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Abstract: Peyronie’s disease (PD) is a relatively common condition that can result in significant penile
deformity, sexual dysfunction, and psychological bother. Surgical straightening offers the highest probability
of success during the stable phase of the disease. However, for men in the acute phase of PD or for those with
less severe deformity who elect to avoid surgery, a variety of non-surgical treatment options are available.
Oral therapies, including L-citrulline and pentoxifylline, are most useful as part of a combination regimen
rather than as monotherapy. Intralesional therapy with IFN-a2b, verapamil, and collagenase clostridium
histolyticum (CCH) can cause significant reduction in penile curvature, yet these results may not be clinically
significant for men with more severe curvature. Further investigation into the timing of administration and
optimal patient characteristics is required. Penile traction therapy offers a clinically significant improvement
in penile length and curvature. However, this has traditionally required hours of daily therapy. Overall, a
combination of oral, topical, injection and traction therapies may provide the most significant benefit among

the non-surgical modalities for PD.
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Introduction insult, presumably penile trauma, triggers a fibrotic cascade

that ultimately leads to abnormal collagen deposition within

Peyronie’s disease (PD) is an acquired fibrotic disorder of the tunical scar or plaque (1,6,7). However, not all penile

the tunica albuginea thought to result from trauma to the S . . .
& 8 injuries trigger the PD-process, and there is mounting

penis (1). The condition is relatively common, affecting up evidence that a genetic predisposition may be present in

to 10% of men at some point in their lifetime, with a higher some patients (8). In response to tissue injury, fibroblasts

prevalence seen in specific populations such as after radical undergo differentiation into myofibroblasts (9). These

prostatectomy (2,3). The presentation is highly variable,
but patients frequently report penile pain and bothersome
penile deformity such as curvature or indentation that
frequently prevents satisfactory penetrative intercourse (4).
Sexual dysfunction, such as erectile dysfunction (ED) is
common as well (5).

Our understanding of the pathophysiologic mechanisms
underlying PD continues to evolve. It seems clear that some
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cells have contractile capabilities and also actively alter the
surrounding extracellular matrix, thereby contributing to
wound healing, or in the case of PD, abnormal scarring (6).
Transforming growth factor-p (TGF-p) is one such
signaling pathway that has been implicated in this process
(10-12). It is also becoming increasingly clear that oxidative
stress, including the presence of reactive oxygen species,
plays a role in the pathogenesis of PD as well (13,14).
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Historically, it was thought that roughly half of all PD
cases resolved spontaneously over time. However, it is
now clear from several natural history studies that <15%
of patients who present with acute-phase PD (within the
first 3—-12 months of symptom onset) experience deformity
resolution in the absence of treatment (4,15). This may
be of little clinical consequence in the setting of relatively
mild deformity or in the patient who is not sexually active.
However, for many patients, PD is a psychologically
devastating disease process that can significantly impact
emotional well-being for the patient and his partner (16).

Urologists have a multitude of treatment options in their
armamentarium. To date, no intervention has higher success
rates than surgical straightening, particularly for men
who desire the most rapid return of a functionally straight
erection capable of penetrative intercourse (17). Yet, many
patients have less severe deformity or are not interested in
surgical intervention. Moreover, surgery is contraindicated
in early-phase PD due to the potential for disease
progression during the first year of symptom onset (18).
Here we provide a comprehensive review of non-surgical
treatment options for PD.

Oral therapy for PD

Oral agents fall into two general categories: anti-fibrotic
and anti-oxidant medications. A 2015 survey revealed that
over 80% of urologists preferred oral therapy for initial PD
management (19). However, data to support their use is
limited. The 2015 American Urological Association (AUA)
PD Guideline recommended against many oral agents
due to a lack of evidence, although anti-inflammatory
medications can be used to address penile pain (20). Despite
this, oral medications are attractive for many patients and
providers due to their non-invasive nature, availability, and
perceived lack of side effects. Also, patients may not be
psychologically ready for intralesional injections or surgical
straightening.

Vitamin E

Vitamin E consists of eight fat-soluble compounds (known
as tocopherols and tocotrienols) that are commonly derived
from vegetable oils (21). Vitamin E has anti-proliferative and
antioxidant properties, making it an excellent candidate for
a variety of medical conditions, including cancer (22). The
proposed mechanism of action involves a decrease in collagen
deposition secondary to free-radical scavenging (23). Due to

© Translational Andrology and Urology. All rights reserved.

Farrell et al. Minimally invasive therapies for Peyronie’s disease

the wide availability, low cost, and presumed minimal side-
effect profile, Vitamin E remains one of the most commonly
prescribed oral agents and is used as first-line therapy by as
many as 70-80% of surveyed urologists (19,24,25).

Vitamin E was first proposed for treating PD in 1949,
and since that time, several studies of varying levels of
evidence have been published (26). Overall the data is
inconsistent due in large part to significant flaws in study
design. Only a single randomized-placebo controlled trial
is available. In 2007, Safarinejad and colleagues randomized
patients to vitamin E and propionyl-L-carnitine separately
or in combination or placebo for 6 months (27). At the
end of the study period, there was no significant difference
noted in penile pain or curvature improvement. Other
studies have evaluated the combination of vitamin E with
other therapies such as intralesional injections. For instance,
Inal and colleagues reported similar improvements in
objective and subjective outcomes in men with acute phase
PD who were treated with intralesional interferon (IFN),
vitamin E, or the combination (28). In contrast, Paulis
and colleagues reported a significantly greater curvature
reduction following treatment with combination verapamil
+ blueberries + propolis + topical diclofenac (VBPD) and
vitamin E (12°) vs. VBPD without vitamin E (6°) (29).
While a mean difference of 6° may reach statistical
significance, this is unlikely to have a meaningful functional
impact for most patients. Moreover, this small degree of
improvement may be within the margin of error for inter
and intra-observer variability.

Carnitine

Carnitine also possesses intrinsic anti-oxidant properties (30).
L-carnitine was the subject of a single randomized, placebo-
controlled trial by Safarinejad and colleagues (27). The
authors randomized patients to vitamin E, propionyl-L-
carnitine, combination, or placebo groups. They found no
significant differences in penile pain, curvature, or plaque-
size between the groups after a 6-month treatment protocol.
A comparative study from 2001 by Biagiotti and Cavallini
randomized 48 patients with PD (2/3" with chronic phase)
to acetyl-L-carnitine vs. tamoxifen daily for 3 months (31).
A significantly greater proportion of patients in the
carnitine arm experienced pain resolution (92% vs. 50%).
Moreover, there was a mean 7° decrease in penile curvature
in the carnitine group, and only 2/24 (8%) experienced
curvature progression. In contrast, 54% of patients in the
tamoxifen group experienced curvature progression.
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L-arginine and L-citrulline

L-arginine is an amino acid and precursor to nitric oxide
(NO), a potent vasodilator that acts at the level of cavernosal
smooth muscle cells to induce erections (32). NO also has
important antioxidant properties that make it an appropriate
target candidate for PD-therapies (33). L-arginine, available
as an over the counter supplement, has been the subject of
few studies, and to date, there are no randomized controlled
trials that support or refute its efficacy. However, there
is some intriguing basic science evidence that L-arginine
may positively impact PD-plaque. Valente and colleagues
administered 2.25 g/kg/day into the drinking water of
PD-model rats and found that plaque volumes decreased
by 80-90% along with a decrease in the collagen/fibroblast
ratio (34). When L-arginine was administered concurrently
with sildenafil, a phosphodiesterase-5 inhibitor (PDESI), a
decrease in tunical collagen was seen along with increased
levels of fibroblast apoptosis. L-arginine has also shown
promise in combination with intralesional verapamil +/-
penile traction therapy (PT'T) although the direct impact of
the L-arginine is unclear (35).

While there are rational physiologic mechanisms for
using arginine to treat PD, oral arginine supplementation
has several drawbacks. For instance, arginine
undergoes extensive first-pass metabolism in the liver
(approximately 40%), resulting in a lower available
circulating concentration (36). Also, side effects, including
gastrointestinal (GI) upset and diarrhea, limit use for
some patients (37). Citrulline, when administered orally,
is converted to arginine iz vivo (38). Citrulline does not
undergo first-pass metabolism, nor does it have the same
propensity for GI-upset. Oral L-citrulline raises circulating
L-arginine and NO concentrations and may be more bio-
efficient when compared to arginine supplementation
itself (39,40). Thus, while supportive data remains sparse,
L-arginine and L-citrulline may be considered as non-
invasive treatment options, particularly in the setting of
combination therapy with other non-surgical options during
the active or “inflammatory” phase of PD (35).

Pentoxifylline

Pentoxifylline is a non-specific PDE-inhibitor that has
been studied in a variety of conditions including PD (41).
Shindel and colleagues showed that pentoxifylline inhibits
fibroblast proliferation and attenuates transforming growth
factor-p1 mediated elastogenesis and collagen deposition
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within human tunical PD cells (42,43). Several single-
center retrospective series have been published. Smith
and colleagues found that more than 90% of patients
with calcified PD plaques who treated with Pentoxifylline
had stability or even improvement in the degree of
calcification compared with 44% in those who did not take
pentoxifylline (44). These patients were also more likely to
report subjective improvements (63% vs. 25%), although
objective outcomes were not reported. In 2014, Alizadeh
and colleagues found that 8/30 (27%) and 22/30 (73 %)
patients treated with oral pentoxifylline had reductions in
penile curvature and penile pain, respectively (45). These
results were similar to patients who received intralesional
verapamil. In another study, intralesional pentoxifylline in
combination with antioxidants and topical diclofenac (anti-
inflammatory) decreased mean penile curvature by 10° in
men with acute phase PD (46). Thus, while there is ample
basic science evidence, human clinical data is limited. In this
setting, and based on the available literature, Pentoxifylline
may be favored in combination with other non-surgical
therapies such as PTT and intralesional injections (35).

Potassium para-aminobenzoate (POTABA)

POTABA inhibits fibroblast activity through increased
monoamine oxidase activity. It has been used to treat PD
and other conditions such as scleroderma dating back to the
1950s (47). In a retrospective review of 32 patients treated
with POTABA for at least 3-months, penile curvature
improved in 18/32 (56%) including complete resolution in
8/31 (26%) (48). A 2005 multi-center prospective placebo-
controlled trial randomized 103 patients with a median
PD duration of 6 months (acute phase) to POTABA uvs.
placebo for 12 months (49). There was no difference in
the percentage of patients who experienced improvements
in penile curvature (POTABA: 64% wvs. Placebo: 59%;
P=0.07), although patients in the placebo group were
more likely to experience curvature progression (22% vs.
3%). A recent study found that 68% of patients treated
with POTABA discontinued therapy citing side effects,
lack of efficacy, and cost as determining factors (50). Side
effects include GI upset, pruritus, fever, rash, and on
rare-occasions even liver dysfunction (49-51). Moreover,
POTABA is dosed 4-times daily, making it burdensome for
patients. Given the lack of sound data to support clinically
meaningful benefits, significant side effect profile, and
dosing schedule, POTABA is rarely used to treat PD in
the modern-era.
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Colchicine

Colchicine, historically used to treat gouty diathesis,
prevents mobilization of inflammatory mediators through
microtubule inhibition. However, basic science work with a
PD rat-model showed that colchicine also inhibits collagen
deposition, thus providing a scientifically-sound rationale
for using this agent to treat PD (52,53). One of the earliest
studies to evaluate colchicine for PD was a pilot study of
24 patients (54). The authors found that penile curvature
improved in 7/19 (37%), and pain relief was reported in
7/9 patients (78%). A subsequent series by Kadioglu and
colleagues found that curvature improved in 30% and
worsened in 22% of patients treated with colchicine in the
acute phase of PD (55). Shorter disease duration, less severe
curvature (<30°), and absence of vascular risk factors were
associated with improved outcomes.

Prieto Castro and colleagues randomized a cohort of
45 patients with acute-phase PD (duration <6 months)
and relatively mild curvature (<30°) to ibuprofen vs.
colchicine and vitamin E for 6 months (56). The authors
found that a significantly greater percentage of patients in
the colchicine/vitamin E group reported improvements in
penile curvature (48% vs. 18%), although the quantitative
results were not reported. Another randomized, controlled
trial comparing colchicine to placebo did not identify any
significant differences in objective outcomes such as penile
deformity between the treatment and control arms (57).
This was true, regardless of the symptom severity. Thus,
although retrospective data is mixed, the strongest data
does not support a beneficial effect on objective outcomes
with colchicine as monotherapy for PD. Importantly,
the most common side effects reported with colchicine
include GI upset and diarrhea, but severe events, including
myelosuppression and even neuromuscular toxicity, have
been encountered (58).

Tamoxifen

Tamoxifen, a selective-estrogen receptor modulator, down-
regulates TGF-B mediated signaling in myofibroblasts, an
important component of the presumed pathophysiology
underlying PD (59). Very few studies have evaluated
tamoxifen in the context of PD. In one of the earliest
published trials, Ralph and colleagues found that pain
improved in 80% of patients treated with tamoxifen, and
penile deformity improved in 35% (60). Teloken and
colleagues randomized 25 patients to tamoxifen vs. placebo
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for 3 months. There was no significant difference in pain-
improvement or objective outcomes, including penile
curvature between the treatment and control arms (61).
Another study by Biagiotti and Cavallini found that oral
L-citrulline more effectively reduced penile pain and
prevented disease progression compared with tamoxifen (31).
Given the relative paucity of available data, including the
lack of efficacy seen in the only placebo-controlled trial, the
AUA PD guideline panel recommends against tamoxifen
as monotherapy (20). However, combination therapy with
tamoxifen and PDES5Is may have a synergistic anti-fibrotic
effect, thereby decreasing the presence of myofibroblast
transformation and extracellular matrix production (62).

PDES]Is

PDESIs were first approved by the United States Food and
Drug Administration to treat ED over two decades ago
and remain the first-line therapy for ED in the absence of
medical contraindications (63). Comorbid ED is present in
30-45% of patients with PD (4,5). Whether ED predisposes
to PD, or the underlying tunical changes caused by PD
prevent adequate rigidity and maintenance of erections, is
still up for debate and is beyond the scope of the current
review. Early concerns regarding exacerbation of penile
deformity with PDESIs have been debunked. A 2002 report
from Levine and Latchemsetty found that >70% of PD
patients with ED who utilized sildenafil reported satisfactory
erectile function, and no one reported worsening deformity
or pain (64). In addition to the beneficial effects on erectile
function, it is becoming increasingly clear that PDES5Is
possess intrinsic anti-fibrotic properties that may help to
modulate the tunical fibrosis that occurs with PD (65). As
has been previously discussed, NO is felt to possess inherent
anti-fibrotic properties. PDESIs prevent the degradation of
cyclic guanosine monophosphate (cGMP) to GMP, thereby
maintaining an increased level of circulating NO (63).
Valente and colleagues found that daily sildenafil decreased
the collagen/fibroblast ratio and induced apoptosis in a
rat model (34). When human PD plaques were exposed
to sildenafil and pentoxifylline (a non-specific PDE
inhibitor), the authors also found a decrease in collagen
and alpha smooth-muscle actin (a marker for myofibroblast
activity). Ferrini and colleagues later showed that long-
term vardenafil reduced PD collagen and the number of
myofibroblasts in a PD-rat model (66).

To date, high-quality human data regarding PDESI
use in PD is lacking. Chung and colleagues evaluated
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outcomes in a cohort of 65 men with isolated penile septal
scarring, including 35 who were treated with daily tadalafil
(2.5 mg) (67). This therapy was well tolerated, and not
surprisingly, there was a mean 7-point increase in the
International Index of Erectile Function (ITEF)-5 score
for the tadalafil group. Interestingly, on follow-up penile
ultrasonography, resolution of the septal scar was seen
in 24/35 patients (69%) who were treated with tadalafil,
compared with 3/30 (10%) in the observation group.
Improved outcomes with combination therapy using
PDES5Is and extracorporeal shock wave therapy and
collagenase clostridium histolyticum (CCH) have also been
reported, although again it is not clear whether this is due
to the antifibrotic properties of the drug or the beneficial
impact on erectile function (68,69). Further work is
needed, including randomized placebo-controlled trials, to
evaluate the efficacy of using PDESIs for outcomes specific
to PD. In the meantime, in the absence of overt medical
contraindications, PDE5I-use should be considered as a
helpful adjunct for patients with PD, particularly in the
presence of diminished erectile rigidity.

Topical therapy

One significant concern with oral medications is the ability
to deliver the drug to the target tissues in a high enough
quantity to exert their effects—particularly given the lack
of significant vascularity within the plaque. Also, oral
administration increases the risk of systemic side effects. For
these reasons, several authors have explored the possibility
of direct topical application.

Verapamil

Verapamil is a calcium-channel blocker that benefits wound
healing (70). The proposed mechanism involves decreased
proline incorporation within the extracellular matrix of the
tunical scar, thereby promoting collagen breakdown (71,72).
An industry-sponsored trial from 2007 randomized 57
patients to verapamil, trifluoperazine (calmodulin-blocker)
and magnesium sulfate (weak calcium channel blocker) (73).
At 3 months, all patients crossed over into the verapamil
cohort. Ninety-four percent experienced subjective
curvature improvements (mean improvement 61%) and
erection quality improved as well. Unfortunately, objective
outcomes were not reported. A subsequent report from
Martin and colleagues showed that transdermal verapamil
fails to accumulate in the target tunica albuginea, thereby
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weakening the hypothesis that local topical therapy has a
meaningful effect on PD outcomes (74).

Electromotive drug administration (EMDA) involves
the application of an electrical field to improve the
delivery of medication to target tissues (75). This therapy
has been extensively studied in the setting of intravesical
chemotherapy administration for bladder malignancy. It
has also been the subject of several reports within the PD
literature. A 2003 study by Levine and colleagues found
that 70% of tunical specimens contained measurable levels
of verapamil after topical administration with EDMA. A
subsequent randomized placebo-controlled study from
the same center did not show a significant difference in
outcomes, including objective curvature improvement (76).
In contrast, Di Stasi and colleagues showed that EMDA
with verapamil and dexamethasone improved penile
curvature to a greater extent than the lidocaine control (77).
EMDA of verapamil and dexamethasone may also
decrease erectile pain compared to intralesional injection
of verapamil plus dexamethasone (78). Due to the lack of
strong data, including small sample sizes and lack of true
placebo groups in most cases, further study is warranted (20).
Notably, the therapy can be quite tedious, and due to the
presence of other treatment options, this modality is rarely
utilized in modern clinical practice.

H-100

H-100 is a topical agent designed for treatment during
the acute phase of PD. It consists of emu oil, a fatty acid
rich transdermal carrier agent, as well as nicardipine
and superoxide dismutase. Emu-oil is suggested to
improve tissue penetration, theoretically increasing
the local concentration of topical therapies (79). The
dihydropyridine-type calcium channel blocker nicardipine
reduces collagen production and glycosaminoglycan
synthesis, while superoxide dismutase is an antioxidant that
catalyzes the breakdown of free radicals that are present
during an inflammatory process.

The pilot study on H-100 randomized 22 patients to
treatment with H-100 or placebo for 3 months, followed
by a 3-month cross-over phase (80). Notably, all patients
were in the acute phase of PD (<12 months duration).
At 6 months, the H-100 cohort experienced a significant
improvement in stretched penile length (22.6%), reduction
in mean curvature (40.8%), and decrease in mean pain level
(85.7%). The placebo arm exhibited a 6.8% improvement
in stretched penile length, but no differences were observed
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in mean curvature or pain. Following the crossover period,
patients initially in the placebo cohort showed significant
improvement in stretched penile length (17.5%), mean
curvature (37.1%), and decreased mean pain level (85.7%).
H-100 was well tolerated with a self-limited rash observed
in three patients. While interesting, these early findings will
require further corroborating evidence before considering
H-100 as first-line therapy for the acute phase of PD.

Intralesional therapy
IFN-02b

IFN are cytokines that have a wide array of medical
applications. Specifically concerning PD, in vivo studies of
Peyronie’s plaque-derived fibroblasts treated with IFN-02b
resulted in a concentration-dependent inhibition of collagen
production and fibroblast proliferation, while upregulating
collagenase (81).

Human studies involving the intralesional injection
of IFN-a2b in 19 men showed a statistically significant
12° improvement in curvature, along with a significant
improvement in penile pain (82). A larger subsequent multi-
institutional study comparing IFN-a2b (n=50) to saline
(n=53) found a 13.5° improvement in curvature among
the IFN-a2b cohort, which was significantly greater than
the placebo arm (83). Pain resolved following IFN-a2b in
67.7% of men. Trost and colleagues described a similar
improvement in curvature of 5.9° to 11.7° depending on
the severity of pre-treatment curvature (84). Hellstrom and
colleagues also evaluated intralesional IFN-a2b for ventral
plaques and found a 9.3° decrease in penile curvature, which
was not significantly different from the 8.7° improvement
observed for dorsal curvature (85). Nonetheless, for ventral
plaques, tunica albuginea plication is notably more effective
than IFN-a2b (46° vs. 9.3° respectively) (86). Adverse
effects with IFN-02b frequently include fevers, chills,
arthralgia, sinusitis, and minor penile ecchymosis—these
are short-lived and were all managed with non-steroidal
anti-inflammatory medications (83).

Verapamil

Intralesional injection of verapamil has been shown
to decrease plaque size, penile curvature, collagen and
elastin levels in a rat model of PD (87). The earliest peer-
reviewed study of intralesional verapamil in humans
involved 14 subjects. Patients were administered biweekly
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injections for 6 months with dose escalation up to
10 mg per injection. All subjects reported plaque softening
and improvement in penile narrowing, while 43% noted
curvature improvement (88). A follow-up study involved
38 men who completed the full treatment course of 10 mg
intralesional injections every other week for a total of 12
injections. Pain resolved in 97%, while 76% had subjective
improvement in curvature and 72% reported improvement
in the ability to engage in penetrative intercourse. An
objective decrease in curvature was seen in 54% (89).
These results prompted a larger study of 140 men who also
underwent intralesional injection of 10 mg of verapamil.
Curvature decreased in 62% by a mean of 17°. Girth,
rigidity distal to the plaque and sexual function improved
in 83%, 80%, and 71% of men respectively (90). The
above studies primarily involved a verapamil dose of 10 mg
diluted in 10 mL of injectable solution. However, Cavallini
and colleagues later found that 10 mg of verapamil in
20 mL of injectable solution was the optimal concentration
to maximize improvements in penile curvature, plaque
size, erectile function, and pain (91). Notably, several
other studies have not found such robust outcomes with
intralesional verapamil (92-94).

CCH

In the early 1980s, Gelbard and colleagues found that
purified clostridial collagenase was effective in degrading
penile plaques in both iz vitro and in vive settings
(95,96). Nearly three decades later, the Investigation for
Maximal Peyronie’s Reduction Efficacy and Safety Studies
(IMPRESS) I and II trials were published (97). These were
phase 3, randomized, placebo-controlled, double-blinded
studies involving 417 and 415 subjects in each study,
respectively. Patients were in the stable phase of the disease
and underwent 4 treatment cycles separated by 6 weeks.
Each cycle involved 2 injections (separated by 24-72 hours)
of CCH (0.25 mL, 0.58 mg) via a single pass of a 27-gauge
needle. Manual modeling was performed 24-72 hours after
the second injection. Patients with ventral curvature and
extensive plaque calcification were excluded.

Improvement in penile curvature was significantly
greater among the CCH cohort relative to placebo [mean
improvement 17° (34%) vs. 9.3° (18.2%) respectively].
Symptom bother score was also significantly improved
following CCH. Side effects, including bruising and
hematoma, were common, and there were 3 incidences of
corporal rupture requiring surgical repair (97). Ultimately,
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the results of these trials led to the FDA approval of CCH
in late 2013 for dorsal and dorsolateral curves measuring
30°-90° (98).

Following FDA approval, a retrospective single-
institution study noted a greater improvement in mean
curvature of 23°, which represented a 38% overall
improvement. Subjectively, 57% of men felt that surgery
was no longer necessary after CCH injections, and 52%
reported restored ability to participate in penetrative
intercourse (99). This data has been corroborated by
several post-approval studies as well (100,101). In contrast,
a retrospective review at another high volume institution
found less promising results, with a mean improvement
in primary curvature of 5° (10% improvement) (102).
Dissatisfaction was reported in 82% of patients, and tunical
rupture occurred in 4%.

While CCH appears to be an effective treatment
option, there are several issues to consider. First, there
may be a discrepancy between subjective and objective
findings, as the modest absolute improvement in curvature
does not necessarily align with the high levels of patient
satisfaction. Perhaps softening of the plaque allows for
greater malleability of the erect penis allowing for improved
penetrative ability or there may be a positive psychological
effect of receiving non-surgical therapy for PD (103).
Second, the proportion of men experiencing tunical rupture
is a concern. A recent survey of Sexual Medicine Society
of North America members that use CCH found that one
in three members had at least one patient that experienced
a tunical rupture (104). Management for this entity is
unclear, and future study is needed to determine whether
an intervention such as surgical repair is necessary. Finally,
CCH is an expensive treatment modality. A cost analysis
study showed that a course of CCH for moderate PD was
$25,856, which increased to $26,375 for severe PD (105).
This is over 8 times more expensive than penile plication.
Given this notable cost, an abbreviated protocol of 3
injections involving 0.9 mg of CCH was introduced (106).
The mean reduction in curvature was 17° (32%), which was
comparable to the IMPRESS trials.

In summary, intralesional injections with agents such
as IFN-02b, verapamil, and CCH result in statistically
significant improvements in penile curvature. Data suggests
that IFN-02b and verapamil may also improve penile pain
(83,90). Although a statistically significant improvement in
curvature has been consistently described with intralesional
injections, a mean curvature reduction of <20° may not
be considered clinically meaningful by many patients,
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particularly those with more severe deformity. Moreover,
the timing of administration (acute vs. chronic phase) and
patient characteristics (calcification, direction of curvature,
indentation deformity) that optimize outcomes remains
unclear (107,108). Overall, surgical therapy may be more
appropriate for men with chronic phase-PD who have more
severe penile deformity (>60-90 degrees; indentation or
hourglass with hinge) or in those men who desire the most
rapid and reliable path to a functionally straight penis.

Radiotherapy

Superficial, low dose radiotherapy has been utilized for the
treatment of PD. The proposed mechanism is an increase
in NO synthase along with anti-inflammatory effects (109).
However, radiotherapy also carries the risk of corporal
fibrosis, as well as end-artery and nerve damage leading
to ED (110). Evidence for the use of radiotherapy for PD
is primarily based on case series with non-standardized
protocols. A review by Mulhall and Hall suggested that
radiotherapy may improve painful erections, but did not
conclude that there was sufficient evidence to suggest
improvement in curvature (111). Further reviews of the
literature by Tsambarlis and Mulhall each concluded that
the potential penile injury associated with radiotherapy
outweighs any potential beneficial effect (103,111).

Shockwave

There are two proposed mechanisms by which shockwave
therapy may provide benefit for patients with PD. First,
the direct effect of shockwaves on the penile plaque may
cause mechanical disruption, thereby inducing remodeling.
Second, the inflammatory reaction that results from
shockwave heat may recruit macrophages leading to plaque
lysis (112). Multiple observational reports have suggested
notable improvement in pain and sexual outcomes (via
IIEF-5 questionnaires) with a decrease in plaque size and
degree of curvature (113-118). However, the results of
several randomized studies were not as encouraging. In
these studies, a small number of patients were randomized
to 4-6 weeks of shockwave therapy (n=16-51) vs. sham
treatment (n=20-51). Improvement in curvature was
minimal in the treatment arms (0.9°-9°) relative to the sham
cohorts (1.1°-5.3°). Similarly, minimal improvements were
found with shockwave therapy relative to sham treatments
concerning pain (visual analog score pain decrease:
1.1-5.1 vs. 0.8-4.8) and sexual function (ITEF-5: 0.6-9.9 vs.
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0.1-6.2) respectively (68,119-121). The risks associated with
shockwave are limited and include pain during treatment
as well as self-limited local hematoma and skin petechiae
(68,119,120).

The AUA and European Association of Urology
guidelines conclude that shockwave therapy can be
offered to aid in pain control after failure of oral anti-
inflammatory agents during the acute phase of PD, but has
minimal benefit in the reduction of curvature or plaque
size. Furthermore, the pain associated with the acute phase
of PD improves spontaneously with time. Therefore,
shockwave therapy may represent a costly therapy with
limited benefit, and we do not recommend its use for the
treatment of PD (20,112).

Vacuum erection devices (VEDs)

VEDs were initially introduced as a treatment for ED.
However, the use of VEDs for PD is less well established.
A study by Yuan and colleagues that investigated the
molecular mechanisms of VED using a rat-model noted
upregulation of alpha smooth muscle actin and endothelial
NO synthase with downregulation of hypoxia-inducible
factor 1-alpha, collagenase, and TGF-p (122). A further
study utilizing a rat model for PD showed decreased
TGF-B expression as well as a significant improvement in
penile curvature following VED therapy (123). In humans,
Raheem and colleagues reviewed 31 patients with a mean
curvature of 48° that underwent 12 weeks of twice-daily
VED therapy for 10 minutes per session (124). Curvature
improvement of 5°-25° was observed in 68% of men,
while 10% experienced curvature progression. Subsequent
surgical correction was required in 48%.

The potential for increased penile length with the use
of VEDs has been demonstrated prior to inflatable penile
prosthesis placement or in the early period following
radical prostatectomy in an effort to limit penile length
loss (125,126). However, among PD patients, there is no
evidence for length restoration attributable to VED, and
further studies are needed regarding the efficacy of VED

for curvature improvement.

PTT

PTT refers to the application of mechanical force to the
penis in order to induce changes at a cellular level. Chung
and colleagues used a strained culture system of PD cells
to model the effect of PTT on PD tunical tissue (127).
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PD cells that underwent traction forces had significantly
increased matrix metalloproteinase-8 (MMP-8) expression,
which is notable because MMP-8 is involved in collagen
degradation. Furthermore, cytokines associated with
inflammation and fibroblast replication, including aSMA,
Hsp-47, and TGF-B1 were not upregulated.

One of the earliest published investigations of PTT for
PD came from Levine and colleagues in 2008 (128). In this
retrospective study, 10 men underwent traction therapy for
a mean of 4.5 hours per day for 6 months. A 33% measured
improvement in curvature (10°-45°) was observed.
Additionally, there was an increase of flaccid stretched penile
length by 0.5-2.0 cm, while girth increased by 0.5-1.0 cm.
Hinge effect significantly improved or resolved in each of
the 4 men who presented with penile instability.

A subsequent prospective study compared 55 patients
in the acute phase that underwent traction therapy for
6 months to 41 patients that had no intervention (129). Men
in the PTT cohort had a mean initial curve of 33°, which
significantly improved by a mean of 20° at 9-month follow-
up. Pain and erectile function also significantly improved
with PTT. Further, penile plaques were no longer identified
on ultrasound in 48% of patients.

A recent multi-center controlled study evaluated
outcomes in a cohort of men with stable-phase PD who
were randomly assigned to PTT with the Penimaster
PRO (MSP Concept, Berlin, Germany) vs. no-traction for
12 weeks (130). Patients in the PT'T group were instructed
to utilize the device for 3-8 hours per day. The PTT cohort
experienced a significant mean curvature reduction of
31.2° (41% improvement from baseline) and a length gain
of 1.8 cm. There were no significant changes in the non-
intervention cohort. Men who underwent PTT for >6 hours
per day had a significantly greater improvement in curvature
compared to those who utilized the device for <4 hours
(51.4% vs. 28.8%). Mild adverse events occurred in 43 %
and included glans numbness and penile discomfort.

RestoreX, another novel PTT device, was also recently
investigated in a randomized, controlled, single-blinded,
intention-to-treat study (131). Men with PD (n=110,
mean pre-intervention curvature 59.3°) were randomized
to 30-90 minutes per day of PTT or no therapy in a 3:1
ratio, respectively. After 3 months, there were significant
improvements over placebo with respect to curvature (-11.7°
vs. +1.3°) and length gain (1.5 vs. 0 cm). A benefit of this
device may be the decreased duration of therapy per day, as
studies on other PTT modalities have involved 3-8 hours
of use per day. Given the non-invasive nature and lack of
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significant side effects, PTT may be considered as first-
line therapy for men with PD, particularly in those with
concerns about penile length loss.

Combination therapy

It is possible that the greatest benefit to be experienced
from minimally invasive management of PD lies in a
combination of oral, topical, injection, and traction
therapies. Abern and colleagues evaluated a combination
of oral L-arginine, oral pentoxifylline, and intralesional
verapamil injection with or without PTT (35). Mean
decrease in curvature was 27° in the combination PTT
cohort vs. 21° in the oral and injection therapy alone
group. This was not significantly different, but it is worth
noting that the duration of PTT was not controlled.
When traction was used for >3 hours per day, the PTT
combination resulted in a mean penile length gain of
0.6 cm ws. a loss of 0.7 cm with oral and injection therapy.
Yafi and colleagues similarly found that traction duration
in excess of 3 hours per day resulted in better outcomes in
mean utilizing combination therapy with PTT and IFN-
a2b (132). In contrast, Ziegelmann and colleagues did not
identify any significant difference in curvature or length
improvements in men utilizing PTT (mean 10 hours/week)
concurrently with CCH (133). However, it should be
noted that only 9% of patients consistently performed
>3 hours/day of PTT, emphasizing the challenges
associated with patient compliance.

Mechanical therapy has also been studied alongside
CCH. Ralph and colleagues evaluated CCH and vacuum
therapy with and without manual modeling (134). The
mean change from baseline curvature was 23° in both
cohorts—a result that may have been supplemented in both
groups by vacuum therapy. Perhaps traction therapy may be
considered in place of vacuum therapy for future research.
Opverall, these studies are small, and further investigation
into combined therapeutic regimens is warranted.

Stem cell therapy

Mesenchymal stem cells (MSC) have been suggested to limit
fibrosis, which has prompted interest in evaluating their
utility for the treatment of PD. Specifically, adipose-derived
stem cells (ADSC), a subtype of MSC, have been studied
in rat models of tunica albuginea fibrosis. The first study to
evaluate MSC therapy in an animal model for PD involved
injection of ADSC:s into the tunica albuginea (135). Erectile
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function improved significantly, while type III collagen
and elastin expression were inhibited. In a subsequent
study by Gokce and colleagues, ADSCs with and without
expression of human IFN-a2b were injected into the tunica
albuginea of a rat model for PD (136). Erectile function was
significantly improved and PD-like changes were attenuated
both with and without IFN-a2b. Despite these encouraging
findings in animal models, evidence regarding stem cell
therapy for PD in humans is lacking. Therefore, we do not
currently recommend its use.

Conclusions

A variety of non-surgical therapies have been offered for
PD as surgery is contraindicated in the acute phase of PD
(1able 1). Data on oral monotherapy does not show reliably
effective results. Therefore, low cost and low-side effect
profile oral therapies such as L-citrulline and pentoxifylline
may be instead given as part of a combination regimen.
Intralesional therapy with IFN-02b, verapamil, and CCH
are options for men in both the acute and chronic phases
of the disease process as well. Mechanical therapy via PTT
offers clinically significant changes in penile length and
curvature; however, PTT traditionally requires a motivated
patient who is committed to hours of daily therapy.
Emerging data with the RestoreX device suggests that
shorter duration therapy may still offer clinically meaningful
results. The optimal minimally invasive therapy for PD
likely involves a combination of non-surgical therapies.
Further investigation into particular combination therapies,
including oral anti-inflammatory agents, CCH, and PTT,
may reveal a synergistic therapeutic effect. Nonetheless,
surgery offers the highest success rates for men with
chronic-phase PD who desire rapid return of a functionally
straight erection.
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Table 1 Author recommendations for minimally invasive treatment modalities of PD

Route of administration Modality Author recommendation
Oral Vitamin E Not recommended
Carnitine Not recommended
L-arginine and L-citrulline  Can be used during the acute phase as part of combination therapy
Pentoxifylline Can be used during the acute phase as part of combination therapy
POTABA Not recommended
Colchicine Not recommended
Tamoxifen Not recommended
PDESI Can be used for ED secondary to PD and as part of combination therapy
Topical Verapamil +/—- EMDA Not recommended
H-100 Can be used during the acute phase as part of combination therapy, the evidence
is limited
Intralesional IFN-02b Can be used as monotherapy or as part of combination therapy
Verapamil Can be used as monotherapy or as part of combination therapy
CCH Can be used as monotherapy or as part of combination therapy
Stem cell Not recommended, further human studies required
Mechanical Radiotherapy Not recommended
Shockwave Not recommended

Combination therapy

Vacuum erection devices

Penile traction therapy

Not recommended

Can be used as monotherapy or as part of combination therapy for the motivated
patient

Recommend use in the acute phase or for a patient who declines surgery in
chronic phase

PD, Peyronie’s disease; POTABA, potassium para-aminobenzoate; PDE5I, phosphodiesterase-5 inhibitor; EMDA, electromotive drug
administration; IFN, interferon; CCH, collagenase clostridium histolyticum.
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