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ABSTRACT

Peyronie’s disease (PD) is an inflammatory condition of penile tunica albuginea which commonly ends with
penile curvature and difficulty in vaginal penetration. Unfortunately, the pathophysiology of PD has not been
completely understood. In this paper, we will review what is known about the pathophysiology of PD and
the nonsurgical medical treatment options that have been trialed as a result. In the last 5 years, commonly
used oral medications left their places to intralesional therapies. Clostridium collagenase, which is the only
Food and Drug Administration (FDA) approved treatment for PD, is now the most prescribed intralesional
therapy in the last years. Clostridium collagenase is advised for patients whose penile curvature is > 30° and
< 90°. Because of its side effects, patients should be counseled before intralesional Clostridium collagenase
treatment. Until finding best treatment solution for PD, more investigations in regards to the basic science of

PD need to be carried out in order to elucidate the exact mechanisms of the fibrosis.
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Introduction

As a connective tissue disorder of penile tunica
albuginea (TA) Peyronie’s disease (PD) com-
monly causes penile curvature and difficulty
in vaginal penetration. In PD, in addition to
fibroblastic proliferation, and alterations in the
elastin framework, there is a fibrous plaque that
contains excessive amounts of collagen.'! The
PD plaque is inelastic and therefore results in
penile deformity including curvature, indenta-
tion, hinge effect, and penile shortening. PD is
relatively common and affects up to 20.3% of
adult men to some degree.”

In the early phase of PD, plaque formation,
inflammation and edema irritate nerve endings,
thereby producing pain. As the inflammatory
reaction matures and settles, the trapped nerve
fibers may become ischemic and necrotic. In the
chronic phase of PD, the process of plaque forma-
tion, and fibrosis gains momentum and impairs
the erectile tissue often resulting in ED.*) In the
chronic phase of PD, although surgical correc-
tion of curvature is the gold-standard treatment,
its effectiveness is restricted by significant mor-
bidity including worsening erectile dysfunction.
The devastating sexual and psychological impact
of PD on patients necessitates implementation

of improved treatment and prevention strategies.
Satisfactory therapeutic interventions need to be
elucidated to maximize patient satisfaction and
mental well-being. Current therapies frequently
do not meet expectations. Therefore, we need a
complete understanding of the precise cellular
and pathophysiologic processes of PD and gather
knowledge about interventions at molecular level
in order to develop new strategies.>#

Pathophysiology of PD

Peyronie’s disease is a wound-healing disorder,
similar to keloids, hypertrophic scars, or Du-
puytren’s contractures, all of which may pres-
ent with overlapping findings (Figure 1)." The
dense plaques identified in PD are a result of
an imbalance between fibrosis and fibrinoly-
sis. Fibrosis is an outcome of tissue injuries,
chronic inflammation, autoimmune reactions,
allergic responses, chemical insults and radia-
tion.? Normal tissue healing restores the base-
line levels and organization of extracellular
matrix (ECM), whereas fibrosis involves the
overgrowth, hardening, and scarring of tissues
which are attributed to excess deposition of
ECM components. Collagen is the most abun-
dant protein in ECM and provides the structur-
al and tensile strength in most human tissues."”
Accumulation of ECM occurs via increasing




Turk J Urol 2016; 42(4): 217-23
DOI:10.5152/tud.2016.40799

Growth of deposits
' myofibroblast
Increased local
T fibrinogen inflammation
Tunica in Tunica
albuginea albuginea

Plaque
Aberrant formation
d iti f
Formation of P .OSI ono
fibrins

collagen and

Figure 1. Schematic representation of the pathophysiology of the fibrotic process leading to Peyronie’s disease (Drawing by O.C.).

expression and deposition of connective tissue proteins and pre-
venting the catabolism of ECM proteins.®! Excess production of
ECM and the failure to degrade it are the hallmarks of fibrosis.

Nonsurgical treatment options

Once the diagnosis is made, the patient should be counseled on
both surgical and nonsurgical interventions (Figure 2). In this ar-
ticle, we aimed to review latest recommendations and highlight
recent advances in the nonsurgical management of PD.

In 2015, the American Urological Association (AUA) developed
its first-ever clinical guidelines on the diagnosis and manage-
ment of PD.” To date, pharmacologic treatment of PD consists
of oral, topical and injection therapies. Despite a wide variety
of options, treatment outcomes have been disappointing. Mul-
tiple well-designed, prospective studies have evaluated oral
agents however their clinical significance is currently limited
by conflicting outcomes, single-center data, and small sample
sizes which limit statistical power of studies. Advances in our
understanding of molecular mechanisms of PD pathogenesis
have revealed promising molecular targets for antifibrotic treat-
ments. Based on the best available evidence, there are currently
no recommended oral agents for the routine treatment of PD.

Oral therapies
Vitamin E

Vitamin E has been extensively investigated for its potential use
in the treatment of PD. This fat-soluble vitamin has antioxidant
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Figure 2. Recommendations for nonsurgical treatment moda-

lities in patients with Peyronie’s disease

effects that are thought to limit the oxidative stress of reactive
oxygen species (ROS). There is an overexpression of ROS dur-
ing the acute and proliferative phases of plaque formation in
PD.”! This target makes vitamin E an ideal option for medical
intervention. However, Gelbard et al.l'”! examined effect of vi-
tamin E on PD, and demonstrated that vitamin E does not have
an impact on the natural history of the disease. According to
guidelines and earlier research, vitamin E is not currently rec-
ommended for the treatment of PD.™
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Colchicine

The mechanism of action of colchicine involves the binding of
tubulin to inhibit microtubule polymerization. Through its inhi-
bition of neutrophil microtubules, colchicine has been shown to
prevent fibrosis and collagen deposition." Depolymerization of
tubulin results in the inhibition of cell mitosis, leukocyte adhe-
sion, and transcellular collagen transport. Colchicine also had a
role in the activation of collagenases and therefore in promot-
ing fibrinolysis and plaque breakdown.!'” Initial studies using
colchicine as a treatment for PD were promising, but they were
nonrandomized studies with small sampling size. These studies
did show improvement in the correction of curvature, but did not
reveal any significant clinical benefit.'** Due to the undesirable
gastrointestinal and hematologic side effects of colchicine, con-
duction of further studies exploring this medication as a treat-
ment for PD has been abandoned.

Potassium para-aminobenzoate

Potassium para-aminobenzoate (Potaba, NJ, USA) has both
anti-inflammatory and antifibrotic effects and it is used to treat
fibrotic conditions such as Dupuytren’s contracture. Potassium
para-aminobenzoate stabilizes tissue serotonin—-monoamine
oxidase activity and has a direct inhibitory effect on fibroblast
glycosaminoglycan secretion.'> There is currently no evidence
supporting the clinically beneficial role for potassium para-ami-
nobenzoate in PD and therefore it is not recommended for use
in these patients.””!

Tamoxifen

Tamoxifen citrate is a selective estrogen receptor used in the
treatment of breast cancer. This medication has been explored as
a therapeutic option for PD due to its inhibitory effects both on
the release of transforming growth factor (TGF) from fibroblasts
and TGF-receptors.'® Studies with small patient populations
have been unable to confirm a benefit of tamoxifen in reducing
the size of PD plaque or correcting clinical curvature compared
to placebo."”! Adverse reactions of oral tamoxifen include hot
flashes, ED, rashes, and gastrointestinal upset. As a treatment
for PD, tamoxifen is not recommended in the AUA guidelines.”

Pentoxifylline

Pentoxifylline (PTX) is a nonspecific phosphodiesterase (PDE)
inhibitor with anti-inflammatory and antifibrogenic properties.
PTX down-regulates TGF-3 and TNF and increases fibrinolytic
activity. PTX is not recommended in the guidelines for the treat-
ment of PD."

Carnitine

Carnitine facilitates the entry of long-chain fatty acids into
muscle mitochondria and allows them to be used as an energy
substrate. Carnitine is an inhibitor of acetyl coenzyme-A, which
helps repair damaged DNA and prevents the formation of free

radicals during cell stress.!'® Carnitine is currently not recom-
mended in the guidelines for the treatment of PD.™

Phosphodiesterase-5 inhibitors

Activation of the nitric oxide pathway by phosphodiesterase
type 5 inhibitors (PDES5is) has a role in improving erectile func-
tion, in suppressing collagen synthesis and initiating apoptosis
of myofibroblasts.!"” Long-term administration of PDES5is in PD
rat models has demonstrated an increase in collagen and decrease
in fibroblasts in TA cells.?*2PDES5is have therefore been inves-
tigated for their implications concerning plaque formation and
remodeling in human PD. Ozturk et al.”?? compared 39 PD pa-
tients with ED by randomizing them to either daily sildenafil or
vitamin E treatment groups for 3 months. They showed a similar
reduction in plaque size in both groups, but the PDESi group had
a statistically significant improvement in erectile function and
pain reduction scores. Chung et al.”®! have provided evidence
of scar remodeling in patients with isolated septal scars without
evidence of penile deformity in patients taking daily doses of
tadalafil for 6 months. In the latter study, patients had not visual
impairment, and therefore the authors concluded that PDESi
plays a role in the acute phase rather than during degradation
process of an ossified plaque. Larger- scale, placebo-controlled
trials for the use of PDES5is need to be performed to help support
their potential use as a treatment option for PD.

Non-steroidal anti-inflammatory medications

The clinician may offer oral nonsteroidal anti-inflammatory
medications to the patient suffering from active PD who is in
need of pain management.”

Intralesional therapies

Intralesional injection therapy has been used for years to treat
PD. Compared to oral medications these choices (Figure 2) help
ensure adequate drug concentrations reach the ECM affected
by PD at the level of TA. Adequate drug penetration may sig-
nificantly slow, prevent, or reverse PD plaque formation. Higher
concentrations injected immediately into cells should hopefully
negate the need for prolonged treatment as seen with some oral
medications. Unfortunately, results have been limited and many
medications are riddled with local side effects including pain,
bruising, and local inflammation.

Intralesional interferon

Initial reports on the impact of interferon (IFN) as an intralesion-
al treatment modality for PD were encouraging. In 1991, Duncan
et al.?* demonstrated that in vitro IFN promotes fibrinolysis by
decreasing fibroblast proliferation, decreasing ECM collagen,
and increasing collagenase within PD plaques. In 2006, Hell-
strom et al.”*! published their data on a placebo-controlled, mul-
ticenter trial of 117 PD patients who had bi-weekly injections of
5%10% units of IFN-2a for a total of 12 weeks. Results showed
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an average improvement of penile deviation of 13° compared
to only 4°change with placebo. Pain resolution was observed in
67% of the treatment group versus 28% in the placebo group.
Wegner et al.?! demonstrated low rates of improvement and a
high incidence of side effects, including myalgia and fever. Lim-
ited improvements in curvature observed in these studies are un-
likely to have a significant clinical benefit and therefore intral-
esional IFN is currently not recommended as a treatment for PD.

On the other hand, recent studies have suggested that IFN- a2f3
leads to an improvement in penile hemodynamics, supporting
improved erectile function.”” One of the randomized-controlled
trials (RCTs) evaluated the efficacy of intralesional IFN- a2f3
compared to placebo.” In this trial, the IFN group exhibited
significant improvements in penile curvature, plaque size, and
pain. The mean curvature reduction was 13.5% in this study.
Overall, the drug was very well tolerated, with the most com-
mon side effect being flu-like symptoms that lasted for less
than 36 hours. Based on the exclusion criteria of that study, in-
tralesional IFN a2f can be utilized in men with curvature of
at least 30° without calcified plaques.” A recent retrospective
study similarly showed that IFN- a23 had resulted in significant
reduction (mean, 9°) in penile curvature. They further showed
that this decrease in curvature was independent of both disease
duration and the location of the curvature (ventral versus dorsal/
lateral).”® This finding is particularly important because this is
one of the few studies which examined ventral plaques, with
important implications for the generalizability of this treatment
modality to patients with ventral PD. In conclusion, IFN- a2f3
is a reasonable alternative as an intralesional treatment for PD,
with modest efficacy and an overall excellent safety profile. Fur-
ther studies are needed to better compare its efficacy to other
treatments and to assess its functional significance for patients
with PD.

Intralesional verapamil

Verapamil, a common calcium channel blocker (CCB), has
shown promising evidence for the treatment of PD when used
intralesionally. In vitro studies have revealed that verapamil in-
hibits local ECM production by reducing fibroblast prolifera-
tion, increasing local collagenase activity, and altering the cy-
tokine environment of fibroblasts.?* CCBs modify the release
of cytokines, IL-6, IL-8, and plaque growth factor (PGF) and
therefore reduce fibrinogenesis and the formation of a stable
plaque. Verapamil was firstly used as an intralesional treatment
for PD by Levine et al. in 1994." In a nonrandomized study
they used intralesional verapamil bi-weekly in 14 men for 6
months and reported about efficacy and toxicity of dose esca-
lation. Intralesional verapamil in these men had no significant
side effects and provided a significant improvement in plaque-
associated narrowing, curvature, plaque volume, and firmness.
Rehman et al.®? published the first randomized, single-blind

trial concerning intralesional verapamil used for the treatment
of PD, and revealed improvement in erection quality and soft-
ening of plaque. Subsequently randomized placebo-controlled
studies comparing intralesional verapamil to intralesional sa-
line injections were performed. A total of 80 patients with PD
were treated, but the verapamil group had failed to demonstrate
any significant improvements in penile deformity, pain, plaque
softening or sexual function.® Overall, inconsistent results re-
garding the use of intralesional verapamil have been reported
in these studies. Discrepancies in patient selection, plaque size,
plaque calcification, injection technique, and drug concentration
have been noted. Probably, intralesional verapamil has a role as
a non-surgical intervention for PD, but further randomized stud-
ies need to be undertaken to discover which patients will achieve
the maximum benefit from this treatment modality.

Intralesional collagenase

The newest treatment of PD is intralesional injection of collage-
nase of Clostridium histolyticum (CCh). CCh is the only FDA
approved treatment for PD. Collagenases are enzymes which
catalyze the breakdown of collagen. This natural enzyme de-
grades type I and III collagen, which are the most abundant
types found in the plaques formed in PD. CCh has also been
found to directly increase apoptosis of fibroblasts to prevent
tissue fibrosis. Clinicians may administer intralesional CCh in
combination with modeling performed by the clinician and the
patient for the reduction of penile curvature in patients with sta-
ble PD (patients with penile z >30° and <90°, and intact erectile
function with or without the use of medications).”! Direct in-
jectable forms of CCh are marketed under Xiaflex, and Xiapex
(Auxilium Pharmaceuticals in the USA and by Sobi in Europe,
respectively) as a novel local therapy for PD. The impact of col-
lagenase as a potential intralesional agent for PD treatment was
first examined by Gelbard et al.®" in the 1980s. Intralesional
injection of CCh in 31 men showed clinical improvement in
plaque size and resolution of penile pain within 4 weeks of treat-
ment without significant adverse reactions.’ Later, Gelbard’s
group published a prospective double-blind placebo-controlled
trial of intralesional CCh in 49 patients suffering from PD.5
Results confirmed their previous findings and demonstrated
significant reduction in penile curvature and plaque size, espe-
cially in patients with a penile curvature of less than 60° and
plaques less than 4 cm in size.*> More recently, the outcomes
of Investigation for Maximal Peyronie’s Reduction Efficacy and
Safety Studies IMPRESS) I and II were published in the United
States and Australia respectively to support the use of CCh for
the treatment of PD. These large multi-institutional RCTs en-
rolled patients in a 6-week cycle of two intralesional CCh or
saline injections followed by manual remodeling of the plaque.
Enrolled patients were chronic phase PD patients with primarily
mean dorsal curvatures of 50 degrees. Patients were evaluated
with respect to penile length, plaque size, pain, erectile function
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scores, and PD Questionnaire (PDQ) values. Significant results
at one-year follow-up were as follows: a mean improvement of
17° in penile curvature, and an improvement of erectile func-
tion and PDQ scores. CCh is associated with minor local ad-
verse events including penile ecchymosis, swelling, and pain.
Since serious adverse events did occur in six patients including
three cases of corporeal ruptures requiring surgical repair and
three penile hematomas, it has been recommended that patients
should avoid intercourse for at least 2 weeks after intralesional
CCh injection.*®*7 Since the IMPRESS trials, the safety and ef-
ficacy of CCh has been supported by a phase-3 open-label trial
and it is currently approved by FDA for the intralesional use for
the treatment of PD.

Corporal rupture (penile fracture) was reported as an adverse
reaction in 5 of 1044 (0.5%) Xiaflex-treated patients in clinical
studies.™® In Xiaflex-treated 9 patients (0.9%), a combination of
penile ecchymosis or hematoma, sudden penile detumescence,
and/or a penile “popping” sound or sensation was reported,
and in these cases, a diagnosis of corporal rupture could not be
excluded. Severe penile hematoma was also reported as an ad-
verse reaction in 39 of 1044 (3.7%) Xiaflex-treated patients.>®
Because of these side effects, clinicians should inform patients
with PD prior to beginning treatment with intralesional CCh re-
garding potential occurrence of adverse events, including penile
ecchymosis, swelling, pain, and corporal rupture.

Non-pharmacologic therapies

Penile traction devices

Penile traction devices (PTDs) have been studied as a treatment
for straightening the penile curvature inflicted on men with PD.
Specifically, researchers have been considering PTDs as a treat-
ment during the acute phase of PD. Some studies have shown up
to a 25-degree reduction in curvature, an improvement in sexual
function, and a significantly lower risk of surgical indication.
39Tt is likely that the penile traction devices will play a more
important role in the future as part of combination therapy for
early-stage PD.

Extracorporeal shock wave therapy

In recent years many investigators have examined the effects of
extracorporeal shock wave therapy (ESWT) for its potential ef-
fects on PD. Although molecular mechanism of action of ESWT
has not been clearly defined, shock waves are used to disrupt the
dense scar tissue.*! No improvement in penile curvature defor-
mity or plaque size has been shown in placebo-controlled tri-
als using ESWT. Compared to baseline, ESWT patients had not
demonstrated significant changes in mean plaque size or mean
penile curvature deformity.># Even with modern modifica-
tions, the most recent studies have not observed any significant
improvement with this treatment option.””? ESWT is not cur-

rently used as a treatment option for PD, however alterations
to the technique and further studies may show some benefit of
ESWT in the treatment of chronic plaques. As recommended,
clinicians should not use ESWT for the reduction of penile cur-
vature or plaque size.?

Stem cell treatment

Innovative treatment strategies are looking at alternative ways
to treat PD. In the age of individualized medicine, the time has
come to treat PD according to each patient’s specific needs, dis-
ease subtype, and likelihood of progression. Lin and Lue have
been using stem cells to treat PD."!! Similarly, Castiglione’s
group has been using stem cells to assess improvement of both
PD and ED in rat models. Despite lack of any long-term results,
they showed that they could induce PD and ED with TGF-f3
injections. Still when they used human adipose tissue-derived
stem cells, they noted a reduction in fibrosis and improvement
in erectile function.* Therefore, early treatment with stem- cell
therapy seems to have a positive effect on diseased TA cells.*!
This is very promising for treatment of PD in men. This would
be a minimally invasive approach that could treat both PD and
ED simultaneously.

Conclusion

Currently nonsurgical treatment options for PD are suboptimal
and can leave patients with physical and psychological morbidi-
ty. Many treatments discussed above should have provided more
benefit given their proposed mechanism of action. To determine
a more effective treatment option, one must first fully under-
stand fully the cellular pathophysiologic basis of this disease.
Preventing plaque formation would be a much more effective
approach than attempting to reduce the size of an already calci-
fied scar. Further research should investigate human cells at a
molecular level and novel fibrotic pathway inhibitors. When this
is accomplished, the early recognition of PD patients with their
disease-specific issues will allow physicians to select optimal
treatment approach for their patients.
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