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Abstract

Background: Radical prostatectomy (RP) and radiation treatment are standard
options for localized prostate cancer. Even though nerve-sparing techniques have
been increasingly utilized in RP, erectile dysfunction (ED) due to neuropraxia remains
a frequent complication. Erectile function recovery rates after RP remain
unsatisfactory, and many men still suffer despite the availability of various therapies.
Objective: This systematic review aims to summarize the current treatments for
post-RP-ED, assess the underlying pathological mechanisms, and emphasize
promising therapeutic strategies based on the evidence from basic research.
Method: Evaluation and review of articles on the relevant topic published between
2010 and 2021, which are indexed and listed in the PubMed database.

Results: Phosphodiesterase type 5 inhibitors, intracavernosal and intraurethral
injections, vacuum erection devices, pelvic muscle training, and surgical procedures
are utilized for penile rehabilitation. Clinical trials evaluating the efficacy of
erectogenic drugs in this setting are conflicting and far from being conclusive. The
use of androgen deprivation therapy in certain scenarios after RP further
exacerbates the already problematic situation and emphasizes the need for effective
treatment strategies.

Conclusion: This article is a detailed overview focusing on the pathophysiology and
mechanism of the nerve injury developed during RP and a compilation of various
strategies to induce cavernous nerve regeneration to improve erectile function (EF).
These strategies include stem cell therapy, gene therapy, growth factors, low-
intensity extracorporeal shockwave therapy, immunophilins, and various pharmaco-
logical approaches that have induced improvements in EF in experimental models of
cavernous nerve injury. Many of the mentioned strategies can improve EF following
RP if transformed into clinically applicable safe, and effective techniques with

reproducible outcomes.
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1 | INTRODUCTION

As well as being the second most diagnosed cancer (about 15% of all
diagnosed tumors), prostate cancer (PCa) is also the second cause of
cancer deaths in men.' PCa affected 1.1 million patients in 2012 and is
predicted to affect 1.7 million in 2030.2 North American and European
countries have traditionally high PCa incidence rates. However,
recently, the numbers have also been significantly increasing in Asia.®

The treatment of PCa impacts patients' quality of life and their
functional status.* Furthermore, PCa patients frequently suffer from
decreased sexual function (SF) as a long-term side effect after
treatments, impacting their quality of life. To overcome long-term
effects, there is a growing need for optimization in treatment
selection and posttreatment rehabilitation.

Radical prostatectomy (RP) is one of the standard treatments in
localized PCa; radiation treatment (either in the form of external
beam RT or brachytherapy) and active surveillance (in selected cases)
are other options.® Regardless of the advances in surgical techniques
and increasingly-utilized robotic procedures, RP has a significant
potential to cause cavernous nerve injury (CNI) and resultant
pathologic changes in cavernous vasculature.®

Neurogenic erectile dysfunction (ED) is a consequence of CNI
after RP leading to pathophysiological alterations in the corpus
cavernosum (CC) and cavernosal nerve. Prevalence of ED following
RP was documented to be between 14% and 90%.”

Nitric oxide (NO) is the primary mediator in penile erection,
released from the nerves innervating CC and cavernosal endothe-
lium.8=° This release of NO activates soluble guanylyl cyclase (sGC),
which boosts cyclic guanosine monophosphate (cGMP) levels and
induces penile erection.'*"*® Phosphodiesterase inhibition causes
accumulation of cGMP and potentiates erection. Based on this
mechanism of action, oral phosphodiesterase type 5 inhibitors
(PDES5is) are currently considered the first-line ED treatment.
However, the response rate to PDE5is is usually lower in post-RP-
ED compared to the general ED population.**

After RP, achieving a healthy erectile function (EF) is a great
struggle for many patients and a real challenge for urologists. Despite
the developments in minimally invasive surgery and surgical
techniques over time, the recovery of EF remains a long and costly
process. Therefore, this systematic review aimed to summarize and
update the current treatments for post-RP-ED and, more importantly,
to evaluate the underlying pathological mechanisms and promising

therapeutic strategies suggested by the evidence from basic research.

1.1 | ED as a frequent complication of RP

CNI during RP is the major cause of ED, which is observed frequently
despite advanced surgical methods, particularly nerve-sparing tech-
niques.t>*® The widely adopted use of nerve-sparing surgical
procedures and robot-assisted laparoscopic techniques in RP can
not completely prevent post-RP-ED. It may become persistent in
some patients.'?

The main mechanism of postoperative ED is related to CN
damage caused by surgery. The direct contact during surgical
intervention, mechanical traction, and thermal disturbance resulting
from electrocautery use may induce neuronal ischemia, apoptosis,
and regional inflammatory reactions, which can cause damage to the
CN.2921 This damage initiates a cascade of neuropathological events,
called Wallerian degeneration, that results in the degeneration of the
distal axon and, at the same time, causes a disrupted NO release.??2%
Attempts are made to prevent the degeneration and fibrosis of the
CC caused by the invasion of the surgery itself or the postoperative
hypoxic state by oxygenating the penis from an early postoperative
stage.?* Recovery from ED requires rapid regeneration of the CN;
otherwise, CNI could result in fibrosis of the CC.2>?¢ Elevated
reactive oxygen species, CC hypoxia, apoptosis, and the increase in
profibrotic factors, such as transforming growth factor-betal (TGF-
B1), are involved in changing the structure of the CC tissue leading to
the decrease in smooth muscle content, damage to endothelium and
fibrosis of CC222327-29 (Figure 1).

Similarly, several studies in a radiation-induced CNI model
showed that oxidative stress has a significant role in the pathology
of nerve injury.3°~32 Therefore, minimizing oxidative stress can be a
feasible approach to CN recovery. Also, it was found that calpain, a
calcium-dependent, non-lysosomal neutral cysteine endopeptidase,
and its activation have a role in the pathogenesis of CNI related ED.*®
Calpain inhibition improved erectile responses and neuronal NOS
(NNOS) expression with a decrease in TGF-B1 and collagen
expression in penile tissue from CNI rats.>3 The inhibition of calpain
could be a choice among the new approaches to prevent the
development of ED after CNI.33 In another study, S-nitrosylation of
endothelial NOS®** and sGC in penile tissue was investigated as
another mechanism for disrupting the NO signaling pathway in CNI-
induced ED.®® Protection of EF by saving the function of the
NO/cGMP signaling pathway can be provided by denitrosylation in
CNI (Figure 1).%°

Penile rehabilitation is defined as “the use of any drug or device
at or after RP to maximize EF recovery.”*¢ Although the efficacy of
penile rehabilitation as a concept is not proven yet, various major
approaches are already in use. Men with post-RP ED have diverse
treatment choices like PDES5is, intracavernosal injections (ICl) of
vasoactive agents, vacuum erection devices (VED), and others. The
efficiency of penile rehabilitation using prostaglandin E1 injection
into the CC was reported first in 1997 by Montorsi et al.®” These
options are only partially successful, which makes the research for

more dependable interventions obligatory.

1.1.1 | Animal models of CNI

Rodent models of CNI have a significant role in developing the
domain and improving the quality of life of the patients.>® These
models have lower costs compared to models with larger animals.
Furthermore, the CN in the rat is a distinct entity that branches off
the significant pelvic ganglion on the dorsolateral aspect of the
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FIGURE 1 The pathophysiological mechanisms of ED after radical prostatectomy. ED, erectile dysfunction [Color figure can be viewed at

wileyonlinelibrary.com]

3940 ynlike the human CNs, which are part of a neurovas-

prostate,
cular cluster, which is hard to isolate or dissect, making it more
exposed to injury during surgery. In the rat model, crush injury,
transection, freeze injury, cautery, and excision have been used to
simulate the damage that occurs in RP.*' Therefore, mentioned
models have been frequently used in developing new and efficient

strategies for the treatment of post-RP-ED.

1.2 | Surgical techniques for managing
postprostatectomy ED

1.2.1 | Penile prosthesis (PP)

PP implantation (PPI) is a last-resort invasive treatment for post-RP ED
and ED in general. Although PPI is frequently applied after the failure
of conservative methods of penile rehabilitation, it can also be utilized
at the earliest time point, which is during RP, to prevent the need for
another consecutive surgical intervention. This proactive approach
may be helpful in patients with poor preoperative SF and advanced

age, who are unlikely to benefit from standard penile rehabilitation and
extensive diseases where nerve-sparing is not feasible.

1211 |
Khoudary et a

Clinical studies
1.*2 were the first to describe simultaneous RP and PP
implantation in 1993.#2 Fifty patients with a PP were compared to 72

who underwent RP alone. PP provided an early and satisfactory

sexual activity in 96% of men within 3 months.*> A subsequent
analysis from the same group revealed that this approach resulted in
a greater overall QOL, a better EF, and more frequent sexual contact
than the RP-only group.*®

Likewise, Mondaini et al.**

were the first to study simultaneous
PPl during laparoscopic RP. They compared postoperative penile
length and QoL (using presurgery 36-ltem Short-Form Health Survey
[SF-36]) with the preoperative values. After 2 years of follow-up,
while the penile length was preserved, SF-36 scores improved
significantly.** The authors concluded that the procedure improved

the QoL of patients while maintaining penile length.**

Ceruti et al.*®

placed PP reservoirs simultaneously during
robotic-assisted radical prostatectomy (RARP) in 5 patients, leaving
the prosthesis implantation itself to be performed in a subsequent
session. Prosthetic surgery was performed 1.5-2.5 months later. No
significant loss in penile length was observed, and all patients
resumed continence and satisfactory sexual activity within 4.5

months from RP.*°

1.2.2 | Nerve grafting after RP
1.2.2.1 | Preclinical studies
The restoration of EF by the augmentation of the CNs with nerve

grafts was reported in several rat studies.*¢~4®

Persistent loss of EF is a result of CNI. This dysfunction usually
can not be treated with conventional methods, making the
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repairment of the injured nerves an approach with significant
potential. As a result, many researchers have been focusing on this
area.*” Muneuchi et al.>° investigated the effects of autologous sural
nerve grafts to repair injured neurovascular bundles, and they
observed positive results. However, it's a complex procedure to
prepare a sural nerve graft, and the structure and function of the
corresponding muscle may deteriorate.

Instead of using nerve grafts from other anatomical structures,

Cheng et al.*’

examined the feasibility of autologous vein grafting in a
rat model of bilateral cavernous nerve injury (BCNI). It is technically
less demanding to harvest a vein graft, and the procedure does not
disrupt the anatomical and functional integrity of other neural
structures.*” After the excision of a CN segment, the autologous
saphenous vein segment was placed in the injury site bilaterally, with
two nerve stems inserted into the veinal lumen.*” Four months after
the surgery, the results showed that autologous vein graft induced
regeneration of excised CNs and succeeded in restoring the
autonomic EF in rats.*’

However, in their work, Bessede et al.*® showed that the inside-
out autologous vein grafts failed to improve EF in the CN crush injury

rat model 4 weeks after the nerve-sparing surgery.*®

1222 |
Despite different studies that supported the probability of immediate

Clinical studies

nerve regeneration after RP, clinical results showed variability in
outcomes and long-term follow-up studies or studies that include a

control group are scarce.*®>!

It was found that surrounding
neurovascular bundles with dehydrated human amnion/chorion
membrane allograft nerve texture accelerates early recovery of EF
after RARP.52 Opposingly, outcomes from a well-designed random-
ized controlled trial showed no benefits of unilateral nerve grafting
after RP.>3

Immediate interventional nerve grafting of the prostatic plexus
with autologous sural or genitofemoral nerves can be used to

improve post-RP urinary continence and EF after nerve injury.#8->4-5¢

1.3 | Stem cell therapy

1.3.1 | Preclinical studies

Stem cells have the capacity for self-renewal, and as multipotent
cells, they can differentiate into at least one other terminal
phenotype. There is growing interest in using multipotent stem cell
therapy to treat ED°” (Table 1).

Embryonic stem cells could potentially promote regeneration via
replacing existing damaged nerve cells or probably by stimulating host
factors to promote nerve growth. Effect of injected neural stem cells
on CN renewal, and EF in a nerve crush model showed that
preservation of nerve morphology might contribute to the restored
EF found in neural stem cells treated groups.>® It was also reported
that improved EF was observed after embryonic neural stem cell
therapy.”® Gu et al.>? have shown that human placental stem cell

treatment significantly increased in vivo erectile responses and markers
of nerve, endothelial and smooth muscle cells at the end of the 6th and
12th week in rats. Despite these promising results, the problem of
ethical issues remains a limiting factor for the research and clinical
implementation of embryonic stem cell therapy in humans.

Many studies demonstrated that adipose-derived stem cell
(ADSC) therapy alleviates ED after RP..272 ADSCs are readily
available and plentiful in adipose tissue and have a great promise in
the recovery of ED occurring after RP or different pelvic surgeries.
The beneficial effects of ADSCs and lysate injection on vehicle
treatment support the supposition that ADSCs show their action by
releasing intracellular preformed substances or by the secretion of
particular biomolecules. A study showed that ICI of neural-like cells
from ADSCs into the site of CNI has regulator effects and leads to the
improvement in EF and the renewal of CNs.%! ICI of adipose-derived
stromal vascular fraction, either instantly or 4 weeks after CNI,
resulted in a meaningful increase in intracavernosal pressure/mean
arterial pressure ratios compared to the vehicle-treated group.”®
Both early and delayed treatment with stromal vascular fraction
caused a significant increase in the expression of nNOS, neurofila-
ment, and smooth muscle content in dorsal penile nerves.®%78

Intravenous preload of mesenchymal stem cells (MSCs) prevented
or reduced postoperative ED in a CNI model.®® Potential mechanisms
include the dispersion of the transplanted cells to the injured area,
providing neuroprotection, and preventing neuropraxia. MSCs were
infused before CNI, and that suggests that preload of MSCs can help
preserve EF. It may be a feasible approach to combine MSC therapy
with other available penile rehabilitation therapies to obtain optimal
results.®® The minimizing of enhanced neurogenic adrenergic contrac-
tions and potentializing of decreased nitrergic relaxation of CC are the
main therapeutic targets in the management of ED after CNL74 In a
study, ADSC-derived exosomes and bone marrow-derived MSC-
derived exosomes reduced pathological alterations in neural anatomy,
smooth muscle atrophy, endothelial injury, and collagen deposition.
They thus ameliorated the ED following BCNI in rats.®* The dual
strategy of combining ICl of marrow-derived MSCs and oral-long term
administration of PDES5i tadalafil seems to be superior to either
approach in avoiding this imbalance in the cavernosal tone control and
in preserving EF after CNI, suggesting a potential role for this dual
strategy in the management of post-RP-ED.”*

ICl of rats with nonhematopoietic p75-derived multipotent
stromal cells obtained from bone marrow may provide a treatment
to reduce ED after CNI.%®

Results showed that ICI of urine-derived stem cells genetically
modified with pigment epithelium-derived factor could save EF in
rats with BCNI-induced ED by inhibiting the destruction of the
nerves, enhancing endothelial function, promoting the smooth
muscle cell-to-collagen ratio, and reducing fibrosis and apoptosis of
cells in the cavernous tissues.®®

Smooth muscle progenitor cells can be derived from the autologous
peripheral blood, and they differentiate more easily into vascular cells
during arterial remodeling than stem cells. Smooth muscle progenitor

cell injection thickens the vascular intima and has shown beneficial
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effects in experimental models of cardiovascular diseases. In a recent
study, data showed that treatment caused recovery of EF in a rat model
of BCNI by recruiting smooth muscle progenitor cells toward the
sinuses in the CC, which maintained the structure of the adherens
junctions of the smooth muscle cells by reducing cells apoptosis and
increasing the stability of the corporal vessels.”

1.3.2 | Clinical studies

Stem cell therapy is a promising approach in regenerative medicine,
as it has the potential to recover, prevent, and treat disease. A stem
cell application can reverse the structural and neural causes of ED
and decrease patient dependence on the temporary benefits and
chronic utilization of PDE5is”>” (Table 1).

The potential of single ICI of autologous ADSCs freshly isolated
after liposuction on ED was investigated.®® Seventeen men with post-
RP-ED refractory to classic methods were included in a prospective
phase 1 open-label study.®® All included patients underwent RP 5-18
months before enrollment and had a follow-up 6 months after
intracavernosal transplantation. Eight of the 17 men restored their EF
with the ability to complete sexual intercourse successfully, and the
IIEF-5 scores continued to rise over the 6 months. The outcomes
improved significantly at 6 months, with no observed change at 1 and
3 months. The maximum systolic velocity on Doppler ultrasound
increased considerably at 6 months.®® Twelve-month results of the
same study indicated that 8 patients from 15 (53%) with ED after RP
restored EF adequate for satisfactory intercourse at 12 months.”?
Even though baseline median IIEF-5 scores showed no change 1
month after the treatment, this effect showed a significant increase
after 6-7 months and was maintained at 12 months.”*

A recent clinical study by Yiou et al.” reported the effects of ICl on
bone-marrow-derived mononuclear cells in patients with severe RP-ED.
Twelve men aged 45-70 years who underwent RP within 6 months to 3
years and had penile arterial insufficiency and corporal veno-occlusive
dysfunction on color duplex Doppler ultrasound, with failure of
pharmacotherapy, were enrolled in this study.®” The bone-marrow-
derived mononuclear cell injection caused a significant improvement in
most of the sexual scores at 6 months, and 9 out of 12 patients achieved
successful intercourse with vaginal penetration after medication.®’

A phase 1/2 pilot clinical trial of cell therapy was reported by
Yiou et al.,”® including intracavernous autologous bone marrow
mononuclear cell application to treat post-RP-ED. The EF after 6
months showed significant improvements versus baseline were noted

in 1IEF-15 intercourse satisfaction and EF domains.”®

14 | Gene therapy

1.4.1 | Preclinical studies

COX-2-10aa-PGIS is a newly engineered protein with COX-2 and
prostacyclin synthase activities that transform arachidonic acid

The Prostate_\\/| LEY—‘L‘“

rapidly to prostacyclin 12, which is considered a potent smooth
muscle relaxant. In a study by Lin et al.,”” 28 days after the ICI, the
results showed that Ad-COX2-10aa-PGIS has a beneficial effect on
improving EF in BCNI rats. This improvement appears to be related to
its antifibrotic and antiapoptotic mechanisms.””

In a previous study,”® the adenovirus-mediated gene transfer of
Smad7 (Ad-Smad7) showed success in the recovery of EF by
improving endothelial cell regeneration and showing antifibrotic
effects.”® Thus, antagonizing the TGF-B signaling pathway may offer
a promising treatment approach for RP-induced ED.”®

In another study aimed to evaluate the efficacy of ADSCs
infected with a lentiviral vector encoding rat brain-derived neuro-
trophic factor (BDNF) in a rat model of CNI, rats were injected with
ADSCs infected with lenti- rat BDNF after injury.”’ EF was evaluated
4 weeks after injury by intracavernosal pressure measurements.
Results demonstrated that compared with the BCNI group, EF
recovery was significantly better in the ADSC,gpnr groups.”’

In a study aimed to show phenotypic modulation in BCNI rats
for 7 days and then validate gene therapy with myocardin by
sustaining a contractile phenotype in CC smooth muscle cells,®°
the results showed that the gene transfection of myocardin
promoted CC smooth muscle cells' contractile protein a-smooth
muscle actin, supported calponin expression and prevented
synthetic element osteopontin expression.®® Overexpression of
myocardin maintained the contractile phenotype of CC smooth
muscle cells, ameliorated BCNI rat ED, promoted cell contractility
and suppressed proliferative capacity. In conclusion, myocardin ICI
inverted phenotypic modulation by enhancing the activity of

serum response factor.®°

1.5 | Pharmacological approaches
1.5.1 | sGC Stimulators
1.5.1.1 | Preclinical studies

A study by Lasker et al.® showed that the sGC stimulator BAY 41-
8543 enhances EF and synergizes with NO released in an exogenous
and endogenous manner. Atropine, along with nerve crush, decreases
the reaction to CN stimulation, and BAY 41-8543 could restitute this
reaction. The results obtained by atropine, L-NAME, and hexametho-
nium showed that the response to ICI of acetylcholine is muscarinic
receptors-mediated, and the nicotinic receptors have no considerable
role in NO release. These results supported the beneficial effects of
BAY 41-8543 in the recovery of ED.®! On the other hand, Lasker
et al.?2 examined the effect of BAY 60-2770, another sGC activator,
on the EF in rats. BAY 60-2770 enhanced vasodilation and EF. In
comparison with the sGC stimulator BAY 41-8543, BAY 60-2770
showed a significant potent erectile activity and had a very mild
hypotensive effect in the rat, indicating that it's selective for sGC in
penile tissues.®? Thus BAY 60-2770 like agents, which enhance the
catalytic activity of oxidized or heme-free sGC, have the potential in
the treatment of ROS mediated NO inactivation related pathological
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cases and in cases in which sGC is oxidized and show no response to
endogenous or exogenous NO as well as sGC stimulators.®?

Oudot et al.%% showed synergistic effects of an sGC stimulator,
BAY 60-4552, and vardenafil on the CNs in rats with CNI-induced
ED.83 The study supported that the activation of sGC can have a role
in managing CNI-induced ED and may, therefore, be an option for

men who experience therapy failures with PDE5is following RP.83

1.5.2 | The Role of PDES5is

The introduction of PDE5is in the late 90s has changed the
management of ED, causing a massive paradigm shift and these
drugs proved to be an effective alternative for patients suffering from
ED. The use of PDEDS5is is the first line of therapy for patients with ED.
The inhibition of PDES5 potentiates the relaxing of cavernosal smooth
muscle via increasing intracellular cGMP, facilitating achieving and

maintaining erections®* (Table 2).

1521 |
In a study of a post-RP model of ED in rats, early and daily sildenafil

Preclinical studies

citrate treatment showed a positive effect on penile weight and the
adrenergic and cholinergic systems, which all play a different role in
EF?7(Table 2). Another study aimed to evaluate the effects of varying
PDES5is on neuronal cell survival and the effectiveness of treatment
with nanospheres containing sildenafil in a rat model of BCNI.8> The
results revealed an excellent neuroprotective effect for sildenafil
compared to vardenafil and tadalafil. Also, nanospheres containing
sildenafil to the site of nerve injury ameliorated EF with less adverse
histologic alterations.8®

An interesting trial evaluated the additional benefits of long-term
oral treatment with a PDE5i on the potential capacity of intraca-
vernosal cell therapy to recover EF after CNI.”* Rats were treated
with tadalafil, a single ICl of bone marrow-derived MSCs, or dual
therapy with both treatments.”* Four weeks after BCNI, CC function

d.”* The results

and intracavernosal pressure responses were evaluate
showed that a dual therapeutic strategy combining bone marrow-
derived MSCs and tadalafil was superior to either monotherapy in
normalizing neurogenic regulation of cavernosal tone and preserving
EF following CNI, suggesting using this dual strategy in the potential
management of ED after RP.”*

A previous study examined the effect of udenafil, a PDE5i, on
bilateral CN resection-induced penile hypoxia and fibrosis in rats.2® The
animals were orally treated with udenafil for 8 weeks following bilateral
CN resection.8® Results showed that udenafil considerably restored
alterations in eNOS and nNOS in the injured group. EF was profoundly
impaired in animals that underwent bilateral CN resection, and the
treatment with udenafil corrected the impairment.®® According to
another study, the pharmacological effect of udenafil on EF recovery is
time- and dose-dependent. Its findings suggest mechanistic insight into

the positive effects of udenafil in conserving EF after CN1.8”

|’,88

In a study by Kim et a after 8 weeks of treatment with

mirodenafil, the EF and NOS expression and cGMP level were

enhanced in CN-injured rats.®® The data demonstrate the favorable

effects of mirodenafil on EF after BCNI.88

1522 |
In a prospective randomized trial comparing early and late penile

Clinical studies

rehabilitation with sildenafil citrate in patients after nerve-sparing
radical cystoprostatectomy (NSRCP),’® 18 patients without sponta-
neous erection 8 weeks after NSRCP were randomized into two
groups of erectogenic therapy starting at the 2nd and 6th months
after operation.”® The drug therapy constituted of sildenafil citrate
twice weekly to be changed to ICI of prostaglandin E1 if the patient
had no response. Both groups completed the treatment at the end of
the 6th month. The EF was evaluated at the treatment's beginning
and end by the IIEF questionnaire and penile Doppler ultrasonogra-
phy.”® The results indicate that in comparison with late erectile
rehabilitation, the early rehabilitation program improves the natural
recovery of potency faster and maintains a nondrug-mediated
erection in men after radical cystoprostatectomy.”®

The REINVENT clinical trial evaluated the efficiency of daily
versus on-demand PDES5i, vardenafil.®4 Over 600 patients who had
undergone nerve-sparing RP were randomized into three groups:
group 1, daily 10 mg vardenafil and placebo on-demand; group 2,
daily placebo plus on-demand vardenafil; and group 3, daily placebo
and on-demand placebo.®* This trial had three phases: 9 months of
double-blind treatment, followed by a 2 months washout period, and
afterward another 2 months of open-label vardenafil. Based on the
results, daily vardenafil therapy did not prove to be superior to
on-demand vardenafil.?* Another study demonstrated a significant
difference in IIEF-5 score and time to recovery of EF in patients
(n = 36) who underwent a unilateral nerve-sparing RP and received 5

|89

or 10 mg/day vardenafil.®” These results show that even though the

daily low-dose vardenafil leads to considerable recovery of EF,
doubling the dosage further improved the outcome.®?

Patients were divided into three groups; treated with avanafil 100
and 200 mg for 12 weeks and a placebo.”® Patients were assessed at
4-week intervals with IIEF, sexual encounter profile, and patient
diaries. A total of 81% had undergone RP using a robotic technique,
and 76% were classified as having severe ED.”® Avanafil groups
significantly improved from baseline compared to placebo in mean
IIEF-EF scores, proportions of patients with successful vaginal
penetration, and successful sexual intercourse at 12 weeks.?® In
subgroup analyses, these benefits of avanafil 100 and 200 mg were
generally independent of baseline severity of ED, age, and type of
surgical technique.”® Similar responses were observed for secondary
endpoints for at least one avanafil dosage.”® For instance, avanafil
200 mg recipients had significantly more significant improvement than
placebo recipients in the IIEF-EF orgasmic function, intercourse
satisfaction, and overall satisfaction domain scores. In comparison,
avanafil 100 mg recipients had significantly greater improvement than
placebo recipients in the intercourse satisfaction and overall satisfac-
tion domains.”® Compared with placebo, at most time points from 15
to 360 min after ingestion of the study drug, both avanafil dosage
groups had a higher proportion of men with successful responses.”®
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TABLE 2

Comments References

Results

Treatment dose/duration

Methods

95

Chronic treatment improves quality-of-life of patients

Increased in Erectile Dysfunction Inventory of

Tadalafil, 5 mg once-daily and 20 mg on-

A multicenter, randomized,

post- radical prostatectomy.

Treatment Satisfaction total-scores in both

treatment regimens.

demand for 9 months

double-blind, double-dummy,
placebo-controlled trial

96

The combined treatment led to less deterioration of

Improvement in intimacy with a partner and

Lodenafil 80 mg/day per week and

A prospective randomized

erectile function and physical aspects, with

satisfaction with their sex life and with no

psychotherapy for 12 weeks after radical

prostatectomy

controlled trial

improvement in intimacy with their partner and

satisfaction in their sex life.

significant worsening of IIEF in the combined

treatment group only

97

Positive effects on penile weight and the apoptotic Restorative effects on the adrenergic and cholinergic

Sildenafil, 1 mg/kg for 14 days

A rat model of bilateral

systems

index as well as contratile and relaxant

responses

cavernous neurotomy

Abbreviations: BCNI, bilateral cavernous nerve injury; cGMP, cyclic guanosine monophosphate; CN, cavernous nerve; EF, erectile function; ICP/MAP, intracavernosal pressure; IIEF, international index erectile

function; SEP3, sexual encounter profile.

In a double-blind, randomized controlled trial of nightly versus
on-demand 50-mg sildenafil citrate treatment for 12 months after
nerve-sparing minimally invasive RP, a total of 100 men aged <65
years, with preoperative scores of 226 on the EF domain of the IIEF
were included.?? Results showed no significant differences in EF
recovery between nightly or on-demand use of sildenafil at any time
point after adjusting for potential confounding factors.”!

The REACT clinical trial evaluated nightly versus on-demand
tadalafil.”? The patients were randomized into three groups: 5mg
daily tadalafil, 20 mg on-demand tadalafil, and placebo. The patients
received treatment for 9 months, after a washout period of 6 weeks
and afterward, 3 months of daily tadalafil. The results achieved at the
end of the first 9 months have shown that daily tadalafil was superior
to placebo and on-demand tadalafil.”? At the end of the drug
washout period, the superiority of daily tadalafil was not main-

tained.”?

After reintroducing daily tadalafil for 3 months, the IIEF and
Sexual Encounter Profile-3 scores improved. In terms of penile
shortening prevention, the daily usage of tadalafil has demonstrated

superior results.”? Moncada et al.”®

concluded that daily administra-
tion of tadalafil speeds up the EF recovery process in a randomized
clinical trial. The patients with bilateral nerve-sparing RP were
randomized to receive either daily 5 mg tadalafil or on-demand 20 mg
tadalafil or placebo for 9 months. The study also included a 6-week
drug washout period and another 12 weeks of daily tadalafil for all
three groups of patients. The length of the treatment was not
sufficient for >50% of the patients to achieve a satisfactory erection
recovery. A total of 25% of the patients reached an EF recovery (lIEF-
EF >22) over a period that ranged between 5.8 and 9.3 months (5.8
months for patients with daily tadalafil vs. 9 months for those with
on-demand tadalafil and 9.3 months for patients who have received
placebo), the daily administration of tadalafil favoring a faster EF
recovery.”® A single-center, prospective, randomized controlled trial
aimed to compare three times per week versus on-demand tadalafil
20 mg after bilateral nerve-sparing RP.?* There was no significant
difference among all groups concerning EF at 6 weeks after the
surgery. Twelve months after the surgery, the IIEF score was
considerably higher in the group using tadalafil 20 mg three times
per week.”® The results showed that chronic dosing of tadalafil
started early after nerve-sparing RP increased and accelerated EF
recovery and improved patients' quality of life.”®

After RARP, the comparative efficacy of a penile rehabilitation
program with different PDE5is was investigated. Sildenafil 50 mg
every other night was given for the first 3 months after the urethral
catheter removal.?® After the 3-month follow-up visit, PDE5is were
used on-demand in the following order: tadalafil 20 mg, sildenafil
100 mg, and vardenafil 20 mg. According to the results, in men with a
normal erection before surgery, the overall recovery rate of potency
1 year after RP was 79.7%. However, more than half of these men
required PDES5is, and only a quarter returned to the baseline EF.??

In a previous study, 53 men undergoing RP for PCa were
randomized into four groups; control group, psychotherapy, lodenafil
80 mg/one tablet per week, and psychotherapy plus lodenafil 80 mg/
one tablet per week groups. Only the last group had amelioration in
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intimacy with a partner and satisfaction with their sex life and
without worsening the IIEF-5.7 These results show that early
integral treatment involving group psychotherapy and a PDES5i
before and after RP may lead to a more limited EF impairment,
superior to either treatment.”®

1.5.3 | Immunophilin Ligands

1.5.3.1 | Preclinical studies

Immunophilins are a class of cellular proteins primarily identified as
targets for drugs used in transplantation medicine, like tacrolimus,
cyclosporine, and rapamycin.

Focus has recently turned toward immunophilin ligands, such as
FK506 and rapamycin, for the treatment of ED. A study demon-
strated that the receptors to which they bind were more abundant in
nerve tissue than immune cells, implying their role in neuronal
functions.'® Their neuroprotective and nerve-regenerative propert-
ies after nerve injury and neurological disease were observed in
animal models©*~1%7 (Table 3).

Prototypical immunophilin ligands, for instance, FK506 and
rapamycin, show their effects via binding to FK506 binding proteins
(FKBPs), a family of immunophilin proteins placed in the nucleus,
cytosol, mitochondria, and endoplasmic reticulum of the cell.'??
Acting as chaperone proteins, they modulate protein folding and
trafficking and involve in-cell signaling and transcription.?? FKBP 12
is the most investigated immunophilin, and studies imply that other
FKBPs can also gain interest in CNI-induced ED due to their
localization in human penile innervation.'?® Also, a previous study
demonstrated that FKBP 12 was localized to penile innervation in the
rat and was upregulated after CNI.124

FK506 binds to FKBP 12, forming a complex that binds to and
blocks
Increasing evidence suggests that the mammalian target of rapamycin

calcineurin, thereby producing immunosuppression.*?”
is involved in cellular growth, proliferation, and survival.}?® Rapamy-
cin exerts immunosuppression via binding to FKBP 12.12” Further-
more, the administration of FK506 prevented the loss of EF after
nerve crush injury.?®

An initial pilot study using FK1706, a nonimmunosuppressant
immunophilin ligand, has improved EF and immunohistochemical
evidence of neurotrophic/neuroregeneration in rats.2%%12? Another
study showed that high-dose subcutaneous FK1706 therapy signifi-
cantly improved EF without adverse events over the 8-week course
of the treatment in a rat model of bilateral CNI.2%°

The previous data suggested that FK506 activated cellular repair
mechanisms and reduced apoptosis in penile and neuronal tissue. At
the same time, rapamycin shows its antiapoptotic alterations over a
longer time frame, particularly in neuronal tissue.'%®

Dipyridamole is currently used clinically as an antithrombotic
drug. It increases cAMP levels by inhibiting phosphodiesterase in
platelets.’®® A study showed that dipyridamole treatment did not
recover EF in rats with BCNI. Still, the decrease in both the level of

TGF-B1 and apoptosis after the treatment could be helpful in

The Prostate_\\/| LEY_KL“S

protecting penile morphology after CNI. Further studies are needed
to understand the effect of different pharmacological doses and long-
term therapy with dipyridamole, especially penile hemodynamic

response.'®!

1532 |

Tacrolimus is an immunosuppressant with neuroprotective, neuro-

Clinical studies

trophic, and anti-inflammatory effects. A randomized, double-blind
trial compared tacrolimus 2-3 mg daily and placebo in men under-
going RP. Despite supportive animal data!®?1?#128 the results

showed that treatment had no significant impact on ED? (Table 3).

1.6 | Growth factors

1.6.1 | Preclinical studies

A bolus ICl combined with vascular endothelial growth factor (VEGF)
and BDNF protein-induced significant improvements in EF and the
morphology of CN fibers in CC (Table 3). This VEGF-enhanced
neurotrophin treatment may help protect and improve EF after
radical pelvic surgery.132 An ICI with BDNF plus VEGF seems to
inhibit degeneration and facilitate regeneration of neurons, including
nNOS in the major pelvic ganglia, dorsal nerve, and intracavernosal
tissue. It is a suggested therapeutic option for augmenting the
improvement of EF following radical pelvic surgery.32

In a rat model of CNI, ICI of growth differentiation factor-5
(GDF-5) preserved EF in a dose-dependent manner.*** Furthermore,
increased dosages of GDF-5 reduced TGF-Bf messenger RNA
expression but increased GDF-5 concentrations related to decreased
preservation of nNOS-containing nerve fibers in the penis and
enhanced intracavernous apoptosis.}*? The association between
these effects could be translated as that low-concentration GDF-5
was most effective in preserving EF after CNI.

The application of human ADSCs and nerve growth factor-
incorporated hyaluronic acid-based-hydrogel into the CN restored EF
in a rat model of CNI.1*® Human ADSC and nerve growth factor-
incorporated hyaluronic acid-based -hydrogel treatment resulted in a
therapeutic effect on the expression of eNOS and the ratio of
collagen to smooth muscle in the CC.113

The precursor for a nerve growth factor (proNGF) is involved in
neuronal cell apoptosis and microvascular dysfunction through its
receptor p75NTR 133 A study aimed to determine the expression of
proNGF/p75NTR and the efficacy of proNGF neutralizing antibodies
in mice with ED induced by CNI.*** Mice were injected with anti-
proNGF antibody for 2 weeks after undergoing BCNI. Results
revealed that blockade of the proNGF/p75NTR pathway preserves
the damaged penile neurovascular structure and restores EF in CNI
mice, probably via regulating the expression of both neurotrophic and
angiogenic factors.?®* Also, the p75 neurotrophin receptor modula-
tor, LM11A-31 treatment, improved ED in CNI mice via increased
neurovascular content, cavernous endothelial cells, pericytes, and

neuronal processes.!**
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Application of BDNF-immobilized poly-lactic-co-glycolic acid
membrane with human ADSC into the CN and fibroblast growth
factor (BFGF)-incorporated hydrogel into the CC enabled a nearly

References

118
119
120

normal EF in a rat model of RP-ED.**® The underlying mechanisms of
the improvement are linked to increases in nNOS expression, the
ratio of smooth muscle to collagen, eNOS phosphorylation, a-smooth
muscle actin expression, and cGMP levels in the rat penile tissue.'*®

Neuregulins are a group of growth factors associated with
epidermal growth and function by binding ErbB tyrosine kinase
transmembrane receptors (ErbB2-4) and stimulating cellular prolifer-

ation, differentiation, and survival in several tissues.t3>"138

Failure in treatment of ED

Improvement in EF

Comments

Neuregulin-1 has a vital role in axoglial signaling during the
development of the peripheral nervous system.'*’ Moreover, it is
increasingly being identified for its neuroprotective and neurores-
torative functions during adulthood, conceivably through mediating
signals between axons and Schwann cells needed for effective nerve
repair.1®14° Regarding their neuroprotective effects, it can be
suggested that neuregulins are likely to be an interesting candidate
for protecting the CN and preserving EF following RP. A previous
study evaluated if glial growth factor-2 (neuregulin-1B3 type Il), a
soluble full-length splice variant of the neuregulin-1gene,*® can
promote axonal integrity and preserve EF following BCNI in rats.}*®
Data showed that GGF2 recovered EF via preserving unmyelinated

nerve fibers in the injured CN in a rat model of CNI.11¢

receptors and ERK-1/2, upregulation of nNOS

in the MPG.

A study showed that EF was reduced following BCNI, which was

Increase in ICP/MAP, upregulation of the IGF-1
No significant change in erectile function domain.

Results/status

restored by treatment with a dual growth factor incorporated
heparin-pluronic/gelatin-poly (ethylene glycol)-tyramine hydrogel
compared to groups treated with a single growth factor in a rat
model of CNI.2*” Also, the dual growth factor treatment enhanced
cGMP levels, nNOS, and eNOS expression and decreased apoptosis
in the penile tissues.'”

A previous study showed that pioglitazone improved EF in rats
undergoing BCNL''® The authors proposed that this effect of
pioglitazone was mediated by the insulin-like growth factor-1
pathway. In their study, to eliminate the systemic effects of
pioglitazone and evaluate the local delivery of insulin-like growth
factor-1, polymeric microspheres were injected underneath the
major pelvic ganglion after BCNI in the rat. Results showed that
stimulating the insulin-like growth factor-1 receptor at the level of
the CN had the potential to mitigate ED in men after RP, but further
research is needed to assess its safety as a growth factor in the PCa

ganglion, BCNI rat model, measurement of ICP/MAP at 2

measurement, immunohistochemistry, TUNEL assay,
wk, western blot analysis and immunohistochemistry.

Western blot analyses.
neurovascular bundle and vesicourethral anastomosis

Injection of loaded microspheres underneath the major pelvic
during RP.

Dehydrated human amnion membrane placed around the

Methods

setting.11®

1.6.2 | Clinical studies

A study suggested that the human amniotic membrane is likely to
recover tissue regeneration and functional outcomes after RP due to
its growth factors and unique immune tolerance for it.1?° The
efficacy and safety of dehydrated human amnion membrane located

around the neurovascular bundle and vesicourethral anastomosis

single-surgeon, placebo-controlled

(Continued)
gelatin-poly (ethylene glycol)-
exploration study

tyramine hydrogel

Tacrolimus

during RP for the treatment of localized PCa patients are

Clinical/Randomized, double-blind trial/ Oral administration, IIEF.

Preclinical/Insulin like growth factor-1

Clinical/Randomized, single-blind,
EF, erectile function; FKBP, FK binding protein; hADSCs, human adipose tissue derived stem cells; ICP/MAP, intracavernosal pressure/mean areterial pressure; IIEF, international index erectile function; nNOS,

Abbreviations: BCNI, bilateral cavernous nerve injury; BDNF, brain derived neurotrophic factor; CC, corpus cavernous; CN, cavernous nerve; eNOS, endothelial nitric oxide synthase; ED, erectile dysfunction;
neuronal nitric oxide synthase; PCR, real-time polymerase chain reaction; TGF-B1, transforming growth factor beta 1; VEGF, vascular endothelial growth factor; wk, week.

TABLE 3
Study/agent

examined.?°



ASKER ET AL.

ﬂ‘—Wl L EY-The Prostate

1.7 | Low-intensity extracorporeal shockwave
therapy (LI-ESWT)

1.7.1 | Preclinical studies

Several studies have investigated the effect of LI-ESWT on ED in rat
models of CNI (Table 4). Li et al.*** showed that LI-ESWT recovered
ED by increasing Schwann cell proliferation and leading to more
complete reinnervation of penile tissue with the regeneration of
nNOS positive nerves to the penis in rats with CNI.24*

Supporting, a previous study by Lin et al.'>2 showed that LI-
ESWT stimulated Schwann and endothelial cell proliferation through
increased phosphorylation of Erk1/2. Also, LI-ESWT enhanced the
expression of BDNF in the rat penis after BCNI. Moreover, BDNF
expression was augmented in Schwann cells in vitro after LI-
ESWT.142

In a previous study, combined treatment of LI-ESWT plus human
ADSCs significantly recovered ED through alpha-smooth muscle
actin content, nNOS, eNOS expression, and cGMP levels in penile
tissue when compared with either treatment in a rat model of post-
prostatectomy ED.'*3 Also, ADSCs mediated recovery of injured
CNs, whereas LI-ESWT enhanced angiogenesis in the cavernosal
tissue. 143

Delayed application of LI-ESWT to the penis and pelvis was
associated with restoration of penile hemodynamics in a rodent
model of severe pelvic neurovascular injury.2** These effects seem to
be mediated by LI-ESWT-enhanced angiogenesis, activation of
Schwann cells, and facilitation of nerve regeneration. Three-
dimensional imaging of solvent cleared organs provided high-
resolution images of unsectioned CN and major pelvic ganglion and
demonstrated superior neuronal integrity in animals treated with LI-
ESWT. 244

1.7.2 | Clinical studies
Shockwave therapy induces neoangiogenesis, recruitment of progen-
itor cells, modulation of vasodilation, and nerve regeneration in
several tissues in humans.48

LI-ESWT has achieved popularity as a potential treatment option
for ED because data from both in vivo and in vitro studies have
indicated that shockwaves can induce angiogenesis.>>® According to
these results, LI-ESWT therapy is likely to increase penile blood flow
parameters and endothelial function via stimulating angiogenesis in
the penis. However, the underlying therapeutic mechanism of
shockwaves is not fully understood. It has been assumed that the
targeted tissue is compressed because of the positive acoustic
pressure produced by the shock, followed by expansion, which
occurs over tensile elements of the tissue.'>* This phenomenon has
been described as “cavitation” as it can be seen creating micrometer-
sized bubbles that violently expand and collapse.r>**>> The physical
forces produced by these cavitation bubbles are highly localized, and
they cause a localized stress response on endothelial cell membranes

secondary to sheering forces. Then, this shear stress contributes to
the release of angiogenic factors and production of NO by the
increase in eNOS and nNOS activity, platelet-derived growth factor,
and VEGF. Also, shockwaves induce hyperpolarization, activation of
the Ras signaling pathway, nonenzymatic synthesis of NO, and

upregulation of stress fibers and intercellular gaps.'>+15%

In a clinical study by Frey et al.,'*®

men with at least 1 year's
history of bilateral nerve-sparing RP-induced ED were given two LI-
ESWT sessions (1000 shock waves with energy densities of 20, 15,
and 12mJ/mm?) in the root of the penis every other week for 6
weeks. In this study, LI-ESWT recovered ED with the amelioration in
five-item IIEF scores at 1 month and 1 year after the treatment.'*®

A study by Zewin et al.2* compared the effects of LI-ESWT with
PDES5i therapy in penile rehabilitation after NSRCP. Men were given
12 sessions of penile LI-ESWT in the distal, mid, and proximal penile
shaft and the left and right crura with a specialized, focused shock
wave probe.**’ The results showed that LI-ESWT or an oral PDE5i in
penile rehabilitation post-NSRCP improved EF slightly compared to
the control group.4’

Inoue et al.*>® compared early versus delayed LI-ESWT in 16
patients after RP. Early LI-ESWT was initiated in the 1st or 2nd
postoperative week. SF was evaluated with the expanded prostate
cancer index composite. LI-ESWT significantly improved SF com-
pared to controls regardless of the time point it was initiated. There
was no difference regarding SF between the “early” and “delayed” LI-
ESWT groups at all time points.

In a recent RCT, 77 patients were given either tadalafil + LI-
ESWT (n = 36) or tadalafil alone (n = 41) as penile rehabilitation.*>” LI-
ESWT consisted of 19,200 impulses over 8 weeks. The main outcome
measure was 24 point difference in IIEF-5 score favoring the
treatment group. Despite a significant difference of median 2 points
in lIIEF-5 scores, the treatment group's primary end-point of at least 4
points difference was not reached. The authors emphasized the need
for further studies before making clear recommendations.

A study examined penile vibratory stimulation effect on the
protection and renewal of EF and urinary continence in conjunction
with nerve-sparing RP.1®* Data from 68 patients showed that the
IIEF-5 score was highest in the penile vibratory stimulation group

after surgery,
134

but the difference only reached borderline

significance.

1.8 | Intraurethral Alprostadil Injection and
Medicated Urethral System for Erection (MUSE)

1.8.1 | Clinical studies

A study by Raina et al.>*® reported that MUSE therapy after bilateral
nerve-sparing RP in men resulted in 74% of patients regaining

erections (vs. 37% of controls) and a mean IIEF-5 score of 18.9 (vs.

15.8 in the control group).*>®

A multicenter, randomized, prospective penile rehabilitation trial

| 159

by McCullough et a compared the effectiveness of nightly
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(Continued)

TABLE 4

References

Comments

Results

Treatment

Methods

150

Men with ED subsequent to prostatectomy

Increased in mean |IEF-5 at months 6, 9, and 12 in the

VED and/or tadalafil after bilateral nerve sparing

A randomized, controlled

had a more rapid and complete return of
EF when treated with tadalafil plus VED.

combination group, and in the penile hardness scores

at 6 and 9 months.

robotic prostatectomy

trial

151

Initiating the use of a VED protocol at 1

Increased in IIEF scores and preserved stretched penile

A traditional VED protocol after radical retropubic

A randomized, controlled

month improves early sexual function and

preserves penile length.

length

prostatectomy

trial

Abbreviations: ATF4, activating transcription factor 4; BDNF, brain-derived neurotrophic factor; cGMP, cyclic guanosine monophosphate level; ED, erectile dysfunction; EF, erectile function; eNOS, endothelial

nitric oxide synthase; HES, erection hardness score; HIF-1a, hypoxia inducible factor-1a; LESW, low-energy shock wave; Li-ESWT, low-intensity extracorporeal shock wave treatment; nNOS, neuronal nitric

oxde synthase; PDES5, phosphodiesterase type 5; PERK, protein kinase RNA-like ER kinase; TGF-B1, transforming growth factor beta 1; VED, vacuum erectile device.
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intraurethral alprostadil versus sildenafil citrate after nerve-sparing
prostatectomy. Intraurethral alprostadil or 50 mg oral sildenafil citrate
were given to subjects for 9 months as nightly treatments initiating
within 1 month of surgery.r®® After 1-month washout and before
sexual activity, subjects self-administered sildenafil citrate (100 mg)
for 6 attempts in 1 month. The global assessment question, sexual
encounter profile, ED Inventory of Treatment Satisfaction, and
measured stretched penile length was significantly better only at 6
months for intraurethral alprostadil as secondary endpoints. Intraur-
ethral alprostadil did not induce significant differences in IIEF- EF
domain and intercourse success rates.’>® The rate of spontaneous
erection recovery from this drug is still not apparent, and it causes
pain that may hinder sexual rehabilitation.

In a clinical study using intraurethral alprostadil injection for 12
months after RP and to evaluate the course and impact on sexual
rehabilitation of postinjection penile pain,'¢ patients started receiv-
ing alprostadil (2.5 mg dosage) and were advised to increase the dose
gradually until necessary rigidity is achieved. In patients who were
willing and able to use intraurethral alprostadil injection, EF based on
the IIEF-15 and Erection Hardness Score improved after 1 year. The
pain as the main adverse effect was significant during the first 6
months and decreased over time.1¢°

A new topical, noninvasive treatment for ED is alprostadil cream
which is the combination of alprostadil and a synthetic PGE1. Its local
absorption can be improved directly at the site of effect.}6212 This
makes its use suitable in many circumstances and reduces the risk of
adverse events, being systemic adverse events reported in only 3% of
the treated population. Its clinical efficacy has been demonstrated in

163,164

phases Il and Ill trials, showing a global effectiveness of up to

83% with the 300 ug dose in patients with severe ED, significantly

better than the placebo.1¢%164

1.9 | Vacuum erection devices (VED)

VEDs consist of a clear plastic cylinder connected to an air pump and
a vacuum seal placed around the penile base. The manual or electric
pump then produces a negative pressure within the cylinder to pull
blood into the phallus.*®®

The British Society recommends the management of ED with
PDES5i and a VED after RP for Sexual Medicine guidelines.>®® If the
erection produced can not be maintained throughout the sexual
intercourse, the elastic constriction ring can be placed at the base of
the penis for up to 30 min.*¢¢

Erection with a VED is to be produced mechanically by engorging
the corpora and glans with venous blood. This is not dependent on
any control of the autonomic or sensory neuronal system. Creating a
negative pressure of approximately 150-200 mmHg by VED can
increase blood flow into the penis.'®”

Although efficacy rates for VEDs on EF are as high as 90%, rates
of satisfaction range between 30% and 70%.2¢%1%? VEDs have also
been used for penile rehabilitation to prevent the progress of ED
after RPY7%71 (Table 4).
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1.9.1 | Preclinical studies
The effects of VED therapy on ED were investigated at the molecular
level in a rat model of BCNIL'*> VED therapy acted on EF by
preserving the integrity of smooth muscle and endothelial content,
which is provided by antifibrosis, antiapoptosis and antihypoxic
mechanisms.4°

The underlying mechanism of VED in penile rehabilitation after
BCNI was analyzed regarding its impact on cavernous oxygen
saturation and penile shrinkage.’*® After 4 weeks of therapy, the
results showed that penile size was preserved effectively by VED
therapy in rats with BCNI. Antihypoxic situation due to increased
cavernous blood oxygen saturation is proposed to be the mechanism
beneath the beneficial effect of VED therapy.'*®

VED prevented corporeal veno-occlusive dysfunction and penile
shrinkage in the BCNI rat models.**”*”2 Penile length and intraca-
vernosal pressure of rats were measured after 4 weeks of therapy.
Based on the recent data, vacuum therapy is effective to prevent
penile shrinkage and veno-occlusive dysfunction in penile rehabilita-
tion, inhibiting apoptosis and activating autophagy. It may be
associated with the preservation of structure and function of the
tunica albuginea, endothelial cell, and smooth muscle cell contents

after 4 weeks of treatment.**”172

1.9.2 | Clinical studies
Early initiation of the VED after RP is reported as an effective and
simple procedure for penile rehabilitation in numerous clinical
trials®#>173-175 (Table 4).

In the first meta-analysis on vacuum therapy for early penile

rehabilitation of post-RP men,t7¢

IIEF-5 score and penile shrinkage
were improved significantly in post-RP patients.*”¢ Thus, early use of
vacuum therapy is an effective strategy for preventing ED and penile
shrinkage in post-RP men.}”® Moreover, vacuum therapy combined
with PDE5i displayed a beneficial effect on penile rehabilitation.?”¢
Early VED significantly improved IIEF-5 scores with substantially more

positive answers for the Encounter Profile question 3 questionnaire.2”®

1.10 | Pelvic floor muscle training (PFMT)

1.10.1 | Clinical studies

The effect of early postoperative pelvic-floor biofeedback training
once a week for 3 months on potency recovery after RP”7 was
investigated in fifty-two patients. For pelvic-floor biofeedback
training, an electromyographic apparatus was used.!”” The IIEF-5
scores were obtained before surgery and 1, 3, 6, and 12 months
postoperatively. Patients were considered to have a normal EF when
they had a total IIEF-5 score of more than 20. In the treatment group,
47.1% of patients recovered potency 12 months postoperatively,
instead of 12.5% in the control group.
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In another study,178

all patients received PFMT for 3 months,
and PFMT was organized once a week (first 6 weeks) and once every
fortnight (next 6 weeks).'”® Pelvic floor muscles were trained by
advanced coordination and analytical exercises, and pelvic floor
muscle exercises combined with dual tasks in varying body positions.
The primary outcome, EF, improved significantly more in the
treatment group than in the control group at 15 months.*”® EF and
intercourse satisfaction regarding hardness, length, tumescence,
elevation, and persistence of erection were significantly improved
between the first and final treatment after 3 months of PFMT.78

The effect of perioperative PFMT on early recovery of urinary
continence and EF in men undergoing RP'”? was examined in 31 eligible
men aged between 45 and 75 years. Based on The IIEF-5 questionnaire
evaluating ED, the results demonstrated that the protocol of two
supervised PFMT sessions with biofeedback in the preoperative period
plus verbal and written instructions to continue the exercises after
surgery did not induce a sufficient improvement in continence rates or
EF in an early (3 months) evaluation after open retropubic RP.*”?

In a recent randomized controlled trial, early initiation of a high-
density (6 sets/day) PFMT before RP had no impact on EF at all time
points up to 12 months, compared to “usual care” (3 sets/day) of
PFMT.10

Although PFMT shows merit in the restoration of EF after RP,
scarcity of proper RCTs and the heterogeneity in techniques and
protocols of PFMT applied and methodological differences between
studies challenge the efforts for generating high-level evidence

regarding its efficacy.®!

1.11 | Other treatment strategies

1.11.1 | Hyperbaric oxygen therapy (HBOT)
Despite the conflicting results in the literature, HBOT is a potential
treatment for peripheral nerve injury.182183 HBOT shows efficacy in
combating infection in compromised tissues, promoting granulation
tissue formation, and stimulating angiogenesis.84

In a preclinical study, the effects of HBOT have been defined on
EF and cavernosal tissue in the rat CNI model.'®® Ten days after CNI,
the rats underwent in vivo studies for EF. HBOT exhibited a
protective effect on ED, and the mechanism seemed to involve
neurotrophic and endothelial factors.'®> Cavernosal oxygenation
appears as a protective mechanism for EF, and further research may
need to answer the question concerning the role of the clinical
application of HBOT in patients after RP.*8> The therapeutic effect of
stem cell-oxygen-releasing hollow microparticles on ED in a rat
model of BCNI was investigated.’®® According to the results, these
microparticles improved EF, enhanced cGMP level, and the expres-
sion of eNOS and nNOS and reduced fibrosis and apoptosis in the CC
when compared with the treatment with only stem cells.2®¢
Collectively, an oxygen-releasing hollow microparticles system
supported prolonged stem cell survival, sustaining the paracrine

effect of the stem cells and consequently enhancing EF.18¢
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1.11.2 | Platelet-rich plasma

Several studies investigated the effect of platelet-rich plasma on CN
regeneration and functional status in a nerve-crush rat model.*3%187
CN electrostimulation was used for EF at 3 months, and results of
nerve regeneration demonstrated that the usage of platelet-rich
plasma to the site of CNI exerted neuromodulation on the recovery

of EF.132'187

1.11.3 | Losartan

CNI using a rat model of BCNI causes a decrease in erectile responses
and increases apoptosis and oxidative stress.'®® Angiotensin Il led to
apoptosis and oxidative stress in the CC after CNI and impaired
erectile response.’®® Losartan (the angiotensin Il type 1 receptor
antagonist) significantly prevented corporal apoptosis and oxidative
stress by inhibiting the Akt/Bad/Bax/caspase-3 and Nrf2/Keap-1
signaling pathways in the CNI model. Losartan treatment for 4 weeks
had a modest effect on EF and significantly prevented corporal

oxidative stress and apoptosis.'&8

1.11.4 | Atorvastatin

Recently, atorvastatin treatment in ED in patients who underwent RP
was investigated.’®® Patients were randomized to either 80mg
atorvastatin or a placebo daily before undergoing RP. Overall, 118
men with PCa and scheduled for RP were asked to fill out the 5-item
version of the IIEF-5 questionnaire before surgery and at 3, 6, 9, and
12 months after surgery. Short-term treatment with atorvastatin
before RP conferred no significant benefit on the recovery of the EF
in this unselected group of men. However, because the IIEF-5 scores
were consistently higher but not statistically significant in the statin
part, the authors stress the need for further research regarding the

effect of long-term statin treatment on post-RP-ED.8’

1.11.5 | LIM-kinase 2 (LIMK2) pathway
It has been investigated if ROCK1/LIMK2/Cofilin signaling pathway
could be involved in corporal fibrosis after BCNI in male rats to
supply the pathophysiologic knowledge on the role of those
pathways in the process of ED after RP. The pathway appears to
be functional, particularly in the early period after CNI.17° Although
the recovery is incomplete, chronic inhibition of LIMK2 alleviated
cavernosal veno-occlusive dysfunction by improving cavernosal
fibrosis by normalizing the LIMK2/Cofilin pathway.'?!

In another study, combined inhibition of Jun-amino terminal
kinase (JNK) and LIMK2 improved EF by suppressing cavernosal
apoptosis and fibrosis via restoration of c-Jun/Bcl-2/Bax and LIMK2/

cofilin pathways 10 days after CNI.172

In a recent study, a combination of LIMK2 inhibitor and PDES5i
did not completely normalize the EF at the acute phase after CNI.
However, the degree of improvement by the combined treatment
was somewhat greater than that by treatment with LIMK2 inhibitor

alone. 1?3

1.11.6 | Mitogen-activated protein kinases

The c-Jun N-terminal kinase (JNK) and p38 known as the members of
the mitogen-activated protein kinases family have critical roles in the
apoptosis of various cells.*?* In an earlier study, it has been shown
that an increase in cavernosal apoptosis is accompanied by increased
protein expression of phosphorylated JNK and phosphorylated p38
at 4 weeks after CN resection in mice.r”> Currently, it was shown
that an increase of JNK phosphorylation is involved in the apoptosis
of cavernosal tissue after CNI.1?¢ Therefore, inhibition of JNK
beginning from the immediate post-injury period could help to
suppress cavernosal apoptosis.

In a rat model of CNI, JNK inhibition from the early postoperative
period did alleviate EF through improving apoptosis of cavernosal
tissue related to the JNK-driven pathway.'’” Thus, an early
therapeutic strategy targeting the JNK-driven pathway may be able
to alleviate cavernosal apoptosis caused by CNI, thereby improving
post-RP ED.

1.11.7 | Galanin

Galanin signaling acting in synergy with NO-cGMP in erectile
response is upregulated in the major pelvic ganglion in the early
phase after CNI, after which it gradually decreases. Based on
previous data, galanin upregulation is an essential factor in the
endogenous neurodegenerative response to CNI, and modulation
of this peptide and its receptors may be of therapeutic
significance.'?® Furthermore, galanin has neurotrophic action in
vitro on neurons isolated from the major pelvic ganglion,?? and
impaired neurite outgrowth was seen by inhibiting endogenous
galanin, which primarily occurred in nitrergic neurons. In vivo
administration of a selective agonist resulted in partial recovery
of EF after BCNI.'"?

1.11.8 | Hydrogen sulfide (H,S)

In a recent study in BCNI rats, H,S concentrations decreased in
penile tissue after BCNI, and NaHS treatment significantly improved
erectile response, smooth muscle to collagen ratio, and decreased the
expression of osteopontin collagen-1, RhoA, and ROCK1.2%° These
results suggest H,S may be a novel treatment candidate for ED in
cases caused by insufficient endogenous penile H,S production as
in CNL.
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1.11.9 | Herbal medicine

The most metabolically active extract of Epimedium icariin exerted
inhibition on PDE5 in vitro.2°>2°2 |n a study by Shindel and
colleagues,®®® daily treatment with low-dose, purified icariin im-
proved penile hemodynamic parameters 4 weeks after CNI in a rat
model of ED. Improved functional outcomes are observed in icariin-
treated animals due to increased penile nNOS and smooth muscle
content. These data validate this traditional treatment for erectile
problems and appear as a novel and potential strategy to study and
treat nerve injuries in human patients.?®®

Administration of Ginko Biloba increases neuronal survival and
preserves the nNOS, nerve fiber, and contents of the CC after BCNI.
Improvement in EF after treatment with high-dose Ginko Biloba has
been observed in a BCNI rat model.2%*

Orally administered Lycium barbarum polysaccharides efficiently
stimulated recovery of nerve regeneration and erectile functional
response?®® being most effective when started on 1st day following
CNI compared to 7 and 14 days.

Recently, a flavonol isolated from the stems and leaves of herbs
epimedii, icariside Il, induced the differentiation of ADSCs to
Schwann cells and recovered EF of BCNI rats. The underlying
mechanism is possibly involved in regulating microRNA-33 which
negatively activated glial cell-derived neurotrophic factor and its p75
neurotrophic receptor.206

The administration of Hongjing | granules (a new herbal formula
derived from traditional Chinese medicine) improved ED in CNI rats
dose-dependent. Furthermore, this herbal treatment increased nNOS
expression, Schwann cells viability and promoted neurites regenera-
tion of major pelvic ganglia.?®”

The data mentioned above suggest that several herbal compo-
nents may protect the peripheral nerve from damage. Also, these
alternative natural approaches might protect the cavernosal nerve
against crush injury through stimulating the release of neurotrophic
factors, increasing neuronal survival, and preserving the nNOS, nerve
fibers, and contents of the penile CC.

1.12 | Future perspectives
Although progress in equipment and surgical techniques reduces
post-RP ED, the patients may still suffer from neuropraxia,
diminished NO production, smooth muscle apoptosis, and penile
fibrosis. Radiation-based therapies possibly cause ED via a similar
mechanism.”>”® There is little consensus on the optimal management
of ED after RP; however, it is agreed that treatment must be prompt
to prevent fibrosis and to increase oxygenation of penile tissue.
Increased cavernous hypoxia, apoptosis, and upregulation of profi-
brotic factors, especially TGF-B1, most probably contribute to ED via
structural changes in the cavernosal tissue.

Current treatment regimens rely on PDES5i as first-line therapy
combined with other treatment alternatives. Combinations of

established treatments will probably be increasingly utilized in the
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near future as the challenges remain in the clinical adoption of the
potential therapeutics which exhibit promising efficacy in the
preclinical studies. Moreover, evidence supporting this “combination
of established treatments” approach continuously accumulates. A
recent systematic review and network meta-analysis evaluated the
comparative efficacy of various monotherapies and a combination of
approaches in penile rehabilitation.?°® The meta-analysis included
studies involving PDE5is, PFMT, vacuum therapy, neuromodulatory
therapy, statins, ICls, hyperbaric oxygenation therapy, and in 8 of
them, the combined effect of treatments. Analysis revealed that the
combination of VEDs and PDES5is had superior if not equivalent
efficacy compared to PDE5 monotherapy or intraurethral alprostadil.
A variety of VED plus tadalafil was superior to other interventions
regarding the IIEF scores in the 6th month after RP.2%®

Regular or on-demand dosing of PDES5is in penile rehabilitation is
another point of debate that should be resolved in the future. Even
the most recent meta-analyses reveal conflicting results. According to
a network meta-analysis, only regular high-dose PDES5is (regardless
of type) was the most effective in restoration of post-RP EF, on-
demand dosing being similar to placebo.?’? On the contrary, in
another meta-analysis, PDE5is were the most effective strategy in
preserving EF compared to placebo, regarding both the mean IIEF
score and the ratio of patients with IIEF score >21.22° However,
there was no difference between regular and on-demand PDES5i
dosing.

Its fast onset of action and its favorable toxicity profile, and lack
of interactions with other drugs make alprostadil cream a therapeutic
choice for patients with ED, particularly for individuals who are
reluctant to take systemic treatments with adverse events. Further
research is needed on novel pharmacological treatment options. For
instance, pioglitazone and losartan can be therapeutic agents among
men undergoing RP. Recommendations for using pioglitazone and
losartan at the clinical level await further support from clinical
investigations.

Given the limitations of penile rehabilitation after RP, specific
inhibition of JNK and LIMK2 may be a potential mechanism-specific
targeted therapy for post-RP ED induced by CNI. Further time-
course studies determining treatment effects of JNK and LIMK2/
Cofilin inhibition are necessary to make these findings more clinically
meaningful. Future studies evaluating the combined JNK inhibitor
and LIMK2 inhibitor treatments given at different time points
following CNI may determine the maximum protection of cavernosal
apoptosis and fibrosis in an animal model of post-RP ED.

The underlying mechanisms of stem cells mainly comprise
transdifferentiation and secretion of soluble factors for tissue
regeneration, such as endothelial cells, smooth muscle, and cavern-
ous nerves, all of which were damaged to varying degrees in ED.
Therefore, stem cell therapy is likely to become a treatment option
for ED after RP. The findings from basic research related to ADSCs,
the nonhematopoietic p75-derived multipotent stromal cells from
adult bone marrow, bone marrow mononuclear cells, neural-like
cells, smooth muscle progenitor cells provide support for the

therapeutic potential of these treatments on ED after RP. Combined
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transplantation of stem cells with PDE-5is, LI-EWST, and growth
factors such as glial growth factor-2, NGF-hydrogel, fibroblast
growth factor, and BDNF may be effective methods to treat ED
following RP and deserve further clinical research. This suggests that
protecting the CC smooth muscle cells from fibrosis and apoptosis
may represent a more critical treatment goal than nerve protection in
future studies using the CNI model.

Vacuum therapy has become an attractive alternative in the case
of problems with the PDES5i treatment, such as contraindications or
significant side effects. VED is one of three methods used in the
clinical setting that improve EF.?® Early VED had an excellent
therapeutic effect in ED patients after RP compared with the
controls. The early use of VED is the only method in penile
rehabilitation that may be utilized to preserve penile length. Still,
the evidence is inadequate, and the proposition
doubtful 145146176

The method of penile vibratory stimulation proved to be

is currently

acceptable for most patients, and there is a trend towards a better
EF with penile vibratory stimulation. Although several studies have
evaluated LI-EWST for ED in humans, available data are non-
conclusive. Despite the large number of ED patients included in these
trials, a common exclusion criterion was prior RP. As a result, there is
a lack of evidence examining the efficacy of LI-EWST in patients with
post-RP ED. Further explorations of LI-ESWT for ED and 3-
dimensional imaging of solvent cleared organs for assessment of
microstructural changes are warranted.2** The use of LI-ESWT was
as safe as oral PDES5is. So, LI-ESWT could be an alternative, especially
if there are contraindications to PDE5i.**?

Alprostadil cream combines the efficacy of a well-known
therapeutic (alprostadil) with an “easy to use” formulation that does
not involve using a systemic route or more invasive topical
applications, which has the characteristics to meet all the above-

mentioned needs for the treatment of ED.

2 | CONCLUSIONS

ED is frequently observed after RP despite the increasing adoption
of minimally-invasive and nerve-sparing surgical
Although
pathophysiology, ED-RP is currently managed using the same

techniques.

it has distinct aspects regarding its etiology and

treatment options available for standard ED. Limited by the clinical
applicability, evidence from basic research suggests a wide variety
of possible therapeutic approaches for ED-RP, which should be
meticulously investigated for clinical adoption by urologists and

the industry.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

Data sharing not applicable - no new data generated.

ORCID

Heba Asker
Didem Yilmaz-Oral

Cetin Volkan Oztekin
Serap Gur

http://orcid.org/0000-0003-2057-3781

http://orcid.org/0000-0002-9515-0698
http://orcid.org/0000-0003-2082-2135

http://orcid.org/0000-0002-1730-7282

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer
J Clin. 2019;69(1):7-34. doi:10.3322/caac.21551

Pakzad R, Mohammadian-Hafshejani A, Ghoncheh M, Pakzad I,
Salehiniya H. The incidence and mortality of prostate cancer and its
relationship with development in Asia. Prostate Int. 2015;3(4):
135-140. doi:10.1016/j.prnil.2015.09.001

Namiki M, Akaza H, Lee SE, et al. Prostate cancer working group
report. Jon J Clin Oncol. 2010;40(Suppl 1):i70-i75. doi:10.1093/
jico/hyq130

Donovan JL, Hamdy FC, Lane JA, et al. Patient-reported outcomes
after monitoring, surgery, or radiotherapy for prostate cancer.
N Engl J Med. 2016;375(15):1425-1437. doi:10.1056/
NEJMoa1606221

Mottet N, van den Bergh RCN, Briers E, et al. EAU - ESTRO - ESUR
- SIOG Guidelines on Prostate Cancer 2020. European Association
of Urology Guidelines 2020 Edition. European Association of
Urology Guidelines Office; 2020.

Chung DY, Song KM, Choi MJ, et al. Neutralizing antibody to
proNGF rescues erectile function by regulating the expression of
neurotrophic and angiogenic factors in a mouse model of
cavernous nerve injury. Andrology. 2021;9(1):329-341. doi:10.
1111/andr.12873

Bratu O, Oprea |, Marcu D, et al. Erectile dysfunction post-radical
prostatectomy - a challenge for both patient and physician. J Med
Life. 2017;10(1):13-18.

Evgenov OV, Pacher P, Schmidt PM, Haské G, Schmidt HH,
Stasch JP. NO-independent stimulators and activators of soluble
guanylate cyclase: discovery and therapeutic potential. Nat Rev
Drug Discov. 2006;5(9):755-768. doi:10.1038/nrd2038

Mizusawa H, Hedlund P, Brioni JD, Sullivan JP, Andersson KE.
Nitric oxide independent activation of guanylate cyclase by YC-1
causes erectile responses in the rat. J Urol. 2002;167(5):
2276-2281.

Stasch JP, Hobbs AJ. NO-independent, haem-dependent soluble
guanylate cyclase stimulators. Handb Exp Pharmacol. 2009;191:
277-308. doi:10.1007/978-3-540-68964-5_13

Bischoff E, Schramm M, Straub A, Feurer A, Stasch JP. BAY 41-
2272: a stimulator of soluble guanylyl cyclase induces nitric oxide-
dependent penile erection in vivo. Urology. 2003;61(2):464-467.
doi:10.1016/s0090-4295(02)02121-0

Stasch JP, Alonso-Alija C, Apeler H, et al. Pharmacological actions
of a novel NO-independent guanylyl cyclase stimulator, BAY 41-
8543: in vitro studies. Br J Pharmacol. 2002;135(2):333-343.
doi:10.1038/sj.bjp.0704484

Sdenz de Tejada |, Angulo J, Cellek S, et al. Physiology of erectile
function. J Sex Med. 2004;1(3):254-265. doi:10.1111/}.1743-6109.
04038.x

Martinez-Jabaloyas JM, Gil-Salom M, Villamén-Fort R, Pastor-
Hernandez F, Martinez-Garcia R, Garcia-Sisamoén F. Prognostic
factors for response to sildenafil in patients with erectile
dysfunction. Eur Urol. 2001;40(6):641-646. doi:10.1159/
000049850

Walz J, Burnett AL, Costello AJ, et al. A critical analysis of the
current knowledge of surgical anatomy related to optimization of
cancer control and preservation of continence and erection in


http://orcid.org/0000-0003-2057-3781
http://orcid.org/0000-0002-9515-0698
http://orcid.org/0000-0003-2082-2135
http://orcid.org/0000-0002-1730-7282
https://doi.org/10.3322/caac.21551
https://doi.org/10.1016/j.prnil.2015.09.001
https://doi.org/10.1093/jjco/hyq130
https://doi.org/10.1093/jjco/hyq130
https://doi.org/10.1056/NEJMoa1606221
https://doi.org/10.1056/NEJMoa1606221
https://doi.org/10.1111/andr.12873
https://doi.org/10.1111/andr.12873
https://doi.org/10.1038/nrd2038
https://doi.org/10.1007/978-3-540-68964-5_13
https://doi.org/10.1016/s0090-4295(02)02121-0
https://doi.org/10.1038/sj.bjp.0704484
https://doi.org/10.1111/j.1743-6109.04038.x
https://doi.org/10.1111/j.1743-6109.04038.x
https://doi.org/10.1159/000049850
https://doi.org/10.1159/000049850

ASKER ET AL.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

candidates for radical prostatectomy. Eur Urol. 2010;57(2):
179-192. doi:10.1016/j.eururo.2009.11.009

Harris CR, Punnen S, Carroll PR. Men with low preoperative sexual
function may benefit from nerve sparing radical prostatectomy.
J Urol. 2013;190(3):981-986. doi:10.1016/j.juro.2013.02.008
Khoder WY, Waidelich R, Seitz M, et al. Do we need the nerve
sparing radical prostatectomy techniques (intrafascial vs. inter-
fascial) in men with erectile dysfunction? Results of a single-centre
study. World J Urol. 2015;33(3):301-307. doi:10.1007/s00345-
014-1302-9

Natali A, Masieri L, Lanciotti M, et al. A comparison of different oral
therapies versus no treatment for erectile dysfunction in 196
radical nerve-sparing radical prostatectomy patients. Int J Impot
Res. 2015;27(1):1-5. doi:10.1038/ijir.2014.27

Yaxley JW, Coughlin GD, Chambers SK, et al. Robot-assisted
laparoscopic prostatectomy versus open radical retropubic prosta-
tectomy: early outcomes from a randomised controlled phase 3
study. Lancet. 2016;388(10049):1057-1066. doi:10.1016/50140-
6736(16)30592-X

Ludwig W, Phillips M. Organic causes of erectile dysfunction in
men under 40. Urol Int. 2014;92(1):1-6. doi:10.1159/000354931
Mulhall JP, Graydon RJ. The hemodynamics of erectile dysfunction
following nerve-sparing radical retropubic prostatectomy. Int
J Impot Res. 1996;8(2):91-94.

Burnett AL. Erectile dysfunction following radical prostatectomy.
JAMA. 2005;293(21):2648-2653. doi:10.1001/jama.293.21.2648
Burnett AL, Allaf ME, Bivalacqua TJ. Erythropoietin promotes
erection recovery after nerve-sparing radical retropubic prostatec-
tomy: a retrospective analysis. J Sex Med. 2008;5(10):2392-2398.
doi:10.1111/j.1743-6109.2008.00980.x

McCullough AR. Sexual dysfunction after radical prostatectomy.
Rev Urol. 2005;7(Suppl 2):53-s10.

lacono F, Giannella R, Somma P, Manno G, Fusco F, Mirone V.
Histological alterations in cavernous tissue after radical prostatec-
tomy. J Urol. 2005;173(5):1673-1676. doi:10.1097/01.ju.
0000154356.76027 .4f

lacono F, Prezioso D, Somma P, Chierchia S, Galasso R, Micheli P.
Histopathologically proven prevention of post-prostatectomy
cavernosal fibrosis with sildenafil. Urol Int. 2008;80(3):249-252.
doi:10.1159/000127335

Zhang XM, Shi PH, Cao SH, Yu HJ, Azad J, Ling SC. Expression
changes of  transforming  growth factor-betal and
thrombospondin-1 in cavernous tissues of diabetic rats. Urol Int.
2010;84(2):221-225. doi:10.1159/000277602

Shin TY, Ryu JK, Jin HR, et al. Increased cavernous expression of
transforming growth factor-B1 and activation of the Smad signaling
pathway affects erectile dysfunction in men with spinal cord injury.
J Sex Med. 2011;8(5):1454-1462. doi:10.1111/j.1743-6109.2010.
02049.x

Yi SL, Liu XJ, Zhong JQ, Zhang Y. Role of caveolin-1 in atrial
fibrillation as an anti-fibrotic signaling molecule in human atrial
fibroblasts. PLoS One. 2014;9(1):e85144. doi:10.1371/journal.
pone.0085144

Kimura M, Rabbani ZN, Zodda AR, et al. Role of oxidative stress in a
rat model of radiation-induced erectile dysfunction. J Sex Med.
2012;9(6):1535-1549. doi:10.1111/j.1743-6109.2012.02716.x
Lanza C, Raimondo S, Vergani L, et al. Expression of antioxidant
molecules after peripheral nerve injury and regeneration. J Neurosci
Res. 2012;90(4):842-848. doi:10.1002/jnr.22778

Wang H, Ding XG, Li SW, et al. Role of oxidative stress in surgical
cavernous nerve injury in a rat model. J Neurosci Res. 2015;93(6):
922-929. doi:10.1002/jnr.23545

Wan ZH, Li GH, Guo YL, Li WZ, Chen L. Calpain inhibition improves
erectile function in a rat model of cavernous nerve injury. Urol Int.
2015;95(2):233-239. doi:10.1159/000370248

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

The Prostate_\\/| LEY—‘ﬂ

Piperi C, Goumenos A, Adamopoulos C, Papavassiliou AG. AGE/
RAGE signalling regulation by miRNAs: associations with diabetic
complications and therapeutic potential. Int J Biochem Cell Biol.
2015;60:197-201. doi:10.1016/j.biocel.2015.01.009

Musicki B, Bhunia AK, Karakus S, Burnett AL. S-nitrosylation of
NOS pathway mediators in the penis contributes to cavernous
nerve injury-induced erectile dysfunction. Int J Impot Res. 2018;
30(3):108-116. doi:10.1038/541443-018-0021-y

Mulhall JP. Penile rehabilitation following radical prostatectomy.
Curr  Opin  Urol. 2008;18(6):613-620. doi:10.1097/MOU.
0b013e3283136462

Montorsi F, Guazzoni G, Strambi LF, et al. Recovery of spontaneous
erectile function after nerve-sparing radical retropubic prostatec-
tomy with and without early intracavernous injections of alprosta-
dil: results of a prospective, randomized trial. J Urol. 1997;158(4):
1408-1410.

Canguven O, Burnett A. Cavernous nerve injury using rodent
animal models. J Sex Med. 2008;5(8):1776-1785. doi:10.1111/j.
1743-6109.2008.00955.x

Weyne E, Mulhall J, Albersen M. Molecular pathophysiology of
cavernous nerve injury and identification of strategies for nerve
function recovery after radical prostatectomy. Curr Drug Targets.
2015;16(5):459-473. doi:10.2174/1389450116666150316224456
Quinlan DM, Nelson RJ, Partin AW, Mostwin JL, Walsh PC. The rat
as a model for the study of penile erection. J Urol. 1989;141(3):
656-661. doi:10.1016/s0022-5347(17)40926-8

Chung E, De Young L, Brock GB. Investigative models in erectile
dysfunction: a state-of-the-art review of current animal models.
J Sex Med. 2011;8(12):3291-3305. doi:10.1111/j.1743-6109.2011.
02505.x

Khoudary KP, DeWolf WC, Bruning CO, 3rd, Morgentaler A.
Immediate sexual rehabilitation by simultaneous placement of
penile prosthesis in patients undergoing radical prostatectomy:
initial results in 50 patients. Urology. 1997;50(3):395-399. doi:10.
1016/s0090-4295(97)00280-x

Ramsawh HJ, Morgentaler A, Covino N, Barlow DH, DeWolf WC.
Quality of life following simultaneous placement of penile
prosthesis with radical prostatectomy. J Urol. 2005;174(4 Pt 1):
1395-1398. doi:10.1097/01.ju.0000173939.86858.d6

Mondaini N, Cai T, Sarti E, et al. A case series of patients who
underwent laparoscopic extraperitoneal radical prostatectomy with
the simultaneous implant of a penile prosthesis: focus on penile
length preservation. World J Mens Health. 2018;36(2):132-138.
doi:10.5534/wjmh.17043

Ceruti C, Sedigh O, Timpano M, et al. P-01-024 Treatment of
prostate cancer and sexual rehabilitation when a nerve-sparing
procedure is not feasible: placement of the reservoir for a three-
component penile implant during robotic extra-aponeurotic radical
prostatectomy. J Sex Med. 2016;13:5149.

Bessede T, Moszkowicz D, Alsaid B, et al. Inside-out autologous
vein grafts fail to restore erectile function in a rat model of
cavernous nerve crush injury after nerve-sparing prostatectomy.
Int J Impot Res. 2015;27(2):59-62. doi:10.1038/ijir.2014.32

Hu W, Cheng B, Liu T, Li S, Tian Y. Erectile function restoration
after repair of excised cavernous nerves by autologous vein graft in
rats. J Sex Med. 2010;7(10):3365-3372. doi:10.1111/j.1743-6109.
2010.01730.x

Quinlan DM, Nelson RJ, Walsh PC. Cavernous nerve grafts restore
erectile function in denervated rats. J Urol. 1991;145(2):380-383.
doi:10.1016/s0022-5347(17)38348-9

Connolly SS, Yoo JJ, Abouheba M, Soker S, McDougal WS, Atala A.
Cavernous nerve regeneration using acellular nerve grafts. World
J Urol. 2008;26(4):333-339. doi:10.1007/s00345-008-0283-y
Muneuchi G, Kuwata Y, Taketa S, et al. Cavernous nerve
reconstruction during radical prostatectomy by sural nerve


https://doi.org/10.1016/j.eururo.2009.11.009
https://doi.org/10.1016/j.juro.2013.02.008
https://doi.org/10.1007/s00345-014-1302-9
https://doi.org/10.1007/s00345-014-1302-9
https://doi.org/10.1038/ijir.2014.27
https://doi.org/10.1016/S0140-6736(16)30592-X
https://doi.org/10.1016/S0140-6736(16)30592-X
https://doi.org/10.1159/000354931
https://doi.org/10.1001/jama.293.21.2648
https://doi.org/10.1111/j.1743-6109.2008.00980.x
https://doi.org/10.1097/01.ju.0000154356.76027.4f
https://doi.org/10.1097/01.ju.0000154356.76027.4f
https://doi.org/10.1159/000127335
https://doi.org/10.1159/000277602
https://doi.org/10.1111/j.1743-6109.2010.02049.x
https://doi.org/10.1111/j.1743-6109.2010.02049.x
https://doi.org/10.1371/journal.pone.0085144
https://doi.org/10.1371/journal.pone.0085144
https://doi.org/10.1111/j.1743-6109.2012.02716.x
https://doi.org/10.1002/jnr.22778
https://doi.org/10.1002/jnr.23545
https://doi.org/10.1159/000370248
https://doi.org/10.1016/j.biocel.2015.01.009
https://doi.org/10.1038/s41443-018-0021-y
https://doi.org/10.1097/MOU.0b013e3283136462
https://doi.org/10.1097/MOU.0b013e3283136462
https://doi.org/10.1111/j.1743-6109.2008.00955.x
https://doi.org/10.1111/j.1743-6109.2008.00955.x
https://doi.org/10.2174/1389450116666150316224456
https://doi.org/10.1016/s0022-5347(17)40926-8
https://doi.org/10.1111/j.1743-6109.2011.02505.x
https://doi.org/10.1111/j.1743-6109.2011.02505.x
https://doi.org/10.1016/s0090-4295(97)00280-x
https://doi.org/10.1016/s0090-4295(97)00280-x
https://doi.org/10.1097/01.ju.0000173939.86858.d6
https://doi.org/10.5534/wjmh.17043
https://doi.org/10.1038/ijir.2014.32
https://doi.org/10.1111/j.1743-6109.2010.01730.x
https://doi.org/10.1111/j.1743-6109.2010.01730.x
https://doi.org/10.1016/s0022-5347(17)38348-9
https://doi.org/10.1007/s00345-008-0283-y

ﬁk—Wl L EY-The Prostate

51.

52.

53.

54.

55.
56.
57.

58.

59.
60.
61.

62.

63.

64.

65.

ASKER ET AL.

grafting: surgical technique in nerve harvesting and grafting.
J Reconstr Microsurg. 2005;21(8):525-529. doi:10.1055/s-2005-
922430

Stephenson RA, Mori M, Hsieh YC, et al. Treatment of erectile
dysfunction following therapy for clinically localized prostate
cancer: patient reported use and outcomes from the Surveillance,
Epidemiology, and End Results Prostate Cancer Outcomes Study.
J Urol. 2005;174(2):646-650. doi:10.1097/01.ju.0000165342.
85300.14

Secin FP, Koppie TM, Scardino PT, et al. Bilateral cavernous nerve
interposition grafting during radical retropubic prostatectomy:
Memorial Sloan-Kettering Cancer Center experience. J Urol.
2007;177(2):664-668. doi:10.1016/j.juro.2006.09.035

Davis JW, Chang DW, Chevray P, et al. Randomized phase Il trial
evaluation of erectile function after attempted unilateral cavernous
nerve-sparing retropubic radical prostatectomy with versus with-
out unilateral sural nerve grafting for clinically localized prostate
cancer. Eur Urol. 2009;55(5):1135-1143. doi:10.1016/j.eururo.
2008.08.051

Ogaya-Pinies G, Palayapalam-Ganapathi H, Rogers T, et al. Can
dehydrated human amnion/chorion membrane accelerate the
return to potency after a nerve-sparing robotic-assisted radical
prostatectomy? Propensity score-matched analysis. J Robot Surg.
2018;12(2):235-243. doi:10.1007/s11701-017-0719-8

Siddiqui KM, Billia M, Mazzola CR, et al. Three-year outcomes of
recovery of erectile function after open radical prostatectomy with
sural nerve grafting. J Sex Med. 2014;11(8):2119-2124. doi:10.
1111/jsm.12600

Rabbani F, Ramasamy R, Patel MI, et al. Predictors of recovery of
erectile function after wunilateral cavernous nerve graft
reconstruction at radical retropubic prostatectomy. J Sex Med.
2010;7(1 Pt 1):166-181. doi:10.1111/j.1743-6109.2009.01436.x
Kadihasanoglu M, Ozbek E. Intravenous preload of mesenchymal
stem cells rescues erectile function in a rat model of cavernous
nerve injury. J Sex Med. 2017;14(9):1175. doi:10.1016/j.jsxm.2015.
11.016

Bochinski D, Lin GT, Nunes L, et al. The effect of neural embryonic
stem cell therapy in a rat model of cavernosal nerve injury. BJU Int.
2004;94(6):904-909. doi:10.1111/j.1464-410X.2003.05057.x

Gu X, Thakker PU, Matz EL, et al. Dynamic changes in erectile
function and histological architecture after intracorporal injection of
human placental stem cells in a pelvic neurovascular injury rat model.
J Sex Med. 2020;17(3):400-411. doi:10.1016/j.,jsxm.2019.12.002
Albersen M, Fandel TM, Lin G, et al. Injections of adipose tissue-
derived stem cells and stem cell lysate improve recovery of erectile
function in a rat model of cavernous nerve injury. J Sex Med. 2010;
7(10):3331-3340. doi:10.1111/j.1743-6109.2010.01875.x

Ying CC, Yang M, Wang Y, Guo YL, Hu WL, Zheng XM. Neural-like
cells from adipose-derived stem cells for cavernous nerve injury in
rats. Neural Regen Res. 2019;14(6):1085-1090. doi:10.4103/1673-
5374.250630

Qiu X, Fandel TM, Ferretti L, et al. Both immediate and delayed
intracavernous injection of autologous adipose-derived stromal
vascular fraction enhances recovery of erectile function in a rat
model of cavernous nerve injury. Eur Urol. 2012;62(4):720-727.
doi:10.1016/j.eururo.2012.02.003

Takayanagi A, Sasaki M, Kataoka-Sasaki Y, et al. Intravenous
preload of mesenchymal stem cells rescues erectile function in a rat
model of cavernous nerve injury. J Sex Med. 2015;12(8):
1713-1721. doi:10.1111/jsm.12957

Li M, Lei H, Xu Y, et al. Exosomes derived from mesenchymal stem
cells exert therapeutic effect in a rat model of cavernous nerves
injury. Andrology. 2018;6(6):927-935. doi:10.1111/andr.12519
Kendirci M, Trost L, Bakondi B, Whitney MJ, Hellstrom WJ,
Spees JL. Transplantation of nonhematopoietic adult bone marrow

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

stem/progenitor cells isolated by p75 nerve growth factor receptor
into the penis rescues erectile function in a rat model of cavernous
nerve injury. J Urol. 2010;184(4):1560-1566. doi:10.1016/j.juro.
2010.05.088

Yang Q, Chen X, Zheng T, et al. Transplantation of human urine-
derived stem cells transfected with pigment epithelium-derived
factor to protect erectile function in a rat model of cavernous
nerve injury. Cell Transplant. 2016;25(11):1987-2001. doi:10.3727/
096368916X691448

Wu YN, Chen KC, Liao CH, Liu CL, Chiang HS. Smooth muscle
progenitor cells preserve the erectile function by reducing corporal
smooth muscle cell apoptosis after bilateral cavernous nerve crush
injury in rats. BioMed Res Int. 2019;2019:8520523. doi:10.1155/
2019/8520523

Haahr MK, Jensen CH, Toyserkani NM, et al. Safety and potential
effect of a single intracavernous injection of autologous adipose-
derived regenerative cells in patients with erectile dysfunction
following radical prostatectomy: an open-label phase | clinical trial.
EBioMedicine. 2016;5:204-210. doi:10.1016/j.ebiom.2016.01.024
Yiou R, Hamidou L, Birebent B, et al. Safety of intracavernous bone
marrow-mononuclear cells for postradical prostatectomy erectile
dysfunction: an open dose-escalation pilot study. Eur Urol. 2016;
69(6):988-991. doi:10.1016/j.eururo.2015.09.026

Yiou R, Hamidou L, Birebent B, et al. Intracavernous injections of
bone marrow mononucleated cells for postradical prostatectomy
erectile dysfunction: final results of the INSTIN clinical trial. Eur
Urol Focus. 2017;3(6):643-645. doi:10.1016/j.euf.2017.06.009
Haahr MK, Harken Jensen C, Toyserkani NM, et al. A 12-month
follow-up after a single intracavernous injection of autologous
adipose-derived regenerative cells in patients with erectile dys-
function following radical prostatectomy: an open-label phase |
clinical trial. Urology. 2018;121(203):e6-203e13. doi:10.1016/j.
urology.2018.06.018

Howard AC, McNeil AK, Xiong F, Xiong WC, McNeil PL. A novel
cellular defect in diabetes: membrane repair failure. Diabetes. 2011;
60(11):3034-3043. doi:10.2337/db11-0851

Rosano GM, Leonardo F, Pagnotta P, et al. Acute anti-ischemic
effect of testosterone in men with coronary artery disease.
Circulation. 1999;99(13):1666-1670. doi:10.1161/01.cir.99.
13.1666

Martinez-Salamanca JI, Zurita M, Costa C, et al. Dual strategy with
oral phosphodiesterase type 5 inhibition and intracavernosal
implantation of mesenchymal stem cells is superior to individual
approaches in the recovery of erectile and cavernosal functions
after cavernous nerve injury in rats. J Sex Med. 2016;13(1):1-11.
doi:10.1016/j.jsxm.2015.12.001

Ficarra V, Novara G, Artibani W, et al. Retropubic, laparoscopic,
and robot-assisted radical prostatectomy: a systematic review and
cumulative analysis of comparative studies. Eur Urol. 2009;55(5):
1037-1063. doi:10.1016/j.eururo.2009.01.036

Ficarra V, Novara G, Ahlering TE, et al. Systematic review and
meta-analysis of studies reporting potency rates after robot-
assisted radical prostatectomy. Eur Urol. 2012;62(3):418-430.
doi:10.1016/j.eururo.2012.05.046

Lin H, Yuan J, Ruan KH, et al. COX-2-10aa-PGIS gene therapy
improves erectile function in rats after cavernous nerve injury.
J Sex Med. 2013;10(6):1476-1487. doi:10.1111/jsm.12147

Song KM, Chung JS, Choi MJ, et al. Effectiveness of intracavernous
delivery of adenovirus encoding Smad7 gene on erectile function in
a mouse model of cavernous nerve injury. J Sex Med. 2014;11(1):
51-63. doi:10.1111/jsm.12329

Yang M, Sun JY, Ying CC, Wang Y, Guo YL. Adipose-derived stem
cells modified by BDNF gene rescue erectile dysfunction after
cavernous nerve injury. Neural Regen Res. 2020;15(1):120-127.
doi:10.4103/1673-5374.264464


https://doi.org/10.1055/s-2005-922430
https://doi.org/10.1055/s-2005-922430
https://doi.org/10.1097/01.ju.0000165342.85300.14
https://doi.org/10.1097/01.ju.0000165342.85300.14
https://doi.org/10.1016/j.juro.2006.09.035
https://doi.org/10.1016/j.eururo.2008.08.051
https://doi.org/10.1016/j.eururo.2008.08.051
https://doi.org/10.1007/s11701-017-0719-8
https://doi.org/10.1111/jsm.12600
https://doi.org/10.1111/jsm.12600
https://doi.org/10.1111/j.1743-6109.2009.01436.x
https://doi.org/10.1016/j.jsxm.2015.11.016
https://doi.org/10.1016/j.jsxm.2015.11.016
https://doi.org/10.1111/j.1464-410X.2003.05057.x
https://doi.org/10.1016/j.jsxm.2019.12.002
https://doi.org/10.1111/j.1743-6109.2010.01875.x
https://doi.org/10.4103/1673-5374.250630
https://doi.org/10.4103/1673-5374.250630
https://doi.org/10.1016/j.eururo.2012.02.003
https://doi.org/10.1111/jsm.12957
https://doi.org/10.1111/andr.12519
https://doi.org/10.1016/j.juro.2010.05.088
https://doi.org/10.1016/j.juro.2010.05.088
https://doi.org/10.3727/096368916X691448
https://doi.org/10.3727/096368916X691448
https://doi.org/10.1155/2019/8520523
https://doi.org/10.1155/2019/8520523
https://doi.org/10.1016/j.ebiom.2016.01.024
https://doi.org/10.1016/j.eururo.2015.09.026
https://doi.org/10.1016/j.euf.2017.06.009
https://doi.org/10.1016/j.urology.2018.06.018
https://doi.org/10.1016/j.urology.2018.06.018
https://doi.org/10.2337/db11-0851
https://doi.org/10.1161/01.cir.99.13.1666
https://doi.org/10.1161/01.cir.99.13.1666
https://doi.org/10.1016/j.jsxm.2015.12.001
https://doi.org/10.1016/j.eururo.2009.01.036
https://doi.org/10.1016/j.eururo.2012.05.046
https://doi.org/10.1111/jsm.12147
https://doi.org/10.1111/jsm.12329
https://doi.org/10.4103/1673-5374.264464

ASKER ET AL.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Zhang HB, Wang ZQ, Chen FZ, et al. Maintenance of the
contractile phenotype in corpus cavernosum smooth muscle cells
by Myocardin gene therapy ameliorates erectile dysfunction in
bilateral cavernous nerve injury rats. Andrology. 2017;5(4):798-806.
doi:10.1111/andr.12375

Lasker GF, Pankey EA, Allain AV, et al. Analysis of erectile
responses to BAY 41-8543 and muscarinic receptor stimulation
in the rat. J Sex Med. 2013;10(3):704-718. doi:10.1111/j.1743-
6109.2012.02912.x

Lasker GF, Pankey EA, Frink TJ, Zeitzer JR, Walter KA,
Kadowitz PJ. The sGC activator BAY 60-2770 has potent erectile
activity in the rat. Am J Physiol Heart Circ Physiol. 2013;304(12):
H1670-H1679. doi:10.1152/ajpheart.00062.2013

Oudot A, Behr-Roussel D, Poirier S, et al. Combination of BAY 60-
4552 and vardenafil exerts proerectile facilitator effects in rats
with cavernous nerve injury: a proof of concept study for the
treatment of phosphodiesterase type 5 inhibitor failure. Eur Urol.
2011;60(5):1020-1026. doi:10.1016/j.eururo.2011.07.052
Montorsi F, Brock G, Lee J, et al. Effect of nightly versus on-
demand vardenafil on recovery of erectile function in men
following bilateral nerve-sparing radical prostatectomy. Eur Urol.
2008;54(4):924-931. doi:10.1016/j.eururo.2008.06.083

Salmasi A, Lee GT, Patel N, et al. Off-target effect of sildenafil on
postsurgical erectile dysfunction: alternate pathways and localized
delivery system. J Sex Med. 2016;13(12):1834-1843. doi:10.1016/j.
jsxm.2016.10.003

Lee CH, Shin JH, Ahn GJ, Kang KK, Ahn BO, Yoo M. Udenafil
enhances the recovery of erectile function and ameliorates the
pathophysiological consequences of cavernous nerve resection.
J Sex Med. 2010;7(7):2564-2571. doi:10.1111/j.1743-6109.2010.
01858.x

Lee CH, Kim HS, Goo MJ, et al. Chronic administration of udenafil,
a selective phosphodiesterase type 5 inhibitor, promotes erectile
function recovery in an animal model of bilateral cavernous nerve
crush injury. J Sex Med. 2011;8(5):1330-1340. doi:10.1111/j.1743-
6109.2011.02228.x

Kim H, Sohn DW, Kim SD, et al. The effect of mirodenafil on the
penile erection and corpus cavernosum in the rat model of
cavernosal nerve injury. Int J Impot Res. 2010;22(5):291-297.
doi:10.1038/ijir.2010.19

Bannowsky A, van Ahlen H, Loch T. Increasing the dose of
vardenafil on a daily basis does not improve erectile function after
unilateral nerve-sparing radical prostatectomy. J Sex Med. 2012;
9(5):1448-1453. doi:10.1111/j.1743-6109.2012.02705.x

Mulhall JP, Burnett AL, Wang R, et al. A phase 3, placebo controlled
study of the safety and efficacy of avanafil for the treatment of
erectile dysfunction after nerve sparing radical prostatectomy.
J Urol. 2013;189(6):2229-2236. doi:10.1016/j.juro.2012.11.177
Pavlovich CP, Levinson AW, Su LM, et al. Nightly vs on-demand
sildenafil for penile rehabilitation after minimally invasive nerve-
sparing radical prostatectomy: results of a randomized double-blind
trial with placebo. BJU Int. 2013;112(6):844-851. doi:10.1111/bju.
12253

Montorsi F, Brock G, Stolzenburg JU, et al. Effects of tadalafil
treatment on erectile function recovery following bilateral nerve-
sparing radical prostatectomy: a randomised placebo-controlled
study (REACTT). Eur Urol. 2014;65(3):587-596. doi:10.1016/j.
eururo.2013.09.051

Moncada |, de Bethencourt FR, Lledé-Garcia E, et al. Effects of
tadalafil once daily or on demand versus placebo on time to
recovery of erectile function in patients after bilateral nerve-
sparing radical prostatectomy. World J Urol. 2015;33(7):
1031-1038. doi:10.1007/s00345-014-1377-3

Canat L, Guner B, Gurbuz C, Atis G, Caskurlu T. Effects of three-
times-per-week versus on-demand tadalafil treatment on erectile

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

The Prostate_\\/| LEY—ﬂ

function and continence recovery following bilateral nerve sparing
radical prostatectomy: results of a prospective, randomized, and
single-center study. Kaohsiung J Med Sci. 2015;31(2):90-95. doi:10.
1016/j.kjms.2014.11.005

Patel HR, llo D, Shah N, et al. Effects of tadalafil treatment after
bilateral nerve-sparing radical prostatectomy: quality of life,
psychosocial outcomes, and treatment satisfaction results from a
randomized, placebo-controlled phase IV study. BMC Urol. 12
2015;15:31. doi:10.1186/512894-015-0022-9

Naccarato AM, Reis LO, Ferreira U, Denardi F. Psychotherapy and
phosphodiesterase-5 inhibitor in early rehabilitation after radical
prostatectomy: a prospective randomised controlled trial.
Andrologia. 2016;48(10):1183-1187. doi:10.1111/and.12557
Ozden E, Oztiirk B, Kosan M, et al. Effect of sildenafil citrate on
penile weight and physiology of cavernous smooth muscle in a
post-radical prostatectomy model of erectile dysfunction in rats.
Urology. 2011;77(3):761 e1-761 e7. doi:10.1016/j.urology.2010.
10.009

Mosbah A, El Bahnasawy M, Osman Y, Hekal IA, Abou-Beih E,
Shaaban A. Early versus late rehabilitation of erectile function after
nerve-sparing radical cystoprostatectomy: a prospective random-
ized study. J Sex Med. 2011;8(7):2106-2111. doi:10.1111/j.1743-
6109.2010.02046.x

Woo SH, Kang DI, Ha YS, et al. Comprehensive analysis of sexual
function outcome in prostate cancer patients after robot-assisted
radical prostatectomy. J Endourol. 2014;28(2):172-177. doi:10.
1089/end.2013.0304

Steiner JP, Dawson TM, Fotuhi M, et al. High brain densities of the
immunophilin FKBP colocalized with calcineurin. Nature. 1992;
358(6387):584-587. doi:10.1038/358584a0

Yeh C, Bowers D, Hadlock TA. Effect of FK506 on functional
recovery after facial nerve injury in the rat. Arch Facial Plast Surg.
2007;9(5):333-339. doi:10.1001/archfaci.9.5.333

Mulhall JP, Miiller A, Donohue JF, et al. FK506 and erectile
function preservation in the cavernous nerve injury model: optimal
dosing and timing. J Sex Med. 2008;5(6):1334-1344. doi:10.1111/j.
1743-6109.2008.00776.x

Saxena K, Patro N, Patro I. FK506 protects neurons following
peripheral nerve injury via immunosuppression. Cell Mol Neurobiol.
2007;27(8):1049-1057. doi:10.1007/s10571-007-9221-6

Erlich S, Alexandrovich A, Shohami E, Pinkas-Kramarski R.
Rapamycin is a neuroprotective treatment for traumatic brain
injury. Neurobiol Dis. 2007;26(1):86-93. doi:10.1016/j.nbd.2006.
12.003

Parker EM, Monopoli A, Ongini E, Lozza G, Babij CM. Rapamycin,
but not FK506 and GPI-1046, increases neurite outgrowth in PC12
cells by inhibiting cell cycle progression. Neuropharmacology. 2000;
39(10):1913-1919. doi:10.1016/s0028-3908(00)00028-9
Ravikumar B, Berger Z, Vacher C, O'Kane CJ, Rubinsztein DC.
Rapamycin pre-treatment protects against apoptosis. Hum Mol
Genet. 2006;15(7):1209-1216. doi:10.1093/hmg/ddI036

Pan T, Kondo S, Zhu W, Xie W, Jankovic J, Le W. Neuroprotection
of rapamycin in lactacystin-induced neurodegeneration via autop-
hagy enhancement. Neurobiol Dis. 2008;32(1):16-25. doi:10.1016/
j.nbd.2008.06.003

Lagoda G, Sezen SF, Burnett AL. FK506 and rapamycin neuropro-
tect erection and involve different immunophilins in a rat model of
cavernous nerve injury. J Sex Med. 2009;6(7):1914-1923. doi:10.
1111/j.1743-6109.2009.01293.x

Hayashi N, Minor TX, Carrion R, Price R, Nunes L, Lue TF. The
effect of FK1706 on erectile function following bilateral cavernous
nerve crush injury in a rat model. J Urol. 2006;176(2):824-829.
doi:10.1016/j.juro.2006.03.071

Bella AJ, Hayashi N, Carrion RE, Price R, Lue TF. FK1706 enhances
the recovery of erectile function following bilateral cavernous


https://doi.org/10.1111/andr.12375
https://doi.org/10.1111/j.1743-6109.2012.02912.x
https://doi.org/10.1111/j.1743-6109.2012.02912.x
https://doi.org/10.1152/ajpheart.00062.2013
https://doi.org/10.1016/j.eururo.2011.07.052
https://doi.org/10.1016/j.eururo.2008.06.083
https://doi.org/10.1016/j.jsxm.2016.10.003
https://doi.org/10.1016/j.jsxm.2016.10.003
https://doi.org/10.1111/j.1743-6109.2010.01858.x
https://doi.org/10.1111/j.1743-6109.2010.01858.x
https://doi.org/10.1111/j.1743-6109.2011.02228.x
https://doi.org/10.1111/j.1743-6109.2011.02228.x
https://doi.org/10.1038/ijir.2010.19
https://doi.org/10.1111/j.1743-6109.2012.02705.x
https://doi.org/10.1016/j.juro.2012.11.177
https://doi.org/10.1111/bju.12253
https://doi.org/10.1111/bju.12253
https://doi.org/10.1016/j.eururo.2013.09.051
https://doi.org/10.1016/j.eururo.2013.09.051
https://doi.org/10.1007/s00345-014-1377-3
https://doi.org/10.1016/j.kjms.2014.11.005
https://doi.org/10.1016/j.kjms.2014.11.005
https://doi.org/10.1186/s12894-015-0022-9
https://doi.org/10.1111/and.12557
https://doi.org/10.1016/j.urology.2010.10.009
https://doi.org/10.1016/j.urology.2010.10.009
https://doi.org/10.1111/j.1743-6109.2010.02046.x
https://doi.org/10.1111/j.1743-6109.2010.02046.x
https://doi.org/10.1089/end.2013.0304
https://doi.org/10.1089/end.2013.0304
https://doi.org/10.1038/358584a0
https://doi.org/10.1001/archfaci.9.5.333
https://doi.org/10.1111/j.1743-6109.2008.00776.x
https://doi.org/10.1111/j.1743-6109.2008.00776.x
https://doi.org/10.1007/s10571-007-9221-6
https://doi.org/10.1016/j.nbd.2006.12.003
https://doi.org/10.1016/j.nbd.2006.12.003
https://doi.org/10.1016/s0028-3908(00)00028-9
https://doi.org/10.1093/hmg/ddl036
https://doi.org/10.1016/j.nbd.2008.06.003
https://doi.org/10.1016/j.nbd.2008.06.003
https://doi.org/10.1111/j.1743-6109.2009.01293.x
https://doi.org/10.1111/j.1743-6109.2009.01293.x
https://doi.org/10.1016/j.juro.2006.03.071

ﬂ‘—Wl L EY-The Prostate

111.
112.
113.
114.

115.

116.

117.
118.

119.

120.
121.

122.
123.

124.

125.

ASKER ET AL.

nerve crush injury in the rat. J Sex Med. 2007 4:341-346. doi:10.
1111/j.1743-6109.2007.00438.x

Fandel TM, Bella AJ, Tantiwongse K, et al. The effect of
intracavernosal growth differentiation factor-5 therapy in a rat
model of cavernosal nerve injury. BJU Int. 2006;98(3):632-636.
doi:10.1111/j.1464-410X.2006.06375.x

Fandel TM, Bella AJ, Lin G, et al. Intracavernous growth
differentiation factor-5 therapy enhances the recovery of erectile
function in a rat model of cavernous nerve injury. J Sex Med. 2008;
5(8):1866-1875. doi:10.1111/j.1743-6109.2008.00881.x

Kim IG, Piao S, Lee JY, et al. Effect of an adipose-derived stem cell
and nerve growth factor-incorporated hydrogel on recovery of
erectile function in a rat model of cavernous nerve injury. Tissue
Eng Part A. 2013;19(1-2):14-23. doi:10.1089/ten.TEA.2011.0654
Yin GN, Ock J, Limanjaya A, et al. Oral Administration of the p75
neurotrophin receptor modulator, LM11A-31, Improves erectile
function in a mouse model of cavernous nerve injury. J Sex Med.
2021;18(1):17-28. doi:10.1016/j.jsxm.2020.10.015

Lee SH, Kim IG, Jung AR, et al. Combined effects of brain-derived
neurotrophic factor immobilized poly-lactic-co-glycolic acid mem-
brane with human adipose-derived stem cells and basic fibroblast
growth factor hydrogel on recovery of erectile dysfunction. Tissue
Eng Part A. 2014;20(17-18):2446-2454. doi:10.1089/ten.tea.
2013.0495

Burnett AL, Sezen SF, Hoke A, et al. GGF2 is neuroprotective in a
rat model of cavernous nerve injury-induced erectile dysfunction.
J Sex Med. 2015;12(4):897-905. doi:10.1111/jsm.12834

Jung AR, Park YH, Jeon SH, et al. Therapeutic effect of controlled
release of dual growth factor using heparin-pluronic hydrogel/
gelatin-poly (ethylene glycol)-tyramine hydrogel system in a rat
model of cavernous nerve injury. Tissue Eng Part A. 2018;24(23-
24):1705-1714. doi:10.1089/ten.TEA.2017.0469

Haney NM, Talwar S, Akula PK, et al. Insulin-like growth factor-1-
loaded polymeric poly(lactic-co-glycolic) acid microspheres im-
proved erectile function in a rat model of bilateral cavernous nerve
injury. J Sex Med. 2019;16(3):383-393. doi:10.1016/j.jsxm.2018.
12.018

Mulhall JP, Klein EA, Slawin K, Henning AK, Scardino PT. A
randomized, double-blind, placebo-controlled trial to assess the
utility of tacrolimus (FK506) for the prevention of erectile
dysfunction following bilateral nerve-sparing radical prostatec-
tomy. J Sex Med. 2018;15(9):1293-1299. doi:10.1016/j.jsxm.2018.
07.009

Barski D, Gerullis H, Ecke T, et al. Application of dried human
amnion graft to improve post-prostatectomy incontinence and
potency: a randomized exploration study protocol. Adv Ther. 2020;
37(1):592-602. doi:10.1007/s12325-019-01158-3

Rulten SL, Kinloch RA, Tateossian H, Robinson C, Gettins L, Kay JE.
The human FK506-binding proteins: characterization of human
FKBP19. Mamm Genome. 2006;17(4):322-331. doi:10.1007/
s00335-005-0127-7

Harrar Y, Bellini C, Faure JD. FKBPs: at the crossroads of folding
and transduction. Trends Plant Sci. 2001;6(9):426-431. doi:10.
1016/s1360-1385(01)02044-1

Lagoda G, Sezen SF, Liu T, Hoke A, Burnett AL. FK506-binding
protein localizations in human penile innervation. BJU Int. 2008;
101(5):604-609. doi:10.1111/j.1464-410X.2007.07290.x

Sezen SF, Blackshaw S, Steiner JP, Burnett AL. FK506 binding
protein 12 is expressed in rat penile innervation and upregulated
after cavernous nerve injury. Int J Impot Res. 2002;14(6):506-512.
doi:10.1038/s;.ijir.3900919

Mukai H, Kuno T, Chang CD, Lane B, Luly JR, Tanaka C. FKBP12-
FK506 complex inhibits phosphatase activity of two mammalian
isoforms of calcineurin irrespective of their substrates or activation

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

mechanisms. J Biochem. 1993;113(3):292-298. doi:10.1093/
oxfordjournals.jbchem.a124041

Huang S, Bjornsti MA, Houghton PJ. Rapamycins: mechanism of
action and cellular resistance. Cancer Biol Ther. 2003;2(3):222-232.
doi:10.4161/cbt.2.3.360

Chiang GG, Abraham RT. Phosphorylation of mammalian target of
rapamycin (mTOR) at Ser-2448 is mediated by p70S6 kinase. J Biol
Chem. 2005;280(27):25485-25490. doi:10.1074/jbc.M501707200
Sezen SF, Hoke A, Burnett AL, Snyder SH. Immunophilin ligand
FK506 is neuroprotective for penile innervation. Nat Med. 2001,
7(10):1073-1074. doi:10.1038/nm1001-1073

Price RD, Yamaji T, Yamamoto H, et al. FK1706, a novel non-
immunosuppressive immunophilin: neurotrophic activity and
mechanism of action. Eur J Pharmacol. 2005;509(1):11-19. doi:10.
1016/j.ejphar.2004.12.023

Schaper W. Dipyridamole, an underestimated vascular protective
drug. Cardiovasc Drugs Ther. 2005;19(5):357-363. doi:10.1007/
s10557-005-4659-6

Kutlu O, Karaguzel E, Okatan AE, et al. Dipyridamole reduces
penile apoptosis in a rat model of post-prostatectomy erectile
dysfunction. Int Braz J Urol. 2017;43(5):966-973. doi:10.1590/
s1677-5538.1bju.2017.0023

Hsieh PS, Bochinski DJ, Lin GT, Nunes L, Lin CS, Lue TF. The effect
of vascular endothelial growth factor and brain-derived neuro-
trophic factor on cavernosal nerve regeneration in a nerve-crush
rat model. BJU Int. 2003;92(4):470-475. doi:10.1046/j.1464-410x.
2003.04373.x

loannou MS, Fahnestock M. ProNGF, but Not NGF, switches from
neurotrophic to apoptotic activity in response to reductions in TrkA
receptor levels. Int J Mol Sci. 2017;18(3), doi:10.3390/
ijms18030599

Fode M, Borre M, Ohl DA, Lichtbach J, Sonksen J. Penile vibratory
stimulation in the recovery of urinary continence and erectile
function after nerve-sparing radical prostatectomy: a randomized,
controlled trial. BJU Int. 2014;114(1):111-117. doi:10.1111/bju.
12501

Vullhorst D, Neddens J, Karavanova |, et al. Selective expression of
ErbB4 in interneurons, but not pyramidal cells, of the rodent
hippocampus. J Neurosci. 2009;29(39):12255-12264. doi:10.1523/
jneurosci.2454-09.2009

Russell KS, Stern DF, Polverini PJ, Bender JR. Neuregulin activation
of ErbB receptors in vascular endothelium leads to angiogenesis.
Am J Physiol. 1999;277(6):H2205-H2211. doi:10.1152/ajpheart.
1999.277.6.H2205

Clement CM, Thomas LK, Mou Y, Croslan DR, Gibbons GH,
Ford BD. Neuregulin-1 attenuates neointimal formation following
vascular injury and inhibits the proliferation of vascular smooth
muscle cells. J Vasc Res. 2007;44(4):303-312. doi:10.1159/
000101776

Hill MF, Patel AV, Murphy A, et al. Intravenous glial growth factor 2
(GGF2) isoform of neuregulin-1B improves left ventricular function,
gene and protein expression in rats after myocardial infarction.
PLoS One. 2013;8(2):e55741. doi:10.1371/journal.pone.0055741
Falls DL. Neuregulins: functions, forms, and signaling strategies.
Exp Cell Res. 2003;284(1):14-30. doi:10.1016/s0014-4827(02)
00102-7

Fricker FR, Lago N, Balarajah S, et al. Axonally derived neuregulin-1
is required for remyelination and regeneration after nerve injury in
adulthood. J Neurosci. 2011;31(9):3225-3233. doi:10.1523/
jneurosci.2568-10.2011

Li H, Matheu MP, Sun F, et al. Low-energy shock wave therapy
ameliorates erectile dysfunction in a pelvic neurovascular injuries
rat model. J Sex Med. 2016;13(1):22-32. do0i:10.1016/j.jsxm.2015.
11.008


https://doi.org/10.1111/j.1743-6109.2007.00438.x
https://doi.org/10.1111/j.1743-6109.2007.00438.x
https://doi.org/10.1111/j.1464-410X.2006.06375.x
https://doi.org/10.1111/j.1743-6109.2008.00881.x
https://doi.org/10.1089/ten.TEA.2011.0654
https://doi.org/10.1016/j.jsxm.2020.10.015
https://doi.org/10.1089/ten.tea.2013.0495
https://doi.org/10.1089/ten.tea.2013.0495
https://doi.org/10.1111/jsm.12834
https://doi.org/10.1089/ten.TEA.2017.0469
https://doi.org/10.1016/j.jsxm.2018.12.018
https://doi.org/10.1016/j.jsxm.2018.12.018
https://doi.org/10.1016/j.jsxm.2018.07.009
https://doi.org/10.1016/j.jsxm.2018.07.009
https://doi.org/10.1007/s12325-019-01158-3
https://doi.org/10.1007/s00335-005-0127-7
https://doi.org/10.1007/s00335-005-0127-7
https://doi.org/10.1016/s1360-1385(01)02044-1
https://doi.org/10.1016/s1360-1385(01)02044-1
https://doi.org/10.1111/j.1464-410X.2007.07290.x
https://doi.org/10.1038/sj.ijir.3900919
https://doi.org/10.1093/oxfordjournals.jbchem.a124041
https://doi.org/10.1093/oxfordjournals.jbchem.a124041
https://doi.org/10.4161/cbt.2.3.360
https://doi.org/10.1074/jbc.M501707200
https://doi.org/10.1038/nm1001-1073
https://doi.org/10.1016/j.ejphar.2004.12.023
https://doi.org/10.1016/j.ejphar.2004.12.023
https://doi.org/10.1007/s10557-005-4659-6
https://doi.org/10.1007/s10557-005-4659-6
https://doi.org/10.1590/s1677-5538.Ibju.2017.0023
https://doi.org/10.1590/s1677-5538.Ibju.2017.0023
https://doi.org/10.1046/j.1464-410x.2003.04373.x
https://doi.org/10.1046/j.1464-410x.2003.04373.x
https://doi.org/10.3390/ijms18030599
https://doi.org/10.3390/ijms18030599
https://doi.org/10.1111/bju.12501
https://doi.org/10.1111/bju.12501
https://doi.org/10.1523/jneurosci.2454-09.2009
https://doi.org/10.1523/jneurosci.2454-09.2009
https://doi.org/10.1152/ajpheart.1999.277.6.H2205
https://doi.org/10.1152/ajpheart.1999.277.6.H2205
https://doi.org/10.1159/000101776
https://doi.org/10.1159/000101776
https://doi.org/10.1371/journal.pone.0055741
https://doi.org/10.1016/s0014-4827(02)00102-7
https://doi.org/10.1016/s0014-4827(02)00102-7
https://doi.org/10.1523/jneurosci.2568-10.2011
https://doi.org/10.1523/jneurosci.2568-10.2011
https://doi.org/10.1016/j.jsxm.2015.11.008
https://doi.org/10.1016/j.jsxm.2015.11.008

ASKER ET AL.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Wang B, Ning H, Reed-Maldonado A, et al. Low-intensity
extracorporeal shock wave therapy enhances brain-derived neuro-
trophic factor expression through PERK/ATF4 signaling pathway.
Int J Mol Sci. 2017;18(2):433. doi:10.3390/ijms18020433

Jeon SH, Shrestha KR, Kim RY, et al. Combination therapy using
human adipose-derived stem cells on the cavernous nerve and low-
energy shockwaves on the corpus cavernosum in a rat model of
post-prostatectomy erectile dysfunction. Urology. 2016;88(226):
el-e9. doi:10.1016/j.urology.2015.10.021

Wang HS, Ruan Y, Banie L, et al. Delayed low-intensity
extracorporeal shock wave therapy ameliorates impaired penile
hemodynamics in rats subjected to pelvic neurovascular injury.
J Sex Med. 2019;16(1):17-26. doi:10.1016/j.jsxm.2018.11.003
Yuan J, Lin H, Li P, et al. Molecular mechanisms of vacuum therapy
in penile rehabilitation: a novel animal study. Eur Urol. 2010;58(5):
773-780. doi:10.1016/j.eururo.2010.07.005

Lin HC, Yang WL, Zhang JL, Dai YT, Wang R. Penile rehabilitation
with a vacuum erectile device in an animal model is related to an
antihypoxic mechanism: blood gas evidence. Asian J Androl. 2013;
15(3):387-390. doi:10.1038/aja.2013.18

Qian SQ, Qin F, Zhang S, et al. Vacuum therapy prevents corporeal
veno-occlusive dysfunction and penile shrinkage in a cavernosal
nerve injured rat model. Asian J Androl. 2020;22(3):274-279.
doi:10.4103/aja.aja_57_19

Frey A, Sonksen J, Fode M. Low-intensity extracorporeal shock-
wave therapy in the treatment of postprostatectomy erectile
dysfunction: a pilot study. Scand J Urol. 2016;50(2):123-127.
doi:10.3109/21681805.2015.1100675

Zewin TS, EI-Assmy A, Harraz AM, et al. Efficacy and safety of low-
intensity shock wave therapy in penile rehabilitation post nerve-
sparing radical cystoprostatectomy: a randomized controlled trial.
Int Urol Nephrol. 2018;50(11):2007-2014. doi:10.1007/s11255-
018-1987-6

Engel JD. Effect on sexual function of a vacuum erection device
post-prostatectomy. Can J Urol. 2011;18(3):5721-5725.

Kohler TS, Pedro R, Hendlin K, et al. A pilot study on the early use
of the vacuum erection device after radical retropubic prostatec-
tomy. BJU Int. 2007;100(4):858-862. doi:10.1111/j.1464-410X.
2007.07161.x

Lin G, Reed-Maldonado AB, Wang B, et al. In situ activation of
penile progenitor cells with low-intensity extracorporeal shock-
wave therapy. J Sex Med. 2017;14(4):493-501. doi:10.1016/j.jsxm.
2017.02.004

Gruenwald |, Appel B, Kitrey ND, Vardi Y. Shockwave treatment of
erectile dysfunction. Ther Adv Urol. 2013;5(2):95-99. doi:10.1177/
1756287212470696

Gruenwald |, Kitrey ND, Appel B, Vardi Y. Low-intensity
extracorporeal shock wave therapy in vascular disease and erectile
dysfunction: theory and outcomes. Sex Med Rev. 2013;1(2):83-90.
doi:10.1002/smrj.9

Nishida T, Shimokawa H, Oi K, et al. Extracorporeal cardiac shock
wave therapy markedly ameliorates ischemia-induced myocardial
dysfunction in pigs in vivo. Circulation. 2004;110(19):3055-3061.
doi:10.1161/01.Cir.0000148849.51177.97

Inoue S, Hayashi T, Teishima J, Matsubara A. Effect of penile
rehabilitation with low intensity extracorporeal shock wave
therapy on erectile function recovery following robot-assisted
laparoscopic prostatectomy. Transl Androl Urol. 2020;9(4):
1559-1565. doi:10.21037/tau-19-888.

Baccaglini W, Pazeto CL, Corréa Barros EA, et al. The role of the
low-intensity extracorporeal shockwave therapy on penile rehabil-
itation after radical prostatectomy: a randomized clinical trial. J Sex
Med. 2020;17(4):688-694. doi:10.1016/j.jsxm.2019.12.024

Raina R, Pahlajani G, Agarwal A, Zippe CD. The early use of
transurethral alprostadil after radical prostatectomy potentially

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

The Prostate_\\/| LEY—‘ﬂ

facilitates an earlier return of erectile function and successful
sexual activity. BJU Int. 2007;100(6):1317-1321. doi:10.1111/j.
1464-410X.2007.07124.x

McCullough AR, Hellstrom WG, Wang R, Lepor H, Wagner KR,
Engel JD. Recovery of erectile function after nerve sparing radical
prostatectomy and penile rehabilitation with nightly intraurethral
alprostadil versus sildenafil citrate. J Urol. 2010;183(6):2451-2456.
doi:10.1016/j.juro.2010.01.062

Yiou R, Cunin P, de la Taille A, et al. Sexual rehabilitation and penile
pain associated with intracavernous alprostadil after radical
prostatectomy. J Sex Med. 2011;8(2):575-582. doi:10.1111/j.
1743-6109.2010.02002.x

Becher E. Topical alprostadil cream for the treatment of erectile
dysfunction. Expert Opin Pharmacother. 2004;5(3):623-632. doi:10.
1517/14656566.5.3.623

Wolka AM, Rytting JH, Reed BL, Finnin BC. The interaction of the
penetration enhancer DDAIP with a phospholipid model mem-
brane. Int J Pharm. 2004;271(1-2):5-10. doi:10.1016/j.ijpharm.
2003.09.018

Padma-Nathan H, Steidle C, Salem S, Tayse N, Yeager J, Harning R.
The efficacy and safety of a topical alprostadil cream, Alprox-TD,
for the treatment of erectile dysfunction: two phase 2 studies in
mild-to-moderate and severe ED. Int J Impot Res. 2003;15(1):
10-17. doi:10.1038/sj.ijir.3900940

Padma-Nathan H, Yeager JL. An integrated analysis of alprostadil
topical cream for the treatment of erectile dysfunction in 1732
patients. Urology. 2006;68(2):386-391. doi:10.1016/j.urology.
2006.02.027

McMahon CG. Nonsurgical treatment of cavernosal venous
leakage. Urology. 1997;49(1):97-100. doi:10.1016/s0090-4295(96)
00389-5

Hackett G, Kell P, Ralph D, et al. British Society for Sexual Medicine
guidelines on the management of erectile dysfunction. J Sex Med.
2008;5(8):1841-1865. doi:10.1111/j.1743-6109.2008.00773.x
Yuan J, Hoang AN, Romero CA, Lin H, Dai Y, Wang R. Vacuum
therapy in erectile dysfunction--science and clinical evidence. Int
J Impot Res. 2010;22(4):211-219. doi:10.1038/ijir.2010.4
Hellstrom WJ, Montague DK, Moncada |, et al. Implants, mechanical
devices, and vascular surgery for erectile dysfunction. J Sex Med.
2010;7(1 Pt 2):501-523. doi:10.1111/j.1743-6109.2009.01626.x
Porst H, Burnett A, Brock G, et al. SOP conservative (medical and
mechanical) treatment of erectile dysfunction. J Sex Med. 2013;
10(1):130-171. doi:10.1111/jsm.12023

Brison D, Seftel A, Sadeghi-Nejad H. The resurgence of the vacuum
erection device (VED) for treatment of erectile dysfunction. J Sex
Med. 2013;10(4):1124-1135. doi:10.1111/jsm.12046

Kimura M, Caso JR, Baiiez LL, et al. Predicting participation in and
successful outcome of a penile rehabilitation programme using a
phosphodiesterase type 5 inhibitor with a vacuum erection device
after radical prostatectomy. BJU Int. 2012;110(11 Pt CQ):
E931-E938. d0i:10.1111/j.1464-410X.2012.11168.x

Wu CJ, Fu FD, Qin F, et al. Vacuum therapy ameliorates erectile
dysfunction in bilateral cavernous nerve crush rats by inhibiting
apoptosis and activating autophagy. Asian J Androl. 2021;23:
273-280. doi:10.4103/aja.aja_79_20

Hoyland K, Vasdev N, Adshead J. The use of vacuum erection
devices in erectile dysfunction after radical prostatectomy. Rev
Urol. 2013;15(2):67-71.

Qian SQ, Gao L, Wei Q, Yuan J. Vacuum therapy in penile
rehabilitation after radical prostatectomy: review of hemodynamic
and antihypoxic evidence. Asian J Androl. 2016;18(3):446-451.
doi:10.4103/1008-682x.159716

Liu C, Lopez DS, Chen M, Wang R. Penile rehabilitation therapy
following radical prostatectomy: a meta-analysis. J Sex Med. 2017;
14(12):1496-1503. doi:10.1016/j.jsxm.2017.09.020


https://doi.org/10.3390/ijms18020433
https://doi.org/10.1016/j.urology.2015.10.021
https://doi.org/10.1016/j.jsxm.2018.11.003
https://doi.org/10.1016/j.eururo.2010.07.005
https://doi.org/10.1038/aja.2013.18
https://doi.org/10.4103/aja.aja_57_19
https://doi.org/10.3109/21681805.2015.1100675
https://doi.org/10.1007/s11255-018-1987-6
https://doi.org/10.1007/s11255-018-1987-6
https://doi.org/10.1111/j.1464-410X.2007.07161.x
https://doi.org/10.1111/j.1464-410X.2007.07161.x
https://doi.org/10.1016/j.jsxm.2017.02.004
https://doi.org/10.1016/j.jsxm.2017.02.004
https://doi.org/10.1177/1756287212470696
https://doi.org/10.1177/1756287212470696
https://doi.org/10.1002/smrj.9
https://doi.org/10.1161/01.Cir.0000148849.51177.97
https://doi.org/10.21037/tau-19-888
https://doi.org/10.1016/j.jsxm.2019.12.024
https://doi.org/10.1111/j.1464-410X.2007.07124.x
https://doi.org/10.1111/j.1464-410X.2007.07124.x
https://doi.org/10.1016/j.juro.2010.01.062
https://doi.org/10.1111/j.1743-6109.2010.02002.x
https://doi.org/10.1111/j.1743-6109.2010.02002.x
https://doi.org/10.1517/14656566.5.3.623
https://doi.org/10.1517/14656566.5.3.623
https://doi.org/10.1016/j.ijpharm.2003.09.018
https://doi.org/10.1016/j.ijpharm.2003.09.018
https://doi.org/10.1038/sj.ijir.3900940
https://doi.org/10.1016/j.urology.2006.02.027
https://doi.org/10.1016/j.urology.2006.02.027
https://doi.org/10.1016/s0090-4295(96)00389-5
https://doi.org/10.1016/s0090-4295(96)00389-5
https://doi.org/10.1111/j.1743-6109.2008.00773.x
https://doi.org/10.1038/ijir.2010.4
https://doi.org/10.1111/j.1743-6109.2009.01626.x
https://doi.org/10.1111/jsm.12023
https://doi.org/10.1111/jsm.12046
https://doi.org/10.1111/j.1464-410X.2012.11168.x
https://doi.org/10.4103/aja.aja_79_20
https://doi.org/10.4103/1008-682x.159716
https://doi.org/10.1016/j.jsxm.2017.09.020

ﬂ‘—Wl L EY-The Prostate

176.
177.

178.

179.

180.

181.

182.

183.

184.

185.
186.
187.
188.

189.

190.

191.

ASKER ET AL.

Qin F, Wang S, Li J, Wu C, Yuan J. The early use of vacuum therapy
for penile rehabilitation after radical prostatectomy: systematic
review and meta-analysis. Am J Mens Health. 2018;12(6):
2136-2143. doi:10.1177/1557988318797409

Prota C, Gomes CM, Ribeiro LH, et al. Early postoperative pelvic-
floor biofeedback improves erectile function in men undergoing
radical prostatectomy: a prospective, randomized, controlled trial.
Int J Impot Res. 2012;24(5):174-178. doi:10.1038/ijir.2012.11
Geraerts |, Van Poppel H, Devoogdt N, De Groef A, Fieuws S,
Van Kampen M. Pelvic floor muscle training for erectile dys-
function and climacturia 1 year after nerve sparing radical
prostatectomy: a randomized controlled trial. Int J Impot Res.
Jan-. Feb 2016;28(1):9-13. doi:10.1038/ijir.2015.24

de Lira GHS, Fornari A, Cardoso LF, Aranchipe M, Kretiska C,
Rhoden EL. Effects of perioperative pelvic floor muscle training on
early recovery of urinary continence and erectile function in men
undergoing radical prostatectomy: a randomized clinical trial. Int
Braz J Urol. 2019;45(6):1196-1203. doi:10.1590/51677-5538.Ibju.
2019.0238

Milios JE, Ackland TR, Green DJ. Pelvic floor muscle training and
erectile dysfunction in radical prostatectomy: a randomized
controlled trial investigating a non-invasive addition to penile
rehabilitation. Sex Med. 2020;8(3):414-421. doi:10.1016/j.esxm.
2020.03.005

Wong C, Louie DR, Beach C. A systematic review of pelvic floor
muscle training for erectile dysfunction after prostatectomy and
recommendations to guide further research. J Sex Med. 2020;17(4):
737-748. doi:10.1016/j.jsxm.2020.01.008

Sheridan RL, Shank ES. Hyperbaric oxygen treatment: a brief
overview of a controversial topic. J Trauma. 1999;47(2):426-435.
doi:10.1097/00005373-199908000-00045

Haapaniemi T, Nishiura Y, Dahlin LB. Functional evaluation after rat
sciatic nerve injury followed by hyperbaric oxygen treatment.
J Peripher Nerv Syst. 2002;7(3):149-154. doi:10.1046/j.1529-8027.
2002.02021.x

O'Reilly KJHN, Corman JM Hyperbaric oxygen in urology. AUA
Update Series 2002.

Miuiller A, Tal R, Donohue JF, et al. The effect of hyperbaric oxygen
therapy on erectile function recovery in a rat cavernous nerve
injury model. J Sex Med. 2008;5(3):562-570. doi:10.1111/j.1743-
6109.2007.00727.x

Jung AR, Park YH, Kim GE, et al. Stem cell/oxygen-releasing
microparticle enhances erectile function in a cavernous nerve
injury model. Tissue Eng Part A. 2020;27:50-62. doi:10.1089/ten.
TEA.2019.0240

Ding XG, Li SW, Zheng XM, Hu LQ, Hu WL, Luo Y. The effect of
platelet-rich plasma on cavernous nerve regeneration in a rat
model. Asian J Androl. 2009;11(2):215-221. doi:10.1038/aja.
2008.37

Wang Y, Meng XH, Zhang QJ, et al. Losartan improves erectile
function through suppression of corporal apoptosis and oxidative
stress in rats with cavernous nerve injury. Asian J Androl. 2019;
21(5):452-459. doi:10.4103/aja.aja_8_19

Siltari A, Riikonen J, Fode M, Murtola TJ. Effects of preoperative
atorvastatin treatment on erectile function after radical prostatec-
tomy: results from a subgroup of estol, a randomized, double-
blind, placebo-controlled study. J Sex Med. 2019;16(10):
1597-1605. doi:10.1016/j.jsxm.2019.07.001

Song SH, Park K, Kim SW, Paick JS, Cho MC. Involvement of Rho-
Kinase/LIM Kinase/Cofilin signaling pathway in corporal fibrosis
after cavernous nerve injury in male rats. J Sex Med. 2015;12(7):
1522-1532. doi:10.1111/jsm.12903

Park J, Son H, Chai JS, Kim SW, Paick JS, Cho MC. Chronic
administration of LIMK2 inhibitors alleviates cavernosal veno-
occlusive dysfunction through suppression of cavernosal fibrosis in

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

a rat model of erectile dysfunction after cavernosal nerve injury.
PLoS One. 2019;14(3):e0213586. doi:10.1371/journal.pone.
0213586

Kim SW, Lee J, Park J, et al. Combination of LIM-kinase 2 and Jun
Amino-terminal Kinase Inhibitors Improves Erectile Function in a
Rat Model of Cavernous Nerve Injury. Urology. 2019;131:136-143.
doi:10.1016/j.urology.2019.06.005

Cho MC, Lee J, Park J, et al. The effects of single versus combined
therapy using LIM-kinase 2 inhibitor and type 5 phosphodiesterase
inhibitor on erectile function in a rat model of cavernous nerve
injury-induced erectile dysfunction. Asian J Androl. 2019;21(5):
493-500. doi:10.4103/aja.aja_114_18

Morrison DK. MAP kinase pathways. Cold Spring Harb Perspect
Biol. 2012;4(11), doi:10.1101/cshperspect.a011254

Lysiak JJ, Yang SK, Klausner AP, Son H, Tuttle JB, Steers WD.
Tadalafil increases Akt and extracellular signal-regulated kinase 1/2
activation, and prevents apoptotic cell death in the penis following
denervation. J Urol. 2008;179(2):779-785. doi:10.1016/j.juro.
2007.09.021

Song WH, Son H, Kim SW, Paick JS, Cho MC. Role of Jun amino-
terminal kinase (JNK) in apoptosis of cavernosal tissue during acute
phase after cavernosal nerve injury. Asian J Androl. 2018;20(1):
50-55. doi:10.4103/aja.aja_10_17

Park J, Chai JS, Kim SW, Paick JS, Cho MC. Inhibition of Jun N-
terminal Kinase Improves Erectile Function by Alleviation of
Cavernosal Apoptosis in a Rat Model of Cavernous Nerve Injury.
Urology. 2018;113(253):e9-253e16. doi:10.1016/j.urology.2017.
11.040

Weyne E, Albersen M, Hannan JL, et al. Increased expression of the
neuroregenerative peptide galanin in the major pelvic ganglion
following cavernous nerve injury. J Sex Med. 2014;11(7):
1685-1693. doi:10.1111/jsm.12570

Weyne E, Hannan JL, Gevaert T, et al. Galanin administration
partially restores erectile function after cavernous nerve injury and
mediates endogenous nitrergic nerve outgrowth in vitro. J Sex Med.
2018;15(4):480-491. doi:10.1016/j.jsxm.2018.02.013

Qinyu-zeng Z, Shuhua-he H, Fengzhi-chen C, et al. Administration
of H2S improves erectile dysfunction by inhibiting phenotypic
modulation of corpus cavernosum smooth muscle in bilateral
cavernous nerve injury rats. Nitric oxide. 2020;107:1-10. doi:10.
1016/j.niox.2020.11.003

Ning H, Xin ZC, Lin G, Banie L, Lue TF, Lin CS. Effects of icariin on
phosphodiesterase-5 activity in vitro and cyclic guanosine mono-
phosphate level in cavernous smooth muscle cells. Urology. 2006;
68(6):1350-1354. doi:10.1016/j.urology.2006.09.031

Dell'Agli M, Galli GV, Dal Cero E, et al. Potent inhibition of human
phosphodiesterase-5 by icariin derivatives. J Nat Prod. 2008;71(9):
1513-1517. doi:10.1021/np800049y

Shindel AW, Xin ZC, Lin G, et al. Erectogenic and neurotrophic
effects of icariin, a purified extract of horny goat weed (Epimedium
spp.) in vitro and in vivo. J Sex Med. 2010;7(4 Pt 1):1518-1528.
doi:10.1111/j.1743-6109.2009.01699.x

Wu YN, Liao CH, Chen KC, Liu SP, Chiang HS. Effect of Ginkgo
biloba Extract (EGb-761) on Recovery of Erectile Dysfunction in
Bilateral Cavernous Nerve Injury Rat Model. Urology. 2015;85(5):
1214.e7-1214.e15. doi:10.1016/j.urology.2015.01.026

Zhao ZK, Yu HL, Liu B, Wang H, Luo Q, Ding XG. Antioxidative
mechanism of Lycium barbarum polysaccharides promotes repair
and regeneration following cavernous nerve injury. Neural Regen
Res. 2016;11(8):1312-1321. doi:10.4103/1673-5374.189197
Zheng T, Zhang T, Zhang W, et al. Icariside Il facilitates the
differentiation of ADSCs to schwann cells and restores erectile
dysfunction through regulation of miR-33/GDNF axis. Biomed
Pharmacother.  2020;125:109888. doi:10.1016/j.biopha.2020.
109888


https://doi.org/10.1177/1557988318797409
https://doi.org/10.1038/ijir.2012.11
https://doi.org/10.1038/ijir.2015.24
https://doi.org/10.1590/s1677-5538.Ibju.2019.0238
https://doi.org/10.1590/s1677-5538.Ibju.2019.0238
https://doi.org/10.1016/j.esxm.2020.03.005
https://doi.org/10.1016/j.esxm.2020.03.005
https://doi.org/10.1016/j.jsxm.2020.01.008
https://doi.org/10.1097/00005373-199908000-00045
https://doi.org/10.1046/j.1529-8027.2002.02021.x
https://doi.org/10.1046/j.1529-8027.2002.02021.x
https://doi.org/10.1111/j.1743-6109.2007.00727.x
https://doi.org/10.1111/j.1743-6109.2007.00727.x
https://doi.org/10.1089/ten.TEA.2019.0240
https://doi.org/10.1089/ten.TEA.2019.0240
https://doi.org/10.1038/aja.2008.37
https://doi.org/10.1038/aja.2008.37
https://doi.org/10.4103/aja.aja_8_19
https://doi.org/10.1016/j.jsxm.2019.07.001
https://doi.org/10.1111/jsm.12903
https://doi.org/10.1371/journal.pone.0213586
https://doi.org/10.1371/journal.pone.0213586
https://doi.org/10.1016/j.urology.2019.06.005
https://doi.org/10.4103/aja.aja_114_18
https://doi.org/10.1101/cshperspect.a011254
https://doi.org/10.1016/j.juro.2007.09.021
https://doi.org/10.1016/j.juro.2007.09.021
https://doi.org/10.4103/aja.aja_10_17
https://doi.org/10.1016/j.urology.2017.11.040
https://doi.org/10.1016/j.urology.2017.11.040
https://doi.org/10.1111/jsm.12570
https://doi.org/10.1016/j.jsxm.2018.02.013
https://doi.org/10.1016/j.niox.2020.11.003
https://doi.org/10.1016/j.niox.2020.11.003
https://doi.org/10.1016/j.urology.2006.09.031
https://doi.org/10.1021/np800049y
https://doi.org/10.1111/j.1743-6109.2009.01699.x
https://doi.org/10.1016/j.urology.2015.01.026
https://doi.org/10.4103/1673-5374.189197
https://doi.org/10.1016/j.biopha.2020.109888
https://doi.org/10.1016/j.biopha.2020.109888

ASKER ET AL.

207.

208.

209.

Ma K, Zhao F, Ye MY, et al. Neuroprotective effect of Hongjing |
granules on erectile dysfunction in a rat model of bilateral
cavernous nerve injury. Biomed Pharmacother. 2020;130:110405.
doi:10.1016/j.biopha.2020.110405

Feng D, Liu S, Yang Y, et al. Generating comprehensive compara-
tive evidence on various interventions for penile rehabilitation in
patients with erectile dysfunction after radical prostatectomy: a
systematic review and network meta-analysis. Transl Androl Urol.
2021;10(1):109-124. doi:10.21037/tau-20-892

Sari Motlagh R, Abufaraj M, Yang L, et al. Penile rehabilitation
strategy after nerve sparing radical prostatectomy: a systematic
review and network meta-analysis of randomized trials. J Urol.
2021;205(4):1018-1030. doi:10.1097/JU.0000000000001584

210.

The Prostate_\\/| LEY—‘ﬂ

Feng D, Tang C, Liu S, Yang Y, Han P, Wei W. Current management
strategy of treating patients with erectile dysfunction after radical
prostatectomy: a systematic review and meta-analysis. Int J Impot
Res. 2020;34:18-36. doi:10.1038/541443-020-00364-w

How to cite this article: Asker H, Yilmaz-Oral D, Oztekin CV,
Gur S. An update on the current status and future prospects

of erectile dysfunction following radical prostatectomy. The
Prostate. 2022;82:1135-1161. doi:10.1002/pros.24366


https://doi.org/10.1016/j.biopha.2020.110405
https://doi.org/10.21037/tau-20-892
https://doi.org/10.1097/JU.0000000000001584
https://doi.org/10.1038/s41443-020-00364-w
https://doi.org/10.1002/pros.24366



