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Abstract: Pelvic malignancies, including prostate, rectal, and bladder cancers, are among the most
frequent malignancies found in the male population. These issues are most effectively and commonly
treated with radiotherapy and/or surgery. However, these treatments can cause collateral damage,
resulting in significant impacts on quality of life, with erectile dysfunction being one of the most frequent
postoperative complications. Currently, there are several treatment options for erectile dysfunction,
including oral phosphodiesterase type 5 inhibitors, vacuum erection devices, intracorporeal injections,
and penile prosthesis. The latter has shown to be an effective and safe technique, with results comparable
to those obtained by patients without pelvic surgery or radiotherapy. The results of early penile
rehabilitation programs are promising and they have been incorporated into a greater proportion of
treatment plans more recently, with varying degrees of success. In this narrative review, we summarize
the literature on erectile dysfunction after pelvic cancer treatments and its management.

Keywords: erectile dysfunction; pelvic surgery; radical pelvic surgery; penile rehabilitation; prostate
cancer; bladder cancer; rectal cancer

1. Introduction

Erectile dysfunction (ED) is defined as the inability to attain or maintain a penile
erectile (EF) function sufficient to permit sexual relations [1].

There are many risk factors associated with ED including diabetes, smoking, and
hypertension. These conditions are known to cause damage to vasculature and nerves,
resulting in vascular and neurogenic ED [2].

Anatomical descriptions of pelvic nerves have helped to shape our understanding of
the impact of pelvic surgery on sexual function. Damage—whether transection, thermal,
ischemic, or traction related—to parasympathetic nerves along their path from the spinal
cord to the penis will affect erectile function, while damage to sympathetic nerves will
affect ejaculation [3,4].

The cavernous nerve is the primary autonomic nerve involved in erection it and
originates from the sympathetic pelvic plexus (arising from T11-L2 level) and the parasym-
pathetic nerves (arising from S2-54 level and as the inferior hypogastric plexus lies on
the rectum in men) [5,6]. As a process, the cavernous nerve travels between the prostatic
fascia and levator fascia and meets with branches of the hypogastric vasculature to form
the neurovascular bundle (NVB), which enters the corpora cavernosum via the tip of the
prostate, carrying and releasing the neurotransmitters responsible for erection [3].

In response to different stimuli, the parasympathetic nerves release acetylcholine. This
stimulates the release of nitric oxide at the level of endothelial cells in corpora cavernosa.
Nitric oxide activates the guanylate cyclase that increases cGMP. This decreases intracellular
calcium concentrations, leading to smooth muscle relaxation. Consequently, blood flow
within the sinusoids increases significantly and makes the penis rigid. In the corpora
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cavernosa, which are surrounded by the tunica albuginea, pressure increases and emissary
veins are compressed, limiting outflow and resulting in the maintenance of tumescence.
The phosphodiesterase enzymes counteract the effect of guanylate cyclase by hydrolyzing
c¢GMP, causing detumescence of the penis [5,7].

After pelvic surgery, nocturnal erections are absent due to temporary or permanent
injury to the cavernous nerve [3,4]. The absence of erections decreases cavernous oxygena-
tion, promoting smooth muscle apoptosis, collagen deposition, and fibrosis. These fibrotic
changes disable compression of the emissary veins running under Buck’s fascia, leading to
veno-occlusive dysfunction and (venous leak) ED [3,4,8,9].

Penile denervation in rats has been demonstrated to initiate smooth muscle apoptosis
in the cavernous tissue, an outcome which is likely due to the loss of growth factors
produced by the cavernous nerve [4,10].

Vascular dysfunction can also be the result of cavernous artery insufficiency [4]. Erec-
tile tissue requires oxygenation to maintain its integrity and interruption of arterial flow,
particularly disruption to the accessory pudendal arteries (present in 4-75% of men) [11]
that run parallel to the NVB, can affect potency. Mulhall et al. reported that 59% of patients
have developed arterial insufficiency after radical prostatectomy, while they also report
that arterial preservation can shorten the recovery time and improve erectile function [4,12].
However, other studies on robotic-assisted radical prostatectomy have indicated that tran-
section of an accessory pudendal artery has no impact on the recovery of the capacity to
have erections or of potency [11,13,14].

1.1. Pelvic Surgeries Associated with Erectile Dysfunction

Pelvic surgeries are among the most common causes of ED in men [15]. The patho-
physiology of ED is multifactorial, with vascular, neurogenic, and psychological compo-
nents [4,6,15]. The pelvic surgeries most often associated with ED include radical prostatec-
tomy (RP), radical cystectomy (RC), and low anterior resection (LAR or abdominoperineal
resection (APR) for rectal cancer [2,15].

1.2. Radical Prostatectomy

Prostate cancer (PCa) is the second most frequently observed neoplasia (after lung
cancer) in males worldwide [16-19].

As screening for prostate cancer has increased in the past few decades, prostate cancer
has generally been detected at an earlier stage and in younger patients. As treatment has
also been refined, with more patients surviving longer, quality of life concerns have become
central [2,8,19].

Radical prostatectomy remains the most common treatment option for localized
PC [2,17,20,21]. However, the treatment carries with it significant sexual side effects [2].

With continuously improving knowledge of pelvic anatomy, progressive changes
have been implemented in the RP surgical technique in order to reduce complications,
such as ED. One of the most important was described by Walsh and Donker in 1982 in
their description of the nerve-sparing (NS) technique. Namely, it involves making an
anterolateral incision in the pelvic fascia, parallel to the neurovascular bundles, to avoid
their injury [2,22,23].

Currently, there are three available options for the surgical extirpation of the prostate:
robot-assisted RP (RALP), laparoscopic RP (LRP), and traditional open RP (ORP) [17]. The
reported rates of erectile dysfunction after bilateral nerve-sparing, open, or minimally
invasive RP, vary in most series between 24 and 66% [2,11,20,24,25].

The wide variability in reported ED rates is attributed to many factors including
surgical technique (with or without nerve-sparing procedures), single- vs. multi-surgeon
series, surgeon volume or experience, definition of ED, length of follow-up, variable patient
demographics, differences in data acquisition technique (different questionnaires used and
the definition of quality of erection), amongst others [11,26]. It is crucial to appropriately
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estimate the prevalence of ED in order to improve medical decision making, counsel
patients, and set realistic expectations [26].

In the past decades, there have been many advances with the introduction of new tech-
nologies resulting in the development of less invasive and more precise surgical techniques.
LRP and RALP were first introduced in 1999 and 2000, respectively [4]. Robotic surgery
provides an improved 10-times-magnified three-dimensional vision and the instruments
enhance dexterity through seven degrees of motion, assisting in the development of a more
anatomical dissection that can limit impact or injury to the neurovascular bundles [4,25].

RALP has been widely adopted and popularized worldwide and today is the most
common surgical approach [17,27,28]. However, comparisons of the outcomes of the
3 techniques in different retrospective, prospective, controlled studies or meta-analyses
are inconclusive and most have not shown any specific technique to have a statistically
significant advantage (survival or otherwise) [4,17,25,28-33].

Coughlin et al. presented the first randomized controlled trial, including 296 men,
to compare the postoperative functional results of RALP with open radical retropubic
prostatectomy at 6, 12 and 24 months. Sexual function scores were not significantly different
between RALP vs. ORP (EPIC score: 45.7 vs. 46.9; IIEF: 33.9 vs. 33.8) [28].

In their study including 10,790 patients, Haese et al. showed that recovery of erectile
function was similar between RALP and ORP at 12 months (86.3% vs. 80.3%, respec-
tively) [31]. In their meta-analysis of the outcomes of minimally invasive techniques
(RALP or LRP) compared with ORP, Lan Cao et al. showed that the potency recovery
rates at 12 months postoperatively were 14.6% and 20.3%, with no significant difference,
respectively [30].

Other perspectives and meta-analysis studies favored RALP over LRP and
ORP [8,27,30,34,35]. In a meta-analysis including 227,400, patients Basiri et al. showed
that the rate of ED was significantly lower after RALP than after LRP; however, it was not
significantly different between ORP and RALP [36].

Haglind et al. (LAPPRO group) carried out a large multicenter prospective, controlled,
nonrandomized trial, including 2431 men, to compare ED at 12 months after RALP or ORP
treatment. Using an IIEF questionnaire, ED was found to be significantly less frequent in
RALP group (70.4% vs. 74.7%; OR 0.81) [37]. This difference was maintained (66% vs. 70%)
at 8 years of follow-up [27].

Studies have identified different factors (pre-surgical, intra-surgical, and post-surgical)
that influence the recovery of sexual potency after NS surgery. The most important factors
are preoperative erectile function and age [8,11,35,38,39].

As with PCa incidence, the prevalence of ED independently increases with age. Specif-
ically, 20-40% of men between the ages of 60 and 69 years old have ED and between
50-100% of men in their 70s and 80s have the condition [40]. Men with preoperative
ED cannot expect an improvement in their baseline erectile function [4]. Other factors
affecting ED are comorbid diseases (diabetes, hypertension, cardiovascular diseases), lower
prostate-specific antigen levels, lower cancer stage, pretreatment IPSS, nerve-sparing sur-
gical techniques, the surgeon’s experience, higher preoperative serum testosterone, and
prostate size [2,4,8,20,24,35,38,41-43]. Post-surgical factors such as the presence of urinary
incontinence and the need for adjuvant treatments (radiation and hormonal therapy) also
portend a higher risk of ED [2].

Nomograms have been developed using these factors to predict the recovery of erectile
function after radical prostatectomy to aid in thorough patient counseling [44—46].

In a recent investigation including 17,250 patients with prostate cancer, Pellegrino
et al. were the first to assess the prevalence of ED (using IIEF) in specific combinations
of ages and using different number of comorbidities (rather than age intervals or average
comorbidity). The authors found that the risk of developing ED increased substantially
with comorbidities. For example, the probability of ED occurring for 50- and 75-year old in-
dividuals was 20% and 68% for healthy men, but 41% and 85% for those with hypertension,
obesity, and diabetes. All risk factors assessed, with the exception of dyslipidemia (OR 0.97),
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were significantly associated with ED. Diabetes was the strongest risk factor (OR 2.01), fol-
lowed by anxiety/depression (OR 1.48), hypertension (OR 1.32) and cardiovascular disease
(OR 1.22), among others [47].

Schmid et al. suggested that preoperative MRI of the prostate could also be used for
the prediction of EF recovery after RP [48].

Here, it is important to note that the restoration of erectile function after RP does not
necessarily ensure the restoration of presurgical sexual satisfaction [21].

1.3. Radical Cystectomy

Radical cystectomy (RC) is the gold standard management technique for treating
muscle-invasive and refractory non-muscle-invasive bladder cancer [15,49,50].

Robotic-assisted laparoscopic radical cystectomy (RARC) was introduced in 2003.
Although its use has rapidly increased, randomized controlled trials have shown similar
perioperative outcomes and complication rates between traditional open radical cystectomy
(ORC) and RARC methods [51].

In a recent multicentric randomized clinical study including 317 patients with non-
metastatic bladder cancer, Catto et al. compared morbidity after robot-assisted radical
cystectomy with intracorporeal reconstruction vs. that performed with open radical cys-
tectomy. The results showed a statistically significant increase in days alive and out of the
hospital over 90 days (82 vs. 80 days, respectively). Additionally, patients who received
robotic surgery had fewer thromboembolic complications (1.9% vs. 8.3%); wound com-
plications (5.6% vs. 16.0%); and a significantly higher health-related quality of life than
those patients who had undergone open surgery. The median length of stay in the hospital
was 7 days for robotic radical cystectomy and 8 days for open surgery, and there were no
statistically significant differences in cancer recurrence and overall mortality [52].

One of the most frequent consequences of RC is ED and it shares similar pathophysiol-
ogy to ED after other extirpative cancer-related pelvic surgeries [6]. Cisplatin—commonly
used in neoadjuvant or other settings for bladder cancer tratment—can also contribute to
ED. Indeed, it has known testicular toxicity with resultant testosterone deficiency, a known
risk factor for ED [6].

The potency rates after RC range between 14% and 80% and are comparable between
ORC and RARC series [19,49,51]. Nerve-sparing techniques preserve the autonomic nerves
involved in erectile function, improving potency compared to standard RC [6,50,51] without
compromising oncological outcomes. Rates of post-RC ED are estimated to be 10-30% after
NS techniques and 80-90% following the use of standard technique [6].

The different NS RC surgical techniques described are prostate-sparing RC, capsule-
sparing RC, seminal-sparing RC, and nerve-sparing RC where only the NVB is con-
served [6]. The described potency rates in the review of Pederzoli et al., are 89.7% for
prostate-sparing RC, 59-93.8% for capsule-sparing RC, and 77-78.8% for nerve-sparing RC.
Any nerve-preserving technique results in better potency compared to the use of standard
RC [6]. Nevertheless, because of study limitations, no definitive conclusions could be
drawn about the superiority of any of the NS techniques.

No studies exist which show a significant difference in ED between different types
of urinary diversion [6,50]. The recovery of potency is probably more dependent on the
use of NS surgery, age, and preoperative potency status than on the diversion technique
itself [50].

1.4. Radiotherapy Treatment in Prostate Cancer

Radiotherapy (RT) is another effective treatment option in prostate cancer and is
chosen by 33% and 50% of patients [19,53,54]. Ionizing radiation is employed to induce
apoptosis of tumor cells [19].

Broadly speaking, RT includes external beam radiotherapy (EBRT) and brachytherapy
(BT). EBRT has evolved into newer modalities such as intensity-modulated radiotherapy
(IMRT), stereotactic radiotherapy (SBRT), and three-dimensional conformal radiotherapy
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(B3DCRT). These involve a higher energy being delivered in a tighter focus of tumor tissue,
with less energy affecting adjacent normal tissues (penis, bulbar urethra, NVB). This is of
course designed to minimize complications or side effects. In BT, radioactive ‘seeds’ are
implanted (temporarily or permanently) into the prostate tissue [19,54].

One of the most common consequences of RT is radiation-induced erectile dysfunction
(RIED) [19,53]. A wide range of RIED has been reported in the literature. This can likely
be explained by the multifactorial etiology of ED and the use of varied definitions of
ED [53]. Nukala et al. described RIED rates between 17% and 90% [53] and a meta-analysis
including 26,269 men suggested a prevalence of RIED of 34% of men at 1 year and 57% at
5.5 years [55].

Alemozaffar et al. [41] evaluated the ED rate at 24 months after treatment in a prospec-
tive, longitudinal, multicenter cohort including 1027 patients with localized prostate cancer
who elected for prostatectomy, external beam radiotherapy, or brachytherapy. ED was
found in 65%, 63% and in 57% of patients, respectively. Pretreatment sexual HRQOL
score, age, serum prostate-specific antigen level, race/ethnicity, body mass index (BMI),
and intended treatment details were all associated with functional erections 2 years after
treatment. This study also developed models with which to predict long-term EF following
prostate cancer treatment based on individual patient and treatment choice.

Donovan et al. evaluated outcomes using questionnaires among 1643 men: at 6 years,
ED was found in 83% of the prostatectomy group, in 73% of the radiotherapy group and in
70% of the active-monitoring group [56].

A recent systematic review, including 2714 patients, discovered a direct correlation
between the incidence of ED and radiation dose and length of follow-up [54]. The authors
observed an increased risk of ED by 2.2% for each 1 Gy increase in dose and by 1.5% for each
1-month increase in the follow-up period [54,55]. With a median follow-up of 25 months,
57% of previously potent men conserved a normal potency. As such, RIED reporting
was 17%, 26%, 23%, and 23% for 3DCRT, IMRT, low dose rate BT, and SBRT treatments,
respectively [54]. There was no significant difference between radiation types/modalities
regarding sexual potency [19,54,55]. The researchers concluded that the advancements in
RT technologies have successfully diminished the risk of ED.

The deleterious effects of radiation on EF are delayed, unlike the immediate effects of
surgery, and patients may experience a progressive deterioration of erectile function [57,58].

Potosky et al. evaluated 1187 patients at 5 years after diagnosis (RP in 901 patients
vs. EBRT in 286 patients). ED was more prevalent in the RP group than in the EBRT group
(79.3% versus 63.5%) and the difference was much more evident at the 2 first years after
diagnosis (ED 82.1% in RP group vs. 50.3% in EBRT group) [59].

1.5. Colorectal Surgery

Colorectal cancer is the third most common cancer worldwide [60-62]. Advances
in early diagnoses, surgical techniques, and oncological treatments have significantly
improved patient survival rates [57,61,62]. ED is also common after colorectal surgery and
is considered to be multifactorial, secondary to surgery, radiotherapy, presence of a stoma,
depression, and anxiety [60,62-64].

The onset of ED after rectal cancer surgeries is attributed to damage to the pelvic
plexus [2]. In general, the rate ED is significantly higher in rectal cancer survivors than in
survivors of non-rectal colon cancer. Damage to the pelvic autonomic nerves during rectal
surgery may be the main reason for this difference [61,63-66].

The rate ED after rectal cancer treatment is reported to range from 20 to 92% [63,64,66].
In two large population-based studies, rectal cancer survivors had higher rates of ED than
either colon cancer survivors or the normative population. One of these demonstrated that
rectal cancer survivors had a statistically significant difference in ED versus colon cancer
survivors (54% vs. 25%), with a rate of 27% in the general population. This study also
concluded that a history of RT and the presence of a stoma are significant independent risk
factors for ED [61,62].
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The type of surgical colorectal resection used influences the risk of ED. In general, there
are higher rates of ED with more distal or lower resections [64]. In rectal cancer, the total
mesorectal excision (TME) technique allows for greater preservation of the neurovascular
supply and is associated with lower rates of ED. This is now considered the gold standard
of treatment for use in ED [2,64,67].

The rate of ED after TME is estimated to be 11-19%. More extensive surgeries have
higher rates of ED. These include methods such as APR, which includes a colostomy and
total resection of the rectum and anus.

Combining surgery with radiation therapy carries an even higher risk of ED than
surgery alone [2,64,66]. When further combined with neoadjuvant chemoradiotherapy, this
resulted in greater rates of ED than neoadjuvant chemotherapy alone. Chemotherapy alone
does not appear to increase the risk of ED. Systematic reviews have concluded that there is
no significant difference in ED rates between laparoscopic and open surgery groups [66].

1.6. Treatment and Penile Rehabilitation

Despite technological and surgical techniques advances, ED is still a significant ad-
verse effect of pelvic surgeries. Post-surgical ED is associated with vascular changes and
neuropraxia that create a hypoxic environment that induces corporal fibrosis through colla-
gen deposition in cavernosal smooth muscle cells. Thus, strategies to maintain appropriate
oxygen levels in the corpora cavernosa have been suggested to aid in the prevention of
corporal fibrosis and ED [9,68].

Penile rehabilitation programs are designed to counteract these deleterious effects and
to stimulate the recovery of EF. Most of the evidence for penile rehabilitation has come
from post-prostatectomy patients [9,39,69].

Penile rehabilitation programs comprise one or a combination of interventions, in-
cluding pharmacotherapies (e.g., oral, injectable, intraurethral), devices (vacuum erection
devices), or activities (e.g., pelvic floor muscle training (PFMT) and aerobic exercise) with
different schedules, dosages, frequencies, and timing. No specific protocol is widely ac-
cepted [11,69].

The most commonly used methods used include the application of oral phospho-
diesterase type 5 inhibitors (PDE5- I), vacuum erection devices (VEDs), intracorporeal
injection (ICI) therapy, and penile prosthesis as a last resort [9].

It is important to discuss the real incidence of permanent or temporary post-RP ED
with candidates for RP and highlight that, currently, there are no conclusive data to support
a “better” specific surgical technique (ORP, LRP, RALP) for use to preserve EF [9].

It is recommended to evaluate basal and evolutive post-operative EF through validated
questionnaires, such as with the international index of erectile function (IIEF) survey [2].

Philippou et al. highlight that analyzing efficacy of penile rehabilitation begins with
defining objectively ED and the restoration of potency following pelvic surgery. Neverthe-
less, there is a wide variability in the literature. The Cochrane review used the IIEF-5 and
IIEF questionnaires, defining males as ‘sufficient for intercourse” when experiencing mild
(ITEF-5 > 17) or no (IIEF > 19) ED and the return to sexual function as the return to baseline
IIEF-5/11EF scores [26].

1.7. Timing to Initiate Penile Rehabilitation

It is recommended that surgeons start the penile rehabilitation protocol as early as
possible as this may result in superior long-term recovery outcomes due to the prevention
or limitation of hypoxic-related irreversible structural changes in the erectile tissue [9,32].

Some authors have proposed that a theoretical benefit of the improvement of oxygena-
tion prior to surgery would be that it makes the erectile tissue more tolerant after surgical
injury. A recent double-blind, prospective, randomized study performed using tadalafil
5 mg/day was started in one group 2 weeks before surgery, and in the other group 4 weeks
after NS-RALP, for a total period of 24 weeks. At 12 months, the recovery of unassisted
EF was achieved in 80% and 71% of patients, respectively, with no statistically significant
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difference observed. Moreover, the authors concluded that preoperative tadalafil 5 mg/day
may offer benefits in penile rehabilitation [70]. A systematic review informed researchers
that treatments started before surgery (PFMT, oral medications, and vacuum devices) may
aid in EF recovery and that frequent information delivery between the patient and partner
also impact on sexual recovery [11,70]. However the recommended time to start penile
rehabilitation is 1-4 weeks after RP [71].

A recent review recommended the combination of PDE5-I and VED as first-line options
and the use of ICI with VED as the second-line option and that both be started one month
after the surgery with a frequency of at least 3 times a week for patients with normal
preoperative EF [9]. If penile rehabilitation is ineffective, or if there exists a history of severe
preoperative ED, the use of a penile implant should be the next option [9]

Mulhall et al. found that patients who started interventions within 6 months (versus >
6 months) post-RP had significantly higher IIEF-5 scores (22 vs. 16, p < 0.001). Addition-
ally, they underwent an increase in the rate of unassisted erections and PDE5-I-assisted
erections [9,68].

1.8. Phosphodiesterase Type 5 Inhibitors (PDE5-I)

PDES5-1 drugs inhibit PDES5 in endothelial cells of the corpus cavernosum, enhancing
the effects of nitric oxide (NO). This induces an increase in cGMP that causes smooth
muscle relaxation and consequently increased blood flow to the penis, resulting in and
maintaining an erection [9]. However, nerve activation is required to initiate cGMP synthe-
sis, which can explain why only 0 to 15% of the patients treated by non-NS RP respond to
PDE5-1 vs. 35 to 75% of those treated by NS RP [4,11,70].

PDE5-Is are considered to constitute the first-line treatment for postoperative NS
RP ED due to their safety, efficacy profile and good tolerability without serious adverse
events [70,72-74]. The use of DE5-1 at any dosage and formulation is better than the use of
placebo [70,72,73,75].

Usually, PDE5-Is are not very effective in the early postoperative period, with only 12%
of patients responding. This is most likely because of post-surgical cavernous neuropraxia,
a condition that suppresses erectile capacity and can take 12-24 months to recover [9,15].

A recent meta-analysis of 2822 patients found significant improvements in IIEF score
and erectile function recovery after NS RP after daily and on-demand use of PDE5-I [74].
A recent systematic review included 2711 patients who were compared in categories
of placebo, only pelvic floor muscle training and 100 mg sildenafil at regular doses
(once daily or nightly). This showed that after NS RP, treatment with PFMT and early
100 mg sildenafil regular dose (i.e., once daily or nightly) are the best penile rehabilita-
tion strategies with which to improve EF recovery rates at the end of the washout period
and that the on-demand dose of PDE5-Is should not be recommended for use in penile
rehabilitation [69,70].

The use of tadalafil 5 mg has shown a significant increase in IIEF scores, indicating
that its use may aid in the recovery of EF following nerve-sparing RP [70].

A recent prospective study demonstrated that patients undergoing PDE5-I earlier after
NS-RALP experienced better EF recovery compared to late-start therapy groups. In this
study, a total of 158 patients were treated with PDE5-I after NS-RALP over 2 years. Therapy
was started immediately (day 1-2) post-op, early (day 3-14) post-op, or late (after day 14)
post-op. The return to baseline EF was 43% for immediate, 36% for early, and 25% for late
starts to therapy [33].

Montorsi et al. compared the efficacy of tadalafil 5 mg taken once daily and tadalafil
20 mg on demand versus placebo over a 9-months period in improving unassisted erec-
tile function following NS RP. In this multicenter randomized, double-blind, controlled
study of 442 men with normal preoperative EF, the results were as follows: tadalafil once
daily = 139, on demand = 142, and placebo = 141. The mean age was 57.9 years of age. At
the end of the study (month 9), the proportion of patients with good erection (IIEF > 22)
was significantly higher in group which took the tadalafil once daily (25.2%) than in the
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placebo group (14.2%), while the comparison between tadalafil on demand (19.7%) and
placebo was not statistically significant. After a 6-week drug-free washout period, none of
the comparisons versus placebo were found to be statistically significant. The same study
also identified a significant reduction in penile length loss in the tadalafil once-daily group
compared with the placebo group [76].

Previously, the same author conducted a randomized, double-blind, placebo controlled
multicenter study, examining the efficacy of tadalafil 20 mg taken on demand in men with
ED following bilateral NSRP. In 237 patients (161 tadalafil and 76 placebo) with preoperative
normal EF who had undergone NSRP 12 to 48 months before the study, reported a significant
important in the tadalafil group in relation to the IIEF and sexual encounter profile questions 2
(successful penetration) and 3 (successful intercourse) compared to placebo [77].

Philippou et al. implemented a systematic Cochrane review of the effect of PDE5-I and
intraurethral prostaglandin as monotherapies compared with placebo in post-prostatectomy
patients. The review included a total of 1699 post-RP (mostly bilateral NS) patients who
were potent pre-op. All interventions started within one month after RP and lasted for a
duration between 8 weeks and 12 months, with a washout period between 4-8 weeks. The
researchers concluded that there was no benefit of using scheduled PDE5-I over placebo/no
treatment or on-demand use in restoring unassisted erectile function [26].

The Fourth International Consultation for Sexual Medicine (ICSM 2015) declares that penile
rehabilitation with PDE5-Is is better than placebo; however, there are conflicting data and existing
evidence fails to demonstrate improvement in the recovery of spontaneous erections [32].

The only contraindication to the use of PDE5-I is the concomitant use of nitrate-
containing medications, which may cause hypotension. The most common side effects of
this treatment are transient headaches, flushing, dizziness, dyspepsia, and nasal congestion.
However, only 5% of patients discontinued the treatment because of these side effects [2].

The literature on ED treatments after cystectomy is relatively scarce and most data or
recommendations have been derived from post-prostatectomy patients.

Moussa et al., in a randomized, double-blinded, prospective study, with 160 potent
males with bladder cancer, evaluated the effect on EF (using IIEF score) of early (1 month
after NS and NNS RC) pharmacologic therapy using intracorporeal injection (ICI), PDES5I
(Sildenafil 50 mg) alone and PDE5-I + ICI compared with a no-treatment group at 12 months
of follow-up. After 1 month of surgery, NS and NNS, groups presented severe ED. At
12 months, the NNS group which had been treated with ICI alone and ICI + PDE5-I
improved to display moderate and to mild ED, respectively. The NS group remained
in the mild ED category with or without any treatment, which was potentially due to
neuropraxia recovery. In both groups, NS and NNS, the effect of using PDE5-I alone was
not significantly different than that of not using any drug, and the authors concluded that
early pharmacotherapy post-NNS RC, using at least ICI, can improve EF [78].

The literature is similarly scarce regarding PDE5-I use in patients after rectal cancer
surgery. A recent systematic review, including 253 patients with ED after rectal surgery
(82.7% rectal cancer patients and 17.3% surgeries for benign causes), showed that PDE5-I
significantly improved IIEF compared to the placebo group at 3 months [79].

1.9. Vacuum Erection Devices (VED)

Vacuum devices put negative pressure on the penis, creating a passive blood inflow
engorgement of the corpora cavernosa, and use a constrictor ring at the base of the penis to
retain the blood within the corpora [80]. This allows for tumescence and enhances pene-
tration capability, as well as cavernosal sinus expansion, smooth muscle and endothelial
integrity through anti-hypoxic, anti-apoptotic, and antifibrotic mechanisms, as seen in
different studies in rats [9,32] after cavernous nerve injury [9].

Studies have found that VED therapy can significantly improve the peak flow velocity
and vascular diameter of the cavernous arteries of patients with organic ED [81].

The effectiveness of on-demand VEDs is very good in men with ED after RP (response
rate varies from 60 to 92%) [2,3]. An additional noted benefit is penile length. The short-
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ening of the penis has been described as occurring approximately 4-8 months after RP
and can exceed 1-2 cm by 12 months after surgery; daily use of a VED could aid in the
preservation of penile length [9,81].

A recent prospective randomized controlled study conducted by Zhung et al., in-
cluding 91 patients, evaluated EF and penile length following scheduled PDE5-I, VED
treatment, and combination therapy after NS RP. Based on their findings, scheduled PDE5-I
(5 mg tadalafil once a day) with VED treatment can improve EF at 12 months, whereas
VED, alone or combined with tadalafil treatment, can prevent penile length shrinkage after
NS RP [81]. This was also found in the meta-analysis of 273 post-RP patients by Feng
et al., which showed that the early addition of VED treatment to PDE5-I therapy offers
advantages to monotherapy, with PDE5-Ii significantly improving EF and diminishing
penile shrinkage [71]. The review of Zippe concluded that after RP, early VED therapy
promotes early sexual intercourse, the preservation of penile length, and possibly an earlier
return of natural erections [2].

1.10. Intracavernosal Injections (ICIs)

ICIs induce relaxation of the trabecular smooth muscle of corpora cavernosa leading
to arterial dilation, blood entrapment, and penile erection [9]. The main benefit of ICIs is
that they can bypass the damaged nervous pathways and are also effective in patients with
vasculogenic ED [2].

ICIs are often used as second-line treatment after the failed use of PDE5-Is. The on-
demand use of ICIs (using phentolamine, prostaglandin E1, papaverine, or combinations)
is very effective in inducing erections (more than 85%) in post-NS RP ED or non-NS RP
patients [9,32]. However, there are also high dropout rates from treatment, ranging from
20-80% [2,82]. These are mainly associated with discomfort or pain [82]. Penile reha-
bilitation protocols that utilize ICI have shown an improvement in unassisted EF re-
covery [2,32,83]. A recent systematic review concluded that ICI treatment with use of
alprostadil three times per week after RP may be effective in aiding the recovery of sponta-
neous erections [75].

1.11. Intraurethral Therapy with Alprostadil

The medicated urethral system for erections (MUSE) method consists of an alprostadil-
containing pellet being inserted into the urethra, absorbed into the corpus spongiosum
and subsequently taken up by cavernosal tissue through vascular communications. The
overall success rate described is 40% [2]. Raina et al., evaluated the long-term efficacy and
compliance of MUSE for ED in 54 patients following RP (NNS and NS) without any other
adjuvant therapy. At a follow-up period of 2.3 years, 55% of patients achieved erections
sufficient for sexual intercourse (using IEF-15 questionnaire); 48% continued long-term
therapy, with a mean use of 2.3 yearsl; and the other 52% discontinued treatment after a
mean use of 8.7 months because of insufficient erections (57%), switched to other therapy
(14%), a natural return of erections (14%), or urethral pain and burning (14%) [84].

1.12. Penile Implants

RP is the most common cancer pelvic surgery associated with ED. Thus the majority
of the literature is centered on this group of patients. In males with medically refractory
ED, penile prosthesis is the only surgical option [9] and is considered the most effective
method with which to achieve on-demand erections, displaying high satisfaction rates and
low complications [15,57,58].

Data have shown that despite prosthesis demonstrating efficacy in patients with post-cancer
therapy ED, it is generally underutilized. Of a total of 68,500 men receiving treatment for prostate
cancer (prostatectomy or external beam radiation), only 0.78% underwent IPP placement [57].

A recent retrospective study identified 31,233 patients from a database of patients
treated for prostate cancer (33.1% of patients underwent RP and 66.9% RT). A rate of 44.2%
had an ED diagnosis, the diagnoses being more frequent in the prostatectomy group (65.3%)
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vs. RT group (33.8%) (p < 0.001) within 5 years. The median time to ED diagnosis was
longer in RT group vs. RP (346 vs. 133 days, p < 0.001). Among all patients with ED
diagnosis, 2.5% received an IPP. Prostatectomy patients were significantly more likely to
receive an IPP vs. the RT group (3.6% vs. 1.4%, p < 0.001). ED is not unusual after prostate
cancer treatment and this study suggests that IPP implantation is underused [58].

Currently, there are two types of penile prosthesis: malleable and inflatable. Malleable
prosthesis generally involves a silicone cylinder with a metal core that allows manipulation
of the penis. Inflatable penile prostheses (IPP) are technically more challenging to implant
and require a reservoir in which the normal saline is stored while the prosthesis is in the
deflated flaccid state [9].

The reservoir of IPP is placed in the space of Retzius (posterior to the transversalis
fascia). However, if this has been obliterated due to previous surgeries, it can be placed in
ectopic locations, most commonly in submuscular space (anterior to the transversalis fascia
and posterior to the rectus abdominal muscle), through a separated incision or the inguinal
ring. Alternative locations include the subcutaneous and lateral retroperitoneal space
through an incision above the anterior superior iliac spine [15]. The reason for using an
ectopic location is to minimize complications such as inguinal hernia, erosion into adjacent
viscera, vascular injury, auto-inflation, and infection [9,15,57]. One other option is the use
of self-contained 2-piece prosthesis which does not have an independent reservoir.

Satisfaction after a penile prosthesis is very high (over 90%) compared to those receiv-
ing pharmacologic treatment, and it is associated with the improvement in EF measured
with IIEF-5 [9,15,57,58]. Similarly high satisfaction rates are described in IPP after pelvic
radiation without an increase in infections, erosion, or mechanical failures [57,85].

Different authors have described that penile prosthesis has the highest satisfaction and success
rates in achieving and maintaining a functional erection compared to other ED treatments [15,58].

Some studies have shown advantages in early IPP implantation, or even in simulta-
neous IPP implantation at the moment of pelvic cancer surgery. For example, this occurs
in patients with a history of ED before pelvic cancer surgery or those who underwent not
nerve-sparing surgeries [15]. The proposed advantages of this are the minimization of
penile length loss and the immediate, effective treatment of ED [15]. In 1997, Khoudary
et al. evaluated the outcomes of IPP simultaneous with NNS ORP in 50 men. Of this cohort,
96% reported the ability to engage in penetrative sexual intercourse after surgery and no
infections were found at a follow-up of 1.7 years [86].

In a more recent retrospective study, Mondaini et al. evaluated 10 patients who undergone
laparoscopic extraperitoneal RP and simultaneous IPP and after at 2-year follow-up. No
difference was found between pre- and post-surgery penile length. They observed one severe
complication in a reservoir migration into the bladder after an ulcer formation near a bladder
diverticulum. The reservoir was changed through a laparotomy incision [87].

1.13. Emerging Therapies

A recent review, conducted by Chung, describes new emerging therapies which can
be used to restore erectile function after prostate cancer treatments. The objectives of
these therapies are to promote endothelial revascularization and neural regeneration [88].
These therapies include low-intensity extracorporeal shockwave therapy, stem cell therapy,
platelet-rich plasma, gene therapy, hyperbaric oxygen, and nerve grafting [11,75]. While
conceptually promising, the existing data on ED patients after pelvic cancer surgeries is still
too limited to make clear recommendations in this area and further studies are necessary.

2. Conclusions

Erectile dysfunction is a common complication after curative treatments for pelvic
cancer and it has a significant negative impact on the quality of life of patients. The advent
of new, more anatomical surgical techniques that minimize trauma to adjacent tissues, as
well as the early start of penile rehabilitation, reflect efforts to minimize ED rates. However,
further studies are required to assess the true clinical efficacy of thesemethods.
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It is important to inform patients about the real potential risk of ED after pelvic
cancer treatment, as well as the existing options to manage it. These include early penile
rehabilitation through the progressive use of oral PDE5-, intracavernous injection therapy,
vacuum erection devices, and penile prosthesis as a last resort. The literature on emerging
therapies to promote nerve regeneration is limited and research is needed to provide further
recommendations.
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