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Abstract

Objective We aimed to assess the bioequivalence, safety, and tolerability of Chinese- and French-manufactured Glucophage®
immediate-release (GIR) tablets under fasted and fed conditions in healthy volunteers. A bioequivalence study was proposed
to support the manufacturing transfer.

Methods This was an open-label, randomized, two-period, two-sequence, crossover study. Subjects were randomly assigned
to receive the test product (one 500 mg GIR tablet manufactured in China) or reference product (one 500 mg GIR tablet
manufactured in France). The primary study endpoint was the area under the plasma concentration-time curve from time
zero to the last sampling time (AUC,) and maximum observed concentration (C,,,,).

Results In total, 96 subjects were screened and 44 subjects were randomly assigned to treatment (fasted group, 26 subjects;
fed group, 18 subjects). All 44 subjects received the study drug, completed the study, and were included in the pharma-
cokinetic (PK) and safety analysis sets. Under fasted or fed conditions, the mean AUC, and C,,,, (primary PK parameters)
were comparable between the test and reference products. Point estimates for both parameters were close to 100% and
the corresponding 90% confidence intervals were within the specified 80—125% bioequivalence boundary. There were no
hypoglycemia-related adverse events (AEs) in either treatment group. All AEs in the present study were mild in severity.
Conclusions Bioequivalence between the test and reference GIR tablets was demonstrated under fasted and fed conditions
and both were safe and well tolerated.

Clinical Trials Registration This study was registered at ClinicalTrials.gov under the identifying number NCT03393208.

) ) 3 Metformin hydrochloride is an oral glucose-lowering drug
The bioequivalence of French- and Chinese-manufac-

A . } that belongs to the class of biguanides. It is considered a
tured Glucophage™ 500 mg immediate-release tal?l.ets foundation therapy for patients with newly diagnosed type 2
was demonstr.ated under both fasted and fed conditions diabetes mellitus (T2DM) [1]. Unless contraindicated or not
in healthy Chinese volunteers.

tolerated, metformin is recommended as first-line oral antidi-
abetic therapy in patients with T2DM by the American Dia-
betes Association and European Association for the Study of
Diabetes [2]. Metformin reduces gluconeogenesis, opposes
glucagon-mediated signaling in the liver, and increases glu-

>4 Lan hZharig @126 cose uptake in the skeletal muscle [3]. Of note, metformin
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was 1.4 h™!, and lag-time was 0.91 h [5]. Furthermore,
the estimated glomerular filtration rate was found to sig-
nificantly affect the clearance of metformin. In a previous
PK study that assessed the bioequivalence of the test and
reference metformin hydrochloride tablets in healthy Chi-
nese volunteers under fasting and fed conditions, the median
time to reach the maximum observed concentration (f,,,)
was approximately 2 h for both formulations under fed and
fasted conditions [6]. In a randomized phase I study that
assessed the bioequivalence and safety of generic metformin
hydrochloride (test preparation) and Glucophage® (reference
preparation) in healthy Chinese subjects, generic metformin
was found to be bioequivalent and as safe as Glucophage®
under fed conditions in healthy Chinese subjects [7].

The Glucophage® immediate-release (GIR) tablet is an oral
glucose-lowering drug containing metformin hydrochloride as
an active ingredient. A bioequivalence study was proposed to
support the Generics Quality Consistency Evaluation in China,
a campaign started by China’s Health Authority in 2015 to
improve the overall quality of generic drug manufacturing by the
pharmaceutical industry. This study aimed to investigate the bio-
equivalence of 500 mg GIR tablets manufactured by Sino-Amer-
ican Shanghai Squibb Pharmaceuticals in China (test product)
and 500 mg GIR tablets manufactured by Merck Santé S.A.S in
France (reference product) to demonstrate whether the quality of
the test product is equal to that of the reference product.

The primary objective of this study was to assess the bio-
equivalence of the GIR tablets manufactured in China and
France following single oral dose administration under fasted
and fed conditions in healthy volunteers. The secondary objec-
tives were to compare additional PK parameters and the safety
and tolerability of the GIR tablets after single oral dose admin-
istrations of the test and reference products.

2 Materials and Methods
2.1 Study Design

This was an open-label, randomized, two-period, two-
sequence, crossover study. The study design is shown

Fig. 1 Study design. GIR
Glucophage® immediate release

Period 1 (Day 1)

Fasting (n= 26)
Test GIR (13)

in Fig. 1. In each study period, subjects were randomly
assigned to receive the test product (one 500 mg GIR tab-
let manufactured in China) or the reference product (one
500 mg GIR tablet manufactured in France). The study had
a screening period of 2 weeks before the first GIR tablet
administration, a first dosing/sampling period up to 2 days
after dosing, a washout period of at least 7 days after the
first GIR tablet administration, a second dosing/sampling
period up to 2 days after dosing, and a conditional follow-
up examination period (only for subjects with any ongoing
adverse events [AEs] at discharge) of up to 7 days following
the last study drug administration.

Eligible subjects were assigned to fasted or fed groups
first, and subjects in both groups received the allocated
treatment according to a computer-generated randomiza-
tion schedule. In addition, both sexes were to be represented
(each sex representing > 25% of the total number) in each
study group. In both groups, subjects were required to fast
(i.e., refrain from all foods and liquids, except water) for
at least 10 h from the previous night to the time of drug
administration in the fasted group or the consumption of a
high-fat, high-calorie breakfast in the fed group. Addition-
ally, all subjects were required to refrain from drinking water
during the first 2 h after drug administration.

This study was approved by the Ethics Committee of
Xuanwu Hospital Capital Medical University (No. [2017]
030) and the Chinese regulatory authorities, and was con-
ducted in accordance with the Declaration of Helsinki and
Good Clinical Practice. All study participants provided writ-
ten informed consent. This study was registered at Clini-
calTrials.gov under the identifying number NCT03393208.

2.2 Participants

The main inclusion criteria were Chinese male and female
subjects aged 18-55 years with a body mass index of 18-30
kg/m? who were non-smoking (in the last 3 months), had
good physical and mental health status, blood and urine bio-
chemistry and hematology tests within the normal range or
showing no clinically relevant deviations, electrocardiogram

Approximately 7-day washout Period 2 (Day 8)

Fasting (n= 26)
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Reference GIR (13) eference GIR (13)

Fed (n= 18)
Test GIR (9)
Reference GIR (9)
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(ECG) without signs of clinically relevant pathology, and
vital signs within the normal range.

The main exclusion criteria were participation in a clini-
cal study within 90 days prior to first drug administration;
blood donation (>500 mL) or significant blood loss within
90 days prior to first drug administration; pregnant or lac-
tating women; any surgical or medical condition that could
interfere with the study objectives, conduct, or evaluation;
history of surgery of the gastrointestinal tract; history or
presence of relevant liver diseases or hepatic dysfunction;
hypersensitivity to the active drug substance or excipients;
renal failure or renal dysfunction; any contraindication to
metformin/GIR; and abnormal and clinically significant
chest x-ray finding at screening.

2.3 Study Endpoints

The primary study endpoint was the area under the plasma
concentration-time curve from time zero to the last sampling
time (AUC,) and maximum observed concentration (C,,,,),
while the secondary study endpoints were ¢,,,,, apparent ter-
minal half-life (t,,), AUC from time zero to infinity (AUC
«)» AUC from time of the last quantifiable concentration
extrapolated to infinity given as a percentage of AUC
(AUC,a9)- terminal elimination rate constant (Az), apparent
total body clearance of drug following extravascular admin-
istration (CL/f), and apparent volume of distribution during
the terminal phase following extravascular administration
(Vz/f). The safety analysis included evaluation of the AEs,
vital signs (blood pressure, pulse rate, body temperature, and
respiration), clinical laboratory tests (biochemistry, hematol-
ogy, and urinalysis), ECG, and physical examination. AEs
were classified using the Medical Dictionary for Regulatory
Activities (MedDRA) version 20.1 classification system by
system organ class (SOC) and preferred term (PT), and were
rated by severity and potential relationship to the study drug.

2.4 Blood Sampling and Bioanalytical Methods

Blood samples were collected during each treatment period
10 min prior to drug administration (baseline) and at 0.5, 1,
2,3,4,5,6,7,8, 10, 12, 14, 24, 30, 36, and 48 h postdos-
ing. Plasma samples were transferred to the bioanalytical
laboratory and were subsequently stored at —20 °C (£ 5 °C)
prior to testing. Bioanalytical measurements were conducted
using protein precipitation. The lower limit of quantification
(LLOQ) of metformin was 10.0 ng/mL. A validated liquid
chromatography—mass spectrometry/mass spectrometry
method was used to determine metformin in all study sam-
ples [6]. The drug concentrations produced by administering
the test and reference products were used to derive the PK
parameters.

2.5 Statistical Methods

Bioequivalence was confirmed if the 90% confidence inter-
vals (CIs) for the geometric mean ratios between the test
and reference products for both AUC, and C,,, were within
the range of 80-125%. Based on the results of previous bio-
equivalence studies, GIR has shown a relatively low intrain-
dividual coefficient of variation (CV; fasted: assuming a CV
of 17.5% for C,,,, and 13.8% for AUC, [8] and assuming 5%
variation for all ratios [95-105%]; fed: assuming a CV of
7.6% for C,,,, and 8.8% for AUC, [Study No. EML056023-
H105, data on file] and assuming 5% variation for all ratios
[95-105%]). Applying these CVs together with the applica-
ble bioequivalence criteria for AUC, and C,,,, (80-125%),
and to allow the true treatment ratio of test/reference product
to vary within 0.95 and 1.05, we determined 20 evaluable
subjects in the fasted group and 12 subjects in the fed group
would provide at least 89.9% power and 99.7% power to
show bioequivalence in the fasted and fed groups, respec-
tively (90% power for both groups). Assuming a dropout rate
of 25%, 26 subjects were to be included in the fasted group.
Furthermore, a minimum sample size of 18 subjects was
determined for the fed group based on clinical judgment.
Thus, the sample size was set to be 44 subjects.

The PK analysis set included all subjects who completed
the study with adequate study medication compliance, with-
out any relevant protocol violations or events concerning
factors likely to affect the PK results’ comparability, and
sufficient evaluable data to determine the primary endpoints
(AUC, and C,,,,) for both treatments. The safety analysis set
included all subjects who received at least one dose of the
study drug.

PK parameters were calculated from plasma concentra-
tions of metformin by applying noncompartmental analy-
sis with the linear and logarithmic trapezoidal methods.
The primary endpoints, C,,,, and AUC, under fasted or
fed conditions, were log-transformed and analyzed using
a mixed-effects model. The model included fixed effects
for sequence, treatment, and period, and subject nested
within the sequence as a random effect. Treatment differ-
ences on the log scale were estimated for the parameters
and their 90% ClIs. The least squares means and 95% CIs
by treatment were also estimated. Point estimates and ClIs
were back-transformed to the original scale for presenta-
tion, i.e., ratios of geometric means and corresponding
90% ClIs for test/reference products, and geometric means
and corresponding 95% CIs by product, respectively. Sec-
ondary endpoints were summarized using descriptive sta-
tistics. Hodges—Lehmann estimates [9] for treatment dif-
ferences and 90% Cls according to the Tukey method were
calculated for 7,,,.. For AUC_,, the mixed-effects model
for treatment comparison as described for the primary
endpoints was also used. The geometric mean ratios and
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90% CIs for the test/reference products were estimated
separately for fasted and fed conditions. Safety variables
were summarized using descriptive statistics. Statistical
analyses were performed using Phoenix® WinNonlin® 6.4
(Certara, LP, Princeton, NJ, USA) and SAS® Windows
version 9.4 (SAS Institute Inc., Cary, NC, USA).

3 Results
3.1 Subject Characteristics

A total of 96 subjects were screened and 44 subjects were
randomly assigned to treatment (26 subjects to the fasted
group and 18 to the fed group). Among the 52 subjects
who were not randomized, 43 subjects failed screening
and 9 subjects were screened successfully but not rand-
omized. The most common reason for screening failures
was ‘eligibility criteria not met’. All 44 randomized sub-
jects received the study drug, completed the study, and
were included in the PK and safety analysis sets.

Table 1 shows the baseline demographic and clinical
characteristics of the study subjects. More male (68.2%)
than female (31.8%) subjects participated in this study,
but the sex ratio fulfilled the protocol settings (each
sex representing > 25% of the total number per group).
Demographic characteristics other than sex were well
balanced.

3.2 Pharmacokinetics of Metformin

Figure 2 shows metformin plasma concentration-time pro-
files for the test and reference products in the fasted and fed
groups. Following single oral dose administration of met-
formin to subjects under fasted conditions, mean metformin
plasma concentrations increased and reached peak concen-
trations at approximately 2 h postdose for both products.
Metformin concentrations declined in a multi-exponential
manner through 24 h, and mean profiles were superimpos-
able until the 24-h time point between both products. Met-
formin concentrations were below the LLOQ (10.0 ng/mL)
at the scheduled 36- and 48-h time points. After a single
oral dose administration of metformin to subjects in the fed
group, mean metformin plasma concentrations increased,
with peak concentrations reaching between 2.5 and 4 h post-
dose for both products. Metformin concentrations declined
in a multi-exponential manner through 24 h, and mean pro-
files were essentially superimposable between both products.
Metformin concentrations were below the LLOQ (10.0 ng/
mL) at the scheduled 36- and 48-h time points.

Table 2 shows the PK parameters of metformin for the
test and reference products under fasted and fed condi-
tions. Under fasted or fed conditions, the mean AUC, and
Cax (primary PK parameters) and the AUC_ (second-
ary PK parameter) were comparable between the test and
reference products. For the test and reference products
under fasted conditions, the geometric mean t,, was 4.38
and 4.90 h, respectively, and the median t,, was 2.00 h
for both treatments. For the test and reference products

Table 1 Baseline demographic and clinical characteristics (safety analysis set)

Sequence Fasted group Fed group Total
Test—reference  Reference—test  Total [n =26] Test—reference  Reference—test Total [n=18] N=44
product [n = 13]  product [n = 13] product [n =9]  product [n = 9]
Age, years
Mean + SD  32.8 +7.97 31.5+7.39 322 +7.56 29.8 +9.01 32.2+7.03 31.0+7.94 31.7 +7.65
Min, max 21,45 21,44 21,45 20, 49 19, 42 19, 49 19, 49
Sex [n (%)]
Male 10 (76.9) 9 (69.2) 19 (73.1) 6 (66.7) 5(55.6) 11 (61.1) 30 (68.2)
Female 3(23.1) 4 (30.8) 7 (26.9) 3(33.3) 4 (44.4) 7 (38.9) 14 (31.8)
Height, cm
Mean = SD  167.3 + 6.49 167.5 + 8.56 167.4 +7.44 163.6 + 8.60 166.3 + 8.41 164.9 + 8.38 166.4 + 7.84
Min, max 157,178 146, 175 146, 178 147, 176 156, 180 147, 180 146, 180
Weight, kg
Mean + SD  68.18 + 7.645 65.82 + 7.059 67.00 +£7.310 65.00 + 10.203  63.67 £ 7.327 64.33 +8.644 6591 +7.897
Min, max 54.0,77.0 52.4,77.0 52.4,77.0 50.7,78.7 51.8,73.9 50.7,78.7 50.7,78.7
BMI, kg/m?
Mean + SD  24.34 +2.287 23.48 +£2.255 2391 £2.269 24.15 + 1.836 22.96 + 1.396 23.56 +£ 1.696  23.77 +2.040
Min, max 21.8,28.1 20.0, 26.8 20.0, 28.1 20.8, 26.3 21.1,25.8 20.8, 26.3 20.0, 28.1

BMI body mass index, Min minimum, Max maximum, SD standard deviation
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Fig.2 Arithmetic means + SD metformin plasma concentration-time profiles for the test and reference products on linear and semi-logarithmic
scales in the (a) fasted and (b) fed groups (PK analysis set). PK pharmacokinetics, SD standard deviation

Table 2 Geometric mean (GCV %) for metformin plasma PK parameters for the test and reference products under fasted and fed conditions (PK

analysis set).

Parameter Geometric mean (GCV %)

Test product, fasted [n = 26]

Reference product,
fasted [n = 26]

Test product, fed [n = 18]

Reference prod-
uct, fed [n = 18]

Cpax [ng/mL] 1110 (30.1)
AUC, [ng-h/mL] 6260 (22.4)
AUC, [ng-h/mL] 6520 (20.2)°
fa (D] 2.00 (1.00, 4.00)
t,, [h] 4.38 (40.5)°
CL/f[L/h] 76.7 (20.2)°
Vz/f [L] 485 (46.6)°

1110 (22.7)
6280 (16.3)
6410 (16.0)
2.00 (1.00, 4.00)
4.90 (47.4)

78.0 (16.0)

551 (52.5)

711 (22.4)

4950 (25.6)
5070 (25.0)
2.75 (1.50, 5.00)
4.23 (45.6)

98.6 (25.0)

602 (34.3)

700 (18.6)
5020 (23.3)
5160 (21.2)
2.75 (1.00, 4.00)
4.16 (67.3)

96.8 (21.2)

581 (73.1)

#Data are expressed as median (minimum, maximum)
bn =25

AUC,, area under the plasma concentration-time curve from time zero to infinity, AUC, area under the plasma concentration-time curve from
time zero to the last sampling time, CL/f apparent total body clearance of drug following extravascular administration, C,,,, maximum observed

concentration, GCV geometric coefficient of variation, PK pharmacokinetics, t,, apparent terminal half-life

? tmax

max

time to reach the maximum

observed concentration, Vz/f apparent volume of distribution during the terminal phase following extravascular administration
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under fed conditions, the geometric mean t,, was 4.23 and
4.16 h, respectively, and the median #,,, was 2.75 h for both
treatments.

Boxplots for metformin AUC, and C,,,, by group and
treatment are shown in Fig. 3. No meaningful differences
were observed in the AUC, and C,,, between the test and

reference products under fed and fasted conditions.

3.3 Bioequivalence

Statistical comparisons of metformin plasma PK parameters
between the test and reference products under fasted and
fed conditions are shown in Table 3. The statistical assess-
ment of metformin geometric mean primary PK parameters
(AUC, and C,,,,) and selected secondary parameter (AUC,)
characterizing exposure between the test and reference prod-
ucts was comparable under both fasted and fed conditions.
Point estimates for all three parameters were close to 100%,
and the corresponding 90% ClIs were completely contained
within the specified 80-125% bioequivalence boundary.
Therefore, the bioequivalence of GIR tablets from China and
France was demonstrated under both fed and fasted condi-

tions. The 7, showed no statistically significant difference
A
8000 T T
= 6000 L —.—1
T -
EE’ 40001
2000
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Test Reference
8000 O
&
SE 6000 [ . ‘|—
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Fig.3 Boxplot by group and treatment for (a) metformin AUC,_,
(upper, fasted; lower, fed) and (b) metformin C (upper, fasted;

max
lower, fed). AUC, area under the plasma concentration—-time curve
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between the two treatments under fasted or fed conditions,
with a median difference of 0.00 and 0.25, respectively.

3.4 Safety Results

Nine of the 44 (20.5%) subjects in the safety analysis set
experienced at least one treatment-emergent AE (TEAE)
during the study, including 4/26 (15.5%) subjects in the
fasted group and 5/18 (27.8%) subjects in the fed group.
Overall, 8/44 (18.3%) subjects had TEAEs that were judged
as related to the study drug, including 3/26 (11.5%) sub-
jects in the fasted group and 5/18 (27.8%) subjects in the fed
group. No serious AE or TEAE leading to withdrawal was
reported in this study. There was one non-TEAE (an AE of
upper respiratory tract infection was reported and resolved
before the first dose of the study drug).

TEAEs by SOC and PT are summarized in Table 4. There
were 13 TEAES reported from two SOCs: 8/44 (18.2%) sub-
jects experienced TEAEs of gastrointestinal disorders, which
included diarrhea, abdominal distention, abdominal pain,
and frequent bowel movements, and 1/44 (2.3%) subject
experienced a TEAE of blood and lymphatic system disor-
ders, namely anemia. The most frequent AEs related to gas-
trointestinal disorders were diarrhea (6/44 [13.6%] subjects)
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1500+

| —
—lo

Cmax
(ng/mL)

1000

— o
H

500+

Test Reference

2000+

15004

(ngimL)

10004

o
;

i

5004

T T
Test Reference

from time zero to the last sampling time, C,,,, maximum observed
concentration, PK pharmacokinetics



Chinese- and French-Manufactured Immediate-Release 307

Table 3 Statistical comparison

- ! Parameter Product n Geometric 95% CI of Ratio of geo- 90% CI of ratio (%)
of metformin plasma PK LSmean geometricLS  metric LS mean
parameters between the test and mean (%)

reference products under fasted
and fed conditions (PK analysis
set)

Test versus reference under fasted conditions

Cinax (ng/mL) Test 26 1110 (995, 1230) 99.62 (92.69, 106.77)
Reference 26 1110 (999, 1230)

AUC, (ng-h/mL)  Test 26 6260 (5810, 6750) 99.76 (92.84, 107.20)
Reference 26 6280 (5830, 6760)

AUC,, (ng-h/mL) Test 25% 6490 (6040, 6970) 101.26 (94.33, 108.69)
Reference 26 6410 (5980, 6880)

Test versus reference under fed conditions

Cinax (ng/mL) Test 18 711 (643, 785) 101.50 (93.72, 109.92)
Reference 18 700 (634, 774)

AUC, (ng-h/mL)  Test 18 4950 (4380, 5590) 98.67 (91.25, 106.69)
Reference 18 5020 (4440, 5670)

AUC, (ng-h/mL) Test 18 5070 (4520, 5690) 98.17 91.61, 105.21)

Reference 18 5160 (4600, 5800)

Results based on a mixed-effects model with sequence, treatment, and period as fixed effects and subject
nested within sequence as a random effect

AUC,, area under the plasma concentration-time curve from time zero to infinity, AUC, area under the
plasma concentration-time curve from time zero to the last sampling time, AUC,,,,,,, AUC from time of the
last quantifiable concentration extrapolated to infinity given as a percentage of AUC_,, CI confidence inter-

val, C,,,, maximum observed concentration, LS least squares, PK pharmacokinetics

4One subject had AUC
statistical analyses

extra > 20.0%, and Az-related PK parameters were excluded from summaries and

Table 4 Treatment-emergent

System organ class preferred term Test product Reference product Total [N = 44]
adverse events by system organ [n = 44] [n = 44]
class and preferred term (safety
analysis set) n (%) Event n (%) Event n (%) Event
Any TEAE 49.1) 6 5(11.4) 7 9 (20.5) 13
Gastrointestinal disorders 3(6.8) 5 5(11.4) 7 8 (18.2) 12
Diarrhea 2 (4.5) 2 49.1) 4 6 (13.6) 6
Abdominal distension 2 (4.5) 2 1(2.3) 1 3(6.8) 3
Abdominal pain 12.3) 1 1(2.3) 1 2 (4.5) 2
Frequent bowel movements 0 1(2.3) 1 1(2.3) 1
Blood and lymphatic system disorders 12.3) 1 0 0 1(2.3) 1
Anemia 1(2.3) 1 0 0 1(2.3) 1

Subjects with more than one TEAE were counted once for that treatment using the worst severity

TEAE treatment-emergent adverse event

and abdominal distention (3/44 [6.8%] subjects). There were
no hypoglycemia-related AEs in either treatment group. All
AE:s in the present study were mild in severity.

All TEAEs except anemia were judged to be drug-
related. Among all the drug-related TEAEs, diarrhea was
reported by subjects in both the fasted group (1/26 [3.8%]
subjects after test product administration and 2/26 [7.7%]
subjects after reference product administration) and fed
group (1/18 [5.6%] subjects after test product adminis-
tration and 2/18 [11.1%] subjects after reference product

administration). Other drug-related TEAEs were reported
only in the fed group. In the fed group, abdominal disten-
sion was reported in 2/18 (11.1%) subjects after receiving
the test product and 1/18 (5.6%) subjects after receiving
the reference product. Abdominal pain was reported in
1/18 (5.6%) subjects in both the test and reference prod-
uct groups, and frequent bowel movements were reported
in 1/18 (5.6%) subjects after the reference product
administration.
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No deaths, serious AEs, or treatment discontinuations
due to TEAEs were reported during this study. No clini-
cally relevant abnormalities in vital signs, clinical labora-
tory tests, ECG, or physical examination were reported
during the study.

4 Discussion

Many efforts have been made to reduce the number of in vivo
bioavailability and/or bioequivalence studies for drug product
approval of generic drug products, namely essential medicines,
used for treating common and chronic conditions given the criti-
cal implications in healthcare accessibility and cost reduction.
The application of biowaivers is based on the Biopharmaceutics
Classification System (BCS) class and the drug’s solubility and
permeability. Common in vitro testing procedures for biowaivers
consists of dissolution tests [10, 11]. According to the Health
and Human Services, US FDA, only BCS Class 1 drugs, rapidly
dissolving drugs, and highly permeable drugs were applicable
for biowaiver testing procedures [10, 11]. As per World Health
Organization and European Medicine Agency recommenda-
tions, this guidance was later expanded to some BCS Class III
drugs [12]. Metformin is a BCS Class III drug with high solu-
bility and low permeability [13]. Nonetheless, the GIR tablets
manufactured in China and France do not qualify for an in vivo
biowaiver as neither meet the specification of > 85% release
within 15 min during the dissolution test in pH 6.8 phosphate
buffer (unpublished data). Thus, the present bioequivalence
study was conducted to establish bioequivalence of the GIR
tablets manufactured in China and France following single oral
dose administration under fasted and fed conditions in healthy
volunteers and compare the PK parameters and safety of both
formulations.

Based on the results of primary PK exposure parame-
ters AUC, and C,,,,, and secondary parameter AUC_, GIR
metformin exposure was comparable between the test and
reference products after single oral dose administration
under both fasted and fed conditions. The geometric least
square mean ratios for these PK parameters were close to
100% and the corresponding 90% Cls were within the bio-
equivalence threshold criteria (80-125%). The median t,,,
and mean t,, for the two products under fasted and fed con-
ditions were also similar. Thus, we consider that the GIR
test and reference products met the statistical criteria for
bioequivalence under both fasted and fed conditions. The
present results are consistent with the results of a rand-
omized, open-label, two-period crossover study conducted
in 12 healthy Chinese male volunteers that assessed the
bioequivalence of two IR metformin formulations (admin-
istered as a single 500 mg dose after an overnight fast),
in which the 90% CI of the bioequivalence PK parameters
(AUC, and C and AUC_,) of both IR products were
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within the bioequivalence threshold [13]. Furthermore, a
recent large-scale study compared the bioequivalence of
42 generic products with 14 orally administered IR refer-
ence products, including metformin, using a four-product,
four-period, four-sequence, sequence-randomized, cross-
over bioequivalence study. Among 42 generic-reference
comparisons, 100% of AUC, and AUC_, showed bioequiv-
alence, while only 9.5% of C,,,, ClIs barely failed to show
bioequivalence. Of note, all the generic-reference compar-
isons for metformin showed bioequivalence based on the
abovementioned PK parameters [14]. It has been suggested
that providing evidence of the in vivo bioequivalence of
different formulations of BCS Class III drugs may help
support the extension of biowaivers to this class of drugs.
Thus, the present results build on previous research mak-
ing a case for biowaivers for BCS Class III drugs.

In general, the safety results showed that GIR tablets (both
formulations) were safe and well tolerated. Mild TEAESs were
reported in fasted and fed conditions, and the events were
eventually resolved. The TEAEs found in this study were
mostly related to gastrointestinal disorders, which are known
AEs encountered with metformin therapy [15]. Subjects
presented TEAESs after administration of both the test and
reference products. There were no new or unexpected safety
findings associated with GIR tablets in this study.

As the effect of food needs to be evaluated for most drugs
intended for oral administration [16], and meanwhile the label
of GIR indicated that the drug should be taken with food or
under fed conditions, the present study evaluated the bioequiv-
alence of GIR tablets under both fed/fasted conditions. The
GIR label [15] indicates that food can delay the absorption
of metformin and cause a 35-min prolongation of ¢,,,,. This
is consistent with the slightly longer ¢, ,, (2.75 h; mean for
both the test and reference groups) in the fed group compared
with the ¢, (2.00 h for both groups) in the fasted group. As
the effect of food on metformin GIR is slight, the product
label [15] states that metformin should be administered with a
meal as this helps mitigate gastrointestinal AEs. In the present
study, the proportion of patients with diarrhea was lower in
the fed group (with both the test and reference products) than
in the fasted group. However, some events such as bloating
and abdominal pain occurred only in the fed group. A limita-
tion of the present study was that no statistical analysis was
conducted regarding the food effect.

5 Conclusion

Bioequivalence was demonstrated between the test (manu-
factured by Sino-American Shanghai Squibb Pharmaceuti-
cals, China) and reference (manufactured by Merck Santé
S.A.S, France) GIR tablets under fasted and fed conditions,
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and both the test and reference GIR tablets were considered
safe and well tolerated.
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