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Purpose:Purpose: The aim of this study was to compare the effect of combined oral administration and intralesional injection of hyal-
uronic acid (HA) with intralesional injections alone, in patients with early onset of Peyronie’s disease (PD).
Materials and Methods:Materials and Methods: For this prospective, randomized phase III clinical trial we included patients with recent diagnosis of 
PD. Eighty-one patients were randomized into two groups. Group A consisted of 41 patients receiving oral administration of 
HA in combination with weekly intralesional injection of HA for 6 weeks. Group B consisted of 40 patients group B who re-
ceived weekly intralesional injections of HA for 6 weeks, only. The main outcome measures were the changes from baseline 
to the end of therapy after three months in penile curvature (°) and changes in the international index of erectile function (IIEF-5) 
score and patient’s global impressions of improvement (PGI-I) score.
Results:Results: Group A had a significantly larger reduction in penile curvature as compared with group B (Group A: -7.8°, Group B: 
-4.1° [p<0.001]). Group A also showed a higher improvement in IIEF-5 and PGI-I scores in comparison with Group B (Group A: 
+4 IIEF-5, Group B: +2 IIEF-5 [p<0.001]; Group A: 3 PGI-I, Group B: 1 PGI-I, [p<0.001]). At three months both groups had a 
significant reduction of penile curvature from baseline (p<0.001).
Conclusions:Conclusions: Oral administration combined with intralesional treatment with HA shows greater efficacy to improve penile 
curvature and overall sexual satisfaction in comparison with intralesional HA treatment alone.
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INTRODUCTION

Peyronie’s disease (PD) is a challenging andrological 
condition characterized by the deposition of collagen 
and fibrin in plaques on the tunica albuginea of the 
penis, resulting in penile deformity, penile pain, erec-
tile dysfunction, distress and reduced quality of life 
[1,2]. Due to lack of knowledge about the pathophysiol-
ogy and the natural history of PD, the management is 
not standardized and the outcome of treatment is not 
optimal. There is no consensus on the best manage-
ment of PD, especially in the first phase of the disease. 
The first phase is characterized by acute inflammation 
(painful erections, ‘soft’ nodule/plaque), and the second 
phase is a characterized by fibrosis and calcification 
with formation of hard palpable plaques (disease sta-
bilization) as described in the European Association of 
Urology (EAU) guidelines [3]. About half of all patients 
experience a progression of the disease with a negative 
impact on quality of life. Based on these considerations, 
the most important aims of PD therapy in the acute 
phase are to avoid disease progression and to obtain 
resolution of pain and penile curvature. Clostridium 
collagenase is currently the only drug approved for 
treatment of PD by US Food and Drug Administration 
and European Medicines Agency, but several other 
options have been suggested. These include oral phy-
totherapy, oral pharmacotherapy, topical treatment 
including shockwaves, intralesional injection therapy 
and surgery. In the present paper we focus our at-
tention on the use of hyaluronic acid (HA). HA is an 

extracellular matrix glycosaminoglycan (GAG) which 
is highly polarized at physiological pH and maintains 
hydration, turgor, plasticity, and viscosity in the amor-
phous connective tissue matrix, as reported by Favilla 
et al [2]. Some studies on the use of injectable HA have 
shown encouraging results with reduction of plaque 
size, penile curvature, and improvement of overall sex-
ual satisfaction [2,4,5]. Our aim was to test the efficacy 
of an oral administration of HA in combination with 
intralesional injections compared with intralesional in-
jections alone in patients with early onset of PD.

MATERIALS AND METHODS

1. Study design and treatment schedule
Our study is a prospective, randomized phase III 

study. From December 2018 to December 2019, we 
enrolled all patients with early onset of PD in two 
andrological centers. Early onset of PD meant less 
than 12 months duration of symptoms. The two cen-
ters were randomized to give either combined oral 
and intralesional treatment or intralesional treatment 
only. Thus, all patients with early onset of PD were al-
located to one of two groups. Group A: All patients at-
tending Center A received oral administration of HA (a 
combination of HA, avocado and soya unsaponifiables 
extracts), 1 tablet every 48 hours in combination with 
weekly intralesional injections of HA for 6 weeks (1.6% 
highly purified sodium salt HA 16 mg/2 mL); Group B: 
All patients attending Center B received weekly intra-
lesional injections of HA for 6 weeks, only. We decided 
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Fig. 1. The figure shows the study schedule. IIEF-5: international index of erectile function, PGI-I: patient’s global impressions of improvement, per 
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to administer oral HA every 48 hours in line with the 
manufacture’s indication. Thirty days after initiation 
of treatment, all patients were contacted by phone to 
ensure compliance with the treatment protocol. The 
subsequent follow-up schedule included a urological 
visit with questionnaires 3 months after cessation of 
therapy. Fig. 1 shows the study schedule. The treat-
ment schedule was designed on the basis of previous 
studies [2,5].

2. Inclusion and exclusion criteria
In this study we included men older than 18 years 

with clinically diagnosed acute phase of PD who were 
sexually active and had an international index of erec-
tile function (IIEF-5) greater than 11. Exclusion criteria 
were allergy to one or more treatment compounds, in-
ability to follow a clinical trial and follow-up evaluations 
and reluctance to penile injection. Any other previous 
treatment was also considered an exclusion criterion.

3. �Composition and characterization of the 
drugs used

1) Oral formula of hyaluronic acid
Each oral dose contained a combination of 150 mg 

high molecular weight HA and 125 mg of avocado and 
soya unsaponifiables extracts. All patients were treated 
in line with the manufacturer’s instructions (Anatek 
Health Italia s.r.l., Milan, Italy).

2) Injectable formula of hyaluronic acid
Each injection contained HA (0.8% highly purified so-

dium salt HA 16 mg/2 mL; Sinovial, IBSA, Lodi, Italy).

4. �Clinical variables, statistical analysis and 
estimation of sample size

All patients underwent a clinical genitourinary ex-
amination. This included plaque location, stretched 
penile length and objective measurement of curvature 
after Doppler ultrasonography in line with EAU guide-
lines recommendations [3]. Penile curvature was mea-
sured using a goniometer at maximum penile rigidity. 
All patients were diagnosed with acute inflammatory 
phase of the disease with duration of symptoms less 
than 12 months, a soft penile nodule or plaque and/or 
painful erection and/or a recent change in penile cur-
vature. One experienced urologist in each center per-
formed all clinical and instrumental evaluations in his 

center. Treatment was administered according to the 
randomization of the center. Doppler ultrasonography 
and goniometer measurement have been performed at 
the end of follow-up period, too. Changes in plaque size, 
penile curvature, and IIEF-5 score from baseline to the 
end of treatment were assessed and analyzed using 
ranked one-way analysis of variance (ANOVA) with a 
term for treatment group. Treatment group differences 
were determined using post hoc analysis. Data were 
reported as means±standard deviations or median and 
nominal p-values were presented. In order to obtain 
significant results for analysis, sample size calculation 
was based on the following assumptions: difference be-
tween the groups, 2±1 score points in the quality of life 
questionnaire; α error level, 0.05 two-sided; statistical 
power, 80%; anticipated effect size, Cohen’s d=0.5. These 
calculations yielded 2×40 individuals per group. Con-
sidering a drop-out rate of 10%, the final total sample 
size was set to 90 patients. Statistical analyses were 
performed with IBM SPSS (Italian version) (IBM Corp., 
Armonk, NY, USA).

5. Main outcome measures
The main outcome measures were the change from 

baseline to the end of therapy in penile curvature (°) 
and improvements in the IIEF-5 score and patient’s 
global impressions of improvement (PGI-I) score. More-
over, self-assessment of penile pain was measured us-
ing a visual analogue scale (VAS) ranging from 0 to 10.

6. Ethical considerations
Our study was conducted in line with Good Clinical 

Practice guidelines and the ethical principles laid down 
in the latest version of the Declaration of Helsinki 
(2013). Before inclusion, all participants signed a writ-
ten informed consent about collection and storage of 
personal data in accordance with national bylaws. All 
anamnestic, clinical and laboratory data containing 
sensitive information about patients were de-identified 
in order to ensure analysis of anonymous data only. 
Non-medical staff members performed the de-identi-
fication process by means of dedicated software. The 
present study protocol was reviewed by Internal Re-
view Board of Santa Chiara Regional Hospital.

RESULTS

Ninety-two patients were considered eligible for the 
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study. Two patients did not give consent to participate 
and 9 were lost during follow-up. Finally, 81 patients 
(mean age: 57.3±8.3 years) were included and random-
ized into the two groups: 41 in Group A and 40 in 
Group B. All patients’ characteristics at baseline are 
detailed in Table 1.

1. �Comparison between groups at follow-up 
evaluation

At 3 months follow-up evaluation patients in Group 

A (combined treatment) had a significantly larger pe-
nile curvature reduction than patients in Group B of 
-4.0°±0.7° (p<0.001) (Table 2). Patients in Group A also 
showed a significantly higher improvement in IIEF-
5 (Group A: +4±0.3, Group B: +2±0.5; p<0.001) and PGI-
I scores (Group A: 3, Group B: 1; p<0.001) in comparison 
with Group B (Table 2). Both groups showed a signifi-
cant reduction in penile curvature from baseline (Group 
A: -7.8°±3.9° [p<0.001], Group B: -4.1°±2.7° [p<0.001]). A 
statistically significant difference has been reported in 
terms of VAS, too (-4.0±2, p<0.001), in the both groups 
between baseline and follow-up evaluation (Table 2). 
Finally, a statistically significant post-treatment im-
provements were detected in terms of plaque size in 
the both groups (Group A: -3.0±10 mm, Group B: -2.0±9 
mm; p<0.001).

2. �Protocol adherence and treatment related 
adverse effects

All patients adhered to the treatment protocol 
throughout the study period and no patients discon-
tinued the prescribed therapy. No significant adverse 
effects were reported. No injection-site ecchymosis or 
hematomas have been reported.

Table 1. Patient’s sociodemographic anamnestic, clinical characteris-
tics at enrolment time

Variable Group Ab Group Bc p-value

No. of enrolled patientsa 41 40
Median age (y) 56.2±9.1 57.9±8.6 0.39
Educational level 0.33
   Primary school - -
   Secondary school 15 (36.6) 10 (25.0)
   Post-secondary education 26 (63.4) 30 (75.0)
Sexually active (past mo) 41 (100) 40 (100) >0.99
Current smoker 0.45
   No 28 (68.3) 31 (77.5)
   Yes 13 (31.7) 9 (22.5)
BMI (kg/m2) 23.5±8.6 24.9±7.3 0.43
Charlson comorbidities index 0.67
   0–1 39 (95.1) 37 (92.5)
   2 - -
   >2 - -
Starting of symptoms (mo) 3.5±1.8 2.8±2 0.15
Mean penile curvature (°) 40 (30–45) 35 (27–40) 0.08
Mean plaque size (mm) 18±10 19±11 0.66
Incurvation side
   Dorsal 28 (68.3) 31 (77.5) 0.39
   Right lateral 1 (2.4) 1 (2.5)
   Left lateral 3 (7.3) -
   Right lateral-dorsal 9 (22.0) 8 (20.0)
Plaque position   0.89
   Proximal 10 (24.4) 12 (30.0)
   Medium 6 (14.6) 5 (12.5)
   Distal 25 (61.0) 23 (57.5)
Mean IIEF-5 21 (19–23) 20 (19–23) 0.55
Mean VAS 5 (3–5) 5 (3–5) >0.99

Values are presented as number only, mean±standard deviation, or 
number (%). 
BMI: body mass index, IIEF-5: international index of erectile function, 
VAS: visual analogue scale.
aTotal number of screened patients: 92; total number of analyzed 
patients: 81. bOral and intralesional administration hyaluronic acid. 
cIntralesional hyaluronic acid administration.

Table 2. Clinical and instrumental results at the follow-up evaluation

Variable Group Aa Group Bb

Difference 
between 

the groups 
(p-value)

Mean penile curvature (°) <0.001
   Baseline 40 (30–45) 35 (27–40)
   Follow-up 32 (28–34) 31 (28–33)
Difference between baseline and follow-up (p)
   Mean plaque size (mm) <0.001
      Baseline 18±10 19±11 0.34
      Follow-up 15±10 17±9
   Mean IIEF-5 (range) <0.001
      Baseline   21 (19–23) 20 (19–23) <0.001
      Follow-up 24 (21–27) 22 (20–22)
   Mean VAS (range) <0.001
      Baseline 5 (3–5) 5 (3–5) >0.99
      Follow-up 1 (0–1) 1 (0–1)
PGI-I 1±1 3±2 <0.001

Values are presented as median (range) or mean±standard deviation. 
Total number of patients who completed the follow-up: 81. 
IIEF-5: international index of erectile function, VAS: visual analogue 
scale, PGI-I: patient’s global impressions of improvement.
aOral and intralesional administration hyaluronic acid. bIntralesional 
hyaluronic acid administration. 
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DISCUSSION

1. Main findings
This is the first prospective, randomized study evalu-

ating the efficacy of an oral administration of HA in 
combination with intralesional injections compared 
with intralesional injections alone, in patients with 
early onset of PD. We found that the combination of 
oral administration and intralesional treatment with 
HA showed greater improvement in penile curvature 
and overall sexual satisfaction in comparison with in-
tralesional HA treatment alone.

2. Results in the context of existing literature
For a long time, the most common treatment in the 

acute phase of PD has been intralesional verapamil 
which however, has had conflicting results [6,7]. In 
early stage of  the disease international guidelines 
suggest a conservative approach with oral pharmaco-
therapy, topical treatments or intralesional injection 
therapy [3]. The high number of proposed treatments 
for PD and the fact that the results of studies on con-
servative treatment are often contradictory make it 
difficult to provide clear treatment recommendations. 
In particular, the uncertain effect of  conservative 
treatment on the natural history of PD puts a veil 
of uncertainty over the treatment of early onset PD. 
Some authors focused their attention on HA, which is 
the predominant GAG in the ‘amorphous ground sub-
stance’ of connective tissue [2]. It consists of glucuronic 
acid and N-acetylglucosamine, held together by beta-
glycosidic bonds. HA is present in high concentrations 
in the tunica albuginea and controls the distribution of 
nutrients in the connective tissue through its hydrat-
ing effect [3]. Some authors stated that HA counter-
acts interleukin (IL)-1-induced inhibition of collagen 
biosynthesis in cultured human chondrocytes, thereby 
highlighting a possible role in the management of PD 
[8]. Gennaro and co-workers [4], pioneered the testing 
of HA in PD, and could show a decrease of plaque size 
and penile curvature and an improved IIEF. Quite 
similar results were reported by Zucchi et al [5] in 2016 
in a pilot study in 65 patients. Recently, Favilla et al 
[6] showed, in a prospective, double-arm, randomized, 
double-blinded study, that HA has a greater efficacy 
of in terms of penile curvature and patients’ satisfac-
tion when compared with intralesional verapamil. The 
studies by Zucchi et al [5] and Favilla et al [6] included, 

as our study, only patients with an acute inflamma-
tory phase of the disease with duration of symptoms 
<12 months. Their findings highlight that HA treat-
ment should undergo further studies in patients with 
early onset of PD. Zucchi et al [5] used 10 weeks treat-
ment duration, Favilla et al [6] used 12 weeks, while 
we used 6 weeks treatment schedule in our study. In 
the 2020, Cocci et al [9] reported a better outcome in 
terms of VAS score reduction, IIEF-5 improvement 
and reduction of penile curvature in patients treated 
with HA when compared with intralesional verapamil. 
We believe that the efficacy reported with our shorter 
treatment schedule is due to the addition of the oral 
administration of HA. Moreover, we used an oral ad-
ministration of HA in combination with avocado and 
soya unsaponifiables extracts. Several in vitro and ani-
mal model studies demonstrated that avocado and soya 
unsaponifiables extracts are able to suppress IL-6, IL-
8, MIP-1β, prostaglandin E2, and to induce a significant 
decrease in matrix metalloproteinase (MMP)-2, MMP-
3, and tissue inhibitors of MMP-1 in the presence of 
IL-1β [10-12]. Moreover, Au et al [13] demonstrated that 
avocado and soya unsaponifiables extracts suppress the 
gene expression of potent proinflammatory cytokines, 
tumor necrosis factor alpha (TNF-α) and IL-1β, in an 
LPS-stimulated monocyte/macrophage-like cell model 
in addition to suppressing gene expression of TNF-α, 
IL-1β cyclooxygenase-2, and inducible nitric oxide syn-
thase in cultured chondrocytes. These pharmacological 
effects might explain the pain relief and the improved 
satisfaction in our patients with early onset PD. Fur-
thermore, we believe that avocado and soya unsaponifi-
ables extracts may potentiate the effect of intralesional 
HA on the plaque size and the penile curvature.

3. Strengths and limitations of the study
We consider the selected and homogenous patient 

population to be study strengths. All patients had early 
onset of PD and no patients were previously treated 
for this disease. A major limitation is the lack of a 
control group with on-label standard therapy. We did 
not have access to Clostridium histolyticum therapy in 
our centers and therefore we did not include this treat-
ment arm in the study design. The not-blinded feature 
of the study might be considered a study limitation. 
However, in each center only one arm of the study was 
performed. Each trialist reported the results from only 
one arm without any information about the other one. 
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Finally, future studies addressing the pharmacokinet-
ics of oral HA are required.

CONCLUSIONS

The combination of oral administration and intral-
esional treatment with HA shows greater efficacy than 
intralesional HA treatment alone to improve penile 
curvature and overall sexual satisfaction in men with 
early onset PD. Even though further studies and larg-
er series are needed to validate our results, this first 
prospective randomized trial highlights the increased 
potential of combined oral and intralesional HA treat-
ment to increase quality of life for many men suffer-
ing from PD.
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