.834 0.930
D90, Gy - 0.806 0.906
V30, cc - 0.503 0.963

Multivariable analysis
Odds ratio 95% ClI
0.155 2.531

p value

1.144-10.706 0.703-9.112

1.083-10.441 0.020* 4.806 1.275-18.121

0.488-4.115 - - -
0.181-1.574 - - -
0.940-1.209 - - -
0.681-1.407 - - -

0.206-1.752 - - -
0.404-4.089 - - -
0.459-4.012 - - -
0.670-7.555 0.764-11.734
0.120-5.096 - - -
0.120-5.096 - - -
0.037-3.850 - = =
0.986-1.016 - - -
0.999-1.023 1.001-1.028
0.646-1.199 - - -
0.475-1.562 - - -
0.558-1.344 - - -
0.551-1.316 - - -
0.523-1.386 - = =
0.503-1.582 - - -
0.471-1.835 - = =
0.412-1.991 - - -
0.863-1.075 - - -

*Significant result, ADT: androgen-deprivation therapy, PSA: prostate-specific antigen, PB: penile bulb, SD: standard deviation, RT: radiotherapy, PTV: planning
target volume, Cl: confidence interval, HT: hypothyroidism, CAD: coronary artery disease, DM: diabetes mellitus, COPD: chronic obstructive pulmonary disease
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