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Introduction: Phosphodiesterase type 5 inhibitors (PDE5-Is) have an excellent efficacy and tolerability profile
and remain the first-line choice for the treatment of erectile dysfunction (ED). However, ED is still an
underdiagnosed and undertreated condition, and many men prematurely discontinue therapy with conventional
dosage formulations despite successful intercourse.

Aim: To review the unmet needs and expectations of patients with ED and describe the latest pharmaceutical
innovations in the field of PDE5-I formulations designed to address these needs, with particular reference to a
new orodispersible film (ODF) formulation of the PDE5-I, sildenafil.

Methods: Online literature search in PubMed and the Cochrane Library.

Main Outcome Measure: To identify English-language publications relevant to the aims of the present review.

Results: Improved recognition and management of ED would enable the early diagnosis of underlying and
comorbid conditions that contribute to ED, leading to improved patient health and health-related quality of life.
To ensure successful outcomes and patient and partner satisfaction, the complex and personal issues that in-
fluence the patient’s needs and expectations regarding treatment for ED must be considered along with their
personal experiences and preferences. Innovative drug delivery systems, including orally disintegrating formu-
lations, have been developed as alternatives to conventional dosage forms with the aim of improving patient
convenience and acceptability and enhancing compliance. These alternative formulations include the sildenafil
ODF, which is designed to improve acceptance and compliance over conventional solid dosage forms and extend
the treatment options for men with ED by offering a convenient and discrete dosage form of a drug with proven
efficacy.

Conclusion: The sildenafil ODF is an example of an innovative dosage formulation for ED that can be used
interchangeably with the conventional film-coated formulation to better address the needs and expectations of
men with ED. Jannini EA, Droupy S. Needs and Expectations of Patients with Erectile Dysfunction: An
Update on Pharmacological Innovations in Phosphodiesterase Type 5 Inhibition with Focus on Sildenafil.
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INTRODUCTION

A range of treatment options, both non-invasive and invasive,
is available for the management of erectile dysfunction (ED).
Treatment approaches include psychosexological strategies,
intraurethral or intracavernosal alprostadil self-injections, vac-
uum-assisted erection devices, low-intensity extracorporeal shock
wave treatment, and penile implants.1e3 However, oral phar-
macological management with phosphodiesterase 5 inhibitors
(PDE5-Is) remains the first-line treatment choice for ED because
of the excellent efficacy and safety profile of PDE5-Is.1,3,4
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Four PDE5-Is—sildenafil, tadalafil, vardenafil, and avanafil—
are approved and marketed for ED in Europe and the United
States (Table 1). There is substantial evidence for the efficacy and
tolerability of these PDE5-Is for the treatment of ED related to
organic and non-organic etiologies, and they have essentially
comparable efficacy, with a better profile of safety and tolerability
for avanafil.1,3,5e7 Sildenafil, the first-in-class selective PDE5-I, is
a potent and selective inhibitor of cyclic guanosine mono-
phosphate (cGMP)-specific PDE5, an enzyme that promotes
degradation of cGMP. Since its launch for the treatment of erectile
dysfunction in 1998, a particularly strong evidence base for the
efficacy and safety of sildenafil in the treatment of ED has been
established, comprising the highest number of studies and pub-
lished scientific papers in this drug class. For example, more than
twice as many clinical studies assessing the use of sildenafil in men
with ED are indexed in theMEDLINE database than for the next-
most-studied PDE5-I, tadalafil. In a review of clinical trial data, it
has been shown thatw80% of men taking sildenafil in the dosage
range of 25e100 mg report improvements in erections, compared
with 25% of men taking a placebo, a highly statistically significant
finding.8 The proven efficacy of sildenafil in ED is irrespective of
age, baseline severity of the condition, or etiology of ED.1 Head-
ache and flushing, both transient and of mild severity, are the most
commonly reported side effects.1

Although the efficacy of PDE5-Is has been thoroughly
demonstrated, the available evidence shows that a high per-
centage of patients discontinue this pharmacological therapy
prematurely because they are not completely satisfied with the
prescribed therapy despite successful intercourse.1,5,9e13 Data
show that �50% of men stop their treatment with first-
generation PDE5-Is (sildenafil, tadalafil, vardenafil) in tradi-
tional formulations within a year, although data are limited for
the second-generation PDE5-I, avanafil, which was designed to
overcome some of the limitations of first-generation agents.5,6,13
Table 1. Comparison of marketed PDE5-Is

Property Sildenafil Vardenafil

Year of first market
authorization

1998 2003

Generation First First
Absorption and elimination Relatively rapid;

medium half-life
Relatively

medium
Formulations available Film-coated tablet, ODT,

ODF
Film-coate

Marketed dosages
Conventional tablets 25, 50, 100 mg 5, 10, 20 m
ODF 25, 50, 75, 100 mg 10 mg

Common adverse reactions Headache, flushing,
dyspepsia, nasal
congestion, naso-
pharyngitis, visual
abnormalities

Headache,
dyspeps
congest
pharyng
abnorm

ODF ¼ orodispersible film; ODT ¼ orodispersible tablet; PDE5-Is ¼ phosphodi
Patient satisfaction with ED treatment is a complex and per-
sonal issue that contributes to underdiagnosis and undertreat-
ment.9,14 It is essential that the patient’s needs and expectations
regarding treatment for ED, together with their personal expe-
riences and preferences, are taken into consideration to ensure
successful outcomes and satisfaction regarding the pharmaco-
logical therapy.1,3

Innovative drug delivery systems, including orally dis-
integrating formulations, have been developed as an alternative to
conventional marketed dosage formulations to improve patient
convenience and acceptability and enhance compliance.15e18

Sildenafil orodispersible film (ODF) is one of the novel formu-
lations that have been recently made available. Sildenafil ODF
disintegrates in the mouth without the need for water and could
offer several advantages over conventional film-coated tablet
formulations for patients with ED.19e23

This review discusses the unmet needs and expectations of
patients with ED and describes the latest pharmaceutical in-
novations in the field of PDE5-I formulations designed to
address these needs, with a focus on the sildenafil ODF.
SEARCH STRATEGY

An online PubMed and the Cochrane Library literature search
was conducted to identify English language publications from
inception to February 2018 using combinations of the terms
[“phosphodiesterase type 5 inhibitor,” “phosphodiesterase 5 in-
hibitor,” “PDE5 inhibitor,” “sildenafil,” “vardenafil,” “tadalafil,”
“avanafil,” “erectile dysfunction,” “unmet needs,” “patient ex-
pectations,” “patient satisfaction,” “compliance,” “drug delivery,”
“innovative dosage formulations,” “novel drug delivery,” “buccal
delivery,” “orally dispersible,” “orodispersible,” “orally dis-
integrating,” “ODT,” “ODF”]. Other relevant articles were
identified by manually reviewing the reference lists of selected
Tadalafil Avanafil

2003 2013

First Second
rapid;
half-life

Relatively slow; long
half-life

Rapid; relatively long
half-life

d tablet, ODT Film-coated tablet Film-coated tablet

g 2.5, 5, 10, 20 mg 50, 100, 200 mg

flushing,
ia, nasal
ion, naso-
itis, visual
alities

Headache, flushing,
dyspepsia, nasal
congestion, back
pain, naso-
pharyngitis, visual
abnormalities

Headache, flushing,
dyspepsia, nasal
congestion, naso-
pharyngitis

esterase type 5 inhibitors.

Sex Med 2019;7:1e10



Unmet Needs of Patients with ED and Pharmacological Innovations in PDE5-Is 3
articles. A supplementary search to identify recently published
articles was conducted at the time of writing the manuscript.
RATIONALE FOR CGMP INHIBITION

The nitric oxide (NO)ecGMP signaling pathway is a key
physiological mediator of smooth muscle function through
activation of intracellular protein kinases and modulation of
intracellular calcium.24,25 cGMP is a cyclic nucleotide derived
from guanosine triphosphate that, along with other molecules
such as cyclic adenosine monophosphate, regulates the function
of the smooth muscle cells that encircle blood vessels and sinu-
soidal spaces. NO has an established role in the physiology of
erections; release of NO stimulates the production of cGMP and
lowers intracellular calcium levels, triggering the relaxation of
arterial and trabecular smooth muscle.24 The resulting arterial
dilatation and venous constriction increase the accumulation of
blood in the corpus cavernosum, facilitating penile erection.24,25

The mammalian cyclic nucleotide phosphodiesterases are a
superfamily of enzymes that consist of 11 subfamilies
(PDE1ePDE11) so far characterized. The predominant PDE
present in the corpora cavernosa is the cGMP-specific PDE5; it has
been hypothesized that degradation of cGMP by process of
hydrolyzation allows penile smooth muscle cells to remain in the
contracted state for extended periods of time.26e28 In ED, when
this process is impeded by peripheral vascular diseases, diabetes,
dyslipidemia, or other contributors to endothelial dysfunction,
PDE5-Is such as sildenafil prevent the catalytic degradation of
cGMP by PDE5, potentiating increases in pro-erectile cGMP and
exerting a relaxant effect on the corpora cavernosa.24,25 A repre-
sentation of how PDE5 inhibition increases levels of cGMP in the
penile cell, potentiating penile erection, is shown in Figure 1.

Of interest, advances in the understanding of cGMP have
resulted in successful targeting of the NO-cGMP pathway in
Figure 1. PDE5 inhibition increases levels of cGMP in the penile
cell, potentiating penile erection. GTP ¼ guanosine triphosphate;
NANC ¼ nonadrenergic noncholinergic nerve fibers; NO ¼ nitric
oxide; NOS ¼ nitric oxide synthase; SMC ¼ smooth muscle cells.
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other disease states related to vascular and bronchial smooth
muscle, including pulmonary arterial hypertension and lower
urinary tract symptoms (reviewed in Das et al,29 Francis et al,25

Hutchings et al,30 Rybalkin et al,31 and Uthayathas et al32).
Furthermore, PDE5-Is may have potential cardioprotective and
anticancer properties.29,30
WHICH PDE5-I?

Data from head-to-head clinical trials of PDE5-Is are lacking,
and data from available comparative studies may be of limited
value owing to design flaws, including nonequivalent dose
comparisons, inadequate treatment duration, variable inclusion
and exclusion criteria, and biased dosing instructions.33 The
process of penile erection is a complex interplay of tissular,
vascular, neurohormonal, and biopsychosocial factors which
interweave endocrine, cardiovascular, and neurologic conditions;
diseases of the urinary tract; problems with drugs and alcohol;
social stressors; and psychosocial and partner interactions.
Therefore, criteria to effectively compare the effectiveness of
agents used in ED should, according to expert opinion, consider
both objective and subjective parameters.33

To date, no specific randomized clinical trials comparing sil-
denafil, tadalafil, vardenafil, and avanafil have been published.
The multicenter ENDOTRIAL Study was designed with an
approach reflecting the use of sildenafil 50-mg, sildenafil 100-
mg, tadalafil 20-mg, and vardenafil 20-mg treatment regimens
in everyday real-life settings.34 The primary outcome measure
was an improvement in the erectile function domains of the
abridged International Index of Erectile Function (IIEF5þ1)
from baseline to endpoint (week 8 of treatment). Secondary
objectives included analysis of penile flow parameters, specifically
peak-systolic velocities (PSVs), end-diastolic velocities, and
resistive index (RI), and the percentage of men with normal
penile hemodynamic parameters after each treatment.

In the 4 treatment groups, there was a statistically significant
improvement in IIEF5þ1 scores from baseline to endpoint;
analysis of regression coefficients confirmed that the treatments
were equivalent according to IIEF and penile flow parameters.34

However, there was a dose-dependent amelioration in penile
flow parameters with sildenafil that was not seen with tadalafil or
vardenafil. In men taking sildenafil 50 mg, PSV improved from
baseline by 8.43 cm per second (P ¼ .010), and PSV and RI
improved by 7.0 cm per second (P¼ .027) and 0.075 (P¼ .034),
respectively, in men taking sildenafil 100mg. A similar proportion
of men in each group had normal IIEF5þ1 after treatment.
Although the study had a number of limitations, the findings
suggest that sildenafil, but not tadalafil or vardenafil, routinely
used in an on-demand regimen, may improve penile vascular
performance in a manner that offers a clinical advantage to the
patient. Certainly, the findings justify further evaluation in a
higher number of patients and for a longer duration of treatment.
Of the 3 main randomized controlled placebo trials published on
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erectile rehabilitation using PDE5-Is after nerve-sparing radical
prostatectomy, the study from Padma-Nathan et al35 using sil-
denafil is the only one positively showing an improvement of
spontaneous erections versus placebo after 9 months of sildenafil
treatment and a washout period. The REACTT36 and REIN-
VENT37 studies used the samemethodology but did not show any
ability of tadalafil or vardenafil to improve spontaneous erections
after nerve-sparing radical prostatectomy. Furthermore, early
penile rehabilitation with sildenafil immediately after urethral
catheter removal has been shown to significantly improved full
erectile function recovery over 12 months following nerve-sparing
radical prostatectomy, compared with delayed rehabilitation with
the same regimen starting 3 months after surgery.38 These data
support the fact that sildenafil routinely used may improve penile
performance in a rehabilitation objective.
UNMET NEEDS AND EXPECTATIONS

Despite the widespread public awareness of ED and the
availability of effective treatment with PDE5-Is, a high propor-
tion of men with ED delay, or avoid, discussing their condition
with their doctor, with the result that ED is still underdiagnosed
and undertreated.39 This was confirmed by recent data from a
large National Health and Wellness Survey (NHWS) conducted
in France, Germany, Italy, Spain, and the United Kingdom that
showed the extent of ED underdiagnosis and undertreatment
across Europe.9 52% of men with ED, regardless of age group,
had not discussed their condition with a physician, and <50% of
men surveyed had a close enough alliance with their physician
that would support the open dialogue essential to ensuring pa-
tient satisfaction and compliance with therapeutic decisions.
Among those men who had consulted their physician about ED,
treatment rates remained low, with the physician seldom rec-
ommending a therapy.9 Given the accepted negative effect of ED
on health-related quality of life and work productivity, these
findings suggest deficiencies in the quality of the patient/physi-
cian relationship that are a barrier to the reducing the psycho-
logical and social burden of ED.

Men with ED show a strong preference toward pharmaco-
logical management with oral PDE5-Is compared with other
methods, although there is no clearly established and robust
evidence for a preference between different PDE5-Is.40e44

However, the high percentage of patients who prematurely dis-
continue pharmacological therapy for ED, even during successful
treatment, is of concern.5,10e12 Moreover, some studies have also
shown that a significant percentage of men are unsatisfied
with their actual therapy and alternate between several
available drugs.11 The reasons for lack of satisfaction with or
discontinuation of PDE5-Is are diverse and include perceived
non-effectiveness, psychological factors (eg, fear, anxiety, mas-
culinity issues, negative emotions), relationship issues, recovery
of erectile function, cost, reluctance for chronic medication-
dependent intercourse, and concerns about side effects or
long-term safety.11,12
A better understanding of how an ED treatment meets the
rational and realistic expectations of the patient and their sexual
partner is essential to ensure an optimal treatment strategy that
satisfies the needs and demands on modern ED management
toward restoring a more satisfying sexual relationship. Therefore,
it is important to identify factors that improve patient accep-
tance, adherence, and satisfaction with therapy.

A large observational study of 1,567 men with ED wishing to
initiate or change ED treatment with tadalafil found that ex-
pectations important to the patients were efficient and sustained
maintenance of erection until completion of intercourse (>92%
of patients), confidence and satisfaction of the partner and
naturalness of intercourse (>84%), and rapid and sustained ef-
fect of the drug (>75%).45 Higher effectiveness, a supportive
partner and a good relationship, and good drug tolerance
increased treatment satisfaction, which was associated with
treatment continuation.45

Thus, when the basic functional aspects of achieving and
maintaining an erection are reached, additional factors, such as
spontaneity and naturalness of sexual relationship and pleasing
and acceptance of the treatment by the partner become more
important factors that contribute to overall improvement of
sexual satisfaction and adherence to ED treatment.46 In support
of this, data from the NHWS survey of men with ED conducted
in Europe provides evidence that “on-demand” use of ED
treatment better fits with the needs and preferences of men and
their partners and reflects a reluctance for chronic medicalization
to solve the problem of ED.9 Furthermore, men with ED value a
treatment with a relatively rapid onset of action and a duration of
effect that diminishes naturally over a few hours, corresponding
as much as possible to the normal physiology and naturalness of
the sexual act, together with a convenient and discreet modality
of use.46 Conversely, the majority of men consider a duration of
action of more than 12 hours to be too long.46

The ideal therapy aims to be a treatment that responds as
much as possible to the normal psychology and naturalness of the
relationship. Furthermore, such considerations provide an insight
into the key pharmacokinetic properties together with the
discreet mode of intake expected of an ideal oral therapy for ED.
In fact, Jannini et al9 demonstrated that when only filmcoated
PDE5-I were available, the stigma of a well-recognizable pill for
ED was considered a major issue against the use of these drugs.9

This suggested the need for a discreet version of the effective
PDE5-Is.
PHARMACOLOGICAL APPROACHES TO MEETING
UNMET NEEDS

Although a number of novel PDE5 and other molecules under
development may hold promise for the treatment of ED,2,47 in
the medium term, new formulations designed to overcome some
of the limitations of existing treatments by offering improved
discretion and flexibility are likely to contribute most effectively
Sex Med 2019;7:1e10
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to reducing the above-mentioned stigma that is often still asso-
ciated with ED, and encourage acceptance of and continuation
with therapy.

The ultimate benefits of improved recognition and manage-
ment of ED would be enabling the early diagnosis of underlying
and comorbid conditions that contribute to ED, leading to
improved patient health and health-related quality of life (HR-
QoL) outcomes by changing lifestyle.48

Although no single ED therapy can meet all requirements for
efficacy and patient satisfaction, PDE5-Is remain the first-line
treatment of choice for ED,1,3 and formulations tailored to fit
the clinical characteristics of the patient with ED and chosen in
consultation to meet the needs and expectations of men and
their partners will play a key role in the effective future
management of ED.
OVERVIEW OF LATEST DEVELOPMENTS IN
PDE5-IS

Novel approaches for the treatment of ED are currently being
investigated, including stem cell therapy, molecules targeting
alternative vasoactive pathways, trophic factors, gene therapy,
and new technologies such as penile vibratory stimulation,
external penile support devices, internal pudendal artery stenting,
extracorporeal low-intensity shockwave therapy, endovascular
revascularization, and tissue engineering. However, PDE5 re-
mains the most understood molecular target in the effective
pharmacological management of ED.1,2,47 Accordingly, innova-
tive dosage formulations of PDE5-Is are being developed that are
designed to optimize efficacy, safety and patient acceptability,
convenience, and compliance.
Orodispersible Dosage Systems
ODFs and orodispersible tablets (ODTs) are innovative drug

delivery systems that are formulated to disperse and disintegrate
rapidly when placed in themouth, without the need for water.49e51

They offer a discreet and convenient mode of administration,
without risk of choking or difficulty in swallowing that may limit
compliance with conventional tablets or capsules in some patients,
and are of particular relevance in children or special patient pop-
ulations such as the elderly with comorbid conditions (eg, renal
impairment or congestive heart failure), and patients with
dysphasia. Furthermore, their convenience, together with superior
dosing accuracy and rapid onset of action, have resulted in strong
patient preference for orodispersible dosage formulations across a
wide range of patient groups, with research indicating that the
majority of patients prefer orally disintegrating dosage forms over
conventional solid oral dosage forms.52e54

A detailed description of the manufacturing technologies used
in the production of orodispersible dosage formulations is
beyond the scope of this article. However, the technologies have
been comprehensively described by Bala et al,20 Goel et al,15

Hoffmann et al,49 Karki et al,22 and Irfan et al.50
Sex Med 2019;7:1e10
ODT formulations, compounded with an appropriate dis-
integrating agent and using highly water-soluble excipients, are
designed to disintegrate rapidly in the mouth following entry of
water into a porous tablet matrix.15,20,50 The performance of
ODTs is dependent on manufacturing processes that maximize
the porous structure of the tablet matrix, incorporating a dis-
integrating agent, and the use of highly water-soluble excipients
to allow quick ingress of water, facilitating rapid oral disinte-
gration.15 The various manufacturing technologies used in the
production of ODTs fall under the broad classifications of
lyophilized systems and compressed tabletebased systems. A
balance between fast disintegration and fragility must be estab-
lished to minimize problems of packaging, storage, handling, and
administration. In brief, lyophilization or freeze drying, a tech-
nology commonly used in the manufacture of ODTs, involves
molding tablet-shaped units of a drug in suspension or solution
together with other structural excipients, followed by freezing
and lyophilization in the pack or mold.15,20 The very high
porosity of the resulting ODTs allows rapid water or saliva
penetration and rapid disintegration. Compressed tabletebased
systems use standard tableting technology by direct compres-
sion of the active pharmaceutical ingredient and excipients
designed to achieve the required disintegration performance and
packaging requirements.

In more recent years, ODFs have been developed with the aim
to improve patients’ compliance and acceptability over conven-
tional solid dosing forms. The manufacturing of thin film ODFs
has evolved from the technology for producing transdermal
patches, a process that is less expensive than lyophilization,
resulting in a stable, thin and flexible dosage form, with high
mechanical strength, that can be manufactured in a range of sizes
and shapes that are easily transported and stored.15,20,55

ODFs share the accurate dosage and ease of administration of
conventional tablet formulations with the ease of swallowing and
rapid bioavailability due to the reduced hepatic first-pass effect of
liquid dosing forms.50,51 They offer a convenient and accurate
dosage form that rapidly disintegrates and dissolves in the oral
cavity.20,22,49e51 ODFs have a number of advantages over
ODTs, including lack of friability, no risk of suffocation or
choking during administration, and the ability to carry individual
strips without requiring the secondary container.22,50 The film is
hydrated by saliva without the need for water when placed on the
tongue or in the oral cavity, rapidly disintegrating to release the
medication for oromucosal and/or systemic absorption.

Table 2 summarizes the classification of the technologies used
in orodispersible dosage formulations. Table 3 presents key
characteristics of conventional solid dosage forms and orodis-
persible formulations.
Orodispersible PDE5-Is
A number of drugs have been successfully formulated as ODTs,

including ODT formulations of the PDE5-Is vardenafil and sil-
denafil that disintegrate in the mouth without the need for water.



Table 2. Classification of fast dissolving technologies for the production of orodispersible dosage formulations

Property

ODT

ODFLyophilized system Compressed tabletebased system

Composition Solution or suspension of drug with
excipients

Active pharmaceutical ingredient
with super-disintegrants

Hydrophilic polymers with drug
and other excipients

Technology used Lyophilization Direct compression Solvent casting, hot melt extrusion
Characteristics High porosity that allows rapid

water or saliva penetration and
disintegration

Different levels of hardness and
friability that results in varying
disintegration and packaging
needs

Large surface area leads to rapid
disintegration

Packaging Blister pack High-density polyethylene bottles Blister cards with multi-units

ODF ¼ orodispersible film; ODT ¼ orodispersible tablet.
Table adapted with permission from Wolters Kluwer, from Bala et al.20
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A rapidly disintegrating ODT formulation of vardenafil 10 mg
has been developed and is marketed in Europe, the United
States, and other countries. The efficacy and safety of the var-
denafil 10-mg ODT formulation administered on demand were
established in the POTENT I and POTENT II randomized,
placebo-controlled trials.17,18,56 In both studies, vardenafil ODT
therapy was statistically significantly superior to placebo for all
primary and secondary measures of erectile function, regardless
of age, baseline severity of ED, or underlying comorbid condi-
tion.18 Treatment-emergent adverse events were mostly mild to
moderate in severity and were comparable in incidence and type
with those associated with the film-coated tablet formulation.
Table 3. Key characteristics of orodispersible dosage formulations

ODF

Hydrated by saliva without the need for water.
No choking risk compared with conventional solid dosage forms.
Convenient and easy administration.
Dose accuracy compared with liquid dosage forms.
Convenience of single-dose sachet or multi-unit film packaging.
Large surface area that allows rapid disintegration and

dissolution in the buccal cavity.
Thin, flexible stable; can be manufactured in a range of shapes

and sizes.
Easily transported and stored.

Reduces hepatic first-pass effect when the active substance
absorption occurs mainly through the oral mucosae.

Patient preference compared with conventional solid dosage
forms.

Improved compliance in special patient populations.
Require moisture-protecting packaging.

Some technical challenges in achieving dose uniformity.

Taste masking may be necessary to ensure patient acceptability
and compliance.

High doses cannot be incorporated.

ODF ¼ orodispersible film; ODT ¼ orodispersible tablet.
In general, the ODT formulation of vardenafil (in the unique,
fixed dosage of 10 mg, which does not correspond to the available
dosages of the same drug in the traditional form) had a similar
pharmacokinetic profile to the marketed vardenafil film-coated
tablet.57 However, the ODT has significantly greater bioavail-
ability and is not interchangeable with the conventional film-
coated formulation. This effect was considered related to signifi-
cant drug absorption via the oral mucosa with vardenafil ODT.57

An ODT formulation of sildenafil citrate, designed to offer an
alternative dosage form to the marketed film-coated tablet,
has been developed. A randomized, open-label, 3-treatment,
3-period, single-dose crossover bioequivalence study in healthy
ODT

Some do not need to be taken with water.
Reduced risk of choking.
Instruction not to chew or swallow must be given.
Dose accuracy compared with liquid dosage forms.
Multi-dose blister packs or bottles.
Take longer to disintegrate than thin film preparations.

May be fragile and brittle.

More stringent storage and transportation requirements
compared with ODFs.

Hepatic first-pass effect may still be a consideration.

Patient preference compared with conventional solid dosage
forms.

Improved compliance in special patient populations.
Issues of fragility and friability during manufacture, storage,

handling, and administration.
More complicated and expensive manufacturing processes

compared with ODFs.
Taste masking may be necessary to ensure patient acceptability

and compliance.
More flexible dose loading capacity.

Sex Med 2019;7:1e10



Unmet Needs of Patients with ED and Pharmacological Innovations in PDE5-Is 7
Asian male subjects found that the ODT formulation adminis-
tered without water was bioequivalent to the marketed sildenafil
film-coated tablet, suggesting minimal buccal absorption from
the ODT formulation in the short time it remains in the
mouth.58 The results of the food-effect study showed that the
sildenafil ODT should be taken on an empty stomach.

ODF formulations of PDE5-Is designed to dissolve rapidly in
the mouth are expected to have a number of advantages over
conventional dosage forms, enhancing sexual health and sup-
porting a sense of psychological well-being in patients and their
partners. A novel ODF of sildenafil (IBSA Institut Biochimique
SA, Pambio-Noranco, Switzerland) is approved in Europe and is
available as 25, 50, 75, or 100 mg of sildenafil (as citrate), which
allows for precisely tailored therapy for the individual patient.
Notably, the new dose of 75 mg, intermediate between the most
popular (50 mg) and the most powerful (100 mg), is likely to
raise high clinical interest, being available for the first time.

Each sildenafil 100-mg ODF contains 140.4 mg of sildenafil
citrate, equivalent to 100 mg of sildenafil, in the form of a
rectangular, flexible, opaque light azure-blue film 40 � 45 mm.
Other ingredients comprise the pharmaceutical excipients
maltodextrin, glycerol, polysorbate 20, propylene glycol mono-
caprylate, polyvinyl acetate dispersion, flavors, sucralose, tita-
nium dioxide, and indigotine.23

The pharmacokinetics of the sildenafil ODF formulation are
similar to that of the conventional film-coated tablet and meet
the criterion of assumed bioequivalence; the orodispersible
formulation could be used interchangeably with the marketed
conventional film-coated tablet.23,59 In the recent sildenafil ODF
bioequivalence study, the mean plasma concentration-time pro-
files up to 24 hours for the sildenafil 100-mg ODF and its
metabolite, N-desmethyl-sildenafil, after single dose administra-
tion were nearly superimposable with those of the film-coated
tablet.23 The test for bioequivalence was fully satisfied for both
sildenafil and its metabolite in terms of the rate and extent of
bioavailability (peak plasma concentration [Cmax] area under the
curve [AUC] from administration to last observed concentration
time [AUC0-t] and AUC extrapolated to infinity [AUC0-N]).
There were no new safety concerns with the ODF formulation;
adverse events, which were of mild to moderate severity, occurred
at similar rates for the ODF and the reference film-coated tablet
formulations.

In the first clinical trial to assess the efficacy of the new sildenafil
ODF formulation, sildenafil 75-mg ODF was compared with the
marketed sildenafil 100-mg film-coated tablet.60 Both formula-
tions were safe and effective, and no additional side effects were
identified for the ODF formulation, thus suggesting that oral film
can be used interchangeably with the conventional oral forms.
DISCUSSION

Erectile dysfunction remains an underdiagnosed and under-
treated condition that imparts a high physical, psychosocial, and
Sex Med 2019;7:1e10
relationship burden with associated impairment of HR-QoL and
work productivity and activity.9,48,61e64 Conversely, in-
terventions that ameliorate sexual function have the potential to
improve patient health and HR-QoL.64,65 Furthermore, there is
increasing evidence that ED, and sexual dysfunction in general,
may be an efficient gender-dependent predictor of overall sys-
temic health and an early marker of chronic non-communicable
diseases (NCDs).66 This is due to the strong biological basis for
the developmental origins of health and chronic disease that
suggests the value of identifying appropriate biomarkers to better
understand chronic disease processes and to better evaluate and
monitor risk factors for interventions aimed at preventing or
minimizing chronic disease.66 This opens up the possibility of a
new systems medicine approach to understanding and managing,
at the same time with shared strategies on lifestyles, both NCDs
and sexual dysfunction. This can be obtained by incorporating
an innovative, integrative, interdisciplinary approach to the
management of NCDs that acknowledges the complex associa-
tion between ED and chronic disease. In the future, sexual
dysfunction, as a powerful marker of systemic health, may be
recognized as an essential component in an effective and inte-
grated approach to the diagnosis, treatment, and prevention of
the current dramatic epidemics of NCDs.66

Having clearly established that the reduction of the risk factors
related to lifestyle is to be considered the first aim for doctors
managing ED,48 PDE5-Is have an established place as first-line
pharmacological therapy for the majority of patients with ED
because of their efficacy and favorable safety profile. However,
despite the potency of the available drugs, ED is a unique con-
dition that can be challenging to manage effectively. Poor
compliance and low satisfaction levels with conventional dosage
forms of PDE5-Is are recognized issues that need to be addressed.
Although erectile response and potential side effects are impor-
tant considerations, how well the treatment meets the needs and
expectations of the patient and enhances the dynamics of the
relationship are essential to the long-term success of therapy.45

A desire to restore the spontaneity and naturalness of the
couple relationship and a reluctance for chronic medicalization
are among unmet needs identified for reestablishing a more
satisfying sexual relationship. To find an optimal treatment
choice tailored to individual needs, it is crucial that the wishes,
expectations, and fears of the patient and the sexual partner are
considered. As such, the development of delivery platforms that
are not only safe and effective but also attractive to the patient is
essential. Speed of onset and duration of pharmacological effect
are undoubtedly important (although the former much more
than the latter) but not in themselves sufficient to ensure that an
ED treatment is well accepted; moreover, the success of therapy
depends on how well the cure meets the expectations and psy-
chological well-being of the patient and partner. There is, in fact,
considerable variance in the needs and expectations of patients.
Involving the patient and, preferably, his sexual partner in the
decision-making process and providing relevant information
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about the therapy options and their expected benefits, possible
adverse effects, or complications is essential in deciding on the
most appropriate treatment approach for ED. To this end,
physicians should learn the patient’s psychosocial profile and
work with the patient to ensure that his special needs and
expectations are acknowledged and met. Follow-up evaluation to
review the success of the intervention, identify any side effects,
discuss the patient’s satisfaction with treatment, and revisit
their expectations is essential to ensure the optimal long-term
treatment strategy.

The risk/benefit profile of sildenafil has been established over
>20 years of clinical experience. It has a proven role as an
effective and readily manageable treatment option for ED in
men, regardless of comorbidities such as hypertension, depres-
sion, congestive heart failure, stable coronary artery disease,
diabetes mellitus, traumatic spinal cord injury, multiple sclerosis,
obstructive sleep apnea, renal dysfunction, prostate cancer,
Parkinson’s disease, and traumatic stress disorders.67

Orodispersible dosage forms, in particular ODFs, have been
developed to obtain a high level of acceptance and compliance
across a range of patient populations and medications. Strong
patient preference for orodispersible dosage formulations over
conventional solid dosage forms further supports recent de-
velopments in PDE5-Is for the treatment of ED. The develop-
ment of orodispersible formulations of PDE5-Is extends the
treatment options for men with ED by offering convenient
dosage forms that may better meet the needs and expectations of
men and their partners. An individually tailored treatment plan
formulated jointly by the physician and patient and taking into
consideration the concerns, expectations, and preferences of the
patient, ideally with the involvement of the patient’s partner, is
key to identifying factors that improve patient acceptance,
adherence, and satisfaction with therapy.
CONCLUSION

Sildenafil ODF, recently marketed as the first sildenafil ODF
in Europe, is an example of an innovative dosage form for the
treatment of ED that can be used interchangeably with the
conventional film-coated formulation to better address the needs
and expectations of men with ED.
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