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Purpose: Safety, tolerability and pharmacokinetics of single and multiple ascending doses
(SADs/MADs) of benfotiamine were assessed after oral administration in two randomized,
double-blind, placebo-controlled, phase I trials.

Methods: Healthy subjects were sequentially enrolled into one of five SAD (150-1200 mg)
or three MAD (150, 300 or 600 mg) cohorts. In SAD study, each cohort of 12 subjects (n =
10, active; n = 2, placebo) were administrated once-daily doses. In MAD study, each cohort
of 16 subjects (n = 12, active; n = 4, placebo) were administrated once-daily on day 1 and
twice-daily on day 4-9, followed by a single morning dose on day 10.

Results: In the SAD study, the median time to reach maximum concentration (T,,y) arrived
1.0 to 2.0 h for thiamine (TM), 3.5 to 8.0 h for thiamine monophosphate (TMP), and 8.0 to
24.0 h for thiamine diphosphate (TDP) after administration of benfotiamine. The area under
concentration-time curve from 0 to last measurable concentration (AUCy) or maximum
observed concentration (Cy,x) of TM, TMP, and TDP was less or more dose proportional
over the single dose studied except Cp,.x of TM. Food consumption did not increase the level
of TM and TDP at baseline. TM exhibited a relatively long elimination half-life (t;/,) in all
doses studied, resulting in accumulation ratio (Rac) of 1.96 to 2.11 and accumulation ratio
based on C,,x (Rac, cmax) of 1.60 to 1.88 following 7 days of multiple dosing. Comparable
accumulation results were also obtained for TDP after multiple dosing. The incidence and
severity of adverse events (AEs) were similar between benfotiamine and placebo. The
commonly reported drug-related AEs were increased ALT and urinary WBC.

Conclusion: Both SAD and MAD studies of benfotiamine in healthy subjects were safe and
well tolerated. TM and TDP exhibited moderate accumulation on repeated administration of
benfotiamine.

Alzheimer’s disease, benfotiamine, thiamine,
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Introduction

Alzheimer’s disease (AD) is typically characterized as a sever, chronic and multi-
factorial neurodegenerative disease that causes progressive memory loss and cogni-
tional dysfunction.! Unfortunately, the currently approved drugs for AD used as
cholinesterase inhibitors (rivastigmine, donepezil, and galantamine), N-methyl-
D-aspartate antagonist (memantine) or even combinations of multiple agents have
led to a temporary decline in the loss of cognitive function and a short improvement
of quality of life, and have not stopped the deteriorating progression of AD.* To
date, an increasing number of drug candidates aiming to treat AD have failed during
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phase I to III clinical trials.> As such, it is urgent to
develop promising therapies that treat affected patients and
to prevent, slow the progression, or improve cognitive and
behavioral symptoms of AD.

Benfotiamine (S-benzoylthiamine O-monophosphate),
a synthetic S-acyl derivative of thiamine, has been proved
to have multifaceted therapeutic potential through multiple
ways.® Benfotiamine is mainly dephosphorylated in the
intestinal mucosal cells to generate a lipid-soluble com-
pound, S-benzoythiamine.” S-benzoythiamine can be
promptly transformed to water-soluble thiamine (TM)
and further transformed to several phosphorylated meta-
bolites, such as thiamine monophosphate (TMP) and thia-
mine diphosphate (TDP).*? A growing body of evidence
has demonstrated that benfotiamine appears to have
a therapeutic role in type 2 diabetes and diabetic compli-
cations, including neuropathies and nephropathies.®®'!!
Other reports suggest that benfotiamine can reverse cardi-
omyocyte contractile dysfunction and reduce the neuro-
pathic pain.'>""*

In spite of beneficial effects mentioned above, it also
has been proposed as a protective agent for AD treatment
based on the prevention of abnormal glucose
metabolism.'®'> Previous studies have demonstrated that
benfotiamine could attenuate the glucose-induced increase

15:16 and that it also

in AP synthesis in in vitro studies,
could decrease the tau hyperphosphorylation and improve
cognitive deficits in animal AD model.'>!” Further study
has shown that it has cognitive improvement in patients
with mild to moderate AD."®"

The present article describes the results of these two
randomized, double-blinded, placebo-controlled, phase
I studies to evaluate the safety, tolerability, and pharmaco-
kinetics of benfotiamine following oral administration of
single and multiple ascending doses, and to explore the
effect of food on benfotiamine metabolites in healthy
volunteers.

Methods

Investigational Products

Benfotiamine is S-benzoylthiamine O-monophosphate,
a synthetic S-acyl derivative of thiamine provided by
Ltd (Shanghai,
China) with a purity level of 97.6%. Benfotiamine and

Shanghai Rixin Biotechnology Co.,
its matching placebo were formulated by shanghai shy-
nedc pharmaceutical Co., Ltd (Shanghai, China) as
immediate-release 50 mg tablets for oral administration.

Study drugs were stored according to the manuscripts’
instruction at a controlled room temperature.

Study Design
These randomized, double-blinded, placebo-controlled,
phase I studies consisted of two studies: the single ascend-
ing dose (SAD) study (clinical trial registration number:
CTR20170293) and the multiple ascending dose (MAD)
study (clinical trial registration number: CTR20171266).
Both studies were conducted at a single study site,
Phase I clinical trial ward, Zhongshan Hospital, Fudan
University, Shanghai, China. The two studies were
approved by an Independent Ethics Committee of
Zhongshan Hospital of Fudan University in Shanghai,
China (approval number: 2017-092; 2017-014R) and con-
ducted in accordance with the International Conference of
Harmonisation for Good Clinical Practice and the

Declaration of Helsinki. Subjects provided written
informed consents prior to initiation of any study-specific
procedures. The main objectives of the studies were to
evaluate the safety, tolerability, and pharmacokinetics of
SAD and MAD of benfotiamine. Because TM, TMP and
TDP are endogenous compounds in humans, it was
hypothesized that daily food consumption may have an
impact on the baseline concentration of benfotiamine
metabolites. Therefore, sampling collection on day-1 was
added to explore the effect of the standard meal on the
baseline concentration of benfotiamine metabolites in the
SAD study.

Male and female subjects were eligible for participa-
tion if they were aged 1845 years with a body weight
(BMI) between 18 and 26 kg/m?, and if considered by the
investigator to be in good health based on medical history,
complete physical examination, vital signs, electrocardio-
gram (ECG) and clinical laboratory tests. Subjects were
excluded from the study if they had a history of alcohol
abuse, had a history of psychotropic drug or tobacco use,
or had participated in any other investigational drug study
within three months. Additionally, subjects were excluded
if they had a QTcB interval > 450 msec as calculated by
ECG equipment and evaluated by the investigator, and if
they were unwilling or unable to practice an acceptable
method of contraception in the next three months after the
end of the study. Female subjects were excluded if they
were breastfeeding or pregnant, as determined by human
chorionic gonadotropin (HCG) test during screening or
prior to receiving the first dose (day-2, SAD study; day-
1, MAD study).

submit your manuscript

1102

Dove

Drug Design, Development and Therapy 2021:15


http://www.dovepress.com
http://www.dovepress.com

Dove

Sheng et al

In the SAD study, eligible subjects were sequentially
assigned to one of five dose (150, 300, 600, 900 or 1200 mg)
cohorts. Each cohort of subjects were randomly assigned in
a 5:1 ratio to receive either a single oral dose of active (n =
10) or placebo (n = 2) treatment. All subjects were admitted
to the study site in the afternoon of day-3 (admission day, 3
days before dosing) to standardize lifestyle. The inclusion/
exclusion criteria including vital signs and 12-lead ECG
were finally checked on day-2. After fasting overnight for
at least 10 h, blood samples for pharmacokinetics were
collected in a period of 12 h on day-1 in fed and fasting
condition. Benfotiamine or matching placebo was admini-
strated on day 1 in the same fasting condition, followed by
another pharmacokinetic sampling period of 48 h. Subjects
were discharged from the study site on day 3.

The MAD study consisted of three dose (150, 300,
600 mg) cohorts in which subjects received once-daily
dose on day 1 and twice daily doses (BID) at 12-hourly
intervals on day 4-9 with a last dose on the morning of day
10. Subjects were randomized in a 3:1 ratio to benfotiamine
(n = 12) or placebo (n = 4). All subjects were admitted to
the study site on day-2 and discharged on day 13 after
completion of the final assessment. The inclusion/exclusion
criteria were checked before randomization on day-1.

In both studies, standard breakfast, lunch and dinner
were served after examination and sampling. Dose escala-
tion occurred after review of safety, tolerability of previous
dose levels. Subjects were assigned to treatment doses
according to a randomization list provided by an indepen-
dent pharmacist.

Safety Assessments

Safety monitoring was performed during the study by using
vital signs (pulse rate, blood pressure, respiratory rate and ear
temperature) and 12-lead ECG before dosing and at selected
times. Physical examination and clinical laboratory tests
(hematology, blood biochemistry and urinalysis) were also
performed at screening and at the end of the study. Adverse
events (AEs) were monitored and evaluated by the investi-
gator throughout the study. The AEs were defined in accor-
dance with the Common Terminology Criteria for Adverse
Events (CTCAE) version 4.03.

Pharmacokinetic Methods

During the SAD study, serial blood samples for metabo-
lites (TM, TMP and TDP) of benfotiamine were collected
on day-1 (predose, 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8§,
and 12 h) and day 1 (predose, 0.25, 0.5, 1, 1.5, 2, 2.5, 3,

3.5,4,6,8, 12, 24, 36, and 48 h). For the MAD cohorts,
serial blood samples were collected on day 1 and day 10
(predose, 0.25,0.5,1,1.5,2,2.5,3,3.5,4, 6, 8, 12, 24, 36,
48, and 72 h), and before the morning dose on day 7-9.

The collected blood samples were immediately trans-
ferred under the ice water condition. After transferring, an
aliquot (800 pL) of each blood sample was pipetted into
a polypropylene tube, vortexed at room temperature accom-
panied by the addition of an equal volume (800 pL) of 6.8%
perchlorate. After a thorough mixing of the 1.6 mL acidu-
lated blood sample by vortexing, an aliquot (800 pL) of the
sample was pipetted into a second polypropylene tube and
stored at —70°C until analysis. TM, TMP and TDP concen-
trations in whole blood were determined using a validated
HPLC-fluorescence detector (HPLC-FLD) with Lower
Limit of Quantification (LLOQ) of 1.5 ng/mL, 1.0 ng/mL,
and 40 ng/mL, respectively.

Pharmacokinetic and Statistical Analyses
In the SAD study, the baseline-adjusted concentration of
each benfotiamine metabolite (TM, TMP or TDP) was
calculated as the difference between the concentration at
the selected time point on day 1-3 and the concentration
at the corresponding time point on day-1. For instance,
the baseline-adjusted concentration of TM at 36 h after
dosing was calculated as the difference between the
unadjusted concentration of TM at 36 h after dosing
and the concentration of TM at 12 h on day-1; the
baseline-adjusted concentration of TM at 24 h after dos-
ing was calculated as the difference between the unad-
justed concentration of TM at 24 h after dosing and the
concentration of TM at predose on day-1. In the MAD
study, the baseline-adjusted concentration of each benfo-
tiamine metabolite (TM or TDP) was calculated as the
difference between the unadjusted concentration of each
metabolite at the selected time point after dosing and the
concentration of each metabolite at predose before
dosing.

PK parameters for TM, TMP, and TDP after oral single
and multiple doses of benfotiamine were calculated via
non-compartmental methods using Phoenix WinNonlin
software version 6.2.1 (Pharsight Corporation, Mountain
View, CA, USA). For TM, TMP, and TDP, the pharmaco-
kinetic parameters for SAD were as follows: the area
under concentration-time curve from 0 to last measurable
concentration (AUC,_), maximum observed concentration
(Chax), time to reach maximum concentration (T ax),
apparent oral clearance (CL/F), elimination half-life (t;,)
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, and apparent volume of distribution (Vd/F). For MAD
study, AUCy.;, Cnax> Tmax> t1/2, CL/F, VA/F, the area under
the curve during one dosing interval at the steady state
(AUC,.,), minimum concentration at the steady state
(Cmin), the average steady-state concentration during mul-
tiple dosing (C,,), accumulation ratio (Rac), and accumu-
lation ratio based on C,.« (Rac,cmax) on TM and TDP
were estimated. The C,.x and T,,,x were obtained directly
from the observed data.

All subjects who received at least one dose were evaluated
for tolerability. All subjects received benfotiamine who had at
least one measurable PK concentration were included in PK
analysis. C.x, AUCy,, and AUC,, were logarithmically
transformed before analysis. Dose proportionality for Cp,x,
AUC,, and AUC,_, was assessed using a power model from
which the mean slope was estimated and the corresponding
90% confidence interval (CI) was calculated by restricted
maximum likelihood using SPSS19.0. Dose proportionality
was observed if the slope was not statistically significantly
different from unity. Placebo data were pooled and analyzed
from the SAD or MAD study. Differences in PK parameters
were assessed between groups using analysis of variance,
while differences in PK parameters were assessed between
male and female subjects using student’s #-test.

Results

Subject Disposition and Demographics

In the studies, healthy Chinese subjects (33 males and 27
females, SAD study; 24 males and 24 females, MAD study)
were enrolled into treatment groups and completed the study

Table | Demographics and Baseline Characteristics

as planned. In the MAD study, one subject in the 150 mg
group who completed the study as planned is included in
safety analysis, not in PK analysis, because of QTcB > 450
msec at baseline (day-1) that meets the criteria for exclusion.
Their demographic and baseline characteristics appeared to
be comparable across treatment groups (Table 1).

Safety

A total of 12 (20%) subjects reported at least one AE during
the SAD study. Twelve subjects reported AEs that were
considered to be drug-related, including 9 (18%) of 50
subjects with the treatment of benfotiamine and 3 (30%) of
10 subjects with the treatment of placebo (Table 2). The
most frequently reported drug-related AE was increased
ALT, which was reported by 2 (4%) benfotiamine subjects
and 1 (10%) placebo subject. Urinary WBC was reported by
2 (4%) of 32 subjects who received the active treatment. The
overall incidence of AEs with benfotiamine was similar to
that reported with placebo (20%).

Of the 48 subjects, 17 (35%) reported a total of 23 AEs
following multiple doses of 150 (4/12), 300 (5/12), 600 mg
(3/12) benfotiamine, and placebo (5/12), respectively (Table
2). The most frequently reported drug-related AE was
increased blood pressure, reported by 1 (3%) of 36 subjects
who received the active treatment and 3 (25%) of 12 sub-
jects who received the placebo treatment. Sinus bradycardia
and urinary RBC were reported by 3 (8%) and 2 (6%) of 36
subjects who received benfotiamine, respectively. Increased
pulse rate, increased WBC, urinary WBC, proteinuria and
increased ALT were each reported in 1 (3%) of 36 subjects
who received benfotiamine. The incidence of AEs at the

Characteristics | Single Ascending Dose Muitiple Ascending Dose
150 mg 300 mg 600 mg 900 mg 1200 mg | Placebo 150 mg 300 mg 600 mg Placebo
(n=10) (n=10) (n=10) (n=10) (n=10) (n=10) (n=12) (n=12) (n=12) (n=12)
Age,y
Mean (SD) 25.6 (3.7) 24.4 (3.6) 285 (5.0) | 27.8 (4.5) | 26.0 (5.5) | 26.0 (42) 27.0 (5.1) 274 (47) | 25.3 (5.0) | 27.0 (4.9)
Range 20-32 18-32 21-36 22-35 20-40 19-32 21-35 22-36 20-32 21-34
Weight, kg
Mean (SD) 62.1 (89) | 66.4(12.2) | 589 (8.7) | 62.6 (6.0) | 60.3 (7.1) | 622 (87) | 61.9(7.27) | 62.4 (9.3) | 59.7 (6.6) | 62.4 (6.9)
Range 49.7-74.1 50.5-79.2 | 47.7-735 | 54.9-73.8 | 50.0-71.5 | 50.4-75.6 | 50.2-71.3 51.1-85.3 | 50.1-70.5 | 50.1-79.0
BMI, kg/m?
Mean (SD) 22.8 (2.0) 229 (24) 214 (22) | 226 (1.6) | 21.6 (1.7) | 22.8 (2.6) | 223 (1.97) | 225 (1.7) | 22.6 (1.7) | 225 (1.0)
Range 20.3-25.6 19.6-26.0 19.2-25.8 | 20.8-25.7 | 19.2-24.7 | 19.7-25.9 19.5-25.7 | 20.3-25.0 | 20.2-255 | 21.2-245

Note: BMI was defined as weight/(height¥0.01)2.
Abbreviation: BMI, body mass index.

1104

Dove

submit your manuscript

Drug Design, Development and Therapy 2021:15



http://www.dovepress.com
http://www.dovepress.com

Dove

Sheng et al

Table 2 Adverse Events Following Single and Multiple Ascending Doses (SADs/MADs) of Benfotiamine in Healthy Subjects

System Organ Class SAD MAD
Prefered Term
150 mg | 300 mg | 600 mg | 900 mg | 1200 mg | Placebo | 150 mg | 300 mg | 600 mg | Placebo
(n=10) | (n=10) [ (n=10) [ (n=10) | (n=10) [ (n=10) | (n=12) | (n=12) | (n=12) | (n=12)
Investigations
Pulse rate increased 0 0 0 1 (10%) 0 0 1 (8.3%) 0 0 0
Blood pressure increased 0 0 0 0 0 0 0 | (8.3%) 0 3 (25%)
WBC increased 0 0 0 0 0 0 0 I (8.3%) 0 0
Urinary WBC 1 (10%) 0 1 (10%) 0 0 0 0 I (8.3%) 0 0
Urinary RBC 0 0 0 0 0 0 0 I (8.3%) | |(8.3%) 0
Proteinuria 0 0 0 0 0 0 1 (8.3%) 0 0 0
Glomerular filtration rates 0 0 0 0 0 0 0 0 1 (8.3%) 0
decreased
Neutrophil count increased 0 0 0 0 0 0 0 1 (8.3%) 0 0
Alamine aminotransferase I (10%) 1 (10%) 1 (10%) | (8.3%) 1 (8.3%)
increased
Aspartate aminotransferase 0 0 0 0 0 1 (10%) 0 0 0 0
increased
Bilirubin increased 1 (10%) 0 0 0 0 0 0 0 0 0
Creatine kinase-MB increased 0 0 0 0 1 (10%) 0 0 0 0 2 (16.7%)
Creatine kinase-MM increased 0 1 (10%) 0 0 0 0 0 0 0 0
Creatine kinase increased 0 1 (10%) 0 0 0 0 0 0 0 0
Potassium increased 0 0 1 (10%) 0 0 0 0 0 0 0
Skin and subcutaneous tissue
disorders
Eczema 0 0 0 0 0 0 0 0 0 1 (8.3%)
Cardiac disorders
Ventricular extrasystole 0 1 (10%) 0 0 0 0 0 0 0
First degree a-v block 0 0 0 0 1 (10%) 0 0 0
Sinus bradycardia 0 0 0 0 1 (83%) | 1(83%) | |(83%)

300 mg dose level was similar to that at the placebo (41.7%);
the lower incidence reported in the 150 and 600 mg dose
level was 33.3% and 25.0%, respectively.

Overall, all reported AEs in both studies were mild or
moderate in severity. There were no serious AEs, and no
subjects discontinued because of an AE in both SAD and
MAD study.

Pharmacokinetic Results

Mean main metabolite (TM, TMP and TDP) concentration
versus time following SAD and MAD of benfotiamine is
presented in Figures 1 and 2, and its derived pharmacoki-
netic characteristics are summarized descriptively in
Tables 3 and 4.

Food Effect on the Main Metabolites in the SAD Study
In the SAD study, TM concentration on day-1 at collected
time points was still below the LLOQ either under the
fasted or fed state except very few time points (~ 2.6%),

while mean level of TMP in the fasted or fed condition
was 1.6 or 2.3 ng/mL, respectively, indicating an obvious
increase of TMP concentration after meals. As for TDP
concentration, it had a minor increase after meals, with the
percentage change ranged from 0.88 to 4.86% (data not
shown).

Single Ascending Doses

In the SAD study, median T,,,, arrived 1.0 to 2.0 h for
TM, 3.5 to 8.0 h for TMP, and 8.0 to 24.0 h for TDP after
administration of benfotiamine. At each dose group, the
exposure of TM was the highest among these metabolites
of benfotiamine; AUCy_; of TM was 12.1 to 103 or 0.99 to
8.51 times higher than the corresponding AUC,_, of TMP
or TDP, respectively. Similar to the AUCq, Cpax of TM
was 43.1 to 295 or 4.32 to 31.2 times higher than the
corresponding C,.x of TMP or TDP, respectively. After
attainment of C,,, the disposition of TM generally
revealed a multiphasic rise with a mean t;, of 13.9 to
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Figure | Mean blood concentrations of TM (A), TMP (B), and TDP (C) versus time after a single oral administration to healthy subjects at five different doses (n=10 per

dose group).

10.0 h at the lower doses (150 and 300 mg), and a shorter
ty, of 6.6 to 6.3 h was observed at the higher doses
(600-1200 mg). Compared with TM, the other metabolites
were eliminated slowly, with the mean t;, > 31.8 h for
TMP and t;, > 18.6 h for TDP at the same dose range
(Table 3).

The proportionality coefficients for AUC,., and C,.x
of TM were 1.462 (90% CI, 1.392-1.532) and 1.163
(90% CI, 1.106-1.220), respectively, indicating more
in AUCy; and dose-
proportional increase in C,x with increasing dose. As
for TMP and TDP, there were less than proportional
increases in AUCy, and C,,x with increasing doses.

than proportional increase

Furthermore, no gender-related difference was found in
the pharmacokinetic properties, except in C,,x of TDP in
the 600 mg dose group or AUC; and C,.x of TMP in
the 900 mg dose group.

Multiple Ascending Doses

The PK parameters of TM and TDP following repeated
administration were comparable from what was observed
in the SAD study, except mean t;,», and Vd/F of TM. In the
MAD study, the mean t;, of TM was > 2 times higher
than that in the SAD study. TM and TDP concentrations
reached steady state on day 7 over the multiple doses
studied. TM exhibited a long t;, in all dose studies,
resulting in accumulation ratio (Rac) of 1.96 to 2.11 and
accumulation ratio based on C,,« (Rac,cmayx) of 1.60 to
1.88 following 7 days of multiple dosing. Comparable
accumulation results were obtained for TDP after multiple
dosing (Table 4).

Consistent with the result of the SAD study, the pro-
portionality coefficient for AUCy of TM after the first
dose on the morning of day 1 was 1.464 (90% CI, 1.389—
1.539), suggesting AUC,_, of TM increased in a more than
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Figure 2 Mean blood concentrations of TM and TDP versus time after the first dose on day | (A and C) and the last dose on day 10 (B and D) to healthy subjects at three

different doses (n=12 per dose group).

dose-proportional manner. As for C,x of TM following
the first dose, the proportionality coefficient was 1.221
(90% CI, 1.134-1.308), which indicated more than propor-
tional increases the same as AUC,_; of TM. After the last
dose on the morning of day 10, the proportionality coeffi-
cients for AUC_, and C,.x of TM were 1.464 (90% CI,
1.389-1.539) and 1.336 (90% CI, 1.255-1.417), respec-
tively, indicating more than proportional increases in
AUC_; or Cp,x With increasing doses. In contrast, there
were less than proportional increases in AUC_, or C . Of
TDP with increasing doses.

Discussion
In these studies, benfotiamine was generally safe and
well tolerated in healthy subjects over the dose range
tested. No trends in the incidence and severity of AEs
were observed after single or multiple ascending doses
of benfotiamine.

A comparison between the fasted and fed state
on day-1 was made based on the result of the SAD
study. Standard meals had no effect on the baseline
concentration of TM and TDP, and tended to increase
TMP concentration that was close to the LLOQ.
Therefore, it is appropriate to adjust each concentration
of benfotiamine metabolites by each concentration at
predose before dosing in further MAD study, rather
than by each concentration at the corresponding time
point on day-1. Furthermore, the exposure of TM and
TDP, such as AUC,. and C,,.x, was much higher than
that of TMP, indicating TMP was not the main metabo-
lite of benfotiamine in whole blood. Thus, these meta-
bolites of benfotiamine would be analysed in further
MAD study except TMP.

As TM is the main metabolite of benfotiamine, the
sampling time point was prolongated to 72 h in the
MAD study based on the t;, of TM obtained in the
SAD study. Besides, the duration from the initial dose
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Table 3 Summary of Pharmacokinetic Parameters for Single Ascending Dose (SAD) of Benfotiamine

Analytes Parameters SAD
150 mg (n=10) 300 mg (n=10) 600 mg (n=10) 900 mg (n=10) 1200 mg (n=10)
™ AUGC,.., ng h/mL 1983.4 (503.0) 4823.6 (1400.6) 14,399.1 (2395.1) 25,841.3 (4177.2) 39,155.3 (8194.7)
Crnax Ng/ML 344 (83) 674 (123) 1601 (253) 2607 (383) 3730 (742)
Tnax D 1.0 (0.5-2.5) 1.3 (0.5-2.0) 1.5 (0.5-2.0) 1.5 (1.0-3.5) 2.0 (1.0-3.0)
ti h 139 (5.3) 10.0 (2.3) 6.6 (0.7) 6.3 (0.4) 6.3 (0.7)
CL/F, Lh 78.0 (19.0) 67.4 (23.7) 42.4 (6.4) 35.4 (5.5) 31.5 (5.9)
Vd/F, L 1489 (525) 1039 (673) 403 (80) 324 (58) 285 (38)
T™MP AUC,_. ngh/mL 164.6 (30.0) 214.4 (43.9) 271.5 (60.2) 3111 (77.4) 380.0 (84.7)
Crnax Ng/ML 7.99 (1.18) 851 (1.84) 9.24 (2.08) 12.0 (2.65) 12.6 (2.19)
Tinaxo h 3.5 (2.0-8.0) 5.0 (2.5-12.0) 3.8 (2.5-12.0) 5.0 (2.0-12.0) 8.0 (2.5-12.0)
tip h 353 (17.4) 31.8 (12.2) 36.0 (12.7) 74.8 (157.0) 44.9 (19.4)
CL/F, Lh 609.7 (146.9) 974.4 (243.2) 1453.6 (283.8) 2200.2 (1294.2) 1856.3 (506.2)
Vd/F, L 28,800 (9616) 42,721 (14,554) 73,258 (21,145) 88,366 (35,343) 110,122 (30,060)
TDP AUC,.., ngh/mL 2002.9 (575.9) 2785.2 (988.4) 3130.5 (978.0) 3804.3 (626.6) 4601.3 (1135.2)
Crnax Ng/ML 79.7 (19.5) 99.3 (48.1) 89.1 (31.8) 101 (19.0) 120 (30)
Trnax h 8.0 (6.0-12.0) 8.0 (4.0-24.0) 24.0 (12.0-24.0) 24.0 (8.0-24.0) 24.0 (12.0-36.0)
ti h 46.4 (45.8) 18.6 (4.2) 24.5 (6.3) 42.5 (26.2) 48.2 (23.1)
CL/F, L/h 47.6 (19.3) 94.4 (27.0) 141.9 (39.8) 135.0 (51.4) 127.9 (48.3)
Vd/F, L 2342 (1138) 2535 (921) 5111 (2200) 6887 (1604) 7891 (2060)
Table 4 Summary of Pharmacokinetic Parameters for Multiple Ascending Dose (MAD) of Benfotiamine
Analytes | Parameters MAD
150 mg (n=12) 300 mg (n=12) 600 mg (n=12)
Day | Day 10 Day | Day 10 Day | Day 10
™ AUC,.. ngh/mL | 1639.8 (322.8) | 3795.1 (700.4) | 4902.9 (780.8) | 11,081.3 (1237.2) | 13,493.8 (2185.3) | 31,855.0 (4967.3)
Crnax Ng/mML 276 (57) 439 (84) 624 (104) 1089 (131) 1485 (208) 2783 (470)
Toax D 1.5 (0.5-2.5) 1.5 (0.5-2.0) 1.5 (1.0-3.5) 1.8 (0.5-4.0) 2.0 (1.0-3.0) 2.0 (1.5-3.0)
tip h 37.2 (21.0) 36.48 (8.1) 29.0 (8.9) 25.97 (4.62) 16.8 (3.6) 16.46 (3.07)
CL/E L/h 90.1 (18.8) 37.57 (6.92) 61.2 (9.5) 26.54 (3.02) 45.2 (7.2) 18.97 (2.95)
Vd/F, L 4522 (2119) 1969 (537) 2609 (1052) 1008 (275) 1112 (356) 455 (127)
AUC,., ngh/mL | 1334.4 (245.3) | 2614.0 (476.6) | 3694.8 (551.8) | 7481.91 (763.0) 9428.3 (1392.1) 19,824.0 (2968.6)
Crin» Ng/mL - 107 (28) - 363 (51) - 1104 (195)
Caw ng/mL - 218 (40) - 623 (64) - 1652 (247)
Rac - 1.96 (0.16) - 2.05 (0.22) - 2.11 (0.16)
Rac, Cpax - 1.60 (0.15) - 1.78 (0.28) - 1.88 (0.24)
TDP AUC,., ngh/mL | 2198.9 (640.5) | 4009.8 (1089.1) | 2984.0 (681.9) | 5141.4 (1342.2) 3588.6 (1356.3) 5617.7 (1958.9)
Crnax Ng/mML 68 (19) I @3l 79 (20) 126 (35) 77 (30) 126 (40)
Timax D 8.0 (6.0-12.0) | 1.5 (0.0-6.0) 12.0 (8.0-12.0) | 1.8 (0.0-12.0) 12.0 (6.0-36.0) 2.0 (0.0-12.0)
tip h 67.4 (61.1) 51.2 (26.4) 343 (17.9) 37.4 (10.5) 28.7 (5.0) 41.7 (l6.1)
CL/F, L/h 44.0 (15.9) 27.7 (9.2) 83.9 (27.6) 46.6 (15.2) 150.0 (54.0) 80.9 (21.6)
Vd/F, L 3396 (1304) 1950 (1099) 3809 (1261) 2446 (804) 6129 (2265) 4777 (2117)
AUC,_,, ng h/mL | 620.8 (206.9) 1147.0 (333.3) | 654.4 (134.5) 1338.3 (404.5) 640.2 (232.8) 1230.8 (390.1)
Crmin» Ng/mL - 101 (32) - 113 (34) - 106 (38)
Caw ng/mL - 96 (28) - 112 (34) - 103 (33)
Rac - 1.88 (0.19) - 2.03 (0.32) - 1.97 (0.25)
Rac, Cpax - 1.62 (0.15) - 1.59 (0.20) - 1.69 (0.24)
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on day 4 to the morning dose on day 7 is five times
longer than the t;, of TM. Therefore, sampling collec-
tion at predose on day 7-9 (rough levels) was performed
in the MAD study.

The exposure of TM was much greater than that of
TMP or TDP in both SAD and MAD study, which was
consistent with the known properties of benfotiamine
metabolites reported previously.’® The PK parameters
(AUCq, Chax and Tpax) of TM after a single dose of
300 mg benfotiamine in the present SAD study was com-
parable to that reported in the same dose level.?! In the
previous study, mean t;, of TM was 4.6 h after a single
oral dose of 300 mg benfotiamine in Chinese volunteers;
meanwhile, mean t,,, of TM and TDP was 4.4 h and 13.8
h, respectively, in Korean male volunteers administrated
by a multivitamin preparation contained 50 mg
benfotiamine.”>?! However, mean t,,, of TM and TDP in
this SAD study was 10 h and 18.6 h, respectively; in the
MAD study, mean t;, of TM and TDP was more than
0.8-fold and 1.9-fold higher following the first dose of
300 mg benfotiamine compared with the SAD study. The
difference may have originated from the collected sample
time (24 h in previous studies vs. 48 h in this SAD study
vs. 72 h in this MAD study). It is plausible that the
difference in mean t;, primarily due to variability in
different collected time, especially considering that the
value of t;, was calculated from slops obtained by log-
linear regression of the terminal concentration-time profile
in each metabolite of benfotiamine.

After single and multiple does of benfotiamine, the
t1» value was shown to be highly variable in TM and
TDP at the low dose range of 150-600 mg. The longer
ti» noted with the lowest doses are thus probably more
representative of the elimination phase than the distribu-
tion phase. With the higher doses, all samples were
reported to be above the LLOQ, therefore allowing
a better characterization of the elimination profile of
these metabolites of benfotiamine, which could explain
why a longer t;, was observed in the lowest dose. In
addition, the calculation difference of the baseline-
adjusted concentration (point-by-point adjustment in
the SAD study vs. adjustment at predose in the MAD
study) in benfotiamine metabolite may have contributed
to the discrepancy.

Conclusion
Single and multiple ascending doses of benfotiamine in
healthy Chinese subjects were safe and well tolerated.

After single and multiple doses of benfotiamine, the
increases in exposure of TM, TMP, and TDP with increas-
ing doses were mainly non-proportional over the studied
dose range. TM and TDP exhibited moderate accumulation
on repeated administration of benfotiamine.
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