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Abstract: The clinical landscape of Peyronie’s disease is everchanging. There has been growing interest in non-invasive therapeutic
options that could assist patients with achieving a meaningful reduction in penile curvature without surgical intervention. These
therapies are wide-ranging in terms of their mechanisms of action, efficacies, and short- and long-term safety profiles. Recently, an
abundance of outcomes literature on longstanding and novel non-surgical treatment modalities has been published. For sexual
medicine providers hoping to offer patients the most up-to-date and evidence-based treatments for the management of Peyronie’s
disease, it can be challenging to gain a thorough understanding of this body of literature. In this clinical management review, the
workup and current theories on the pathophysiology of Peyronie’s disease are reviewed, and the most recent outcomes data on the
currently available non-surgical treatment modalities are presented. With an accurate understanding of the current landscape of
Peyronie’s disease treatment, sexual health providers will be able to better evaluate and engage in evidence-based shared decision-
making with their patients.
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Introduction

Peyronie’s disease (PD) remains one of the most challenging and poorly understood disease processes in sexual
medicine. First described as early as the 1600s in Dutch case reports, the formal recognition and popularization of the
condition did not occur until 1743, when Frangois Gigot de LaPeyronie characterized a patient whose penis was filled
with scar tissue and an upward curvature.! At present, PD is estimated to impact between 0.3% and 13.1% of men
worldwide.” However, given the stigma associated with the condition, there is likely some degree of underreporting and
thus, underestimation of the true prevalence of PD. From a financial perspective, a recent analysis investigating treatment
costs of PD found that individual costs increased from $1531 in 2007, to $10,339 in 2018, largely attributed to the
increased prevalence of injectable medications.” Given the expanding landscape of PD management, it is paramount for
providers to remain updated regarding the specific indications and efficacies of the standard and novel treatment options
available. By doing so, physicians can help patients make an informed and shared decision regarding treatment modality
selection. The aim of this clinical review is to present a comprehensive overview of non-surgical and novel treatment
modalities for PD while underscoring treatment outcomes, safety, and efficacy.

The Stages of Peyronie’s Disease

PD can be divided into an acute and stable phase. In the acute phase, inflammation of the tunica albuginea frequently
occurs after clinical or subclinical penile trauma. At this point, penile plaque formation begins, and these changes
collectively reduce the elasticity of the tunica albuginea and contribute to the formation of a rigid penile plaque. The
acute phase can last up to 18 months, and patients commonly exhibit penile curvature, pain, and loss of length.* ¢ During
the stable phase, pain subsides and the plaque become even more organized; eventually, no further progression in plaque
size or penile curvature occurs. While penile trauma is the most cited risk factor for PD, not all patients present with
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a history of trauma. Additional risk factors that have been associated with the development of PD include diabetes
mellitus, transurethral procedures, hypertension, Dupuytren’s contracture, smoking, and alcohol consumption.L9 The
role of testosterone in wound healing has also been explored in relation to PD, as hypogonadism is also believed to have
a potentially contributory effect on its development.'® Additionally, recent literature supports an increased prevalence of
low testosterone levels in PD patients."" While the exact etiology of PD remains unknown, many believe that it is
a multifactorial process. In recent years, research efforts exploring the progression and underlying architecture of
Peyronie’s plaques have facilitated advancements in medical therapy for this population.

Pathophysiology of Peyronie’s Plaque Formation

The tunica albuginea consists of an irregular lattice of elastic fibers with dispersed type 1 collagen fibers. The
surrounding vasculature is arranged such that the arteries are supported by areolar tissue, while veins directly contact
the tunica albuginea. Non-traumatic mediators of inflammatory processes within this fibrous structure are unknown but
may be associated with previously stated risk factors. Penile trauma and microtrauma are hypothesized to induce
extravasation of blood and cellular infiltrates.'>'* These processes compress nearby venous structures and promote
edema and a prolonged inflammatory phase. They can also sensitize and damage nerve endings, which is one theory for
the pain associated with the acute phase. Prolonged inflammation results in a similarly prolonged and unregulated wound
healing process, inducing continued fibrin deposition, deposition of collagen fibers, and elastin breakdown within the
tunica albuginea.'®

Transforming growth factor 1 (TGF-B1), plasminogen activator inhibitor 1 (PAI-1), interleukin-1 (IL-1), IL-6, and
reactive oxygen species (ROS) have additionally been implicated in promoting a pro-fibrotic environment to support
fibroblast proliferation.'*'® TGF-B1 most notably stimulates fibroblast recruitment and myofibroblast proliferation,
resulting in collagen deposition. Myofibroblasts and TGF-81 act together to inhibit lysis of fibrin and collagen by further
promoting extracellular matrix (ECM) deposition and inhibiting ECM turnover. Normal wound healing is balanced by
the action of matrix metalloproteinases (MMPs). In PD, MMPs are not significantly activated, while tissue inhibitors of
MMPS (TIMPs) are activated, thus promoting unregulated ECM deposition.'*'®!” ROS are released by distressed cells,
macrophages, and neutrophils through oxidative burst. Production of the above inflammatory factors and ROS addition-
ally promotes NF-kB activation, propagating further release of inflammatory cytokines.'® Platelet-derived growth factor
(PDGF) has also been implicated in ECM deposition and fibrotic plaque formation. PDGF is secreted by platelets,
endothelial cells, and macrophages in response to trauma and further upregulates TGF-B81, myofibroblasts, and fibrotic
cells."” Immunohistochemistry (IHC) stains and Western blot assays additionally reveal elevated levels of a-actin, B-
catenin, and heat shock protein 47 (HSP-47), a collagen-specific chaperone. These elevations further support a pro-
inflammatory state and may contribute to contracture and subsequent penile curvature.>° Collectively, an inflammatory
cascade is triggered, which propagates fibrosis and plaque formation over fibrinolysis and plaque degradation.

The three primary histologic patterns of plaques are dense fibrotic plaques, dense fibrotic plaques with focal or
patchy metaplastic ossification, or plaques with predominant metaplastic ossification. The fibrotic components of
plaques are largely hyalinized or lamellar in structure.”’’ Plaques exhibit abnormal elastin and fibrin structural
organization with elevated levels of collagen I and II1.%*72° PD plaques additionally expressed elevated collagen III/I
ratios in rat models of chronic PD.** The above pathological factors persist within the plaques themselves to support
plaque integrity into the stable phase.'” PD plaques exhibit normal levels of hyaluronic acid and dermatan sulfate
but elevated levels of chondroitin sulfate (CS).'® CS is a glycosaminoglycan and acts as a primary building block of
human cartilage. Analysis of mineralized plaques shows elevated counts of calcium (Ca) and phosphorus (P) with
a Ca/P ratio similar to that of bone. Zinc (Zn) counts were additionally elevated and have been implicated in both
MMP and NF-xB pathways. Further, dentin matrix protein-1 (DMP-1) was colocalized in a proteoglycan- and
collagen-rich matrix that contained osteocytic lacuna-like features.>* Calcification of plaques can be partially
attributed to upregulation of pleiotrophin (PTN) and action of TGF-B1. PTN is a growth factor that promotes
osteogenesis and proliferation of fibroblasts and osteoblasts. TGF-B1 additionally promotes differentiation into an
osteogenic cell line.”>*® In all, these findings support the gradual conversion of PD plaques from a fibrous
morphology to one that increasingly resembles bone.
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Workup

To make a diagnosis of PD, clinicians should obtain a detailed history that includes any potential risk factors for plaque

formation and perform a detailed and focused genitourinary exam. Recommendations for use of penile duplex ultrasound
vary, and laboratory testing is not indicated for diagnosing PD.?’

A detailed history and symptomatology can help determine whether the patient’s PD is in the acute or stable phase.
This distinction is very important, as treatment plans differ significantly depending on the phase of PD. Important
features to note during the clinical encounter include onset and duration of symptoms, pain with erections, palpable
nodules, degree of curvature, whether symptoms and deformities are progressive or stable, and alterations in length, girth,
or erectile function.”® In the acute phase, patients commonly — but not always — present with penile pain and penile
curvature. While plaques begin to form during the acute phase, lesions may not be clearly palpable, and patients may not
be immediately aware of their presence. Erectile dysfunction (ED) may additionally develop in the acute phase and
persist into the stable phase. The stable phase is commonly associated with resolution of prior penile pain and
stabilization of curvature.®

PD can additionally be psychosocially taxing for patients. As such, psychiatric history and impact on relationships
should also be elicited in the medical history. Two questionnaires are often used with patients presenting for PD. First, the
Peyronie’s Disease Questionnaire (PDQ) is a 15-question survey validated for the evaluation and quantification of the
impact and severity of PD symptoms across 3 domains: psychological and physical symptoms, penile pain, and symptom
bother.” Second, the Sexual Health Inventory for Men (SHIM) questionnaire is often concurrently given to patients with
PD who may have concomitant ED. The SHIM questionnaire is a 5-question survey validated for the evaluation of
erectile function.”

Physical exam of the penis in both the flaccid and erect states provides valuable insights into the physical
manifestations of PD. In the flaccid state, important features to note include plaque location, size, and length.
Stretching the penile shaft can assess erectile tissue health as significant corporal fibrosis impairs shaft elasticity.” In
the erect state, important features to note include penile length and girth, direction and degree of curvature, shape of
penis, any hourglass deformity, and point of maximum curvature. Of note, patients tend to overestimate their actual
degree of curvature by an average of 20 degrees.’” Given that PD has been associated with fibrosis of the palmar and
plantar fascia, known as Dupuytren’s contracture and Ledderhose disease, respectively, patients should be assessed for
these conditions and given prompt referrals to specialists when indicated.?

Evaluation of the erect penis can be done in-office with intracavernosal injections (ICI). Supplementation with penile
duplex ultrasound can provide information on plaque size, location, and calcification.®* The American Urological
Association (AUA) recommends use of duplex ultrasound prior to any invasive interventions.”” Magnetic resonance
imaging (MRI) can also be used to detect plaques and inflammation but is currently not recommended for routine use.>

Laboratory testing is not indicated for diagnosing PD given that no specific markers for PD have been identified.
However, testing for common comorbidities may be beneficial in identifying any potential risk factors and establishing
adjuvant treatments for them.

The primary differential diagnosis according to the AUA guidelines is fairly limited: congenital penile curvature,
thrombosed or torn dorsal penile vein, penile fracture, and cancer. Congenital penile curvature should be suspected with
a young patient presenting with lifelong ventral curvature without pain or penile plaque. Unlike PD, this condition is not
the result of excess fibrosis and scarring. Thrombosed or torn dorsal penile vein and penile fracture both present with
acute penile ecchymosis, pain, and swelling. These conditions present very swiftly, whereas PD presents more sub-
acutely on the order of weeks to months.

Finally, it is important to note that currently, the only guideline recommended treatment option for acute phase PD is
non-steroidal anti-inflammatory drugs (NSAIDs), which are intended to treat pain associated with the condition.”” The
treatment modalities listed in this review are generally recommended for the treatment of stable phase PD and as such,
any reference to PD in the following sections refers to stable PD unless otherwise specified.
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Oral Therapies for Peyronie’s Disease

At present, the AUA does not recommend any oral therapy in the treatment of PD.?’” While numerous studies have
been reported in the literature, the quality of these data and the reporting of safety and efficacy outcomes have been
very heterogeneous. Thus, the authors felt that reporting on these therapies was outside the scope of this clinical
management review.

Vacuum Erection and Penile Traction Therapy

Vacuum Erection Devices

For patients with PD who are seeking non-invasive treatment options, vacuum erection devices (VED) may be a potential
option with a limited risk profile. VED uses negative pressure to enhance arterial inflow and a constriction band to
mechanically limit venous return, thereby improving oxygenation of the corpora and dilating the cavernous sinuses.>*
While it is commonly believed that this molecular environment promotes tissue healing and repair as evidenced by VED
usage for post-prostatectomy ED patients, there has been limited investigation about whether similar benefits can be seen
for PD. Of note, TGF-B1 is believed to also be downregulated with VED usage.>® Furthermore, based on the data from
traction therapy and manual modelling done at the time of inflatable penile prosthesis(IPP) placement, there is some
thought that regular, mechanical stretching of the penis may cause plaque microtrauma and remodeling to a lesser angle
of curvature.>®’

While a limited number of studies have been published assessing VED as a treatment option for PD, most of
these trials utilized VED as part of a combination therapy, thus making it challenging to understand just how much
of a role VED played in treatment outcomes. Recently, MacDonald et al published a study that evaluated 53
treatment naive patients with PD, of whom 20 chose VED therapy (10 minutes, twice daily) and 33 that chose no
intervention.>® There were no significant differences in age, duration of PD, degree of curvature, or comorbidities
between the two groups. While both groups demonstrated significant improvements in curvature, there was a 5-fold
improvement in penile curvature in the VED group compared to the control group (23°, p = 2.6x10—6 vs 3.6°, p =
0.048, respectively). Additionally, the VED group demonstrated non-significant improvements in SHIM scores,
while the untreated group had reductions in their SHIM scores. Penile pain or length were not outcomes assessed in
this study. In 2010, Raheem et al published a similar study utilizing VED monotherapy (10 minutes, twice daily) for
12 weeks and noted statistically significant improvements in penile length, pain, and curvature, with 67.7% of
patients reporting a reduction in curvature of 5 to 25 degrees.’® Approximately half the patients were satisfied with
their outcome and pursued no further intervention, while half pursued surgical intervention. With regard to adverse
outcomes, when used as prescribed, VED is considered a generally safe form of therapy with the most common side
effects being hematoma formation and painful venous engorgement.*’

Although limited, the current data indicate some role for VED therapy in select PD patients. Nevertheless, it is
important to note some of the challenges with achieving maximal VED efficacy, which include patient compliance and
appropriate usage of the device. Future randomized control trials (RCT) should identify patient factors that improve VED
outcomes, methods to improve device compliance, and standardized treatment protocols that are easy to replicate.
Moreover, since VED is often utilized as part of combination therapy, RCTs that evaluate its role as an adjunctive
therapy are necessary. Finally, given that multiple types of VEDs are in the market, it is often challenging to accurately
compare trials utilizing different types of devices.

Penile Traction Therapy

One of the mainstays of conservative PD treatment is penile traction therapy (PTT). Though first published by Levine
et al in 2008, there have been numerous iterations of PTT devices and techniques since.>® Similar to VED, PTT has been
utilized as monotherapy or in conjunction with other treatments such as intralesional injections and surgery.*' In one of
the largest series of PTT monotherapy to date, Moncada et al reported on 80 stable phase PD patients who underwent
PTT utilizing the PeniMaster Pro device (MSC Concept, Berlin, Germany) and compared them to a group of non-
intervention patients*. PTT patients were instructed to utilize the device for 3-8 hours daily, with gradual increases in
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the amount of force applied. Of the 41 patients in the treatment arm, there was a statistically significant improvement in
mean curvature, and this change directly correlated with the amount of daily traction time undertaken (PTT < 4 hours/
day — mean curvature reduction 19.7°; P < 0.05, PTT > 6 hours/day — mean curvature reduction 38.4°; P < 0.001). In
addition, penile length also significantly increased in the treatment group compared to baseline (+1.8 cm; P < 0.05) and
improvements in International Index of Erectile Function (IIEF) scores were noted. In comparison, no changes were
noted in the non-intervention arm.

Recently, a novel form of PTT, known as RestoreX© (PathRight Medical Inc, Plymouth, MN, USA) was introduced
by urologists at the Mayo Clinic. In the initial RCT, cohorts were matched for age, duration of disease, and curvature.
The PTT group was instructed to utilize the device for 30-90 minutes daily, and at the three-month follow-up, significant
improvements in penile length (0.5 cm vs 0 cm, p < 0.001), curvature (—11.7° vs 1.3°, p < 0.01) and IIEF scores (4.3 vs
—0.7, p = 0.01) were noted in comparison to control.** These improvements were also noted at the 6- and 9- month
follow-up intervals. This was a significant improvement for PTT given that the daily duration of traction therapy
necessary to achieve improvements in curvature was significantly less than prior regimens. Moreover, given that longer
duration of device usage was a previously noted reason for poor compliance, the condensed duration of treatment would
likely also translate to improved compliance rates with this modality of therapy.

Although one of the major limitations of the PD literature is the paucity of long-term outcomes data, Capoccia et al
recently reported on 88 patients who elected for conservative therapy for their PD and reported that of all the
conservative options including oral and topical therapies, only PTT was noted to be associated with statistically
significant improvements in patient reported changes in penile curvature, penile length, and the ability to engage in
penetrative intercourse.** While this data is subjective in nature, it does provide some longitudinal insight into PTT
outcomes and can serve as a decision aid for patients interested in non-surgical options.

Across the majority of PTT trials and regardless of the type of device utilized, PTT monotherapy was not found
to have any significant adverse effects.*> Similar to the VED data, the literature on PTT therapy is very hetero-
geneous regarding types of traction devices used, timing of intervention during acute versus stable phase, and even
duration of therapy amongst other patient factors. For these reasons, drawing comparisons and conclusions from
these studies is challenging as the data cannot be analyzed using any type of pooled statistical analysis. More RCT
data with standardized devices and treatment protocols will be key to drawing more accurate conclusions on the
safety and efficacy of PTT.

Intralesional Injection Therapies

Collagenase Clostridium histolyticum
Intralesional collagenase clostridium histolyticum (CCH; Xiaflex™) remains the only Food and Drug Administration
(FDA) approved intralesional therapy for PD.*® This class of enzymes is believed to work on PD plaques by hydrolyzing
collagen fibers and downregulating extracellular matrix-associated genes, cytokines, and growth factors, to collectively
break down existing plaques and suppress new plaque formation.*” The first two landmark RCTs for CCH, Investigation
for maximal Peyronie’s reduction efficacy and safety studies (IMPRESS) I and II, compared intralesional CCH to
intralesional saline.*® Significant improvements in percent change of penile curvature (34% vs 18%, respectively) and
mean PD symptom bother score (—2.8 vs —1.8, respectively) were found in the treatment group in comparison to placebo.
Goldstein et al collected and analyzed 5-year outcome information from patients previously enrolled in IMPRESS I and
II, as well as two additional open-label studies.*” They found an additional 9% decrease in curvature as well as
a decreased PDQ bother score, five years after initial treatment.® Although subsequent study designs have varied,
multiple studies have demonstrated an improvement in the degree of curvature ranging from 13° to 23°.°°°® Most
recently, a 2022 meta-analysis found an average improvement in curvature of approximately 19° more than that of
placebo.’” Besides these objective measures of improvement, CCH also has been demonstrated to consistently improve
PDQ and IIEF scores.*®>!-43¢

A pooled safety analysis of six studies done in 2015 found that 86% of CCH patients had at least one treatment-
related side effect.’® However, they were most often minor, including ecchymosis, swelling, mild hematoma, and pain.
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Serious complications such as corporal rupture were rare, occurring in just 0.7% of patients in the IMPRESS studies and
0.9% of patients in the pooled safety analysis.”®>* Only acute adverse effects and no long-term effects were identified in
the 5-year follow-up studies of the IMPRESS trials.*’ Of note, CCH did not cause significant penile shortening,
a common complication of surgical treatment for PD.*3-60-62

Several recent studies aimed to identify candidates most likely to respond to CCH, but reports vary regarding clinical
and demographic factors associated with improved outcomes. Many studies have found that a greater degree of plaque
calcification is associated with less curvature reduction with CCH.**%%%** However, other studies did not find an
association between calcification and treatment response.’*%>°® Likewise, while longer duration of disease (>4 years) in
the IMPRESS trial was associated with greater percentage improvements in penile curvature (— 40° vs — 14°) and PD
bother scores (— 3.0 vs — 1.6), later studies did not corroborate these findings.”*>*>%-%3

Overall, at present, there is conflicting data on how certain clinical factors such as duration of PD, initial degree of
curvature, and plaque location impact outcomes of CCH therapy. More research is needed to better understand the role of

these clinical and demographic factors.

Verapamil

Another intralesional therapy that has previously been utilized in the treatment of PD is verapamil injections. In rat
models, intralesional verapamil injections were noted to decrease collagen and elastin fibers on IHC staining when
compared to intralesional saline injections.®’”

Intralesional verapamil injection into males was first reported in 1994 by Levine et al in a nonrandomized,
preliminary study of 14 men who received biweekly injections for six months. There was a subjective improvement in
curvature in 42% of subjects.® Later research by Levine et al found that of 140 patients who completed intralesional
verapamil therapy, 60% had a measurable decrease in curvature. A majority of subjects also reported subjective increases
in girth (83%) and in sexual function (71%).%°

However, multiple subsequent RCTs that enrolled between 14 and 80 subjects showed no significant improvement in
penile curvature with intralesional verapamil compared to saline injections.”®”’* Furthermore, electromotive administra-
tion of verapamil was not associated with improvement in curvature when compared to electromotive administration of
saline in a double-blind RCT of 42 men and is not recommended as a treatment option by the AUA PD guidelines.”

Because of the limited positive outcomes data and availability of other proven intralesional therapeutic options, the
AUA clinical guidelines on PD recommend that physicians carefully consider whether verapamil injections are appro-
priate before initiating treatment.”’

Interferon
Interferon- a2b (IFN) is a naturally-occurring cytokine that inhibits fibroblast proliferation and collagen production
in vitro.”* In 2006, a placebo-controlled parallel study of 103 men with noncalcified plaques found that biweekly
intralesional injections of IFN for 12 weeks was associated with significantly greater decrease in penile curvature (14°),
decrease in plaque size and density, and pain resolution compared to intralesional saline.”> In support, other retrospective
cohort studies also demonstrated a similar decrease in mean penile curvature from baseline.”®”” Most recently,
a prospective study of 86 patients with noncalcified plaques found that after three months of treatment, there were
significant decreases in mean penile curvature (16°), mean plaque volume (225 mm?), mean visual analogue scale (VAS)
scores (3 points), and IIEF scores (7 points) at 3-month follow-up.’®

While intralesional IFN is considerably cheaper than CCH, a retrospective study of 346 patients found that CCH
injections had an approximately two-fold improvement in curvature compared to IFN injections in a head-to-head
comparison (19 ° vs 9°). Additionally, the CCH patients were 1.5x more likely to experience >20% improvement in
curvature (71% vs 47%).”°

There is limited evaluation of demographic and clinical factors associated with improved response to intralesional
IFN. A retrospective review of 131 patients who received a median of 12 IFN injections found no difference in
improvement in penile curvature between ventral and dorsal plaques.”’ History of genital trauma may be a pre-
procedural factor associated with improvement in penile curvature for intralesional IFN therapy.”’ Another study on
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IFN use found no difference in treatment response when comparing for age, tobacco use, history of diabetes, location of
plaque, or initial IEEF-5 scores.”® A minor curvature (<30°) was associated with a higher likelihood of achieving >20%
improvement, but not a greater absolute curvature improvement.’®

The side effects of IFN are mild to moderate and consist of flu-like symptoms such as nausea, weakness, fever, and
rashes.”>* A study comparing IFN to tunical plication found that IFN resulted in preserved or improved erect penile
length in 67% of patients compared to 14% of patients who received tunical plication (p = 0.005)." Thus, another role
for IFN and other intralesional injection therapies may be for those patients who prioritize penile length, although much
more data are necessary before such conclusions can definitively be made.

Novel Therapies for Peyronie’s Disease

Extracorporeal Shockwave Therapy

More recently, low-intensity extracorporeal shockwave therapy (LiIESWT) has gained attention as a non-invasive
treatment modality for a variety of pathologies. While initially utilized for the management of soft-tissue pathologies
such as plantar fasciitis and tendinopathies, the indications for its use have expanded in recent years, including into
urologic pathology.'®? Specifically, LIESWT has been cited as a potential, novel treatment option for ED.** In 2021,
Ortac et al published a prospective, placebo-controlled single-blinded trial of 66 patients with mild ED who underwent
LiESWT therapy.®* The group found a statistically significant improvement in the ITEF scores of the treatment arm at 3-
and 6-month follow-ups, along with a statistically significant improvement in the ability to successfully penetrate for
intercourse. Unfortunately, the majority of data on the safety and efficacy of LIESWT for urologic indications has been in
the form of single-center retrospective and prospective studies that are non-placebo controlled. This also holds true for
the data on LIESWT for the treatment of PD.

In 2019, Mauro et al published a single-arm observational study of 325 treatment naive men with PD who underwent
once weekly LIESWT for six weeks, and assessed changes in penile curvature, plaque size, and sexual function in
patients.®® The group reported statistically significant reductions in degree of curvature (30.4° vs 25.0°), plaque size (1.78
vs 1.53 cm), and PD associated pain, along with increases in penile length and improvements in IIEF scores at 3-month
follow-up (P < 0.001). More recently, Bakr et al published a meta-analysis looking at RCT data on the treatment of PD.5¢
Only three RCT studies of LIESWT between the years 2000-2020 were identified and the analysis failed to find any
improvements in penile curvature or pain within the overall cohort. While some improvements in plaque size were noted,
the clinical significance of this finding is uncertain as curvature and pain are often the most bothersome symptoms. Most
recently, Abdesseater et al performed a retrospective analysis of 39 men with acute-phase PD and curvature <40 degrees,
who underwent LIESWT (six weekly sessions of 4000 pulses each) for an average of 7.2 sessions.®” A statistically
significant improvement in pain scores was noted, but not in plaque size or curvature. Interestingly, on multivariate
analysis, the predictors of success were noted to be younger age and concurrent use of PDE-5 inhibitors.

Based on these findings, at present, the use of LIESWT for the treatment of PD can only be described as a safe, non-
invasive, and experimental therapeutic option. Given the variability in treatment protocols, follow-up intervals, patient
populations, and relatively minimal RCT data, it is challenging to conclusively state whether LIESWT is an effective
treatment for PD with regard to changes in penile curvature, length, or plaque size. In addition, minimal data on the most
effective treatment protocols or factors influencing patient success exist. At present, the AUA guidelines only recom-
mend the use of LIESWT for PD associated pain.”’ Thus, for those providers who choose to incorporate LIESWT into
their treatment algorithm for PD, it would be prudent for them to educate patients about the currently available outcomes
data and thereby set realistic expectations.

Platelet Rich Plasma

Another novel treatment option that has gained more attention recently is the use of platelet-rich plasma (PRP) in the
treatment of urologic pathology. PRP had previously been utilized as a regenerative therapeutic option for orthopedic and
dermatologic pathologies, but recent studies have investigated its potential role as a treatment for ED and PD.*® In
a recent double-blinded and placebo-controlled clinical trial utilizing PRP for the treatment of ED, researchers found
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improvements in IIEF scores at multiple time points up to six months in comparison to placebo.®” In the study, a washout
period was conducted for men on phosphodiesterase type 5 inhibitor (PDES5i) therapy and men between 40 and 70 years
of age with mild-to-moderate ED were the target population. While the study excluded men with a history of PD to limit
confounding variables, it is known that many men with PD also suffer from concurrent ED, which is why a potential
therapeutic option that can treat both pathologies would be extremely beneficial.

At present, the utilization of PRP for the treatment of PD remains an area of limited understanding. PRP is believed to
exert regenerative effects at sites of tissue injury by releasing various cytokines and growth factors that promote
angiogenesis and connective tissue regrowth.’® This is believed to be mediated by a supratherapeutic concentration of
platelets within the sampled plasma, which release these growth factors and accelerate tissue healing. However, in the
case of PD, it is unclear how exactly this mechanism of action would alter plaque size and curvature. Notsek et al
administered intralesional PRP to 32 patients with PD, and normal saline to 27 patients with PD.’" At six months, the
curvature angle decreased by 50% and 22.2%, respectively, the plaque size decreased by 50% and 14%, respectively, and
IIEF scores improved by 56.3% and 3.7%, respectively. While these findings were statistically significant, trauma from
the needling alone provided some therapeutic benefits, as evidenced by the improvements seen in the placebo arm. This
indicates that the improvements noted in the treatment arm may not solely be a direct result of PRP alone and that the
injection process itself could be causing disruption of plaque microarchitecture, a phenomenon that has been previously
reported in the ICI literature.*®

In an effort to further optimize PRP therapy, Matz et al converted PRP to platelet rich fibrin matrix (PFRM), a fibrin
matrix that would ideally attach to platelets and prevent their extravasation away from the target site, thereby increasing
the duration of action and potentially improving treatment outcomes.’> A total of 11 PD patients were included in the
study, and each received a total of 2.1 injections on average. IIEF scores were reported to have improved by 4.14 points
in the groups with ED and PD, and up to 80% of PD patients reported subjective improvements in their curvature. While
these outcomes are subjective at best, the study does highlight a method to potentially augment PRP effectiveness, and
future prospective trials with more defined outcomes may delineate if PFRM is a more effective method of PRP therapy.
Virag et al combined PRP with hyaluronic acid (HA) in 75 PD patients and administered a total of six rounds of
ultrasound guided intralesional plaque therapy.” In these patients, a statistically significant decrease in angulation and
plaque thickness was observed. In addition, in the 22 patients with concomitant ED, approximately 1/3 of patients
reported an improvement in IIEF scores (no statistical data reported). However, it should be noted that some of these
results were not as significant in patients with more severe disease (eg angulation >60 degrees and calcified plaques).

Similar to Li-ESWT, one of the main challenges with interpreting the data surrounding PRP is the wide
variability in study designs, patient populations, and treatment protocols within the currently available literature.
At present, many questions remain unanswered including (1) whether PRP therapy during the active phase or
stable phase has superior outcomes, (2) the ideal dosage or duration of treatment, (3) whether intralesional PRP
can also concurrently improve EF, and (4) defining the long-term safety and efficacy of PRP. In addition, as
previously noted, many patient-specific factors, such as the severity of curvature and presence of calcifications
within the plaque, will also need to be included in future studies so that patients with these conditions can be
appropriately counseled on how their specific disease burden may respond to therapy. Moreover, given that
autologous PRP is currently the most commonly utilized approach to administration, it should be noted that
there is some recent data to suggest that growth factor concentration can vary among men with ED.* This data
could suggest that not all patients may achieve the same benefits from their own PRP and that more research into
what patient factors may potentiate or impair PRP response will also be important to optimize patient selection
and treatment efficacy. A recent systematic review concluded that currently there is not enough data to suggest
that PRP improves PD significantly enough to achieve easier sexual penetration.”> However, as previously noted,
research into the various aspects of PRP delivery and patient selection may help to improve future outcomes and
deliver clinically meaningful results.
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Combination Antioxidant Therapy

At present, monotherapy with oral antioxidant medications has proven to be minimally efficacious in the treatment of
acute phase PD, and as such, their use is not supported by the AUA guidelines. However, some recent literature suggests
the possible efficacy of oral antioxidants in combination with other non-surgical treatment modalities. Of note, these
combination therapies have been utilized in patients with acute and stable phase PD. The role of oxidative stress in the
pathophysiology of PD has previously been described in this review and helps elucidate how antioxidant therapy could
potentially aid in the treatment of PD.

Paulis et al reported better efficacy of multiple antioxidants over a single agent in 120 active phase PD patients.”®
Patients were assigned in a non-randomized fashion to one of five distinct groups corresponding to a single oral
antioxidant, two oral antioxidants, three oral antioxidants, five oral antioxidants and topical diclofenac, and five oral
antioxidants with topical diclofenac, and pentoxifylline by perilesional injection. The oral antioxidants used were
silymarin, propolis, bilberry, vitamin E, ginkgo biloba. The treatment protocol involved six months of daily oral and
topical therapy, along with twice monthly injections in the case of the final group. Combination therapies utilizing the
most antioxidants resulted in a corresponding increased improvement in penile pain, plaque volume, curvature, and
IIEF scores. Notably, while very limited statistically significant differences in outcome parameters were noted
between contiguous groups, a multitude of statistically significant differences in parameters such as plaque volume,
penile curvature, and symptom scores were noted between the group with topical diclofenac and the group receiving
perilesional injections of pentoxifylline. While this does add credence to the hypothesis that additional antioxidant
therapies do improve outcomes, it should be noted that no description on injection technique is provided by the
authors. It could be that the act of introducing trauma from the injection needle could be eliciting changes in plaque
microarchitecture, as noted in the placebo arm of the IMPRESS trials.*® Of note, in the IMPRESS trials, patients
received injections directly into the plaque and the authors of this study specify perilesional injections. However,
without a placebo-controlled arm, one must account for this possibility.

More recently, Paulis et al published a case report of three cases that showed full plaque regression, curvature
improvement, and resolution of pain with a combination of oral antioxidants and topical propolis créme in one case and
with the addition of pentoxifylline injections in the other two cases.”” The authors do not specify what phase of disease these
patients were in but do report that full regression required between two and four years of therapy. Penile ultrasound was
utilized to monitor plaque regression. The oral antioxidants used were silymarin, Ginkgo biloba, propolis, bilberry, and
vitamin E. The regiment consisted of daily oral antioxidants, twice daily propolis créme application, and injections every 15
days for six months during initial treatment cycles. During subsequent treatment cycles, injections were spaced out to
monthly and every other month. In this limited case-series, the authors do highlight that an experienced provider conducted
all the treatments and monitored the plaques. Thus, while positive results were achieved, the external validity of the study
must be considered as these patients were treated by a single, high volume PD provider. In addition, given no placebo arm, it
must be once again noted that injection trauma alone could play a role in plaque changes, irrespective of the use of
antioxidants.

It should be noted that while combination antioxidant therapy is a novel treatment modality that has shown some
early positive results, the data is still very limited, especially considering the lack of placebo-controlled trials. Much more
research is necessary to validate whether antioxidant usage plays a role in altering PD microarchitecture or if the changes
seen in these studies are a result of confounding factors such as needle trauma.

Conclusion

The treatment of PD is constantly evolving. A review of the currently available outcomes literature illustrates a need for
more RCTs that utilize similar treatment protocols, patient populations, and standardized outcomes measures. The data
from these trials will help to optimize treatment efficacy and delineate what patient factors may contribute to improved
outcomes for each treatment modality. Additionally, more data on the long-term effects of these treatments will be
important to understand treatment durability and any delayed adverse outcomes. Furthermore, as new treatment
modalities arise, they must be evaluated with these same standards before widespread adoption can be undertaken. By
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taking these steps, the urologic community will ensure that each PD patient is receiving a safe and effective treatment
plan that is tailored to their clinical profile and ensure continued high-quality research into factors that could further

improve outcomes in this population.
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