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ABSTRACT

Introduction: Three studies compared the
bioequivalence (BE) of new generic tablet for-
mulations of sitagliptin (100 mg; fasting) and
the fixed-dose combination (FDC) of sitagliptin/
metformin (50/850 mg, 50/1000 mg; both fed)
in healthy volunteers with the same tablet
strengths of the reference products Januvia and
Janumet.
Methods: The study design was open-label,
single-dose, randomized with two-way cross-
over periods. Blood sampling was performed for
72/48 h in the sitagliptin/FDC studies, respec-
tively. Primary pharmacokinetic (PK) parame-
ters for sitagliptin and metformin were area
under the plasma concentration–time curve
from time 0 to last timepoint of measurable
concentration (AUC0–t) and maximum plasma
concentration (Cmax). Test (T) and reference
(R) formulations proved bioequivalent if 90%

confidence interval (CI) of geometric least-
squares mean ratio for AUC0–t and Cmax were
within BE acceptance range of 80.00–125.00%.
Safety evaluations included vital signs, clinical
laboratory tests, and adverse events (AEs).
Results: Treated/evaluable volunteers for BE
per study were: 30/28 (sitagliptin 100 mg),
26/25 (FDC 50/850 mg), and 26/24 (FDC
50/1000 mg). The 90% CI of the geometric
means of T/R ratios for primary PK parameters
were within predefined BE limits: CI for AUC0–t

and Cmax were 95.83–100.37% and
91.85–109.56% (sitagliptin 100 mg);
100.84–103.69% and 93.44–105.10% (FDC
50/850 mg), and 101.26–105.20% and
98.71–112.89% (FDC 50/1000 mg); respective
values for metformin were 94.23–101.89% and
91.66–99.38% (FDC 50/850 mg) and
98.45–104.89% and 96.79–105.62% (FDC
50/1000 mg). All AEs were nonserious, tran-
sient, and mostly mild. Safety evaluations did
not reveal any relevant difference between T
and R formulations.
Conclusions: The new generic tablet formula-
tions of sitagliptin 100 mg and the FDCs sita-
gliptin/metformin 50/850 mg and 50/1000 mg
demonstrated bioequivalence to originator ref-
erence products. Therefore, the new products
are expected to provide efficacy and tolerability
similar to those of the reference products in the
treatment of patients with type 2 diabetes
(T2D).
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Key Summary Points

Why carry out these studies?

Metformin and the DPP-4 inhibitor
sitagliptin are well established for the
management of type 2 diabetes, and their
combination is widely used to improve
glycemic control. The generic sitagliptin
100 mg tablet and sitagliptin/metformin
fixed-dose combination tablets can be
effective alternative treatment options for
glycemic control in patients with type 2
diabetes.

Three studies in healthy volunteers
assessed the bioequivalence of new
generic formulations of sitagliptin and
sitagliptin/metformin fixed-dose
combination to the approved reference
products Januvia and Janumet.

What was learned from the studies?

The studies demonstrated bioequivalence
of the new generic formulations,
sitagliptin 100 mg and the fixed-dose
combination of sitagliptin and metformin
at 50/850 mg and 50/1000 mg strengths,
to the reference products Januvia and
Janumet in healthy volunteers.

Therefore, the new generic products are
expected to provide similar clinical
benefits for patients with type 2 diabetes
to the approved reference products.

INTRODUCTION

The oral antidiabetic agent metformin is a
member of the biguanide drug class that was
originally described in 1922 and introduced
into the pharmacologic management of type 2
diabetes (T2D) in 1958 [1, 2]. Since then, initial
pharmacologic therapy of T2D has generally
included metformin as a cornerstone, either
alone or in combination with one or more
antihyperglycemic agents [3, 4]. The aim of
such treatments is to provide patients with T2D
with effective therapy, tailored to their indi-
vidual needs. Sitagliptin is a dipeptidyl pepti-
dase-4 (DPP-4) inhibitor and was the first in its
class approved in October 2006 by the Food and
Drug Administration (FDA) [5, 6]. Dipeptidyl
peptidase-4 (DPP-4) inhibitors, like sitagliptin,
provide glycemic control with a low inherent
risk of hypoglycemia and are classified as car-
diovascular and body-weight neutral.
Sodium–glucose cotransporter 2 (SGLT2) inhi-
bitors and glucagon-like peptide 1 receptor
agonists (GLP-1 RA) have expanded the treat-
ment options for T2D, offering cardiovascular
and/or renal risk reduction along with glycemic
control. The emerging clinical evidence in the
past two decades led to continuous updates of
the major guidelines for the management of
T2D; these included recommendations to refo-
cus the use of DPP-4 inhibitors towards patients
without atherosclerotic cardiovascular disease,
high cardiovascular risk, heart failure, or
chronic kidney disease but in need for glycemic
control with minimal hypoglycemic risk [3, 7].

Sitagliptin is a highly selective inhibitor of
the DPP-4 enzyme [8]. DPP-4 limits the activity
of the incretin hormones, glucagon-like pep-
tide-1 (GLP-1) and glucose-dependent insuli-
notropic polypeptide (GIP), that are involved in
glucose homeostasis and are released from
enteroendocrine cells upon meal intake. DPP-4
inhibition with sitagliptin slows the inactiva-
tion of GLP-1 and GIP, thereby elevating their
physiological levels and prolonging their
action, i.e., glucose-dependent increase of
insulin secretion from pancreatic b-cells and
lowered glucagon release from pancreatic b-cells
leading to reduced hepatic glucose production.
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Both effects contribute to the reduction of
HbA1c plasma levels, and fasting and post-
prandial glucose, in patients with T2D who
have hyperglycemia [5, 8–10].

Metformin’s primary mechanism of action as
an insulin sensitizer is to improve glycemic
control by increasing glucose utilization within
the body and decreasing glucose uptake from
food, predominantly via adenosine monophos-
phate-activated protein kinase (AMPK) activa-
tion [11, 12].

Combination therapy with drugs that have
complementary mechanism of action is key to
the management of T2D, to ensure appropriate
glycemic control and prevent or delay T2D-re-
lated comorbidities.

The different mechanisms of action of met-
formin and sitagliptin are complementary and
lead to improved glycemic control, with a low
risk of hypoglycemia, and acceptable tolerabil-
ity without overlapping side effects [13, 14].
Pharmacokinetics (PK) of sitagliptin and met-
formin are not altered by coadministration [15].
The combination of sitagliptin and metformin
has proven to be efficacious and tolerable either
as a free combination of the products or as a
fixed-dose combination (FDC) [13, 16, 17].

We conducted PK phase I studies in healthy
volunteers with two new generic formulations,
i.e., of sitagliptin and the FDC of sitagliptin
with metformin. The primary objective was to
evaluate bioavailability and to demonstrate the
bioequivalence of the generic formulations after
a single oral dose compared with the same dose
of the approved originator reference products.
Secondary objectives were the evaluation of
safety and tolerability.

METHODS

Study Drugs and Study Design

The generic test products sitagliptin 100 mg
film-coated tablet and the FDC of sitagliptin/
metformin 50/850 mg and 50/1000 mg film-
coated tablets were developed by Galenicum
Health, Spain. The generic test products com-
prised sitagliptin hydrochloride monohydrate
either alone or in combination with metformin

hydrochloride. Three bioequivalence studies
were conducted in healthy male and female
volunteers respectively for three dosage forms.
All three studies were performed under the
responsibility of the sponsor (Galenicum
Health) and conducted by a qualified clinical
research unit/organization (CRO): one located
in Madrid, Spain (sitagliptin study) and another
CRO in Quebec, Canada (FDC studies).

All study procedures were performed in
accordance with the 1964 Helsinki Declaration
and its later amendments and National Guide-
lines for Biomedical Research on Human Sub-
jects, Good Clinical Practices for Clinical
Research in India, International Council for
Harmonisation (ICH, step 5) Guidance on Good
Clinical Practice, and related EU guidelines.
Informed consent was obtained from all indi-
vidual participants included in the studies.
Informed consent included the intention to
present or publish the study results, without
disclosing the participants’ identity. Ethics
approval was obtained from the corresponding
committees of the CROs for all the sitagliptin
and FDC studies. In addition, applicable local
regulations were followed, e.g., the Spanish
regulation, the FDA GCP Code of Federal Reg-
ulations Title 21 (part 56), European regulation
EU 536/2014, and the Tri-Council Policy State-
ment (Canada).

The sitagliptin study evaluated the bioe-
quivalence of the generic test product ‘‘Sita-
gliptin 100 mg film coated tablet’’ (containing
sitagliptin hydrochloride) with the commer-
cially available originator reference product
Januvia 100 mg tablet, distributed by Merck
Sharp & Dohme Ltd., Spain (containing sita-
gliptin phosphate monohydrate). The two FDC
studies evaluated the bioequivalence of the
active ingredients sitagliptin hydrochloride and
metformin hydrochloride from the sitagliptin/
metformin FDC at two strengths, 50/850 mg
and 50/1000 mg, with the respective tablet
strength of the commercially available origina-
tor reference product Janumet (containing
sitagliptin phosphate monohydrate and met-
formin hydrochloride), distributed by Merck
Sharp & Dohme Ltd., UK.

The study design was the same for all three
studies, i.e., randomized, single-center, open-
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label, single-dose, two-treatment and two-pe-
riod crossover design with a washout period of
7 days between drug administrations to ensure
sufficient time for drug elimination, to mini-
mize carry-over effects. However, the drug
intake conditions were fasting conditions for
the sitagliptin study and fed conditions for the
FDC studies, accounting for the labeled
administration of metformin.

Participants were randomized to one of the
two treatment sequences, reference–test pro-
duct or test–reference product in the two study
periods, by using randomization code lists. The
treatments were allocated in a balanced manner
on each inclusion day in five blocks of six par-
ticipants for the sitagliptin study and in a single
block in the FDC studies. In line with ICH
guidance [18], the BE studies followed the
standard design, which does not require double
blinding. The open-label design is appropriate
considering that the primary endpoints are
pharmacokinetic parameters and that the study
drugs are tested in a crossover design. However,
in our BE studies, the personnel of the bioana-
lytical facilities was kept blinded until analysis
completion.

Study Drug Administration

Sitagliptin study: Participants were required to
take a single oral dose of either the test or ref-
erence product with 240 mL of water after
overnight fasting for at least 10 h before dosing
and until at least 4 h after dosing. No water was
allowed within 1 h before and until 5 h after
dosing. The following meals were provided after
drug intake: a standard meal after 5 h, a snack
after 9 h, and an evening meal 12 h after drug
intake.

FDC sitagliptin/metformin studies: After a
supervised overnight fast (at least 10 h) partici-
pants received a standardized high-fat, high-
calorie breakfast 30 min before a single oral dose
of the assigned formulation was administered
with about 240 mL of water at room tempera-
ture. Water was provided ad libitum until 1 h
pre-dose and was allowed ad libitum starting 1 h
after drug intake. A standardized lunch was
served at least 4 h after dosing; a supper and a

light snack were served at appropriate times
thereafter, but not before 9 h after dosing.

Participants were to remain seated following
drug administration (5 h in the sitagliptin study
and 4 h in the FDC sitagliptin/metformin stud-
ies). Participants in each of the three studies
were allowed to leave the clinical site after the
24-h blood draw and were asked to return before
each of the two remaining blood samples were
taken (48 and 72 h after sitagliptin and 36 and
48 h after sitagliptin/metformin drug intake).

Participant Selection

Healthy male and female volunteers were
enrolled on the basis of inclusion and exclusion
criteria of the approved protocol for each study.
The FDC studies shared the same eligibility cri-
teria, which were similar to those in the sita-
gliptin study. All three studies included healthy
female and male volunteers who provided
written informed consent for participation.
Participants were: 18–55 years and B 65 years of
age in the sitagliptin study and the FDC studies,
respectively; and non- or ex-smokers with a
body mass index (BMI) between 18.5 and 30 kg/
m2. Participants had: no history of clinically
significant disease, nor evidence of clinically
significant findings on physical examination
and/or clinical laboratory evaluations [hema-
tology, general biochemistry, electrocardiogram
(ECG) and urinalysis in the normal range];
negative serology results (hepatitis B surface
antigen, hepatitis C antibodies, human
immunodeficiency virus antibodies), negative
pregnancy results; (women); and no evidence of
drug and/or alcohol abuse.

Blood Sampling and Handling

Blood sampling: Blood samples were drawn
before dosing and up to 72 h and 48 h after each
dosing period in the sitagliptin study and FDC
studies, respectively. The total volume of blood
collected per participant was considered to have
a negligible or no impact on the PK profiles of
the drugs, on the assessment of bioequivalence
(BE) and negligible effect on participants’ safety.
In the sitagliptin study blood sampling was
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performed in each study period within 1 h
before first dosing and at 0.5, 1, 1.5, 2, 2.5, 3,
3.5, 4, 4.5, 5, 5.5, 6, 7, 8, 10, 12, 16, 20, 24, 48,
and 72 h after drug dosing. In the FDC studies,
blood samples were drawn in each study period
prior to first drug administration and at 0.5, 1,
1.5, 2, 2.33*, 2.5** 2.67*, 3, 3.5, 4, 5, 5.5**, 6, 8,
10, 12, 16, 24, 36, and 48 h after drug admin-
istration (*collected for sitagliptin measurement
only; ** collected for metformin measurement
only).

Sample handling: Blood samples were col-
lected in di- and tri-potassium ethylenedi-
aminetetraacetic acid (K2EDTA and K3EDTA)
tubes in the sitagliptin and metformin samples,
respectively. Samples were centrifuged at 4 �C
and at * 1900 g for 10 min. The plasma
obtained was separated into duplicate
polypropylene culture tubes. The labeled tubes
(not revealing formulation identity) were
retained in the site’s freezers at –20 �C until
transit on dry ice to the bioanalytical facility for
assay.

Plasma concentrations of sitagliptin and
metformin were estimated individually by high-
performance liquid chromatography with
detection by sequential mass spectrometry
(HPLC–MS/MS). The analytes were extracted
from human EDTA plasma by protein precipi-
tation (sitagliptin) and solid phase extraction
(metformin) techniques. These estimations
were performed by respective validated bioana-
lytical methods with a linear range of 1–500 ng/
mL for sitagliptin and 2–2000 ng/mL for met-
formin and lower limit of quantification of
1 ng/mL for sitagliptin and 2 ng/mL for
metformin.

PK and Statistical Analyses, and Sample
Size Considerations

The primary PK parameters for assessment of
bioequivalence in each study were area under
the concentration curve from time 0 to the last
timepoint of measurable concentration
(AUC0–t) and maximal plasma concentration
(Cmax).

Sample sizes were determined on the basis of
literature estimates, to provide at least 80%

power for the conclusion of bioequivalence.
The test-to-reference ratios were assumed to
be C 90% and B 110%. For the sitagliptin
study, an intra-subject variation of 17.5% for
Cmax and AUC0–t was used for sample size cal-
culation, whereas for the FDC studies an intra-
subject variation of 19% was applied for Cmax

and AUC0–t of metformin and sitagliptin. As a
result, 30 and 26 participants were required in
the sitagliptin and in the two FDC studies,
respectively, to conclude bioequivalence with
approximately 80% power. The test and refer-
ence formulations were considered bioequiva-
lent if the geometric least-squares mean ratio for
Cmax and AUC0–t and its 90% confidence inter-
val were within the bioequivalence acceptance
range of 80.00–125.00%, in line with European
guidelines [18].

Secondary PK parameters for each study were
AUC extrapolated to infinite time (AUC0–inf), to
reach maximal plasma concentration (Tmax),
terminal elimination half-life (t1/2), and
extrapolated/residual AUC. Additional sec-
ondary parameters were mean residence time
(MRT), total plasma clearance (Cl), and distri-
bution volume (Vd) in the sitagliptin study and
apparent elimination rate constant (kZ) in both
FDC studies. All PK parameters were calculated
on the basis of the respective drug concentra-
tion in plasma. PK analyses and statistical
analyses were generated using validated PK
software, i.e., Phoenix WinNonlin version 6.3
(sitagliptin study) and Phoenix WinNonlin
version 6.3, Phoenix ConnectTM version 1.3.1
and SAS version 9.4 (general linear models
procedure) (FDC sitagliptin/metformin studies).

In all studies, logarithmically transformed PK
parameters were statistically analyzed using an
analysis of variance model. The fixed factors
included in this model were the subject effect
(nested within sequence), the treatment
received, the period at which it was given, and
the sequence in which each treatment was
received.

The PK population included samples from all
participants who received at least one of the
study products. Participants who experienced
emesis within 5 h (FDC study 50/850 mg) or
5.5 h (FDC study 50/1000 mg) after drug
administration were withdrawn from the study,
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while for participants with emesis within 5–6 h
or 5.5–7 h, respectively, only blood sampling for
sitagliptin was collected and analyzed for this
study period. No participants were removed for
this reason.

Safety Evaluation

Safety assessments comprised physical exami-
nations, vital signs, ECG, glycemia, clinical
laboratory tests (hematology, clinical biochem-
istry, serology, urine analysis, pregnancy test for
women), and adverse event (AE) monitoring by
means of open questions. AE monitoring was
performed at each visit; vital signs were repor-
ted following 5 min of rest in a supine position;
ECG assessments were performed before dosing
and 2 h post-dosing. Laboratory determinations
were performed at screening and at the end of
the follow-up period. Follow-up visits were
conducted 5–10 days after the second dose in
the sitagliptin study and 10 days after the

second dose in both FDC sitagliptin/metformin
studies.

Descriptive statistics were used to summarize
treatment-emergent AEs (TEAEs), safety results,
and demographic variables (age, height, weight,
and body mass index).

RESULTS

Demographic Characteristics
and Discontinuations

Sitagliptin Study
Thirty healthy volunteers, 15 males and 15
females, were randomized as planned with a
mean age of 28 years and a mean BMI of
23.5 kg/m2 (Table 1). Twenty-four participants
were Caucasian and six were Latin-American.
Twenty-eight participants completed both
study periods, while two participants quit the
study for personal reasons after period 1.

Table 1 Demographic characteristics per study

Study
Sitagliptin
100 mg tablet

Study
Sitagliptin/metformin FDC
50/850 mg tablets

Study
Sitagliptin/metformin
FDC 50/1000 mg tablets

Participants randomized
N = 30

Participants randomized
N = 26

Participants randomized
N = 26

Age, years

Mean ± SD 28 ± 9 42 ± 11 44 ± 13

Range 18–50 24–60 24–65

Weight, kg

Mean ± SD 68.9 ± 14.1 74.6 ± 12.6 66.3 ± 9.5

Range 48–96 55.7–95.1 48.0–85.8

Height, cm

Mean ± SD 170 ± 12 170.5 ± 11.7 163.4 ± 9.0

Range 149–192 149.9–192.8 147.2–181.7

BMI, kg/m2

Mean ± SD 23.5 ± 2.8 25.6 ± 2.5 24.8 ± 2.6

Range 19.0–29.6 19.8–29.3 19.9–29.6

BMI body mass index, FDC fixed-dose combination, SD standard deviation
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Therefore, 28 participants were evaluable for PK
statistical assessment.

FDC Sitagliptin/Metformin Studies
FDC sitagliptin/metformin 50/850 mg tablet study:
Twenty-six healthy participants (12 males, 14
females) with a mean age of 42 years and a
mean BMI of 25.6 kg/m2 (Table 1) were ran-
domized, of whom 22 participants were Cau-
casian, 9 were Hispanic or Latin-American, and
3 were African-American. Twenty-five partici-
pants completed both study periods and were
included in the PK statistical assessment. One
female participant discontinued before study
end in period 1 due to an adverse event (in-
creased body temperature).

FDC sitagliptin/metformin 50/1000 mg tablet
study: Twenty-six healthy participants (7 males
and 19 females) were enrolled as planned with a
mean age of 44 years and a mean BMI of
24.8 kg/m2 (Table 2). Twenty-four participants
were Caucasian, six were Hispanic or Latin-
American, and two were Asian. Twenty-four
participants completed both study periods and
were included in the PK statistical assessment.
One participant withdrew consent (because she
was not feeling well), and one was withdrawn
due to the investigator decision (due to pain in
the left knee); none of these events was con-
sidered to be relevant to the treatment.

Bioequivalence Assessment and PK

Sitagliptin Study
Bioequivalence between the test product versus
the approved originator reference product was

demonstrated for AUC0–t and Cmax because the
90% confidence intervals for the corresponding
mean ratios (test over reference) were within
the predefined bioequivalence acceptance range
of 80.00–125.00% (Table 2). The mean values
(SD) for AUC0–t and Cmax and other secondary
PK parameters of the test product, sitagliptin
100 mg film-coated tablets, and the reference
product were similar; the extrapolated portion
of the AUC was on average 1.19% and ranged
from 0.44% to 2.17% (Table 3). Mean sitagliptin
plasma concentrations over time were similar
for the test and reference product (Fig. 1).

FDC Sitagliptin/Metformin Studies
Statistical evaluation: the geometric mean ratios
of the test and reference product for the primary
PK parameters AUC0–t and Cmax for sitagliptin
were close to 100% and for metformin slightly
below (98% and 95%, respectively), and 90%
confidence intervals were within the required
range of 80–125% for bioequivalence (Table 4).
The geometric mean ratios of the primary PK
parameters of the 50/1000 mg tablets were
around or slightly above 100% (105% for Cmax

of sitagliptin), and the 90% confidence intervals
were within the required acceptance range of
80–125% (Table 5).

The mean plasma concentration–time curves
for the sitagliptin and metformin component
from the generic test products at 50/850 mg and
50/1000 mg tablet strength were similar to the
respective strengths of the originator reference
FDC products (Figs. 2 and 3).

The average values of secondary PK parame-
ters were comparable between the formulations

Table 2 Bioequivalence assessment of a single dose of sitagliptin 100 mg of the generic test and the originator reference
product under fasting conditions

Parameter ISCV (%) Geometric LS mean – SD (N = 28) Bioequivalence assessment

Test product (T) Reference product (R) T/R ratio (%) 90% CI

AUC0–t (ng�h/mL)1 5.07 3393.21 ± 492.17 3511.93 ± 577.69 98.07 95.83–100.37

Cmax (ng/mL) 19.34 401.10 ± 112.75 396.24 ± 110.20 100.31 91.85–109.56

1Sampling period 72 h
AUC0–t area under the curve from time zero to last timepoint of measurable concentration, Cmax maximum plasma
concentration, CI confidence interval, ISCV intra-subject coefficient of variance, LS least squares, SD standard deviation,
Test product (T) sitagliptin 100 mg tablet, Reference product (R) Januvia 100 mg
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for sitagliptin and metformin in the respective
FDC studies; the mean residual area values for
the test and reference formulations were 3.50%
and 0.99% (50/850 mg; Table 6) and 3.44% and
1.73% (50/1000 mg; Table 7), respectively.

Safety and Tolerability

Sitagliptin Study
Thirty participants who received at least one
study drug were included in the safety analyses.
Two participants withdrew consent and dis-
continued after a single 100 mg dose in the first
study period. No serious AEs were reported.
Three participants experienced a nonserious
TEAE that resolved during the study: headache
in two participants (mild n = 1; moderate n = 1)
with the reference product and dysmenorrhea
(mild) in another participant treated with the
test product. The two AEs, mild headache and
mild dysmenorrhea, were considered possibly
related to the study drug.

Clinically significant alterations in labora-
tory parameters did not occur. In female par-
ticipants, a small hemoglobin decrease of
0.30 g/dL was observed, which is to be expected
due to the blood sampling, although it did not
occur in male participants. No clinically rele-
vant alterations in the physical examination,
vital signs (blood pressure, heart rate), or ECG
occurred.

Table 3 Pharmacokinetic parameters of a single dose of sitagliptin 100 mg tablet of the generic test and the originator
reference product administered under fasting condition

Parameter Test product (N = 29) Reference product (N = 29)

Arithmetic mean SD Arithmetic mean SD

AUC0–t (h�ng/mL)1 3393.21 492.17 3511.93 577.69

AUC(0–inf) (h�ng/mL) 3434.23 498.93 3554.83 589.23

AUCextrapolated (%)
a 1.19 [0.44–2.17] 1.19 [0.36–2.75]

Cmax (ng/mL) 401.10 112.75 396.24 110.20

Tmax (h)
b 2.50 [0.50–6.00] 2.50 [1.00–7.00]

t� (h) 12.25 1.72 11.97 1.93

1Sampling period 72 h
AUC area under the curve 0–t from time zero to last observed measurable concentration, (0–inf) from time zero to infinite,
Cmax maximum plasma concentration, SD standard deviation, Tmax time to maximum concentration, t1/2 elimination or
terminal half-life, Test product Sitagliptin 100 mg tablet, Reference product Januvia 100 mg
aAUCextrapolated: mean [range]
bTmax: median [range]

Fig. 1 Sitagliptin mean plasma concentration over 72 h
following a single dose of a 100 mg tablet of the generic
test product (black triangle) and the originator reference
product (blue circle) under fasted conditions (N = 29).
Test product: Sitagliptin 100 mg film-coated tablet; Ref-
erence product: Januvia 100 mg
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FDC Sitagliptin/Metformin Studies
The safety population in the FDC sitagliptin/
metformin 50/850 mg study comprised 26 par-
ticipants, who received at least one study drug.
No serious AEs were reported. Eight participants
(31%) reported at least one TEAE: four partici-
pants (15%) reported ten TEAEs with the test
product, and five participants (20%) reported
eight TEAEs with the reference product. All
events were mild except one of moderate

intensity with the test product. The most com-
mon TEAE experienced in more than one par-
ticipant (N = 2) was nausea, reported with the
test product only. Drug-related TEAEs were
nausea and headache (reported for the test
product) and abdominal discomfort, abdominal
pain, and somnolence (reported for the refer-
ence product).

The safety population in the FDC sitagliptin/
metformin 50/1000 mg study consisted of 26

Table 4 Bioequivalence assessment of a single dose of FDC sitagliptin/metformin tablets 50/850 mg of the generic test and
the originator reference product under fed conditions

ISCV (%) Geometric LS mean (N = 25)

Test product (T) Reference product (R) T/R ratio 90% CI

Sitagliptin

AUC0–t (h�ng/mL)1 12.2 1646.87 1610.51 102.26 100.84–103.69

Cmax ng/mL 2.9 150.55 151.92 99.10 93.44–105.10

Metformin

AUC0–t (h�ng/mL)1 8.1 10,853.11 11,076.12 97.99 94.23–101.89

Cmax (ng/mL) 8.4 1179.59 1235.90 95.44 91.66–99.38

1Sampling period 48 h
AUC0–t area under the curve from time zero to last observed measurable concentration, CI confidence interval, Cmax

maximum plasma concentration, FDC fixed-dose combination, ISCV intra-subject coefficient of variance, LS least squares,
Test product (T) sitagliptin/metformin 50/850 mg tablet, Reference product (R) Janumet 50/850 mg

Table 5 Bioequivalence assessment of a single dose of FDC sitagliptin/metformin tablets 50/1000 mg of the generic test
and the originator reference product under fed conditions

ISCV (%) Geometric LS mean (N = 24)

Test product (T) Reference product (R) T/R ratio 90% CI

Sitagliptin

AUC0–t (h�ng/mL)1 3.8 1718.59 1665.09 103.21 101.26–105.20

Cmax (ng/mL) 13.5 170.64 161.65 105.56 98.71–112.89

Metformin

AUC0–t (h�ng/mL)1 6.4 13,130.42 12,921.29 101.62 98.45–104.89

Cmax (ng/mL) 8.8 1577.96 1560.63 101.11 96.79–105.62

1Sampling period 48 h
AUC0–t area under the curve from time zero to last observed measurable concentration, CI confidence interval, Cmax

maximum plasma concentration, FDC fixed-dose combination, ISCV intra-subject coefficient of variance, LS least squares,
Test product (T) sitagliptin/metformin 50/1000 mg tablet, Reference product (R) Janumet 50/1000 mg
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participants, who received at least one study
drug. No serious AE was reported. Eight partic-
ipants (31%) reported at least one TEAE: three
participants (13%) reported 11 TEAEs with the
test product, and six participants (23%) repor-
ted 16 TEAEs with the reference product. All
events were mild, except one of moderate
intensity with the test product and four mod-
erate events with the reference product. The
most common TEAEs reported in more than
one participant (N = 2) were dyspepsia with the
test product, and diarrhea and somnolence with
the reference product. Dyspepsia, nausea, and
dizziness were reported, related to the test and

reference product. Vomiting, fatigue, and skin
reactions were reported related to the test pro-
duct only, while diarrhea and somnolence were
reported related to the reference product only.

DISCUSSION

New generic formulations of sitagliptin tablet
(100 mg) and the fixed-dose combination tablet
of sitagliptin and metformin (50/850 mg and
50/1000 mg) were evaluated in three phase I
studies and demonstrated to be bioequivalent
to the same tablet strengths of the respective

Fig. 2 Mean plasma concentration over 48 h for
sitagliptin (a) and metformin (b) following a single dose
of a 50/850 mg tablet of the generic test product (black
triangle) and the originator reference product (blue circle)
under fed conditions (n = 25 for each drug). Test product:
sitagliptin/metformin 50/850 mg film-coated tablet; refer-
ence product: Janumet 50/850 mg

Fig. 3 Mean plasma concentration over 48 h for
sitagliptin (a) and metformin (b) following a single dose
of a 50/1000 mg tablet of the generic test product (black
triangle) and the originator reference product (blue circle)
under fed conditions (n = 24 for each drug). Test product:
sitagliptin/metformin 50/1000 mg film-coated tablet; ref-
erence product: Janumet 50/1000 mg
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reference products Januvia (Merck Sharp &
Dohme Ltd., Spain) and Janumet (Merck Sharp
& Dohme Ltd., UK). This proven bioequivalence
allows the transfer (extrapolation) of clinical
efficacy and safety data from the originator
products to the new generic formulations. The
bioequivalence assessment was based on the
90% confidence intervals of the ratios for sita-
gliptin and metformin, which met the accep-
tance range of 80–125% for the primary PK
parameter AUC0–t and Cmax, in line with the EU
guidance [18].

The phase I BE studies were designed in
accordance with the ICH guideline, i.e., two-
period crossover design, sufficient blood sam-
pling timepoints, and an adequate sample size

powered for bioequivalence assessment of the
primary PK parameters AUC0–t and Cmax. In
each study, the sample size for the BE assess-
ment was robust as only one or two participants
had to be excluded due to noncompletion of a
study period. Considering the terminal half-life
of sitagliptin (around 12 h) and of metformin
(about 6.5 h), the washout period of 7 days
applied in each study was considered appropri-
ate to avoid carry-over effects across periods
[19, 20]. Sitagliptin’s bioavailability increases in
a dose-proportional manner, and PK is not
influenced by food [5, 20, 21]. Therefore, and in
line with the European Medicines Agency
guidance on evaluation of BE, the highest rec-
ommended strength of 100 mg sitagliptin was

Table 6 PK parameters of sitagliptin and metformin administered after fed administration of a single dose of a 50/850 mg
FDC tablet of the generic test and the originator reference product

Test product Reference product

Arithmetic mean SD Arithmetic mean SD

Sitagliptin

AUC0–t (h�ng/mL) 1681.84 355.01 1645.15 351.17

AUC(0–?) (h�ng/mL) 1742.79 363.88 1703.54 359.16

Residual area (%)a 3.50 [1.19–6.76] 3.44 [1.35–6.31]

Cmax (ng/mL) 158.49 51.34 156.94 39.36

Tmax (h)
b 2.67 [1.50—10.00] 2.67 [1.00–4.53]

T1/2 (h) 10.55 1.52 10.46 1.61

Metformin

AUC0–t (h�ng/mL) 11,205.17 2742.62 11,412.97 2819.87

AUC(0–?) (h�ng/mL) 11,320.91 2794.44 11,508.62 2817.54

Residual area (%)a 0.99 [0.24–3.79] 0.87 [0.22–5.85]

Cmax (ng/mL) 1221.71 324.53 1271.12 298.66

Tmax (h)
b 4.00 [1.00—8.00] 4.00 [1.50–5.50]

T1/2 (h) 8.37 3.68 8.09 4.36

N = 25 for each product and parameter; sampling period 48 h
AUC area under the curve 0–t from time zero to last timepoint of measurable concentration, (0–?) from time zero to
infinite, Cmax maximum plasma concentration, FDC fixed-dose combination, SD standard deviation, Tmax time to maxi-
mum concentration, T1/2 elimination or terminal half-life, Test product sitagliptin/metformin 50/850 mg film-coated tablet,
Reference product Janumet 50/850 mg
aResidual area: mean [range]
bTmax: median [range]
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tested under the most sensitive (i.e., fasting)
condition. Due to the metformin component,
the FDC tablets of sitagliptin/metformin had to
be administered under standardized fed
conditions.

The selection criteria applied in the pre-
sented studies were reasonable as sitagliptin’s
and metformin’s PKs are not relevantly influ-
enced by age, gender, or BMI [5, 20]. The bioe-
quivalence of the sitagliptin test formulation
with the reference product Januvia, for the key
PK parameter AUC0–t and Cmax, is further sup-
ported by similarity of both formulations
regarding Tmax and terminal half-life: median
Tmax was 2.50 h, and mean terminal half-life

was close to 12 h for the test and reference
product; both results were consistent with
published data for the reference drug [5]. Fur-
thermore, the mean extrapolated AUC in the
sitagliptin study and the mean residual area in
the FDC studies for the test and reference
products were clearly below the 20% limit
defined by regulatory authorities with maxi-
mum values of 7.49% for sitagliptin and 8.36%
for metformin analyte, which underlines the
appropriateness of the plasma sampling sched-
ule for a reliable estimate of the extent of
exposure [18].

The new generic test products, sitagliptin
and the FDC sitagliptin/metformin, were well

Table 7 PK parameters of sitagliptin and metformin after fed administration of a single dose of a 50/1000 mg FDC tablet
of the generic test and the originator reference product

Test product Reference product

Arithmetic mean SD Arithmetic mean SD

Sitagliptin

AUC0–t (h�ng/mL) 1739.31 255.87 1685.01 231.25

AUC(0–?) (h�ng/mL) 1801.56 266.07 1752.63 244.44

Residual area (%)a 3.44 [1.24–7.49] 3.81 [1.50—9.33]

Cmax (ng/mL) 173.92 32.43 164.71 29.43

Tmax (h)
b 2.67 [1.50–5.07] 2.83 [1.50–6.00]

T1/2 (h) 10.96 1.63 11.37 1.94

Metformin

AUC0–t (h�ng/mL) 13,396.73 2368.93 13,231.36 2461.21

AUC(0–?) (h�ng/mL) 13,841.65 2204.10 13,659.39 2294.45

Residual area (%)a 1.73 [0.22–8.36] 1.73 [0.23–6.45]

Cmax (ng/mL) 1607.17 257.02 1592.89 291.98

Tmax (h)
b 3.29 [2.00–5.00] 3.50 [1.00–4.50]

T1/2 (h) 10.79 6.58 11.24 6.50

N = 24 for each product and parameter, except N = 23 for AUCinf, residual area and T1/2 for metformin; sampling period
48 h
AUC area under the curve 0–t from time zero to last timepoint of measurable concentration, (0–?) from time zero to
infinite, Cmax maximum plasma concentration, FDC fixed-dose combination, SD standard deviation, Tmax time to maxi-
mum concentration, T1/2 elimination or terminal half-life, Test product sitagliptin/metformin 50/1000 mg film coated
tablet, Reference product Janumet 50/1000 mg
aResidual area: mean [range]
bTmax: median [range]
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tolerated, and serious AEs did not occur. The
few AEs reported for the generic test and origi-
nator reference products were of mild intensity
and included nausea, dyspepsia, abdominal
pain/discomfort, headache, and somnolence.
The frequency of AEs was similar for both sita-
gliptin formulations and slightly lower for the
test product compared with the reference pro-
duct in the combination studies. The AE profile,
as well as laboratory parameters, vital signs, and
ECG, did not reveal any relevant difference
between the test and reference formulation in
any of the studies. This is in line with the
known safety profile of both substances.

Bioequivalence demonstration between
medicinal products is key for extrapolation of
the established clinical efficacy and safety from
the originator reference product to the new
generic product. Sitagliptin is approved for the
improvement of glycemic control in patients
with T2D as monotherapy in patients inade-
quately controlled by diet and exercise alone,
and in whom metformin is inappropriate due to
contraindications or intolerance and as combi-
nation therapy with other oral antidiabetics
and/or insulin on top of diet and exercise, i.e.,
as dual therapy add-on to metformin, a sul-
fonylurea, or a peroxisome-proliferator-acti-
vated receptor gamma (PPARc) agonist or as
triple therapy add-on to metformin ? sulfony-
lurea or PPARc or insulin [5, 22]. Patients with
T2D who are already treated with the individual
products can be switched to the FDC of sita-
gliptin/metformin [22]. In the past decade the
use of combination tablets for the treatment of
T2D has increased [23]. Using FDC products can
reduce the complexity of drug intake by
decreasing the number of tablets to be taken,
which can improve treatment adherence
[24, 25] and ultimately treatment outcomes; as
such, reducing the number of tablets to be taken
may be beneficial for patients on polyphar-
macy. FDCs for the management of T2D have
also been reported to increase patients’ treat-
ment satisfaction [26].

A general limitation of BE studies is their
conduct in healthy volunteers under strict
control, and therefore the findings cannot
always be extrapolated one-to-one to patients
with concomitant diseases and comedications.

In addition, a comparison of the safety profile is
limited due to the small sample size and single
dose administration.

CONCLUSIONS

The new generic formulation sitagliptin 100 mg
film-coated tablet and the FDC tablets of sita-
gliptin with metformin with 50/850 mg and
50/1000 mg strengths proved to be bioequiva-
lent to the respective originator reference
products at the same tablet strengths. The safety
and tolerability results were overall similar for
the test and reference products and revealed no
new findings. On the basis of the comparative
bioavailability and PK, the new generic products
are expected to provide therapeutic effects and
tolerability similar to those of the reference
products and are therefore interchangeable in
the approved indications.
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