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Abstract
Background Imeglimin is a first-in-class novel oral antidiabetic marketed in Japan as  TWYMEEG® to treat type 2 diabetes 
mellitus. Its mode of action is distinct from all other anti-hyperglycemic classes.
Objective To assess the pharmacokinetic and safety profile of imeglimin in Caucasian and Japanese healthy individuals.
Methods Two randomized placebo-controlled phase 1 clinical studies were conducted in Caucasian subjects after single 
(250–8000 mg) and multiple (250–2000 mg twice daily) ascending doses and in Japanese subjects after single (500–6000 
mg) and multiple (500–2000 mg twice daily) ascending doses. Imeglimin plasma and urine concentrations were measured.
Results All imeglimin doses achieved maximal concentration between 1 and 3.5 h in Caucasians, and 1.5 and 3 h in Japanese 
subjects. The elimination half-lives (t1/2) were dose-independent and means ranged between 9.03 and 20.2 h for Cauca-
sians, and 4.45 and 12 h for Japanese subjects. Dose-normalized area under the plasma concentration-time curve decreased 
with dose in the 250–8000 mg and in the 500–6000 mg dose range in Caucasians and Japanese, respectively, suggesting a 
dose-dependent but less than dose-proportional effect in imeglimin exposure. Plasma accumulation was minimal following 
repeated dosing, and food did not affect the pharmacokinetics in either population. Exposures were generally similar between 
Caucasian and Japanese subjects with less than 20% difference, although there was a tendency for exposures in Japanese 
to be slightly higher. Imeglimin had an acceptable safety and tolerability profile, with dose-dependent mild gastrointestinal 
adverse events.
Conclusion Imeglimin was safe and well tolerated in these two phases 1 studies, with pharmacokinetics comparable between 
the two populations.
Clinical Trial Registrations EudraCT 2005-001946-18 and 2014-004679-21.

1 Introduction

Despite a growing understanding of its pathophysiology and 
a substantial portfolio of available drugs, type 2 diabetes 
mellitus remains a growing epidemic exerting an increasing 
burden on public health, calling for further efforts from the 
medical and scientific community to strengthen the thera-
peutic solutions.

Imeglimin (hydrochloride salt), a recently approved 
drug for the treatment of type 2 diabetes, is the first in a 
new chemical class of oral antidiabetic agents, the glimins. 
Imeglimin provides a novel approach to treat patients due 
to its unique dual mode of action involving an increase of 
insulin secretion in response to glucose [1, 2] along with 
β-cell protection [3], and improvement of insulin sensitivity 
in muscle and liver [4, 5]. This dual effect is of particular 
interest to treat type 2 diabetes mellitus as it offers a global 
approach to the disease pathophysiology that engulfs the 
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potential differences among individuals and ethnicities, such 
as the prominent decrease in β-cell function and hampered 
compensation of a gradual increase in insulin resistance in 
east Asian populations, with a generally higher insulin sen-
sitivity compared to Caucasian [6, 7]. These pathophysi-
ological differences are crucial to optimize the therapeutic 
strategy [8, 9].

Biochemical and molecular investigations have shown 
that the effect of imeglimin on insulin secretion was medi-
ated by improvement of glucose-stimulated ATP generation 
and by an increase in  NAD+ synthesis in (rodent) islets [1, 
2, 4]. More recently it was suggested that this production of 
 NAD+/cADPR by imeglimin may activate transient receptor 
potential melastatin 2 (TRPM2) channels in β-cells, leading 
to the potentiation of glucose-stimulated insulin secretion 
(GSIS) [10]. In parallel, imeglimin restores mitochondrial 
function by modulating the respiratory chain complex activi-
ties through partial inhibition of Complex I and rescue of 
Complex III activity, decreasing reactive oxygen species 
production and preventing cell death by delaying the mito-
chondrial permeability transition pore’s opening [11–13].

Following phase 1 and phase 2 clinical trials demon-
strating its efficacy and favorable safety/tolerability pro-
file [14–18], imeglimin completed the TIMES (Trial for 
Imeglimin Efficacy and Safety) pivotal phase 3 program 
in Japanese patients with type 2 diabetes, as monother-
apy—TIMES 1 [19], as combination therapy with other 
antidiabetics—TIMES 2 [20], and as an add-on to insulin 
monotherapy—TIMES 3 [21] at a dose of 1000 mg twice 
daily (bid). Imeglimin was approved in Japan under the 
brand name  TWYMEEG® in June 2021 [22], constituting 
the first antidiabetic compound with a new mode of action 
to be available for clinical use since the advent of SGLT2 
(sodium-glucose co-transporter-2) inhibitors.

Imeglimin is absorbed through a passive and active 
mechanism that can be saturated. It is rapidly and largely 
distributed to the organs and mainly excreted unchanged 
in urine. It is poorly metabolized and has no inhibition or 
induction potential toward CYP450. Imeglimin is a substrate 
of MATE2-K and also a substrate and an inhibitor of OCT1, 
OCT2, and MATE1 transporters, but there is no clinically 
significant interaction when imeglimin is co-administered 
with either a substrate or an inhibitor of those transporters 
[23–25].

To allow development of imeglimin in Japan and to com-
pare the safety, tolerability, and pharmacokinetic profile of 
imeglimin in healthy Japanese and Caucasian subjects, two 
studies were performed in both populations with the same 
dosing regimen. As the therapeutic dose range was estimated 
to be between 1000 and 4000 mg/day at the beginning of the 
development, imeglimin doses within that range were tested 
in these studies. Doses up to 8000 mg in Caucasian subjects 
were tested to determine the maximum tolerated dose.

We report here the results of these two phase 1 studies, 
which described the pharmacokinetic profile of imeglimin 
after single and repeated oral administration in healthy Cau-
casian and Japanese subjects.

2  Methods

This article describes the results of two phase 1, randomized, 
double-blind, placebo-controlled studies to assess the safety, 
tolerability, and pharmacokinetics of imeglimin after single 
and repeated oral administrations.

The studies were conducted in accordance with the ethi-
cal principles of the Declaration of Helsinki (reference num-
bers: Eth-191/05 and 14/LO/1993). All participants gave 
written informed consent.

Subjects were followed as in-patients and safety param-
eters were measured at multiple timepoints including assess-
ment of vital signs, 12-lead ECG, adverse events (AEs), and 
safety laboratory evaluations (hematology, serum chemistry, 
and urinalysis). An AE is any untoward medical occurrence 
in a subject administered a medicinal product and which 
does not necessarily have a causal relationship with that 
treatment. A serious adverse event (SAE) or reaction is any 
untoward medical occurrence that at any dose: results in 
death, is life-threatening, requires in-patient hospitalization 
or prolongation of existing hospitalization, results in per-
sistent or significant disability/incapacity, is a congenital 
anomaly/birth defect, or is a medically important event. The 
severity of each AE was assessed by the investigator accord-
ing to the following definitions: mild (awareness of event 
but easily tolerated), moderate (discomfort enough to cause 
interference with usual activities), and severe (inability to 
carry out usual activities).

2.1  Participants

Healthy Japanese and Caucasian men and women aged 
18–45 years with a body mass index (BMI) 18.0–29.9 kg/
m2 were eligible for inclusion. The estimated glomerular 
filtration rate (eGFR) was estimated by the Modification 
of Diet in Renal Disease (MDRD) equation [26]. Japanese 
subjects had to be born in Japan, had to have four ethni-
cally Japanese grandparents, and had to have lived outside 
Japan for no longer than 5 years. Subjects were excluded 
from the studies if they have any history of alcohol abuse or 
smoke more than five cigarettes per day. During the trials no 
alcoholic or decaffeinated drinks or smoking were allowed 
during the period from at least 24 h before admission until 
discharge. The trials were approved by the Independent 
Ethics Committee at the Chambers of Physicians (Ethik-
Kommission der Ärztekammer) in Berlin and the relevant 
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regulatory authority (Bundesinstitut für Arzneimittel und 
Medizinprodukte), and by the UK Medicines and Healthcare 
Products Regulatory Agency and London Harrow Research 
Ethics Committee.

2.2  Design

2.2.1  Single Ascending‑Dose Studies (SADs)

Each cohort consisted of six randomized subjects receiv-
ing imeglimin and two or three receiving a placebo. Imeg-
limin or placebo was administered to Caucasian and Japa-
nese subjects in single oral doses of 250 (Caucasian only), 
500, 1000, 1500, 2000, 4000, 6000, and 8000 (Caucasian 
only) mg on the morning of Day 1 after an overnight fasting 
period. Blood samples (6 mL) for plasma pharmacokinetic 
assessments were collected into a lithium heparinate tube on 
Day 1 at the following time points: pre-dose, 0.5, 1, 1.5, 2, 
3, 4, 6, 8, 10, 12, 16, 24, 36, 48, and 72 h post-dose, except 
for Caucasians at 1000, 1500, 2000, and 4000 mg where the 
following timepoints were used: pre-dose, 1, 2, 3, 3.5, 4, 4.5, 
5, 6, 8, 12, 16, 24, 36, 48, and 72 h post-dose. Urine samples 
were collected for each cohort: before drug administration, 
and at the following intervals 0–4, 4–8, 8–12, 12–24, and 
24–48 h after drug administration.

2.2.2  Multiple Ascending‑Dose Studies (MADs)

At doses of 250 (Caucasian only), 500, 1000, 1500, and 
2000 mg, subjects received a first dose on Day 1 followed 
by repeated twice-daily administration from Day 4 to Day 
9, with a last morning administration on Day 10. On Day 10 
blood and urine samples were collected at the same time-
points as Day 1 (SAD studies) for each group to assess the 
pharmacokinetic parameters at steady state.

2.2.3  Food Effect

Food effect was assessed after administration in a fasting 
condition on Day 1 and after a high-fat breakfast on Day 4 at 
1000 mg for Caucasian and at 1500 mg for Japanese. Blood 
and urine samples for imeglimin assays were collected for 
12 h post-dose at Day 4 and Day 1, following the timepoints 
of the SAD studies.

2.3  Bioanalytical Method

The measurement of imeglimin in plasma and urine samples 
was performed by using a validated liquid chromatography 
with tandem mass spectrometry (LC–MS/MS) method [24]. 
Plasma samples were centrifuged within 30 min at about 4 
°C and 1500g for 10 min and stored at − 20 °C. Imeglimin is 
a hydrochloride salt. Stock solutions have not been corrected 

for salt content, so imeglimin plasma concentrations were 
expressed as hydrochloride salt. Imeglimin hydrochloride 
salt plasma concentrations can be converted to imeglimin 
free-base concentrations by multiplying by a 0.810 factor.

Pharmacokinetic parameters were calculated accord-
ing to standard non-compartmental methods [27] using 
KINETICA version 4.1.1 (Innaphase, Philadelphia, PA, 
2002): time to reach peak plasma concentration (tmax), peak 
plasma concentration (Cmax), area under the plasma concen-
tration-time curve (AUC) from time zero to last measurable 
concentration (AUC 0–last), AUC from time zero to infinity 
(AUC 0–∞), AUC from time zero to 12 h (AUC 0–12h), elimi-
nation half-life (t1/2), mean residence time (MRT), appar-
ent clearance (CL/F), volume of distribution (Vz/F), renal 
clearance  (CLR), amount of imeglimin excreted unchanged 
in urine over the 12- and 48-h period  (Ae0–12h and  Ae0–48h), 
and excreted fraction in urine over the 12- and 48-h period 
 (fe0–12h and  fe0–48h %).

2.4  Statistical Analysis

Plasma and urine pharmacokinetic parameters were sum-
marized using descriptive statistics according to treat-
ment group. An analysis of variance (ANOVA) model was 
applied to estimate the food effect. Dose proportionality was 
assessed graphically using a regression analysis between 
log(AUC) and log(dose) for Japanese and Caucasian sub-
jects separately based on the power model (Eqs. 1, 2):

The slope (β) and intercept (α) are estimated for AUC 
0–∞ after single administration and AUC 0–12 after multiple 
administrations (bid) of imeglimin.

3  Results

3.1  Demographics

The key demographic and baseline characteristics of partici-
pants are summarised in Table 1.

3.2  Pharmacokinetics

3.2.1  Pharmacokinetic Parameters After SAD in Healthy 
Caucasian and Japanese Volunteers

Mean concentration–time profiles after single administra-
tion in Japanese and/or in Caucasian subjects from 500 to 
6000 mg are presented in Fig. 1A, B. For single doses of 

(1)AUC = � × Dose�

(2)log(AUC) = log(�) + � × log(Dose)
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imeglimin from 250 to 8000 mg in Caucasian subjects and 
from 500 to 6000 mg in Japanese subjects, imeglimin was 
readily absorbed; the median tmax was within 1–3.5 h and 
within 1.5–3 h after administration, respectively (Table 2).

Caucasians achieved a mean Cmax of imeglimin rang-
ing from 488 to 4086 ng/mL within the 250–8000 mg dose 
range with an interindividual variability ranging from 15.5 
to 35.4%. Over the entire range of doses tested, the mean 
AUC 0–∞ ranged from 3582 to 37,335 ng⋅h/mL with an inter-
individual variability ranging from 11.8 to 34.0% (Table 2). 

Japanese subjects achieved a mean Cmax of imeglimin rang-
ing from 1007 to 4194 ng/mL within the 500–6000 mg dose 
range with an interindividual variability ranging from 20.2 
to 40.3%. The mean AUC 0–∞ ranged from 6631 to 35,963 
ng⋅h/mL with an interindividual variability ranging from 
10.8 to 31.6% (Table 2). Over the range of 500–2000 mg, 
geometric mean Cmax and AUC 0–∞ were comparable in Japa-
nese and Caucasians. Exposures were generally within 20%, 
although there was a tendency for exposures in Japanese 
to be slightly higher, particularly for Cmax. Similarly, after 
higher single doses (4000 and 6000 mg), exposure in Japa-
nese tended to be slightly higher (about 15–20%) than that 
in Caucasians.

AUC 0–∞ plots versus dose showed less than dose-propor-
tional relationships (Fig. 2A). The slope and the intercept 
estimated by regression analysis were similar between Japa-
nese and Caucasian subjects with slopes of 0.672 and 0.664 
and intercepts of 106 and 94.9, respectively. The slope esti-
mates were lower than 1, suggesting a less than proportional 
AUC increase along with a dose increase. AUC/dose versus 
dose plots indicated a clear decrease in AUC/dose along 
with a dose increase in the lower dose range of 250–2000 
mg (Fig. 2B).

In both populations, imeglimin appeared to be distributed 
with a rapid initial phase occurring until 24 h followed by a 
slower terminal elimination phase (Fig. 1B). The pharma-
cokinetic characteristics of imeglimin were defined using 
population pharmacokinetic analysis. The imeglimin popu-
lation pharmacokinetics were described by a two-compart-
ment model with first-order absorption with a lag time and 
first-order elimination from the central compartment [28]. 
In the entire range of tested doses, the mean  t1/2 varied from 
9.03 to 20.2 h in Caucasians and from 4.45 to 12.0 h in Japa-
nese with a high variability (up to 163%) (Table 2), making 

Table 1  Demographic and baseline characteristics of Caucasian and 
Japanese subjects

SD standard deviation, BMI body mass index, eGFR  estimated glo-
merular filtration rate 

Characteristics Caucasian Japanese
N = 49 N = 36

Age (years)
 Mean 31.1 28.2
 SD 8.1 4.9

Weight (kg)
 Mean 76.2 59.0
 SD 9.7 9.0

BMI (kg/m2)
 Mean 23.4 21.2
 SD 2.1 1.8

Gender
 Male 44 21
 Female 5 15

eGFR (mL/min/1.73  m2)
 Mean 96.1 102
 SD 18.5 17.0

Fig. 1  Mean plasma concentration–time profiles, linear plot (A) and semi-log plot (B) after a single dose of imeglimin in Japanese and Cauca-
sian healthy individuals (n = 6)
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t1/2 quite difficult to interpret. The MRT is less variable and 
is a better reflection of the rate of elimination of imeglimin. 
The mean apparent MRT ranged from 7.69 and 12.5 h in 
Caucasians with a variability up to 43.9% and from 6.75 to 
12.7 h in Japanese with a variability up to 72% (Table 2). 
Overall, the MRT was shorter than the t1/2, reflecting that 
imeglimin was mainly eliminated within 12 h of adminis-
tration, and only a small proportion underwent the slower, 
terminal, elimination phase.

In Caucasians, the CL/F and the Vz/F after a single dose 
increased with dose (from 69.8 L/h at 250 mg to 214 L/h at 
8000 mg and from 1036 L at 250 mg to 2792 L at 8000 mg, 
respectively), reflecting a decrease in bioavailability when 
the dose increased (Table 2).

After single doses of up to 1500 mg in Japanese subjects, 
apparent clearance was similar: CL/F ranged from 75.4 to 
89.4 L/h, probably due to the interindividual variability 
since at higher doses CL/F increased with dose (ranged from 

137 to 167 L/h). Vz/F generally increased with increasing 
single doses and ranged from 485 to 2760 L (Table 2). In 
Caucasian subjects this reflects the decrease in bioavailabil-
ity at higher doses.

Similar to plasma exposure, the amount of imeglimin 
excreted in urine after a single administration increased with 
dose. Considering that imeglimin is not metabolized and is 
excreted unchanged in urine, the excreted fraction in urine 
reflects the absorbed fraction [24]. The  Ae0–48h increased 
along with the dose but non-dose-proportionally in both 
populations. The fraction absorbed decreased from 34.6% 
at 500 mg to 16.4% at 6000 mg in Japanese subjects and 
from 54.9% at 250 mg to 12% at 8000 mg in Caucasians. 
While  fe0–48h decreased with dose,  CLR was generally dose 
independent. Overall,  CLR ranged between 26.3 and 37.4 L/h 
in Caucasians and between 21.5 and 29.1 L/h in Japanese 
subjects (Table 2).

Fig. 2  Relationship between AUC 0–∞ and dose and comparison 
between Japanese and Caucasian after single-dose administration of 
imeglimin. AUC 0–∞ (A) and AUC 0–∞/dose (B) were plotted against 

dose and the regression lines obtained with power model were trans-
formed and overlaid. AUC 0–∞ area under the plasma concentration-
time curve from time zero to infinity

Table 3  Geometric mean (CV%) plasma pharmacokinetic parameters of imeglimin after a single oral administration in Caucasian (1000 mg) and 
Japanese (1500 mg) subjects under fasted and fed conditions

tmax time to reach peak plasma concentration, Cmax peak plasma concentration, AUC 0–12h area under the plasma concentration-time curve from 
time zero to 12-h 
a Median (range)
b Geometric mean [90% CI]

Parameter Caucasian Japanese

Day
1–fast (n = 6)

Day 4–fed (n = 6) Ratio
Fed/fastb

Day
1–fast (n = 6)

Day
4–fed (n = 6)

Ratio
Fed/fastb

Cmax (ng/mL) 1285 (21.3) 1183 (24.6) 0.92 [0.72–1.18] 2218 (25.0) 2116 (20.1) 0.95 [0.88–1.04]
AUC 0–12h (ng⋅h/mL) 7904 (27.9) 7679 (25.8) 0.97 [0.74–1.27] 13,374 (27.7) 14,033 (11.4) 1.05 [0.92–1.20]
tmax

a (h) 2 (2–3.5) 4.75 (3–5) – 3 (1.5–4) 4 (3–6) –
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There was no relevant food effect on the pharmacokinetic 
parameters of imeglimin (single 1000 mg dose) in Cauca-
sians with only slight decreases of AUC 0–12h (3%) and Cmax 
(8%), but a delay of 2.75 h in tmax in fed conditions (Table 3). 
Similarly, exposures after a single 1500 mg dose under fed 
and fasted conditions were comparable in Japanese subjects: 
Cmax and AUC 0–12h were similar in both conditions with a 
slight delay (1 h) in tmax under fed conditions (Table 3).

3.2.2  Pharmacokinetic Parameters Following MAD 
in Healthy Caucasian and Japanese Volunteers

At all doses, mean concentration-time profiles after repeated 
administration (7-day) were similar to those after single 
doses in both populations (Tables 2, 4). The AUC 0–12h were 
comparable to AUC 0–∞, confirming that the pharmacokinet-
ics of imeglimin is independent of time in both populations. 

Based on visual inspection of pre-dose plasma concentra-
tions, steady state was reached after 5 days of treatment in 
both populations.

After repeated administrations, there was a dose-depend-
ent increase in imeglimin exposure; Cmax and AUC 0–12h 
ranged from 572 to 2313 ng/mL and 3927 to 17,513 ng⋅h/
mL, respectively, within the 250–2000 mg bid dose range 
in Caucasians, and from 994 to 2267 ng/mL and 6288 to 
16,672 ng⋅h/mL, respectively, within the 500–2000 mg bid 
dose range in Japanese subjects.

The plots of AUC 0–12h at steady state versus dose also 
showed less than dose-proportional relationships (Fig. 3A). 
The slopes and the intercepts estimated by regression analy-
sis were similar to the estimates for AUC 0–∞ after single 
doses for Caucasian and Japanese subjects, with slopes of 
0.6957 and 0.7291 and intercepts of 87.333 and 72.796, 
respectively. The slope estimates were lower than 1, again 

Table 4  Geometric mean (CV%) plasma and urine pharmacokinetic parameters of imeglimin on Day 10 after repeated oral administration in 
Caucasian and Japanese participants

tmax time to reach peak plasma concentration, Cmax peak plasma concentration, AUC 0–last area under the plasma concentration-time curve (AUC) 
from time zero to last measurable concentration, AUC 0–∞ AUC from time zero to infinity, AUC 0–12h AUC from time zero to 12 h, t1/2 plasma 
half-life, MRT mean residence time, CLss/F apparent clearance at steady state, Vz/F volume of distribution, CLR,ss renal clearance at steady state, 
Ae0–12h amount of imeglimin excreted unchanged in urine over the 12-h period, fe0–12h excreted fraction in urine over the 12-h period, Rac Cmax 
accumulation ratio on Cmax, Rac AUC 0–12h accumulation ratio on AUC 0–12h; C Caucasian, J Japanese, NC not calculated, Rac accumulation ratio
a Median [range]
b Arithmetic mean (SD)
c Geometric mean (min–max)

Parameter Imeglimin dose (mg)

250 500 1000 1500 2000

C (n = 6) C (n = 6) J (n = 6) C (n = 6) J (n = 6) C (n = 6) J (n = 6) C (n = 6) J (n = 6)

Cmax (ng/
mL)

572 (16.2) 987 (8.70) 994 (28.5) 1531 (19.0) 1804 (18.2) 1957 (38.2) 2336 (16.7) 2313 (23.0) 2267 (32.3)

tmax
a (h) 3.5 [2–5] 3.0 [2–4] 2.5 [1.5–4] 3.0 [2–4] 2.5 [2.0–4.0] 1.5 [1–3.5] 2.5 [2–4] 2.5 [2–3.5] 2.5 [1.5–4]

AUC 0–12h 
(ng⋅h/mL)

3927 (19.1) 6953 (9.90) 6288 (34.3) 10,916 
(26.2)

12,625 
(12.5)

13,431 
(21.7)

16,007 
(15.5)

17,513 
(28.1)

16,672 (24.4)

AUC 0-last 
(ng⋅h/mL)

4850 (23.4) 9957 (11.4) 8147 (43.7) 16726 
(38.0)

17,787 
(12.5)

20,897 
(40.1)

22,120 
(21.0)

26,106 
(27.8)

23,415 (24.4)

AUC 0-ꝏ 
(ng⋅h/mL)

4856 (23.3) 10,025 
(11.8)

8614 (45.6) 17,045 
(38.7)

18,837 
(13.7)

21,054 
(41.7)

23,544 
(27.3)

26,113 
(27.8)

24,328 (25.6)

MRT (h) 8.92 (24.4) 13.4 (30.9) 9.16 (30.7) 16.5 (56.8) 10.8 (22.5) 14.1 (48.8) 10.2 (36.5) 12.6 (6.60) 10.4 (16.5)
t1/2 (h) 9.54 (18.0) 15.5 (32.9) 10.1 (80.4) 15.6 (75.0) 13.6 (42.6) 15.9 (38.8) 10.7 (83.1) 10.5 (3.80) 12.1 (38.6)
Vz/F (L) 708 (18.0) 1114 (31.6) 848 (67.2) 1322 (69.0) 1043 (38.8) 1639 (50.0) 987 (55.5) 1160 (32.4) 1439 (38.0)
CLss/F (L/h) 63.7 (20.0) 71.9 (10.4) 79.5 (34.3) 91.6 (19.5) 79.2 (12.5) 112 (23.4) 93.7 (15.5) 114 (32.7) 120 (24.4)
Ae0–12h

b 
(mg)

142 (35.2) 227 (81.9) 171 (35.5) 429 (53.9) 337 (44.9) 498 (100) 358 (41.9) 574 (237) 547 (98.5)

fe0–12h
b (%) 56.7 (14.1) 45.3 (16.4) 34.3 (7.11) 42.9 (5.40) 33.7 (4.50) 33.2 (6.7) 23.9 (2.79) 28.7 (11.9) 27.4 (4.91)

CLR ss
c (L/h) 36.5 (11.8) 32.2 (11.3) 27.2 (5.49) 39.5 (5.70) 27.0 (5.93) 36.7 (4.20) 22.3 (2.11) 33.0 (13.6) 33.9 (10.1)

Racc

Cmax

1.17 (0.89–
1.83)

1.15 (0.95–
1.62)

1.00 (0.81–
1.15)

1.19 (0.79–
1.59)

1.43 (0.82–
2.75)

1.28 (1.03–
1.97)

1.07 (0.84–
1.34)

1.38 (1.24–
1.53)

1.28 (0.91–
1.46)

Racc

AUC 0–12h

1.27 (0.97–
1.95)

1.36 (1.13–
1.95)

1.08 (0.91–
1.28)

1.38 (0.92–
1.90)

1.57 (1.13–
2.88)

1.52 (1.24–
1.87)

1.21 (0.97–
1.43)

1.57 (1.35–
1.68)

1.52 (1.41–
1.72)
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suggesting less than proportional AUC increase along with 
a dose increase. AUC 0–12/dose versus dose plots suggested 
a decrease in AUC 0–12h/dose along with a dose increase in 
the dose range of 250–2000 mg bid (Fig. 3B).

At steady state, t1/2 remained similar to those calculated 
after single doses, ranging from 9.54 to 15.9 h in Caucasians, 
from 10.1 to 13.6 h in Japanese, and were unaffected by the 
dose (Table 4). Similarly, MRT ranged from 8.92 to 16.5 h 
in Caucasians, from 9.16 to 10.8 h in Japanese subjects, and 
were unaffected by the dose (Table 4). In both populations, 
the apparent clearance and volume of distribution at steady 
state were similar to those calculated after single doses.

Similar to plasma exposure, the imeglimin amount 
excreted in urine after repeated doses increased in a dose-
dependent manner. In Japanese subjects, the fraction 
excreted was similar at 500 and 1000 mg bid (34.3 and 
33.7% of dose, respectively) and then decreased to 23.9 and 
27.4% after 1500 mg bid and 2000 mg bid.  CLR,ss ranged 
between 22.3 and 33.9 L/h (Table 4). The absorbed fraction 
of imeglimin decreased with dose slightly less after repeated 
administration than after a single dose (data not shown). 
In Caucasians, urinary excretion of imeglimin tended to 
decrease with dose from 56.7 to 28.7% of administered dose 
after repeated administration. Mean  CLR,ss ranged between 
32.2 and 39.5 L/h.

There was no relevant accumulation after 6 days of bid 
administration within the dose range of 250–2000 mg bid in 
Caucasians and within the dose range of 500–2000 mg bid in 
Japanese subjects. Ratios of Cmax ranged from 1.15 to 1.38 
in Caucasians and from 1.00 to 1.43 in Japanese subjects; 
ratios of AUC 0–12h ranged from 1.27 to 1.57 in Caucasians 

and from 1.08 to 1.57 in Japanese subjects (Online Supple-
mentary Material (OSM) Table 1).

3.3  Safety and Tolerability

3.3.1  Overall Safety Following Repeated Dosing

Overall, the safety and tolerability of imeglimin was accept-
able and consistent between Japanese and Caucasian sub-
jects, with no difference between imeglimin treatment and 
placebo in the incidence of subjects presenting with treat-
ment-emergent adverse events (TEAEs) (Tables 5, 6).

In the Caucasian population, the most commonly 
observed TEAEs following repeated administrations were 
from investigations with miscellaneous changes in labora-
tory values (ECG or hematology or biochemistry) followed 
by central nervous system and gastrointestinal disorders 
(OSM Table 2). The gastrointestinal TEAEs (abdominal 
pain or discomfort) mainly occurred at the beginning of the 
treatment. In the Japanese population, the most commonly 
reported TEAEs were also from the gastrointestinal tract 
and central nervous system (headache). Most of the TEAEs 
were of mild intensity.

One subject experienced a serious event of transient asys-
tolia a few minutes after the first administration of the 2000 
mg bid dose and recovered spontaneously without abnor-
mal findings in vital signs or ECG. This event was consid-
ered as severe and unlikely related to the study drug by the 
investigator.

Fig. 3  Relationship between AUC 0–12 and dose and comparison 
between Japanese and Caucasian after multiple-dose administra-
tions of imeglimin. AUC 0–12 (A) and AUC 0–12/dose (B) were plot-

ted against dose. AUC 0–12 area under the plasma concentration-
time curve from time zero to 12 h
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3.3.2  Maximal Tolerated Dose (MTD) Following Single 
Administration

For the setting of the maximum tolerated dose (MTD), only 
safety from single doses above 4000 mg is reported.

Overall, single administration of imeglimin was well tol-
erated up to a dose of 6000 mg in both Japanese and Cau-
casian populations, with a maximum 50% of the subjects 
presenting with mild or moderate TEAEs with imeglimin 
or placebo (Table 6).

The only TEAEs reported in both populations by at least two 
subjects were from the gastrointestinal tract (nausea, diarrhea, 
and vomiting) at a dose of 6000 mg, from cardiac disorders 
(ventricular extrasystole) at a dose of 4000 mg, or from general 
disorders (fatigue) with the placebo (OSM Table 3). The dose of 
8000 mg was not well tolerated as 100% of Caucasian subjects 
presented with gastrointestinal TEAEs (diarrhea, nausea, vom-
iting, or abdominal pain/discomfort), starting 1–3 h after drug 
intake, mostly of mild intensity and resolving within the day 
without any treatment. There was no biochemistry abnormality 
observed during an unscheduled test performed 2 h post-dose 
at the height of the symptoms. Based on these gastrointestinal 
symptoms, 6000 mg was considered to be the maximum toler-
ated dose in both populations and the dose of 8000 mg was not 
administered to the Japanese cohort.

There was no meaningful change in lactate concentrations 
between imeglimin and placebo during the course of the treat-
ment. In the Caucasian population, laboratory biochemistry 
assessment performed 2 h post the 8000 mg dose, at the time 
gastrointestinal symptoms were the most marked, did not evi-
dence any change in lactate concentrations.

4  Discussion

Imeglimin is currently marketed in Japan as  TWYMEEG®. 
The safety, tolerability, and pharmacokinetics of SADs and 
MADs of imeglimin were investigated in Caucasian and 
Japanese volunteers. Japanese and Caucasian individuals 
received high single doses of imeglimin (> 4000 mg) or 
placebo to assess the maximum tolerated dose in both popu-
lations. Based on the general known pharmacokinetic char-
acteristics of imeglimin, rather good absorption, no hepatic 
metabolism, weakly bound to plasma protein and eliminated 
unchanged into urines [24], no major impact of ethnicity 
on its pharmacokinetic profile was expected. The results of 
these phase 1 studies in Caucasian and Japanese individu-
als confirmed this expectation. However, although expo-
sures were generally within 20%, there was a tendency for 
slightly higher exposure in Japanese individuals, particularly 
for Cmax. Similarly, exposures in Japanese subjects tended 
to be slightly higher (about 15–20%) than in Caucasians 
after higher single doses (4000 mg and 6000 mg). Several Ta
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covariates such as age, body weight, and creatine clearance 
have been identified as key covariates of imeglimin clear-
ance as well as dose of imeglimin relative bioavailability 
during the building of a population pharmacokinetic model 
[28]. We therefore looked at whether one or all of these 
covariates could be responsible for the slightly higher expo-
sure observed in Japanese subjects. The estimated glomeru-
lar filtration rate values at screening in the 1500 and 2000 
mg groups were similar and most values were > 90 mL/
min/1.73  m2, so unlikely to explain the results between the 
two populations. Similarly, age ranged from 25.7 to 35.3 
years across populations and is also unlikely to explain the 
small exposure difference. However, the Japanese cohort’s 
body weight was on average 21% lower than the Cauca-
sian body weight (58.3 vs. 73.6 kg). The lower body weight 
resulted in a slightly lower CL/F and slightly higher expo-
sure, but this was not considered clinically relevant.

The  Ae0–48h after single doses of 500–6000 mg increased 
in a dose-dependent manner. The average difference in  Ae0–48h 
between Japanese and Caucasians across doses was 13%.

CLR ranged between 21.5 and 39.5 L/h across single and 
repeated dose levels, indicating active renal secretion by the kid-
ney.  CLR was similar between both populations and was dose 
independent.

Single and twice-daily repeated oral doses of up to 2000 mg 
were well tolerated in both Japanese and Caucasian subjects. 
The maximal tolerated dose was 6000 mg in both populations, 
with 17 and 33% of subjects reporting gastrointestinal AEs 
in Caucasian and Japanese cohorts, respectively. At a dose of 
8000 mg, 100% of the Caucasian subjects complained of nausea, 
vomiting, abdominal discomfort, or diarrhea without biologi-
cal abnormalities including absence of lactate increase. Over-
all, imeglimin is well tolerated in the therapeutic dose range of 
1000–1500 mg bid [17, 19, 22].

5  Conclusions

The results of these studies evaluating single and multiple 
administration of imeglimin in Japanese and Caucasian sub-
jects suggest that it is unlikely that ethnic diversity between 
these two groups would cause a difference in imeglimin 
exposure and pharmacokinetic parameters. The safety data 
obtained in these studies indicate that treatment with imeg-
limin at doses up to 6000 mg was generally safe and well 
tolerated, and that safety parameters were similar between 
Caucasian and Japanese subjects at each dose level studied.

Overall, these data showed that ethnic factors do not have 
a major impact on the safety, tolerability, and pharmacoki-
netics of imeglimin in Caucasian or Japanese subjects.
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Table 6  Summary of Caucasian and Japanese subjects with treatment-emergent adverse events (TEAEs) following single oral administration
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n (%) [AEs]
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n (%) [AEs]
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n (%) 
[AEs]

6000 mg (N 
= 6)
n (%) [AEss]

Any TEAE 1 (16.7) [1] 3 (50.0) [3] 3 (50.0) [5] 6 (100.0) 
[18]

15 (41.7) 
[29]

2 (50.0) [2] 0 3 (50.0) [9] 5 (31.3) [11]

Intensity
 Mild 0 3 (50.0) [3] 3 (50.0) [5] 5 (83.3) [14] 13 (36.1) 
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2 (50.0) [2] 0 1 (16.7) [1] 3 (18.8) [3]

 Moderate 1 (16.7) [1] 0 0 1 (16.7) [2] 2 (5.6) [3] 0 0 2 (33.3) [4] 2 (12.5) [4]
 Severe 0 0 0 0 0 0 0 0 0

Any drug-
related 
TEAE

1 (16.7) [1] 0 3 (50.0) [4] 6 (100.0) 
[27]

10 (27.8) 
[32]

2 (50.0) [2] 0 2 (33.3) [7] 4 (25.0) [9]
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