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Daily low-dose tadalafil may reduce the penile curvature
progression rate in patients with acute Peyronie’s disease: a
retrospective comparative analysis
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The aim of this study was to evaluate the clinical outcomes of patients in acute phase of Peyronie’s disease (PD) treated with daily
low-dose of Tadalafil. An observational retrospective study involving patients in acute phase of PD with erectile dysfunction (ED)
was designed. All subjects were offered Tadalafil 5 mg one tablet a day. Men who accepted treatment were compared to patients
who refused Tadalafil. Penile curvature progression was chosen as the primary outcome. PD Questionnaire (PDQ) and IIEF-5 scores
were selected as secondary outcomes. A total of 191 patients were included in the study (108 intervention vs. 83 control). Penile
curvature progression rate was significantly lower in subjects taking Tadalafil at 12 weeks (25.9% vs. 39.7%, p= 0.042). Mean IIEF-5
score improved in the intervention group, becoming significantly higher compared to the observation group at 12 weeks (19.3 vs.
11.2 points, p < 0.001). Mean PDQ-Overall and PDQ-Penile Pain scores only improved in the intervention group and the statistically
significant differences at baseline between groups became not statistically significant at 12 weeks (p= 0.001 vs. p= 0.232 and
p < 0.001 vs. p= 0.078, respectively). Daily low-dose Tadalafil in patients with acute phase of PD seems to significantly reduce the
penile curvature progression rate compared to observation, especially when it is administrated early. It also appears to improve
erectile function and PD-related symptoms.
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INTRODUCTION
Peyronie’s disease (PD) is an acquired disorder involving the
connective tissue of the tunica albuginea of the corpora cavernosa
characterized by the formation of fibrous plaques that alter penile
anatomy [1]. PD consists of two successive phases. The first is an
acute inflammatory phase typically, but not invariably, character-
ized by palpable fibrous plaque, progressive penile curvature and
pain during erection. This stage can last up to 12–18 months. The
second is a chronic stable phase in which the penile curvature
stabilizes, the pain disappears, and the plaque calcifies [2] PD is
associated with a high rate of depression [3]. Moreover, a
significant proportion of untreated PD patients complain of some
degree of erectile dysfunction (ED) [4, 5]. Currently, an etiological
therapy for PD is not available. Conservative and surgical
treatments can be distinguished [6, 7]. Conservative therapy
should be offered to patients in the acute phase and men in the
chronic phase who are unwilling or unable to undergo surgery [6].
During the acute phase nonsteroidal anti-inflammatory drugs
(NSAIDs) and extracorporeal shockwave treatment (ESWT) may be
administrated to relieve penile pain, while the evidence support-
ing conservative treatments capable of acting on the progression
of penile curvature is still limited [6, 8]. Phosphodiesterase 5

inhibitors (PDE5Is) represent a viable option in the treatment of ED
[9] Interestingly, some preclinical evidence demonstrated the
antifibrotic effects of PDE5Is in PD models [10]. Besides, some
preliminary studies highlighted the potential antifibrotic and
analgesic effects of PDE5Is in men with PD [11, 12]. Accordingly,
long-term treatment with PDE5Is could represent an emerging
strategy for conservative treatment of PD [13]. However, current
European Association of Urology (EAU) Guidelines still recom-
mend the use of PDE5Is only to improve the erectile function of
PD patients [6]. In fact, although the use of these drugs in patients
with PD is progressively increasing, there is still little clinical
evidence demonstrating their effectiveness in reducing symptoms
and disease progression [14].
The aim of this study was to evaluate the clinical outcomes of

patients in acute phase of PD treated with daily low-dose of
Tadalafil.

MATERIALS AND METHODS
Study design and ethical aspects
We designed an observational retrospective study involving consecutive
patients referring to the outpatient clinic of our tertiary center (Urology
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Unit, University of Naples “Federico II”, Naples, Italy) from September 2018
to March 2020. The research was conducted in accordance with the
Declaration of Helsinki on ethical principles for medical research involving
human subjects [15]. All patients gave a written informed consent for
collection and publication of their clinical data. Due to purely observational
retrospective nature of the study, after consultation with the Ethics
Committee it was exempted from specific approval.

Patient enrollment and treatment protocol
Male patients, over 18 years old, in acute phase of PD, with a penile
curvature <30 degrees, complaining of ED were included in the study.
Acute phase of PD was defined as progressive worsening of penile
curvature associated with penile pain during erection, regardless of the
time from the onset of symptoms. ED was defined as five-item version of
International Index of Erectile Function (IIEF-5) score <22 [16]. All patients
were sexually active (at least 1 sexual intercourse per month in the past
3 months) and had a stable partner (single sexual partner in the past
3 months). The followings were considered exclusion criteria: previous
treatments specifically targeted to PD, previous daily use of PED5Is or
intracavernous vasoactive agents for ED, concomitant penile disorders,
complex penile deformities (hinge or hourglass), history of pelvic surgery
or radiotherapy. Intake of nitrates, severe heart diseases, non-arteritic
anterior ischemic optic neuropathy, and other conditions that contra-
indicated the intake of PDE5Is were further reasons for exclusion.
All patients who met the above criteria were offered Tadalafil 5 mg one

tablet a day at the same time regardless of meals for 12 weeks. Men who
accepted treatment (intervention group) were compared to patients who
refused PDE5Is for personal reasons (observational group). More specifi-
cally, PDEIs were refused mainly due to the fear of side effects or
interactions (44.6%), the embarrassment in purchasing or using the drug
(27.7%), and the fear of drug addiction (12.0%). Patients in both groups
underwent no other conservative treatment for PD (including supple-
ments, NSAIDs, ESWT, and penile traction therapy) or on demand PDE5Is
for ED. Only subjects with a complete 12-week follow-up and who did not
discontinue Tadalafil treatment were included in the analysis.

Patient evaluation and selected outcomes
The following data were collected for each patient at baseline: age, body
mass index (BMI), diabetes mellitus, smoking, hypertension, dyslipidemia,
total serum testosterone, time from onset of symptoms, plaque features,
penile curvature, PD Questionnaire (PDQ) [17], and IIEF-5.
Penile curvature assessment was performed by a single experienced

urologist following intracavernous injection of 10 micrograms of alpros-
tadil and using a goniometer. Only patients who achieved sufficient
erection (Erection Hardness Score: 3–4) [18] with this injection were
included. The study of penile plaques was performed with ultrasono-
graphy. IIEF-5 and PDQ were self-administrated to patients.
Penile curvature, PDQ, and IIEF-5 were reassessed after 12 weeks in both

groups. Penile curvature progression was chosen as the primary outcome
and was arbitrarily defined as worsening of curvature after 12 weeks ≥10
degrees. In the case of multiplanar penile curvatures, the greater one was
taken into account. PDQ and IIEF-5 scores were selected as secondary
outcomes. All adverse events (AEs) were recorded in the follow-up period.

Statistics
The categorical variables were described as frequencies and percentages.
The continuous variables were expressed as mean ± standard deviation
(SD). The Kolmogorov–Smirnov test was applied as normality test [19]. The
Student’s t test and the Chi-squared test were used to compare continuous
and categorical variables, respectively [20]. Statistical significance was set a
priori at p ≤ 0.05. A sub-analysis was performed according to the duration
of the disease based on an arbitrary cut-off (≤9 months vs. >9 months). The
IBM Statistical Package for the Social Sciences (IBM Corp. Released 2015.
IBM SPSS Statistics for Windows, Version 23.0. Armonk, NY: IBM Corp.) was
used for the statistical analyses.

RESULTS
A total of 191 patients were included in the study, 108 received
Tadalafil and 83 underwent observation. Mean (SD) age was 59.0
(9.0) years in the intervention group and 57.7 (9.2) years in the
observation group (p= 0.442). Mean (SD) time from onset of PD

was 9.8 (5.5) and 10.9 (6.7) months (p= 0.232), for the intervention
and observation group, respectively. Most penile curvatures were
dorsal in both groups (46.2% vs. 48.2%). Mean (SD) penile
curvature at baseline was 19.0 (7.8) degrees in patients treated
with Tadalafil and 18.0 (7.5) degrees in controls (p= 0.265).
Baseline demographic and clinical characteristics of both groups
were detailed in Table 1.
Penile curvature progression rate was significantly lower in

subjects taking Tadalafil than men under observation at 12 weeks
(25.9% vs. 39.7%, p= 0.042). This statistically significant difference
was maintained in patients with a time from onset of
PD ≤ 9 months (p= 0.003), in contrast to the subgroup character-
ized by time from onset >9 months (p= 0.059). Penile curvature
angle and progression rate according to treatment and duration
of disease were reported in Table 2 and Fig. 1, respectively.

Table 1. Demographic and clinical characteristics of patients in both
groups.

Tadalafil
(n= 108)

Observation
(n= 83)

p value

Age, years
Mean (SD)

59.0 (9.0) 57.7 (9.2) 0.442

BMI, kg/m2

Mean (SD)
28.9 (5.7) 28.5 (6.0) 0.651

Diabetes mellitus
n (%)

18 (16.6) 5 (6.0) 0.012

Hypertension
n (%)

10 (9.2) 22 (26.5) 0.001

Dyslipidemia
n (%)

18 (16.6) 13 (15.6) 0.852

Smoking
n (%)

52 (48.1) 22 (26.5) 0.034

Total serum
testosterone, n/dL
Mean (SD)

311.3 (129.9) 383.2 (162.4) 0.001

Time from
onset, months
Mean (SD)

9.8 (5.5) 10.9 (6.7) 0.232

Time from onset, n (%) 0.318

-≤9 months 56 (51.8) 37 (44.5)

->9 months 52 (47.2) 46 (55.4)

Penile curvature angle,
degreesMean (SD)

19.0 (7.8) 18.0 (7.5) 0.265

Penile curvature
direction, n (%)

0.310

- Dorsal 50 (46.2) 40 (48.2)

- Lateral 22 (20.4) 15 (18.0)

-Ventral 8 (7.4) 6 (7.2)

-Multiplanar 28 (25.9) 22 (26.5)

Major plaque
volume, ccMean (SD)

3.1 (0.7) 2.6 (1.0) 0.128

Major plaque
calcification, n (%)

40 (37.0) 25 (30.1) 0.317

IIEF-5, points
Mean (SD)

15.6 (4.8) 13.1 (5.0) 0.211

PDQ, points

Mean (SD)

- Overall 43.1 (13.5) 33.0 (13.7) 0.001

- PPS 15.5 (5.7) 12.4 (6.3) 0.059

- PP 17.9 (6.6) 12.9 (6.2) <0.001

- SB 8.7 (3.3) 7.6 (4.8) 0.070

Student’s t test and the Chi-squared test were used to compare continuous
and categorical variables, respectively.
BMI Body Mass Index, IIEF-5 Five-item version of International Index of
Erectile Function, PDQ Peyronie’s Disease Questionnaire, PPS Psychological
and Physical Symptoms, PP Penile Pain, SB Symptom Bother, SD Standard
Deviation.
Statistically significant values are marked in bold.
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Mean IIEF-5 score significantly improved (p= 0.001) in the
intervention group, becoming significantly higher compared to
the observation group at 12 weeks (19.3 vs. 11.2 points, p < 0.001).
IIEF-5 score was described in Table 3. Mean PDQ-Overall and PDQ-
Penile Pain (PDQ-PP) scores significantly improved (p < 0.001) at
12 weeks only in the intervention group, consequently the
statistically significant differences in favor of the observation
group at baseline became not significant at 12 weeks (p= 0.001
vs. p= 0.232 and p < 0.001 vs. p= 0.078, respectively). PDQ-
Overall and PDQ-PP scores were summarized in Table 4.
Only mild AEs (e.g., headache, flushing, dyspepsia, nasal

congestion) were recorded in a minority of cases (19, 17.6%)
belonging to the Tadalafil group.

DISCUSSION
A conservative therapy is frequently advocated in the acute phase
of PD to relieve the penile pain or prevent the progression of
penile curvature, but the evidence on the topic is still limited [21].
PDE5Is are part of the conservative management of patients with
PD, however, they are traditionally used to improve erection in
this population [22]. In recent years, preliminary evidence, first in
animal models and in vitro and subsequently in humans, have
highlighted the antifibrotic and analgesic potential of long-term
administration of PDE5Is in PD [12, 23, 24].

Clinical evidence on PDE5Is in PD patients
A recent survey of 401 sexual medicine experts across Europe
found that the most common oral medication prescribed for the
treatment of PD was Tadalafil 5 mg once daily (57.4%) [13].
Palmieri et al. showed in a randomized controlled trial (RCT) on PD
patients complaining of ED that ESWT plus Tadalafil 5 mg once
daily significantly improved IIEF-5 and quality of life compared to
ESWT alone at 6 months [25]. Dell’Atti compared intralesional

verapamil injection (IVI), Tadalafil 5 mg daily, and IVI plus Tadalafil
5 mg daily in a 3-month RCT on PD patients. Penile pain resolved
completely or partially in 57%, 61%, and 76% of cases,
respectively. A slight reduction in penile curvature was recorded
in all groups with no significant differences compared to baseline.
Plaque size remained stable in IVI alone and Tadalafil alone
groups, significantly decreasing in the combination group. IIEF-5
significantly improved in Tadalafil alone and combination groups,
with a statistically significant difference in favor of the latter [26].
Hatampour et al. compared intraplaque injection of dexametha-
sone plus Tadalafil 5 mg once daily and IVI in another 3-month
RCT on chordee patients with PD. Degree of penile curvature,
plaque count, and plaque size decreased significantly in both
groups from baseline, with no significant difference between the
groups [27]. Chung et al. evaluated PD patients with septal scars
undergoing Tadalafil 2.5 mg daily over a 6-month period in a
retrospective controlled study. The Tadalafil group reported a
significantly higher IIEF-5 score and significantly more frequent
septal scar resolution than the control group. Besides, 5 patients in
the control group and only 1 subject in the Tadalafil group
showed worsening or penile curvature during the follow-up [11].
Ozturk et al. compared Sildenafil 50 mg daily and Vitamin E 400 IU
daily in a RCT with 3 months of follow-up. IIEF-5, penile curvature,
plaque volume, and pain score were significantly improved from
baseline in the Sildenafil group. Moreover, the improvements in
IIEF-5 score and pain score were statistically significant in Sildenafil
group compared with Vitamin E group [12].

Molecular mechanisms of PDE5Is in PD
Several studies on fibrosing diseases (e.g., idiopathic pulmonary
fibrosis, Duchenne muscular dystrophy, cardiac and renal
fibrosis) showed that PDE5Is have antifibrotic properties [28].
Growing evidence is showing that continuous therapy with
PDE5Is may block or reverse fibrosis of the corpora cavernosa
and tunica albuginea, with antifibrotic mechanisms independent
of the well-known effect of vasodilation and increased blood
flow associated with these drugs. Continuous PDE5Is adminis-
tration induces a sustained elevation of nitric oxide (NO) and
cyclic guanosine monophosphate (cGMP) in the penile tissues.
This pathway, probably by activating protein kinase G, leads to
decrease profibrotic factor secretion (e.g., TGF-β1), myofibro-
blasts count, and collagen deposition [10]. Myofibroblasts are
“the most intensive collagen factory”. Oxidative stress and
inflammation typical of the acute phase of PD promote local
fibroblast-to-myofibroblast conversion. Sustained levels of NO
and cGMP seems hinder this differentiation and promote
myofibroblast apoptosis. The timing for the administration of
PDE5Is could be essential, a recent study suggests that these
drugs can prevent but not reverse myofibroblast transformation,
therefore, they should only be used in the early stage of PD for
antifibrotic purposes [29]. However, the antifibrotic mechanisms
of PDE5Is in the penile tissues are probably still largely unknown
and some of them could be partially or totally independent from
the NO/cGMP pathway. Finally, we hypothesize that an anti-

Table 2. Penile curvature (degrees) according to treatment and PD duration.

Total ≤9 months >9 months

Baseline
mean (SD)

12 weeks
mean (SD)

Baseline
mean (SD)

12 weeks
mean (SD)

Baseline
mean (SD)

12 weeks
mean (SD)

Tadalafil 19.0 (7.8) 20.8 (11.8) 21.3 (9.7) 22.9 (10.7) 19.0 (6.8) 22.7 (10.0)

Observation 18.0 (7.5) 28.1 (13.7) 19.4 (7.3) 28.8 (13.6) 18.5 (7.8) 25.2 (12.7)

p value 0.265 0.044 0.348 0.003 0.618 0.059

Student’s t test.
PD Peyronie’s Disease, SD Standard Deviation.
Statistically significant values are marked in bold.

Fig. 1 Progression rate of penile curvature according to treat-
ment and PD duration. Progression was defined as worsening of
curvature after 12 weeks ≥10 degrees. PD: Peyronie’s Disease.
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inflammatory and antioxidant effect of continuous PDE5Is may
contribute to the reduction of penile pain in patients with PD,
however this statement is not currently supported by solid
biomolecular evidence [23, 24, 30].

Our main findings
In this study we compared the clinical outcomes of PD patients
receiving Tadalafil 5 mg daily or observation. Interestingly, we
found that the penile curvature progression rate was significantly
lower in patients taking Tadalafil than men under observation
(p= 0.042). This finding supports the hypothesis that PDE5Is may
interfere with the pathogenesis of fibrosis in PD patients [31].
Moreover, the difference between the two groups was significant
(p= 0.002) only when considering patients with short duration of
the disease (≤9 months). This result suggests a substantial benefit
especially when therapy with PDE5Is is started early.
Furthermore, in patients receiving Tadalafil we observed a

predictable significant improvement in the IIEF-5 score and
statistically significant higher scores compared to subjects in the
observation group. This finding aligns with the recommendation
of the EAU guidelines to offer PDE5Is to PD patients to improve
erection and optimize penetration [6].

Finally, we found a significant improvement in the PDQ-Overall
and PDQ-PP scores of men treated with Tadalafil and stable scores
in observed patients. Consequently, despite a statistically significant
difference at baseline in favor of the observation group, no
statistically significant differences were recorded between the two
groups at 12 weeks. This result supports previous evidence on the
analgesic effect of PDE5Is in PD patients [12].

Strengths and limitations
To the best of our knowledge this is the first study specifically
designed to evaluate the clinical outcomes of patients in acute
phase of PD treated with Tadalafil 5 mg daily alone. Furthermore,
despite the relatively small sample size, this is to date the clinical
study on the topic with the largest cohort of patients evaluated.
Other significant strengths of this paper are the presence of a
comparative group and the use of a validated tool (PDQ) for
measuring outcomes of PD patients. However, our research should
be read and interpreted considering various issues. The main
limitation is the retrospective design. Another weakness, caused
by the lack of randomization, is the presence of some significant
differences at baseline between the intervention and observation
group. In this regard, the placement of patients in one group over

Table 3. IIEF-5 score (points) according to treatment and PD duration.

Total ≤9 months >9 months

Baseline
mean (SD)

12 weeks
mean (SD)

Baseline
mean (SD)

12 weeks
mean (SD)

Baseline
mean (SD)

12 weeks
mean (SD)

Tadalafil 15.6 (4.8) 19.3 (3.7) 16.5 (4.9) 20.0 (4.0) 14.6 (4.5) 18.7 (3.3)

Observation 13.1(5.0) 11.2 (5.2) 14.7 (4.5) 11.1 (4.9) 13.5 (5.5) 11.4 (5.5)

p value 0.211 <0.001 0.089 <0.001 0.067 <0.001

Student’s t test.
IIEF-5 Five-item version of International Index of Erectile Function, PD Peyronie’s Disease, SD Standard Deviation.
Statistically significant values are marked in bold.

Table 4. PDQ scores (points) according to treatment and PD duration.

Total ≤9 months >9 months

Baseline
mean (SD)

12 weeks
mean (SD)

Baseline
mean (SD)

12 weeks
mean (SD)

Baseline
mean (SD)

12 weeks
mean (SD)

PDQ-Overall

Tadalafil 43.1 (13.5) 33.2 (10.9) 41.2 (14.1) 32.9 (10.7) 40.9 (14.0) 33.2 (11.3)

Observation 33.0 (13.7) 35.1 (13.7) 31.8 (13.9) 34.0 (12.6) 34.4 (12.8) 34.5 (12.2)

p value 0.001 0.232 0.006 0.311 0.022 0.098

PDQ-PPS

Tadalafil 15.5 (5.7) 12.1 (5.4) 13.8 (6.6) 13.2 (3.6) 15.3 (3.8) 10.9 (5.5)

Observation 12.4 (6.3) 12.4 (6.3) 12.5 (6.6) 12.8 (6.6) 12.5 (6.6) 12.0 (6.2)

p value 0.059 0.360 0.055 0.282 0.061 0.155

PDQ-PP

Tadalafil 17.9 (6.6) 12.3 (4.7) 16.1 (7.7) 14.7 (6.6) 17.8 (4.6) 14.2 (6.4)

Observation 12.9 (6.2) 13.0 (6.4) 13.1 (6.3) 13.2 (2.6) 12.7 (6.2) 12.4 (6.1)

p value <0.001 0.078 <0.001 0.343 <0.001 0.069

PDQ-SB

Tadalafil 8.7 (3.3) 8.0 (3.2) 7.8 (3.7) 8.8 (2.6) 9.7 (2.6) 7.4 (3.6)

Observation 7.6 (4.8) 7.7 (4.8) 5.5 (5.0) 9.0 (4.0) 9.3 (3.8) 5.7 (5.1)

p value 0.070 0.066 0.053 0.134 0.884 0.058

Student’s t test.
PD Peyronie’s Disease, PDQ Peyronie’s Disease Questionnaire, PDQ-PPS PDQ-Psychological and Physical Symptoms, PDQ-PP PDQ-Penile Pain, PDQ-SB PDQ-
Symptom Bother, SD Standard Deviation.
Statistically significant values are marked in bold.
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the other depending on their choice of whether or not to take
Tadalafil it may have favored the selection bias. Some subjects
may have refused daily Tadalafil because they were dissatisfied
with the effect of PDE5Is taken sporadically for DE before the
study period, this could be a sign of an overall lower efficacy of
this class of drugs in a part of the observation group with
consequent impact on the results; however, we do not know the
exact percentage of patients who refused Tadalafil for this reason
and the lower efficacy in this small subgroup remains only a
hypothesis. We did not perform an a priori power analysis. There is
no univocal definition of penile curvature progression, therefore it
was decided arbitrarily, this may have influenced the direction of
the results. The assessment of plaques with ultrasonography is not
a reliable method and it is not recommended by the guidelines
[6]. The IIEF-5 and PDQ questionnaires have not yet been validated
in Italian. The course of PD is unpredictable and especially for
patients with time from onset >9 months the improvement in
clinical outcomes could be due in part to spontaneous disease
stabilization rather than PDE5Is [31]. Only men with penile pain
and progressive worsening of the penile curvature were included
in the study, but it is known that a significant proportion of
subjects in the acute phase of PD may have no pain or progression
of the curvature [32]. In addition, the selected patients had overall
a mild penile curvature and all complained of ED. Finally, only men
who had not discontinued Tadalafil treatment were included,
although it is known that not negligible percentage of patients
treated with PDE5Is may discontinue therapy for various reasons
[20, 33]. These last three issues could hinder the generalizability of
our results.

CONCLUSIONS
Daily low-dose Tadalafil in patients with acute phase of PD seems
to significantly reduce the penile curvature progression rate
compared to observation, especially when it is administrated early.
Besides, it appears to improve erectile function and PD-related
symptoms. However, the results of the present study should be
considered preliminary due to its significant limitations. Further
well-designed RCTs are needed to confirm our promising findings.

DATA AVAILABILITY
Raw data is available if requested.
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