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Abstract

Background: Phosphodiesterase type 5 inhibitors (PDE5i), particularly tadalafil and silde-
nafil, are the first-line therapies for erectile dysfunction (ED). After the patent expiration
of branded tadalafil in 2017, generic formulations became available. Despite equivalent
efficacy, skepticism persists regarding the effectiveness and safety of generics. The SHIFT
study aimed to evaluate the non-inferiority of a generic tadalafil (Dalerpen) compared with
branded and other generic tadalafil in terms of clinical efficacy and patient satisfaction.
Methods: A prospective, multicenter study was conducted involving 247 patients treated
with tadalafil (either 5 mg or 20 mg) for ED. Patients switched from branded or other
generic tadalafil to Dalerpen. Baseline and follow-up assessments included the Interna-
tional Index of Erectile Function—Erectile Function Domain (IIEF-EF) (primary endpoint),
Sexual Encounter Profile (SEP-2 and SEP-3), and International Prostatic Symptom Score
(IPSS). A one-month follow-up was performed. Results: A total of 247 patients were
included in the final analysis. After switching to Dalerpen, significant improvements were
observed in both IIEF-EF (18.8 ± 5.6 vs. 16.7 ± 5.4, p < 0.001) and IPSS scores (10.4 ± 6.7
vs. 11.2 ± 6.3, p < 0.001), though the minimal clinically important difference (MCID) was
not reached. SEP-3 scores also significantly increased (3 ± 1.2 vs. 2 ± 1.1, p < 0.001).
Multivariate analysis identified baseline IIEF, IPSS scores, and post-treatment IPSS as pre-
dictors of IIEF-EF improvement (p < 0.001). Switching to Dalerpen was an independent
predictor of both IIEF-EF and IPSS improvement. No new adverse events were reported.
Conclusions: The SHIFT study demonstrates that Dalerpen is non-inferior to branded
tadalafil in terms of clinical efficacy, offering a reliable and cost-effective therapeutic option.
Educating patients on bioequivalence and addressing concerns regarding generic drugs are
essential to facilitate therapeutic switches.
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1. Introduction
Erectile dysfunction (ED) is defined as the consistent inability to attain and maintain a

penile erection sufficient for satisfactory sexual performance [1].
In Italy, approximately 3 million individuals are affected by ED [2]. These data derive

from an epidemiological study conducted on 2000 subjects, which reported an overall
prevalence of ED of 12.8%. The study also confirmed a significant increase in ED prevalence
with advancing age (2% between 18 and 30 years and 48% over 70 years).

The introduction of phosphodiesterase type 5 inhibitors (PDE5is) has revolutionized
the treatment of erectile dysfunction (ED). To date, these drugs represent the first-line ther-
apy, demonstrating efficacy in over 80% of unselected patients [3,4]. Sildenafil and tadalafil
are the most commonly used PDE5is [5], both of which have shown comparable efficacy in
treating ED. A recent study [6] from a large online prescription platform (OPP) confirmed a
preference for tadalafil over sildenafil among patients who had tested both PDE5is.

In 2002, tadalafil was introduced to the Italian market as Cialis (Ely Lilly, Indianapo-
lis, US; 2003). After the patent expired in 2017, several equivalent generic drugs became
available. Generic medications have the potential to significantly reduce healthcare costs
compared with their branded counterparts. The increased utilization of generic drugs at
the prescribing and dispensing levels represents a viable strategy to contain rising pharma-
ceutical expenditures. Cost savings associated with generic substitution have been linked
to improved medication adherence, with potential downstream benefits on clinical out-
comes. However, their adoption is often hampered by scepticism among both physicians
and patients regarding their effectiveness and safety. Clinicians may harbour reservations
about generics. In a large-scale survey, approximately 23% questioned the efficacy of
generic drugs, and nearly half expressed concerns about their quality [7]. These beliefs
can influence prescribing behaviour and reporting practices, thereby affecting both the
actual and perceived safety and effectiveness of generics. Concerns persist among patients
regarding the perceived association between lower cost and reduced quality of generics.
For example, patients with negative views toward generics may be more inclined to report
adverse events, introducing a perception-related bias into post-market data. This feeling
often arises from a lack of understanding or misinformation about bioequivalence, as well
as marketing strategies employed by branded drug manufacturers. A bioequivalent drug
is a medication that contains the same qualitative and quantitative amount of the active
substance (thus containing the same quantity and quality of the active ingredient), the same
pharmaceutical form as the reference medicine, and an identical release method (pharma-
ceutical equivalent). Bioequivalence is demonstrated through appropriate bioavailability
studies. To determine bioequivalence after a single dose, the parameters to be analysed
are AUC (0-t), or, when relevant, AUC (0–72 h) and Cmax. For these parameters, the
90% confidence interval for the ratio of the test is considered. To be inside the acceptance
interval, the lower bound should be ≥80.00% when rounded to two decimal places and the
upper bound should be ≤125.00% when rounded to two decimal places [8]. Critics often
argue that, while pharmaceutical companies are required to undertake extensive clinical
trials for branded drugs, generic drug manufacturers only need to prove bioequivalence,
rather than clinical outcome equivalence. Therapeutic equivalence is not directly tested,
but is presumed based on tests of bioequivalence. Regulatory efforts should therefore aim
to minimize the risk of therapeutic nonequivalence without undermining the economic ad-
vantages of generic formulations. While bioequivalent generics approved by the regulator
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and manufactured according to regulatory standards have not demonstrated evidence of
therapeutic divergence, a residual risk of nonequivalence remains when switching from
originator products to generics or between generics. Such discrepancies are more readily
detectable in institutional settings than in routine care, where therapeutic failure may be
misattributed to disease progression [9].

Randomized controlled trials comparing generic and branded drugs are rarely con-
ducted for economical, marketing and clinical reasons. In the absence of these trials,
retrospective data remain the main tool to obtain clinical information on the outcomes of
generic medications.

To our knowledge, no prospective trial comparing generic and branded tadalafil has
been performed. These premises guided the SHIFT study, aimed at evaluating the non-
inferiority of treatment with a generic tadalafil (Dalerpen, EcuPharma srl, Milan, Italy, 2019)
compared with other tadalafil, including the branded one (Cialis), in terms of clinical efficacy.

2. Materials and Methods
We designed a non-randomized, self-controlled, observational, prospective study.

Patients were recruited by 35 expert andrologists affiliated with the Italian Society of
Andrology (SIA), evenly distributed across Italy, between March 2023 and October 2023.

Informed consent was obtained from all participants. This study was conducted in
accordance with the Declaration of Helsinki and was approved by the Ethics Committee of
Regione Calabria (Sezione Area Centro, protocol code n.23 on 20 January 2022).

Consecutive patients over 18 years of age who had been treated with another tadalafil
formulation (not Dalerpen) at 20 mg or 5 mg for ED for at least three months were included.
Patients taking tadalafil either daily or as needed were eligible. Subjects were required to
declare that they were sexually active, engaging in at least one intercourse per week, while
taking the prescribed therapy. Exclusion criteria included the use of other medications or
devices for the treatment of ED, the use of tadalafil 5 mg for benign prostatic hyperplasia
without ED, any severe adverse events previously reported during tadalafil use, abso-
lute contraindications to PDE5 inhibitors, hypogonadism, Peyronie’s disease, phimosis,
balanoposthitis, or contraindications to sexual activity.

At the baseline visit, all patients were offered the option to switch from their current
tadalafil formulation to Dalerpen at the same dosage and regimen previously taken, re-
gardless of perceived effectiveness or side effects. Patients were not influenced in their
decision to switch, and declining the change did not affect the therapeutic relationship. The
follow-up visit was conducted 30 days after the therapy switch.

During the baseline visit, patients underwent a thorough medical history, a complete
andrological physical examination, and blood tests to assess lipid profile, glycemic profile,
total testosterone, and total PSA. They also completed the International Index of Erectile
Function—Erectile Function Domain (IIEF-EF), Sexual Encounter Profile (SEP-2 and SEP-3),
and International Prostatic Symptom Score (IPSS) questionnaires. At follow-up, patients
repeated the blood tests and questionnaires, and responded to a closed-ended question
regarding their satisfaction (“What is your perception of the impact of the therapy switch
on your erectile function?”: Improvement, Stability, or Worsening). Andrologists were also
asked to identify, during patient interviews, any factors that might hinder or facilitate the
therapy change. All adverse events related to tadalafil use before and after the switch were
recorded. The IIEF-EF was chosen as the primary outcome.

Statistics

The Shapiro–Wilk test was used to assess the normality of data distribution. Quanti-
tative variables were reported as means and standard deviations (SDs), while qualitative



Uro 2025, 5, 14 4 of 9

variables were presented as absolute and relative frequencies. Based on the previous
literature, a minimal clinically important difference (MCID) of 4 points in IIEF-EF was
assumed. A conservative non-inferiority margin (∆) of 3 points was selected, representing
the maximum acceptable loss of efficacy after switching to Dalerpen. Assuming a standard
deviation of 6 points for the within-subject difference and an intra-subject correlation of 0.5,
the adjusted standard deviation for the paired analysis was estimated at 6.0.

With α = 0.05 and 80% power, a minimum of 26 patients per subgroup was required
to demonstrate non-inferiority. Paired t-tests were used to compare continuous variables
within the same group at different time points, while unpaired t-tests or one-way ANOVA
were used to compare continuous variables between groups. Categorical variables were
compared using the chi-squared test. Multivariate linear regression models were applied
to identify independent predictors of changes in IIEF-EF and IPSS scores. A p-value < 0.05
was considered statistically significant. All analyses were performed using RStudio version
2024.12.1+563.

3. Results
A total of 247 patients completed the study. Of these, 126 (51%) were treated with

tadalafil at 5 mg, whereas 121 (49%) received tadalafil at 20 mg. The switch was made from
both branded and other generic tadalafil, as shown in Table 1.

Table 1. Type of tadalafil treatment at baseline.

Tadalafil N %

Generic Tadalafil 5 mg 79 32
Generic Tadalafil 20 mg 84 34

Tot. 163 66

Branded Tadalafil 5 mg (Cialis) 44 18
Branded Tadalafil 20 mg (Cialis) 40 16

Tot. 84 34

The mean age of patients was 61.2 ± 10.5 years. The baseline characteristics of enrolled
subjects are listed in Table 2.

Table 2. Baseline characteristics of enrolled patients.

Mean SD

Age (yrs) 61.2 10.5

Waist circumference (cm) 97.0 11.6

Total Cholesterol (mg/dL) 190.8 39.3

LDL (mg/dL) 119.0 35.1

HDL (mg/dL) 50.3 15.2

Triglycerides (mg/dL) 130.2 42.7

Total PSA (ng/dL) 2.0 1.3

Total Testosterone (ng/mL) 534.8 197.8

IIEF-EF 16.7 5.4

SEP-2 3 1.2

SEP-3 2 1.1

IPSS 11.2 6.3
LDL: Low-Density Lipoproteins; HDL: High-Density Lipoproteins; PSA: Prostatic Specific Antigen; IIEF-EF:
International Index of Erectile Function-Erectile Function domain; SEP-2: Sexual Encounter Profile question 2;
SEP-3: Sexual Encounter Profile question 3.
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At the one-month follow-up after the therapy switch, IIEF-EF’s mean and standard
deviation improved compared with the baseline (18.8 ± 5.6 vs. 16.7 ± 5.4; p < 0.001).
The IPSS scores were significantly reduced compared with the baseline (vs 10.4 ± 6.7 vs
11.2 ± 6.3; p < 0.001), but this reduction was not clinically meaningful (Table 3 and Figure 1).
The MCID was not reached for both questionnaires. SEP-3 also showed a significant
increase after treatment (3 ± 1.2 vs. 2 ± 1.1 p < 0.001). No new adverse events have been
reported in the study group.

Table 3. Main results: baseline vs. 1 month after therapy switch.

Total PSA Total
Testosterone IIEF-EF SEP-2 SEP-3 IPSS

BASELINE

Mean 2.0 534.8 16.7 3 2 11.2

SD 1.3 197.8 5.4 1.2 1.1 6.3

FOLLOW-UP (1 MONTH):

Mean 2.0 534.6 18.8 3 3 10.4

SD 1.8 156.3 5.6 1.3 1.2 6.7

p 0.96 0.69 <0.001 0.32 <0.001 <0.001

Figure 1. IIEF-EF and IPSS changes after 1 month follow-up.

A sub-analysis of patients who switched from the branded drug revealed a significant
increase in IIEF-EF (20.0 ± 5.6 vs. 18.3 ± 5.5 p < 0.001), whereas no changes in IPSS score
were observed (8.1 ± 6.1 vs. 8.8 ± 5.9 p = 0.018) (Figure 1). Multivariate analysis showed
that baseline IIEF and IPSS scores, as well as post-treatment IPSS, were independent
predictors of IIEF-EF improvement (p < 0.001). Baseline and post-treatment PSA and IIEF-
EF after therapy were independent predictors of IPSS improvement (p < 0.001). Switching
treatment to Dalerpen was found to be an independent predictor for both IIEF-EF and IPSS
improvement, but no correlation was found between the type of tadalafil used at baseline
and changes in the questionnaires (p > 0.05).
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Overall, 89% of subjects reported improvement or stability in erectile function one
month after the therapy switch. Patient satisfaction regarding the therapy switch is sum-
marized in Table 4.

Table 4. Patient satisfaction after therapy switch.

“What is your perception on the impact of therapy switch on your erectile function?

%

Improvement 47%

Stability 42%

Worsening 4%

Barriers to therapy switch were scepticism about changing an effective therapy (60%),
the habit of using a specific drug (22%), fear of adverse events with the new drug (18%),
and reluctance to continue therapy with tadalafil due to previous inefficacy or side-effects
with same drug (10%). Patients dissatisfied with the current treatment, experiencing
adverse reactions, or motivated by cost reduction (particularly when choosing a generic
formulation over a branded drug) are identified as optimal candidates for therapeutic
switch. Explaining the characteristics of the prescribed generic drug in terms of efficacy,
administration modalities, and side-effects, illustrating the concept of bioequivalence,
and addressing the economic issues related to chronic tadalafil therapy were considered
fundamental aspects of patient counselling for favouring the switch.

4. Discussion
The SHIFT study aimed to evaluate the non-inferiority of the generic tadalafil (Daler-

pen) compared with branded and other generic formulations in terms of clinical efficacy
and patient satisfaction in treating erectile dysfunction (ED). Dalerpen was approved by
the Italian Medicines Agency (AIFA) in 2019 for the treatment of erectile dysfunction and
signs and symptoms of BPH [10]. Bioequivalence studies conducted have demonstrated
minimal variability in the main pharmacokinetic parameters (Cmax and AUC) compared
with the originator. Furthermore, the excipients used in this formulation are almost entirely
comparable to those of the branded product [10]. These reasons led us to select this drug
for the current study. Our findings demonstrate that switching from branded or other
generic tadalafil to Dalerpen does not negatively impact clinical outcomes of treatment.
The primary outcomes of this study indicated that both IIEF-EF and IPSS significantly
improved after switching to Dalerpen, suggesting that the generic formulation of tadalafil,
Dalerpen, not only maintains the efficacy observed with branded counterparts, but may
also enhance patient-reported outcomes.

The improvement in erectile and urinary function considering only patients that
switched from the branded tadalafil is statistically, but not clinically, significant, but it is
enough to consider Dalerpen non-inferior compared with the branded drug. The MCID was
not reached, so we have to carefully evaluate the results, and no conclusions can be drawn
on a possible better efficacy of Dalerpen over other tadalafils. The positive change reported
by patients could be likely attributable to the perception of taking a “new”, “different”, or
“better” drug compared with the previous one. Additionally, it may be influenced by the
time dedicated by the prescribing physician, involving more attentive counseling and a
more detailed explanation of the characteristics and strengths of the proposed medication.

The FDA and other regulatory authorities considers that their approval standards
for generic drugs are sufficiently robust to ensure that these products deliver therapeutic
outcomes equivalent to those of their brand-name counterparts. On this basis, the agency
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considers it appropriate to switch between brand-name and generic formulations, without
expecting a loss in efficacy or an increase in adverse effects. Consequently, routine clinical
monitoring beyond standard care is not deemed necessary following such substitutions.
This guidance applies broadly, including to medications used in high-risk settings, such
as those for cardiac arrhythmias, transplant immunosuppression, or epilepsy, as well as
to drugs characterized by a narrow therapeutic index, where small differences in dose
or blood concentration can carry clinical significance [11]. Therefore, depending on the
regulatory framework of each country, pharmacists may be authorized to substitute ref-
erence drugs with generic alternatives, including the possibility to freely switch among
different generic versions of the same medication. But it is important to consider that
pharmacokinetic variability among different generic formulations of the same reference
drug may pose clinical concerns when switching from one generic to another, a risk often
associated with the so-called “biocreep” phenomenon. In fact, while generics are required
to demonstrate bioequivalence to the branded drug, they are not necessarily bioequivalent
to one another. This lack of transitivity means that, although both Generic A and Generic B
are bioequivalent to the branded formulation, they are not inherently bioequivalent to each
other [12].

The SHIFT study, however, highlights that Dalerpen demonstrated non-inferiority
not only to the branded tadalafil, but also to other generics, suggesting that the specific
formulation and excipients of Dalerpen may play a role in achieving comparable efficacy.

The present study aligns with prior research that demonstrated no significant clinical
differences between generic and branded drugs across various therapeutic areas [13].
Similar findings have been reported in the context of cardiovascular, hypoglycemic, and
antihyperlipidemic drugs, where generics showed equivalent clinical outcomes compared
with their branded counterparts [14,15]. Nonetheless, lingering skepticism about the
efficacy of generics persists among some patients and healthcare providers, which could
influence adherence and satisfaction, and some trials indicate that patient perceptions
about generics could often affect therapeutic outcomes [16–18]. In addition, a “nocebo”
effect in taking a generic drug rather than the branded ones could lead to an unsatisfactory
therapeutic effect [19]. Adequate counselling is the key to improving patients’ satisfaction
regarding treatment expectations and outcomes. This is clearly evidenced by the responses
of andrologists, who highlighted that the difficulties in proposing a change in therapy are
related to patients’ beliefs, which can be easily overcome through proactive discussion.
Underlining the advantages of taking a generic drug while dispelling doubts, concerns,
and prejudices about this type of therapy can facilitate acceptance. Effective physician–
patient communication plays a critical role in the successful transition to generic therapies,
particularly in areas such as sexual health, where patient perceptions significantly influence
treatment adherence and satisfaction. Integrating counselling into routine clinical care
should involve clearly explaining the regulatory standards of bioequivalence, addressing
individual patient concerns, and emphasizing the therapeutic equivalence of the prescribed
generic. Moreover, presenting the switch as part of a shared decision-making process,
rather than a cost-driven substitution, may foster greater patient trust and acceptance.
Practical strategies may include dedicating a few focused minutes during the consultation
to compare the generic with the branded formulation, using simple language to explain
pharmacological similarity, and explicitly addressing misconceptions about quality and
efficacy. By embedding these communication practices into standard care, clinicians can
enhance therapeutic engagement, reduce the potential for nocebo effects, and ultimately
improve clinical outcomes in patients initiating or switching to generic medications.

To our knowledge, the SHIFT study is the first to demonstrate the non-inferiority of
a generic Tadalafil formulation compared with the branded version, not only in terms of
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pharmacokinetic bioequivalence, but also from a clinical efficacy perspective. This is a
significant advancement, as most studies on generics focus solely on bioequivalence, rather
than clinical outcomes. The complete overlap in excipients between Dalerpen and the
branded product likely contributes to the consistent efficacy observed, further supporting
the practical interchangeability of these formulations. This finding reinforces the notion
that, when generic formulations maintain excipient consistency with the branded product,
clinical outcomes are more predictable and reliable.

One of the strengths of the SHIFT study is its real-world design, involving diverse
clinical settings and multiple centers, which enhances the generalizability of the findings.
The use of validated questionnaires (IIEF-EF, SEP-2, SEP-3, and IPSS) ensures robust,
standardized outcome measures. However, the non-randomized nature of this study may
introduce selection bias, and the absence of a control group limits the ability to make direct
efficacy comparisons. In addition, an observer bias could be hypothesized in this trial. It is
also plausible that this study may have been subject to observer bias, which we aimed to
mitigate through thorough counselling provided prior to treatment modification.

Psychological factors related to patient attitudes towards generics also pose a potential
bias, as evidenced by studies on drug adherence and satisfaction after switching from
branded to generic formulations [15]. Finally, treatment with Dalerpen occurred after at
least three months of tadalafil treatment, and the enhanced efficacy could be derived from
the prolonged therapy; the observation period was probably too short to draw conclusions.
This study represents an initial step towards encouraging the andrology community to
promote research comparing generic and branded drugs, as well as comparisons between
different generic formulations. To build on these findings, future randomized controlled
trials should focus on the long-term outcomes of switching from branded to generic tadalafil,
particularly examining patient adherence and satisfaction. Beyond clinical evaluation,
pharmacokinetic assessment through AUC estimation at baseline and after an appropriate
follow-up period may provide further valuable insights. Additionally, exploring the role of
excipient consistency in achieving therapeutic equivalence between generics and branded
formulations could provide further insights into optimizing generic drug use.

5. Conclusions
The SHIFT study demonstrates that the generic formulation Dalerpen is a valid ther-

apeutic option for patients previously treated with branded or other generic tadalafil,
showing no inferior clinical efficacy. Addressing patient concerns about generic medica-
tions through education on bioequivalence is essential to facilitate the therapeutic switch.
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