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ARTICLE INFO ABSTRACT

Article history: Background: Orodispersible film (ODF) formulation offers ease of use, convenience of administration, and
Received 10 January 2023 other advantages, especially for patients who have difficulty in swallowing or are on liquid restriction
Accepted 2 June 2023 compared with conventional oral formulations for the treatment of erectile dysfunction.

Objectives: These studies compared the bioequivalence of 50 mg sildenafil citrate ODF formulation (test

Key words: drug) with the marketed 50 mg sildenafil citrate film-coated tablet (FCT) (Viagra®; Pfizer, New York, NY)
Bioequivalence (reference drug), with and without water in 2 randomized cross-over studies.
Erectile dysfunction Methods: Two randomized cross-over studies were conducted. The first study explored the bioequiva-
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lence of test drug administered with and without water compared with the reference drug with water.
The second study investigated the bioequivalence of test drug, without water, compared with the refer-
ence drug with water. Forty-two and 80 healthy male volunteers were recruited in the first and second
study, respectively. All volunteers fasted for 10 hours pre-dose. A 1-day washout period between doses
was observed. Blood samples were collected at both before (up to 120 minutes before dosing) and after
dosing (at different intervals up to 14 hours) stages. Statistical analyses on pharmacokinetic parameters
were performed. Safety and tolerability for both the formulations were evaluated.

Results: In the first study, bioequivalence was demonstrated for sildenafil citrate ODF administered with
water when compared with the Viagra® FCT. The ratios of adjusted geometric means (90% confidence
interval (CI)) were maximum plasma concentration: 1.02 (94.91-108.78) and area under the plasma
concentration-time curve: 1.09 (104.49-113.21) for sildenafil citrate ODF administered with water vs
Viagra® FCT. These ratios were within the bioequivalence acceptance range of 80% to 125%, indicating
that the bioequivalence criteria were met. The pharmacokinetic parameters for the second study also
showed bioequivalence for sildenafil citrate ODF (without water) compared with Viagra® FCT. The ratios
of adjusted geometric means (90% CI) were maximum plasma concentration: 1.02 (95.47-109.36) and
area under the plasma concentration-time curve: 1.06 (103.42-108.40) for sildenafil citrate ODF adminis-
tered without water vs Viagra® FCT. Adverse events in both the studies occurred at similar rates for the
2 formulations and were mild in intensity.
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Conclusions: These results suggest that the new ODF formulation can be used interchangeably with the
marketed FCT formulation. Sildenafil citrate ODF administered with and without water met bioequiv-
alence criteria compared with Viagra® FCT administered with water under fasted conditions in healthy
adult male volunteers. The new ODF formulation can be used as a suitable alternative to the conventional

oral solid dosage form.

© 2023 Viatris. Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Erectile dysfunction (ED) is defined as the persistent inability
to attain and maintain a penile erection sufficient to permit sat-
isfactory sexual performance.'-> Worldwide, ED has affected up to
150 million men and has been predicted to upsurge to 322 million
cases by 2025. ED is most common in the United States, affecting
52% of men aged between 40 and 70 years and 70% of men older
than age 70 years.*

Sildenafil citrate (Viagra®; Pfizer Inc, New York) is a po-
tent, competitive, and selective inhibitor of cyclic guanosine
monophosphate-specific phosphodiesterase type 5. Due to its well-
established safety and effective treatment profile, it has been rec-
ommended as the first-line therapy for ED treatment.>~’

Since approval in 1998, sildenafil citrate film-coated oral tablets
(Viagra® FCT) have been used in the treatment of ED and available
at the doses of 25, 50, and 100 mg. However, the recommended
dose for most patients is 50 mg to be taken approximately 1 hour
before sexual activity. The dose may be increased to a maximum
recommended dose of 100 mg or decreased to 25 mg based on
efficacy and tolerability.?

Viagra® FCT is rapidly absorbed (approximately 1 hour in the
fasted state), the mean plasma clearance is 41 L/h and a mean ab-
solute bioavailability of 41% (range 25%-63%). The mean steady-
state sildenafil volume of distribution is 105 L, representative of
high distribution into the tissues. It reaches peak plasma concen-
trations (CPEAK) within 30 to 120 minutes (median time =60 min-
utes) and has a terminal t'4 of 3 to 5 hours. Its pharmacokinetic
parameters are dose-proportional from 25 to 100 mg, and it is
predominantly eliminated via the cytochrome P450 3A4 enzymatic
pathway.

The major active metabolite of sildenafil, N-desmethyl sildenafil,
has roughly 50% the PDE-5 inhibitory potency and approximately
40% the plasma concentration as the parent. The tolerability and
efficacy of sildenafil has been established in numerous placebo-
controlled trials.®

A novel sildenafil orodispersible film (ODF) containing sildenafil
citrate has been developed that disintegrates rapidly in the oral
cavity, usually within few seconds, without the need for water.
This provides a valuable alternative to solid oral forms (ie, tablets)
for the treatment of ED. This formulation especially benefits pa-
tients who have difficulty in swallowing and who are on liquid
restriction (eg, patients with renal impairment, endocrine system,
and adrenal gland disorders).?-13

Furthermore, the ease of storage and portability (eg, availability
in single-dosage packs or multi-unit film packaging) makes ODFs
the preferred dose form over other solid dosage forms. They are
also known to offer superior dosing accuracy, convenience, and
rapid dissolution.

Two studies were conducted to demonstrate pharmacokinetic
equivalence between sildenafil citrate ODF and Viagra® FCT. The
primary objectives of both the studies were to compare the rate
(ie, peak plasma concentration [CPEAK]) and extent (area under
the plasma concentration-time curve [AUCL]) of sildenafil absorp-

tion after single-dose administration of test and reference drug.
The secondary end points were similar in both the studies and
focused on identifying, monitoring, documenting, and categorizing
the treatment-emergent adverse events (TEAEs), in the participants
throughout the study.

Methods

Studies, protocols, and consent forms were approved by institu-
tional review boards or ethics committees at the study sites, and
studies were conducted in accordance with the principles of good
clinical practice and the Declaration of Helsinki. All patients pro-
vided written informed consent before study participation.

Study design

The pharmacokinetic bio similarity between sildenafil citrate
ODF and Viagra® FCTs was investigated by conducting 2 random-
ized control trials, SILD-FMS-1001 and SILD-FMS-1002.

SILD-FMS-1001 was a single-dose, randomized, 3-period, 3-
treatment cross-over study that explored the bioequivalence of
sildenafil citrate ODF administered with and without water in
comparison with Viagra® FCTs. This study also monitored safety
in the subjects by assessing adverse events (AEs) throughout the
study period. The study was conducted in healthy adult male vol-
unteers under fasting conditions. A total of 42 volunteers were en-
rolled in the study and allocated randomly to receive a single, oral
dose of 50 mg (1 x50 mg) of the test product, sildenafil citrate
ODF, administered with or without water or the reference product,
Viagra® FCTs single 1 x 50 mg with a minimum 1-day washout pe-
riod between the successive doses. The volunteers enrolled in all
the 3 treatment groups were under fasting conditions overnight or
for 10 hours.

o Sildenafil citrate ODF 50 mg (test drug) with water: In this
group, volunteers were allowed to pre-wet their mouth with 20
mL water, after which sildenafil citrate ODF 50 mg was placed
directly on the tongue by the study investigator and allowed to
disintegrate completely before administering 220 mL water.

o Sildenafil citrate ODF 50 mg without water: The volunteers

were allowed to pre-wet their mouth with 20 mL water fol-

lowing which sildenafil ODF 50 mg was placed directly on the
tongue by the study investigator and allowed to disintegrate
completely before the volunteer was allowed to swallow.

Viagra® FCTs 50 mg with water (reference drug): This treat-

ment group received the reference drug taken with 240 mL +10

mL water.

[e]

SILD-FMS-1002 was a single-dose, randomized, 2-period, 2-
treatment cross-over study that investigated the bioequivalence of
sildenafil citrate ODF without water with Viagra® FCTs. The study
included 80 healthy adult male volunteers and allocated randomly
to receive a single, oral dose of 50 mg (1 x 50 mg) of the test prod-
uct, sildenafil citrate ODF, administered without water or the ref-
erence product, Viagra® FCT single oral dose 1 x50 mg, with a
minimum 1-day washout period between successive doses under
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fasting conditions. In the treatment group with sildenafil citrate
ODF without water condition, volunteers were instructed to swal-
low saliva at 20, 40, and 60 seconds after placement of ODF on
tongue. In case the film did not dissolve within this time frame,
volunteers were asked to wait until dissolution of the film was
noted and or to be swallowed after 60 seconds of dosing. In the
treatment group with Viagra® FCT, the reference drug was admin-
istered to participants taken with 240 mL +10 mL water.

Study subjects

Healthy volunteers were eligible to participate in the study if
they satisfied the following inclusion criteria: aged 18 to 55 years,
men, weighing at least 50 kg (110 Ib), and with a body mass in-
dex <30.0 but >19.0. Also, subjects had no clinically relevant ab-
normalities related to blood pressure (BP), pulse rate (PR), respi-
ratory rate (RR), and temperature and were willing to compre-
hend and sign the written informed consent form. The subjects
were excluded if they had evidence or a history of clinically sig-
nificant abnormal cardiovascular, hematological, hepatic, lipid and
renal disease; history of or current hepatitis B or C, tuberculo-
sis, human immune deficiency virus or syphilis infection; alcohol
consumption within 48 hours; use of tobacco/nicotine-containing
products within 1 year; history of use of any prescription or over-
the-counter medications within 14 days; ingestion of any vitamins
or herbal products within 7 days; use of drugs that induce or in-
hibit hepatic enzyme activity within 28 days; history or currently
experiencing severe allergic reaction, anatomical deformation of
the penis; and allergy or hypersensitivity to sildenafil.

The inclusion and exclusion criteria for both the studies were
similar except that subjects between ages 18 and 45 years were
included in the study SILD-FMS-1002.

Sample collection and assay

In both the studies SILD-FMS-1001 and SILD-FMS-1002, venous
blood samples (6 mL) for the pharmacokinetic analysis of silde-
nafil citrate and its active metabolite N-desmethyl-sildenafil were
collected in K2 EDTA tubes through indwelling catheter or direct
venipuncture into a forearm vein.

The blood samples were collected at pre-dose (within 120 min-
utes before dosing) and at 0.083, 0.25, 0.50, 0.75, 1.00, 1.50, 2.0,
3.0, 4.0, 6.0, 8.0, 10, 12, and 14 hours post dose. BP, PR, temper-
ature, and RR were measured at 2-, 4- and 14-hours after drug
administration. All subjects were subjected to a post-study evalu-
ation at study exit, including physical examination, vital signs (BP,
PR, RR, and temperature), 12-lead electrocardiogram, and labora-
tory evaluation.

Pharmacokinetic analyses

Pharmacokinetic analyses were performed in a similar fash-
ion for both SILD-FMS-1001 and SILD-FMS-1002 studies. The col-
lected pharmacokinetic blood samples were centrifuged at 1900 g
+400 g for 10 minutes at 4°C to get plasma, and later stored in
freezer at -70°C within 90 minutes after centrifugation in prela-
beled polypropylene tubes. Plasma samples were assayed for silde-
nafil using 96-well solid phase extraction and validated through
HPLC-MS/MS with a lower limit of quantification of 4 ng/mL. The
calibration standard responses of assay were observed to be linear
over the range of 4 to 1500 ng/mL. Samples were also assayed for
N-desmethyl sildenafil using validated liquid-liquid extraction and
HPLC-MS/MS with a lower limit of quantification of 1 ng/mL. The
assay responses were linear from 1 to 375 ng/mL. All samples were
analyzed at a bioanalytical laboratory in the United States (Mylan
Pharmaceuticals Inc, Morgantown, West Virginia).
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The pharmacokinetic parameters were determined for sildenafil
and its metabolite using standard non-compartmental analysis. The
maximum concentration (CPEAK [primary end point]) and the time
at which it occurred relative to the administered dose (TPEAK) was
determined from the observed plasma concentration-time profile
over the sampling time interval. The elimination rate constant
(KEL) was determined by linear regression of the terminal linear
phase of the log plasma concentration-time profile.

AUCL is the sum of the linear trapezoidal estimation of
the areas from the time of dosing to the time of the last
quantifiable concentration. Area under the plasma concentration-
time curve from zero to infinity (AUC) was calculated as:
AUC,, = AUCL + LQC/KEL where LQC is the last quantifiable concen-
tration. The t'; was calculated as t% = 0.693/KEL.

Patients were monitored for occurrence of any TEAESs, vital signs
(BP and heart rate), general physical examination, laboratory pa-
rameters, and 12-lead electrocardiogram throughout the study pe-
riod.

Statistical Analyses

A sample size of 39 subjects was required to provide 80% power
with a true ratio between 95% and 105% and an intrasubject vari-
ability of 30% for the study SILD-FMS-1001 to conclude the bioe-
quivalence between sildenafil citrate ODF with and without water
and Viagra® FCTs within the range of 80% to 125% for all parame-
ters.

Whereas the sample size calculation for SILD-FMS-1002 study
was assumed to have a true ratio between 87% and 115% and an
intrasubject variability of 20%. A minimum of 72 subjects was re-
quired to conclude bioequivalence with approximately 80% power.

Considering the dropouts, noncompliance, and other such rea-
sons, 42 subjects in the first study and 80 subjects in the second
study were recruited.

The statistical analyses on pharmacokinetic parameters were
performed using the General Linear Models Procedure (PROC GLM)
of SAS Software (SAS Institute, Cary, North Carolina). The signifi-
cance level was fixed at an alpha level of 0.05. The natural log-
transformed parameters: LNAUCL and LNCPEAK were analyzed. The
tests were performed to analyse for statistically significant differ-
ences in the pharmacokinetic parameters. Least squares means was
used to determine the test to reference ratios of the pharmacoki-
netic parameters. The 90% Cls were constructed using the two 1-
sided tests procedure.

The bioequivalence in first and second study was demonstrated,
if the 90% CIs for the ratio of adjusted geometric means of test
drug administered with and without water relative to the refer-
ence drug for sildenafil AUCL and CPEAK were within 80% to 125%.
The relative bioavailability was estimated as the ratio of adjusted
geometric means for sildenafil citrate ODF administered with and
without water relative to the Viagra® FCTs administered with wa-
ter for sildenafil AUCL and CPEAK.

The pharmacokinetic parameters AUCoo, AUCL, CPEAK, TPEAK,
t'4, and KEL of sildenafil were summarized descriptively treatment-
wise. For sildenafil AUCL, AUC,,, and CPEAK, individual subject pa-
rameters were plotted based on the treatment. In both the stud-
ies, mean sildenafil plasma concentration-time data were plotted
against treatment and were represented on log-linear scales.

Results

In the SILD-FMS-1001 study, 42 subjects were enrolled, and 40
participants completed the study. Two subjects withdrew from the
study due to personal reasons. The subjects included were White,
Black or African American, Asian, American Indian or Alaska Na-
tive, Native Hawaiian or other Pacific Islander, and other races were



A. Shaw, TE. Lawrence, T. Yan et al.

Current Therapeutic Research 99 (2023) 100708

Table 1
Descriptive summary of plasma sildenafil pharmacokinetic parameters after a single oral dose of 50 mg sildenafil citrate (SILD-FMS-1001).
Parameter Sildenafil citrate Sildenafil citrate Viagra®1 {Ratio Ratio
ODF with water (A) ODF without water (B) FCT (C) (A[C)* (B/C)= I
(n=41)* (n=41) (n=42)
CPEAK, ng/mL 182.7 (46.72) 201.3 (47.66 181.3 (57.40 1.02 (94.91-108.78) 1.07 (91.26-125.95)

AUCL, ng/hr/mL
AUC.,, ng/hr/mL 606.2 (41.61)¢
KEL, h-! 0.2816 (31.11)7
t, h 2.707 (31.35)¢
TPEAK, h 1.044 (44.69)

)
578.3 (40.89) 628.9 (40.05)
668.0 (36.16)"
0.2929 (28.58)7
2.591 (33.21)¢

1.338 (66.19)

525.3 (38.22) 1.09 (104.49-113.21) 1.12 (94.39-132.92)
547.4 (37.72) - -
0.2024 (34.11) - -
2.652 (34.04) - -
1.188 (44.15) - -

AUCoo = area under the plasma concentration-time curve from zero to infinity; AUCL =area under the plasma concentration-time curve; CPEAK = maximum plasma concen-
tration; FCT =film coated tablet; KEL = elimination rate constant; ODF = orally disintegrating film; TPEAK = time to CPEAK.

* Values are presented as arithmetic mean (% coefficient of variation).
T Pfizer Inc, New York, New York.

f Ratio of geometric least-squares means (90% CI, used as natural log transformed parameter).$Ratio (A/C)=e [LSMEAN of (LNA = Natural log transformed sildenafil citrate

ODF with water - LNC = Natural log transformed Viagra FCT).

Il'Ratio (B/C)=e [LSMEAN of (LNB = Natural log transformed sildenafil citrate ODF without water - LNC = Natural log transformed Viagra FCT)].

¥ n=39.

Table 2

Mean N-desmethyl-sildenafil plasma concentrations after single-dose administration of test and reference doses of sildenafil citrate 50 mg (SILD-FMS-1001).

Sildenafil citrate
ODF without water (B)
(n=41)"

Sildenafil citrate
ODF with water (A)
(n=41)

Parameter

Viagra®1 Ratio Ratio
ECT (C) (AJC)HS (B/C)"!
(n=42)

CPEAK, ng/mL
AUCL, ng/hr/mL
AUC,, ng/hr/mL 74.18 (40.26)
KEL, h! 0.2076 (21.20)
ts, h 3.492 (21.89)
TPEAK, h 1.064 (49.56)

15.85 (55.82)
67.15 (43.74)

15.59 (43.86)
66.55 (42.00)
75.58 (35.80)"
0.2121 (24.85)7
3.529 (34.62)’
1.269 (72.56)

15.95 (48.88)7 0.96 (87.36-105.38) 0.95 (81.78-111.19)
63.84 (36.95)1 1.01 (96.39-104.87) 0.94 (75.58-117.37)
70.30 (33.28)¢ - -
0.2118 (19.70)7 - -
3.406 (20.81)9 - -
1.220 (52.16)¢ - -

AUCoo = area under the plasma concentration-time curve from zero to infinity; AUCL=area under the plasma concentration-time curve; CPEAK = maximum plasma concen-
tration; FCT =film coated tablet; KEL = elimination rate constant; ODF = orally disintegrating film; TPEAK = time to CPEAK.

* Values are presented as arithmetic mean (% coefficient of variation).
T Pfizer Inc, New York, New York.

f Ratio of geometric least-squares means (90% CI, used as natural log transformed parameter).
§ Ratio (A/C)=e [LSMEAN of (LNA = Natural log transformed sildenafil citrate ODF with water - LNC =Natural log transformed Viagra FCT).
Il'Ratio (B/C)=e [LSMEAN of (LNB = Natural log transformed sildenafil citrate ODF without water — LNC = Natural log transformed Viagra FCT)].

9 n=39.

recruited. All subjects were men between ages 18 and 55 years
(mean age, 41.2 [9.46] years). The mean (SD) body mass index was
26.6 (2.69) (range, 19.6-30 kg/m?2).

In the SILD-FMS-1002 study, 80 subjects were enrolled, and all
subjects completed the study. The subjects who participated be-
longed to White, Black or African American, Asian, American In-
dian or Alaska Native, Native Hawaiian or other Pacific Islander, or
other races. The subjects were men between ages 18 and 45 years
(mean age, 31.2 [6.3] years). The mean (SD) body mass index was
23.90 (2.81) (range, 19.1-29.4 kg/m?).

Pharmacokinetics

Bioequivalence study of SILD-FMS-1001

Following a single oral dose of 50 mg sildenafil citrate, the
mean sildenafil plasma concentration-time profiles for all 3 treat-
ments were principally overlapping. The corresponding pharma-
cokinetic parameters are provided in Table 1 and Table 2. The
mean concentration-time profiles for sildenafil in first study have
been illustrated in Fig. 1A. Systemic exposure (CPEAK and AUCL)
of sildenafil and its metabolite were comparable across all the 3
treatments. TPEAK values were comparable across the treatments,
with a range of 1.064 to 1.338 hour. Mean t% was comparable in all
the treatments with a mean value of approximately 2.6 hours. The
variability for CPEAK and AUCL, based on arithmetic mean (%CV),
was generally similar for all treatments (47%-57% and 38%-41%).

The protocol-specified bioequivalence criteria were met for
sildenafil citrate ODF given with water relative to Viagra® FCTs
with 90% Cls for the ratios of geometric means of sildenafil CPEAK
and AUCL were entirely contained within the equivalence interval
of 80% to 125% (Table 1).

In contrast, when sildenafil citrate ODF was given without wa-
ter, the 90% CIs for the ratios of geometric means of sildenafil
CPEAK (91.26%-125.95%) and AUCL (94.39%-132.92%) fell outside
the upper limits of 125% due to an unanticipated increased vari-
ability observed with the without water administration.

The concentration-time profiles for the metabolite N-desmethyl
sildenafil were generally similar for all 3 treatments and almost
superimposable on each other (Fig. 1B). Consistent with sildenafil,
the systemic exposure (CPEAK and AUCL) of N-desmethyl sildenafil
was similar across all the 3 treatment groups. Arithmetic mean
TPEAK values were comparable across the treatments, with a range
of 1.064 to 1.269 hour. The t'4 was similar across the treatments,
with a mean value of approximately 3.5 hours and are summarized
in Table 2.

Bioequivalence study of SILD-FMS-1002

The mean plasma sildenafil pharmacokinetic parameters and
the results of their statistical comparisons for the pharmacokinetic
set (n=380) are summarized in Table 3. The mean concentration-
time profiles for sildenafil are shown in Fig. 2A. Specifically, the
mean sildenafil plasma concentration-time profiles for both the
treatments were nearly overlapping to each other. Systemic ex-
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Figure 1. (A) Mean plasma sildenafil citrate concentration-time profile following

SILD-FMS-1001 N-desmethylsildenafil

—A (N=40) =B (N=40) —=C (N=39)

8
(hours)

a single oral dose of 50 mg sildenafil citrate (SILD-FMS-1001). Mean sildenafil plasma

concentration vs time profiles up to 24 hours after test and reference treatments. Treatment A: Sildenafil citrate 50 mg orodispersible film with water. Treatment B: Sildenafil
citrate 50 mg orodispersible film without water; Treatment C: Viagra® (Pfizer Inc, New York, New York) film-coated tablet with water. (B) Mean N-desmethyl sildenafil
plasma concentrations (SILD-FMS-1001). Mean N-desmethyl sildenafil plasma concentration vs time profiles up to 24 hours after test and reference treatments. Treatment A:
Sildenafil citrate 50 mg orodispersible film with water. Treatment B: Sildenafil citrate 50 mg orodispersible film without water; Treatment C: Viagra® (Pfizer Inc, New York,

New York) film-coated tablet with water.

posure (CPEAK and AUCL) of sildenafil and its metabolite were
comparable across both the treatment groups. Mean TPEAK val-
ues were similar in sildenafil without water and Viagra® FCTs
group and mean t'% were nearly comparable in both the treat-
ments. The variability for pharmacokinetic parameters (CPEAK:
39%-43%; AUCL: 31% vs 33%) based on %CV, was generally similar
for all the treatments. The protocol-specified bioequivalence crite-

ria were met for sildenafil citrate ODF given without water relative
to Viagra® FCTs because 90% Cls for the ratios of geometric means
of sildenafil CPEAK and AUCL were confined within the equivalence
interval of 80% to 125% (Table 3).

Analogously, the concentration-time profiles for the metabo-
lite N-desmethyl sildenafil were generally similar for the 2 treat-
ments and fairly superimposable on each other (Fig. 2B). Con-
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Table 3
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Descriptive summary of plasma sildenafil pharmacokinetic parameters after a single oral dose of 50 mg sildenafil citrate (SILD-FMS-1002).

Sildenafil citrate ODF without
water (A)
(n=80)*

Parameter

Viagra®' FCT (B)
(n=80)*

Ratio A/B¢

CPEAK, ng/mL
AUCL, ng/hr/mL
AUC,, ng/hr/mL

382.3 (38.74)
1131 (31.47)
1182 (32.52)

KEL, h-1 0.2137 (18.63)
t h 3.355 (18.50)
TPEAK, h 1.069 (44.51)

380.1 (43.26) 1.02 (95.47-109.36)
1074 (32.74) 1.06 (103.42-108.40)
1123 (33.59) -

0.2087 (18.84) -

3.433 (17.96) -

1.050 (49.89) -

AUCoo = area under the plasma concentration-time curve from zero to infinity; AUCL=area under the plasma concentration-time curve; CPEAK = maximum
plasma concentration; FCT = film coated tablet; KEL = elimination rate constant; ODF = orally disintegrating film; TPEAK = time to CPEAK.

* Values are presented as arithmetic mean (% coefficient of variation).
T Pfizer Inc, New York, New York.

f Ratio of geometric least-squares means (90% CI, used as natural log transformed parameter).
§ Ratio=e [LSMEAN of (LNA = Natural log transformed sildenafil citrate ODF with water-LNB = Natural log transformed sildenafil citrate ODF without water)].

Table 4
Mean N-desmethyl-sildenafil plasma concentrations after single-dose administration of test and reference doses of sildenafil citrate 50 mg (SILD-FMS-1002).
Parameter Sildenafil citrate ODF without Viagra®' FCT (B) Ratio A/B¢
water (A) (n=80)
(n=380)*
CPEAK, ng/mL 35.50 (32.84) 37.91 (34.74) 0.961 (90.81-101.30)
AUCL, ng/hr/mL 173.5 (37.48) 172.8 (38.66) 1.01 (99.40-102.59)
AUC,,, ng/hr/mL 192.9 (39.89) 192.2 (41.87) -

KEL, h-! 0.1942 (18.91)
t%, h 3.725 (23.60)
TPEAK, h 1.341 (40.35)

0.2002 (21.28) -
3.707 (36.39) -
1.206 (46.27) -

AUCoo = area under the plasma concentration-time curve from zero to infinity; AUCL=area under the plasma concentration-time curve; CPEAK = maximum
plasma concentration; FCT =film coated tablet; KEL = elimination rate constant; ODF = orally disintegrating film; TPEAK = time to CPEAK.

* Values are presented as arithmetic mean (% coefficient of variation).
T Pfizer Inc, New York, New York.

f Ratio of geometric least-squares means (90% CI, used as natural log transformed parameter).
§ Ratio=e [LSMEAN of (LNA = Natural log transformed sildenafil citrate ODF with water-LNB = Natural log transformed sildenafil citrate ODF without water)].

gruent with sildenafil, CPEAK and AUCL of N-desmethyl sildenafil
was akin between the 2 treatment groups. Arithmetic mean TPEAK
values were comparable between the treatments, with mean val-
ues of 1.206 to 1341 hour. Likewise, t's was similar in the 2
treatment groups, with a mean value of approximately 3.7 hours
(Table 4).

Safety

Sildenafil citrate ODF and Viagra® FCT administered as a single
dose were well tolerated by healthy adult men in both the studies.
On the first study, the number of TEAE'’s reported after adminis-
tration of sildenafil citrate ODF (with water), sildenafil citrate ODF
(without water), and Viagra® FCTs were comparable (8, 14, and 11
AEs, respectively). All AEs were of mild intensity and there were
no discontinuations due to AEs. No serious AEs or deaths were re-
ported during the study. The most frequent TEAE reported by the
subjects after administration of sildenafil citrate ODF (with water)
was headache (12.2%), and all events were related to the drug.
Flushing was the most common drug related AE experienced in
both sildenafil citrate ODF (without water), and Viagra® FCTs in
14.6% and 11.9% of subjects, respectively. Based on system organ
class (SOC) classification, the nervous system disorders system or-
gan class SOC contained the most frequently reported AEs in sub-
jects who received sildenafil citrate ODF (with water), whereas the
most commonly reported AEs in subjects in the other 2 treatment
groups were within the vascular disorders SOC system organ class.

In the study SILD-FMS-1002, a total of 12 AEs was experienced
by the study participants. The AEs post administration of sildenafil
citrate ODF without water, and Viagra® FCTs were comparable (1
each). The remaining AEs (n=10) were alterations in laboratory in-
vestigations that could not be definitively attributed to either of

the treatment groups because clinical laboratory parameters were
only evaluated at screening and study exit stage. No discontinua-
tions, serious AEs, or deaths occurred during this study. All the AEs
were considered mild. One subject who received sildenafil citrate
ODF without water experienced an event of pain (1.25%), which
was categorized within the general disorder and administration
site condition SOC system organ class classification; this AE was
considered to be drug-related. One subject receiving Viagra® FCT
reported headache (1.25%), which was considered as drug-related
and categorized within the nervous system disorder SOC system
organ class classification.

Discussion

Sildenafil citrate, with its proven efficacy and safety has been
used in the treatment of ED for more than 2 decades. In addition
to the presently marketed sildenafil FCT, the novel sildenafil ODF
formulation offers an alternative option with a discrete and conve-
nient method of administration with or without water for patients
who have difficulty swallowing or are on liquid restrictions.

The first study demonstrated bioequivalence between the 2 for-
mulations (sildenafil citrate ODF and Viagra® FCT) when adminis-
tered with water. However, the pharmacokinetic results between
sildenafil without water and Viagra® FCT with water were not
found to be bioequivalent due to an unanticipated increased vari-
ability associated with the without water administration. To do
further analysis, a second study, considering the increased intra-
subject variability, was conducted to reassess the pharmacokinetic
parameters and bioequivalence was established between the silde-
nafil without water and Viagra® FCT with water.

The SILD-FMS-1001 study demonstrated that sildenafil citrate
ODF given with water was bioequivalent to Viagra® FCT given with
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Figure 2. (A) Mean sildenafil plasma concentrations (SILD-FMS-1002). Mean sildenafil plasma concentration vs time profiles up to 24 hours after test and reference treat-
ments. Treatment A: Sildenafil citrate 50 mg orodispersible film without water. Treatment B: Viagra® (Pfizer Inc, New York, New York) film-coated tablet with water. (B)
Mean N-desmethyl sildenafil plasma concentrations (SILD-FMS-1002). Mean N-desmethyl sildenafil plasma concentration vs time profiles up to 24 hours after test and ref-
erence treatments. Treatment A: Sildenafil citrate 50 mg orodispersible film without water; Treatment B: Viagra® (Pfizer Inc, New York, New York) film-coated tablet with

water.

water under fasting conditions as the 90% CI for the natural log-
transformed LS Means ratio of CPEAK and AUCL for sildenafil were
found to be between 80% and 125% satisfying the criteria for bioe-
quivalence.

The pharmacokinetic data from N-desmethyl sildenafil, the ac-
tive metabolite of sildenafil, was also similar between the 2 for-

mulations, showing additional supportive evidence of comparable
therapeutic outcome.

However, bioequivalence was not established between sildenafil
citrate ODF without water and Viagra® FCTs with water. The re-
sults were considered to be equivocal and another study SILD-FMS-
1002 was planned in accordance with the observed increased in-
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trasubject variance and conducted to reassess the bioequivalence
of sildenafil citrate ODF without water and Viagra® FCT with
water.

The second study demonstrated that sildenafil citrate ODF
dosed without water was found to be bioequivalent to Viagra®
FCT with water under fasting conditions. The 90% CIs for the nat-
ural log-transformed data for sildenafil fell within the acceptable
bioequivalent range of 80% and 125%.

The pharmacokinetic data for N-desmethyl sildenafil, the active
metabolite of sildenafil, was also similar between the 2 formula-
tions taken with water, showing additional supportive evidence of
comparable therapeutic outcome.

In addition, both the formulations shared a favorable safety pro-
file with few AEs reported. Results here were similar in terms
of reported AEs—mild, drug-related AEs were expected given the
known safety profile of the drug and safety was a secondary end
point for both studies.

Similar findings were found in a study conducted by Radicioni
et al."® Subjects were administered with a different sildenafil cit-
rate 100 mg ODF (without water) and sildenafil citrate 100 mg
FCTs (with water) and pharmacokinetic samples were investigated
up to 24 hours post-administration. There was nearly superimpos-
able mean plasma concentration-time profiles identified between
the 2 treatment groups.”

A group of international experts from varied disciplines met to
revise a Process of Care Model developed in 1999. This data-driven,
evidence-based, update leveraged the extensive clinical expertise
for effective management of ED. It provided guidance for primary
care physicians on risk factors, comorbidities, PDE-5 inhibitors se-
lection, dosing, sexual counseling, and patient education. The study
highlighted that sildenafil citrate is an ideal and optimal choice of
drug in patients with ED. It has been effectively used in patients
with comorbidities, including spinal cord injury, severe hepatic in-
jury, or renal insufficiency. It can also be used concomitantly in
patients with arrythmias or on drugs that causes QT segment pro-
longation. It should be emphasized that effective management of
ED may be achieved by counseling, understanding individualized
needs, and creating a tailor-made treatment goal to reinstate pa-
tient and or couple sexual satisfaction.'*

Recently, the Italian Society of Andrology and Sexual Medicine
endorsed an expert task force from ten Italian societies related to
the field of sexual medicine to facilitate guidelines on the diagnosis
and management of ED with organic and psychosexual comorbidi-
ties. They reinstated that PDE-5 inhibitors remain the gold stan-
dard treatment for ED. They also emphasized stupendous benefits
of sildenafil citrate orodispersible film. It does not require water
for swallowing, offers enhanced bioavailability because it bypasses
first-pass metabolism, and reduces incidence of AEs. The most re-
markable advantage of sildenafil citrate ODF is that it respects the
need for couple-privacy and improves patient sexual satisfaction.!®

Ultimately, in addition to the presently available sildenafil FCTs,
the novel ODF formulation of sildenafil offers an option for patients
who have difficulty swallowing, as well as a convenient and dis-
creet method of administration without the need for water.

Conclusions

The result of these studies demonstrates that the new silde-
nafil citrate ODF formulation administered with and without wa-

Current Therapeutic Research 99 (2023) 100708

ter is bioequivalent to Viagra® FCT administered with water under
fasted conditions in healthy male volunteers. Thus, the new ODF
formulation is a safe and suitable alternative to the conventional
oral solid dosage form.
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