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HoBbIif HHTMOMTOP AMNENTHAMA NENTHAA3LI-4
rOCOrAMNTHH: NePBbIX ONbIT U3YYCHMS
3$PEeKTMBHOCTU M 6&30NaCHOCTH NPH CaXxapHOM
AMabere 2 Tvna B Poccum
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I'BOY BIIO Ilepesviii Mockosckuii cocydapcmeennblii meouyunckuii ynusepcumem um. U.M. Ceuenosa, Mockea
(pexmop — unen-xopp. PAH I1.B. I1vi60uko)

Cospemennas makmuka aeyenus caxaproeo duadema 2 muna (CZI2) npednosaeaem npumenerue 3¢pgpekmusHviX u 6€30NACHbIX Ca-
XAPOCHUNCAIOWUX cpedcms 045 npopuAaKmuKy ouabemuveckux cocyoucmulx 0CAONCHEHULl, ¢ 0OHOL CHOPOHbL, U CHUMICEHUS DUCKA
YyeeauueHus eeca u eunoAuKemMuu — ¢ Opyeoil. Imum yeasm coomeemcmeayiom npenapamol ¢ NPUHUUNUAALHO HOBbIM MEXAHUSMOM
deticmeusi — uneubumopwt pepmenma dunenmuouasnenmuoasvi-4 (ulI111-4). Buecme ¢ mem, nogcemecmuoe pacnpedenenue epmenma
6 opeanuszme npednonazaem u nposeaerue Heeaukemuveckux aggexmos ullll111-4 kax nonoxcumenvHozo, mak u OMpUYAMeNbHOLO
ceoiicmea. Ilosmomy pazpabomia u eHedpenue 6 Kaunu4eckyro npakmuxy Hoevix ulllll1-4 seasemcs akmyanvHoil 3adayeil.

Ileaw. Hzyuenue sgppexmusrocmu u bezonacnocmu Ho6oeo ulll111-4 eocoenunmuna é Kkauecmee MOHOMepPAnuUU U 8 KOMOUHAUUY C Mem-
hopmuHOM 8 X00e MHOLOUEHMPOBO2O OMKPLIMOZ0 PAHOOMUSUPOBAHHO20 KAUHUHECKO20 UCCAEO08AHUSL NO CPABHEHUIO C BUNOAAUNMUHOM
8 Kauecmee MOHOMePanuu u 8 Komourauuu ¢ memgopmurnom y nayuenmos ¢ C/[2, panee He noayuasuiux 1eKkapcmeenHoi mepanuu.
Mamepuaast u memodsi. B uccaedosanue 6vi10 gxaroueno 299 nayuenmos c enepgoie govisigaenHvim CI2. 149 nayuenmos bviau pan-
domu3upoeamsl 8 epynny eocoeaunmuna, 150 — 6 epynny eundaeaunmuna. Ipynnot 6blau cpagHUMbl O UCXOOHBIM XAPAKMEPUCUKAM.
Tlocae pandomuzayuu 6 meyerue 12 nedeav HazHauanracs monomepanus (3man 1) 00HUM U3 uccredyembix npenapamos, 3amem peuancs
80NPOC 0 NPOOOANCEHUU MOHOMEPANUU Ulu 0 Komounayuu ¢ memgpopmurom (3man I1). Pezyromamut nepevix 12 Hedeab HabaooeHus
npedcmagnenst 6 Hacmosuwell pabome.

Pesyaomamot. Yepes 12 nedenv monomepanuu HbA,, docmoseprno cnusunoce ¢ 8,61% do 7,41% (p <0,05) 6 epynne eocoenunmuna
uc8,7% do 7,34% (p <0,05) 6 epynne sundazaunmuna. Lleaesoeo yposus HbA,.<7,0% docmueau 59 nayuenmos (41%) 6 epynne eoco-
anunmuna u 66 nayuenmoe (44%) 6 epynne sundaenunmuna (p=0,53). 3a 12 nedeav monomepanuu 3apeeucmpuposaro 115nu30006 nee-
Koti eunoenuxemuu (7 6 epynne 20co2nunmuHa u 4 6 epynne suadazaunmuna), 6es KAuHu4ecKux nposeaenu c enuxemueil <3,9 mmonv/n
N0 NOKa3amensim entokomempa, eceeo 14 HexceramenvHuix a6aenuil y 7 nayeHmos 8 06eux epynnax 0biau pacyeHeHbl KaK «C8s13aHHble»
UNU «BEPOSIMHO CEA3AHHBIEY C 20COAUNMUHOM UAU BUAOAAUNIMUHOM.

Sakarouenue. Ha porne monomepanuu mMoxicHo 20860pums 0 CpagHUMOM npoguae ghgexmueHocmu U 6e30naACHOCIU 20COAUNMUHA U
suUAda2AuUnmuHa.

Karouesvie caoea: caxapruiii duabem; enukuposantvlii eemoenobur; uneubumopst JAI111-4; cocoenunmurn,; susdazaunmun

Initial investigation of efficacy and safety of a new dipeptidyl peptidase-4 inhibitor, gosogliptin, for type 2
diabetes in Russia

Nedosugova L.V, Petunina N.A., Galstyan K.O.

I.M. Sechenov First Moscow State Medical University, Moscow, Russian Federation

Current treatment strategies for type 2 diabetes mellitus (T2DM) are based on using safe and effective hypoglycaemic agents for preventing
diabetic vascular complications and reducing the risks associated with weight gain and hypoglycaemia. These goals may be achieved using
new agents with a fundamentally new mechanism of action: inhibitors of dipeptidyl peptidase-4 (DPP-4i). However, the wide distribution
of this enzyme in the body is associated with extraglycaemic DPP-4i effects, both positive and negative. Thus, it is important to develop
and implement new DPP-4i agents for clinical practice.

Aim. To investigate the efficacy and safety of a novel DPP-4i, gosogliptin, for use as monotherapy and in combination with metformin
vs. vildagliptin as monotherapy and in combination with metformin for patients with drug-naive type 2 diabetes in a multicentre, open,
randomized clinical trial.

Materials and methods. We enrolled 299 drug-naive type 2 diabetes patients; 149 patients were randomized to receive gosogliptin and
150 patients received tovildagliptin. These groups had similar baseline characteristics. After randomization, 12 weeks of monotherapy was
administered to both groups. Further, it was decided to continue the monotherapy or in combination with metformin, depending on each
patient. The results after the first 12 weeks are presented in this paper.

Results. After 12 weeks of monotherapy, HbA,. levels decreased significantly from 8.61% to 7.41% (p <0.05) in the gosogliptin group and
Sfrom 8.7% to 7.34% (p <0.05) in the vildagliptin group; these changes were not significantly different between these groups. Target HbA,,
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of <7.0% was achieved for 59 patients (41%) who took gosogliptin and 66 patients (44%) who took vildagliptin (p=0.53). After 12 weeks
of monotherapy, 11 episodes of mild hypoglycaemia occurred (7 on gosogliptin and 4 on vildagliptin), without clinical manifestations of
blood glucose levels of <3.9 mmol/l based on metre readings. Only 14 adverse events (7 patients in each group) were assessed as ‘related

to’ or ‘probably related to’ gosogliptin or vildagliptin.

Conclusion. Our preliminary monotherapy study showed comparable efficacy and safety profiles for gosogliptin and vildagliptin.
Keywords: Diabetes; glycated haemoglobin; DPP-4 inhibitors; gosogliptin; vildagliptin
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he incidence of type 2 diabetes mellitus (T2DM)
I is expected to globally increase from 6.4% to 8.0%
by 2030 [1]. This rapid increase in the incidence
of T2DM is associated with an increased prevalence of
obesity, reduced physical activity and increased life span.
Improving the glycaemic control remains the main goal of
T2DM treatment because it reduces the risk of progres-
sion to vascular complications that are the main causes
of disability and increased mortality, as shown in numer-
ous prospective randomized clinical studies, including the
United Kingdom Prospective Diabetes Study (UKPDS),
PROspective pioglitAzone Clinical Trial In macroVascu-
lar Events (PROactive), Atherosclerotic Disease, VAscular
functioN, and genetiC Epidemiology (ADVANCE), Veter-
ans Affairs Diabetes Trial (VADT) and Action to Control
Cardiovascular Risk in Diabetes (ACCORD).

However, a meta-analysis of studies on intensifying
the glycaemic control demonstrated that diabetes dura-
tion, weight gain and severe hypoglycaemia were associ-
ated with an increased risk of cardiovascular mortality even
with intensive therapy [2]. Therefore, the current strategy
for T2DM treatment is based on the maximum efficient
glycaemic control, and effective glycaemic control is aimed
at reducing the progression of vascular complications. An
individual approach for glycaemic control is usually imple-
mented when a disease is diagnosed to avoid the risk of
weight gain and development of hypoglycaemic states [3].
Based on these considerations, using hypoglycaemic agents
that have proven hypoglycaemic effects, low risks of induc-
ing hypoglycaemia and neutral effects on body weight are
currently the most promising.

Incretin drugs, including glucagon-like peptide-1
(GLP-1) receptor agonists and dipeptidyl peptidase-4 en-
zyme inhibitors (DPP-4i, gliptins), meet all these require-
ments. Gliptins are readily available and convenient to use
as they increase native GLP-1 levels when administered
orally by blocking the actions of the DPP-4 enzyme de-
stroying incretin and inhibit glucagon secretion. Further,
DPP-4i can potentially affect non-glycaemic mechanisms
of complications because of the abundance of this enzyme
in the body.

DPP-4 hydrolyses the glycine—proline dipeptide in
Gly—Pro—2-naphthylamide. DPP-4 is expressed in most
organs and is also found in the serum and on the cell

surfaces of T lymphocytes [4]. Owing to its abundance,
DPP-4 interacts with various substrates, participating in
the pathogenesis of autoimmune and inflammatory dis-
eases and affects cellular apoptosis and tumour growth [5].
Therefore, inhibiting DPP-4 potentially involves multiple
effects. However, only hypoglycaemic effects of DPP-4i,
which occur through the aforementioned mechanism, are
used in clinical practice. DPP-4 activity increases under
conditions of chronic hyperglycaemia, contributing to
an increased postprandial hyperglycaemia by inactivating
GLP-1 [6].

This increased enzyme activity is most closely associ-
ated with increased glucose levels in microvascular endo-
thelial cells. Therefore, inhibiting this enzyme with gliptins
suggests both antihyperglycaemic and angioprotective ef-
fects [7]. The discovery of cardioprotective, hypotensive
and anti-inflammatory properties of DPP-4i has encour-
aged the development of new drugs in this group that not
only facilitate reducing the progression of cardiovascular
complications associated with T2DM but also are poten-
tially indicated the treatment of autoimmune diseases,
such as multiple sclerosis, rheumatoid arthritis, ulcerative
colitis, allograft rejection reactions [§—11] and Parkinson’s
disease [12]. DPP-4, which was identified as CD26 protein
on the surface of T lymphocytes, was probably involved in
the pathogenesis of type 1 diabetes mellitus (TIDM) by
regulating the differentiation of T lymphocytes for in-
creasing their killer activity. Antihyperglycaemic effects of
gliptins have also been shown in autoimmune T1DM [13].

However, the abundance of this enzyme in the body
also suggests that adverse side effects result upon its in-
hibition. A risk of acute pancreatitis caused by increased
intestinal GLP-1 when using DPP-4i was the first issue of
concern for clinicians. The results of the latest meta-analy-
sis demonstrated that the incidence of pancreatitis was low
after treatment with incretins and that these drugs did not
increase the risk of pancreatitis [14]. After treatment with
gliptins, adverse side effects in the gastrointestinal tract
are less common than after treatment with metformin or
GLP-1 receptor agonists [15].

Another important issue is the possible pro-oncogenic
or, conversely, antitumor effects of DPP-4i. It is known
that some tumour cells abnormally secrete DPP-4. How-
ever, DPP-4/CD26 is considered to be an enzyme that can
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suppress tumour formation. Suppressing DPP-4/CD26
expression with gliptins can, in some cases, reduce the
risk of cancer (hepatocellular carcinoma, renal cell carci-
noma, astrocytomas and mesotheliomas of the brain and
chronic lymphocytic leukaemia), while it can increase the
risk of other cancers (prostate cancer, ovarian carcinoma,
small cell lung cancer, melanoma) [5]. The most common
side effects associated with treatment with gliptins, such
as nasopharyngitis, headache, nausea and allergy, are also
associated with inhibiting DPP-4 activity that results in
increased half-lives of bradykinin and substance P, result-
ing in increased vascular permeability, particularly with the
simultaneous administration of ACE inhibitors [16].

At present, FDA and EU approved gliptins, such as
sitagliptin, vildagliptin, saxagliptin, linagliptin and alo-
gliptin, are extensively used in clinical practice. Pfizer
assigned exclusive rights to develop, manufacture and reg-
ister a novel molecule, gosogliptin, to Satereks (subsidiary
company of the largest Russian non-state research centre
in the field of living systems; KhimRar High Technology
Center) during the St. Petersburg International Economic
Forum, 2012. Gosogliptin is a novel reversible inhibitor of
DPP-4. Seven clinical trials (CTs) of gosogliptin have been
conducted to date, including five phase 1 trials and two
international multi-centre phase 2 CTs.

These studies included 624 patients who received
0.3—300 mg gosogliptin. Pharmacokinetics studies demon-
strated a rapid absorption of gosogliptin after a single oral
administration under fasting conditions, with a mean Tmax
of 0.5—1.5 h. The serum concentration after absorption was
biphasic. Furthermore, the half-life (T1/2) was 15.1-27.4
h for doses ranging from 0.3 to 300 mg. Gosogliptin admin-
istration resulted in a dose-dependent decrease in DPP-4
activity, with the maximal inhibition of enzymatic activ-
ity occurring at 1 h after administration for all doses used
under fasting conditions. The mean DPP-4 inhibition at
24 h after administration was >80% with a dose of 30 mg.

Based on the results of phase 1Ib CTs, a daily dose of 20
mg and 30 mg was selected as basic doses for repeated use
in T2DM patients. In those studies, the maximum duration
of daily gosogliptin administration was 12 weeks. A study
on the efficacy of these doses (20 mg and 30 mg) confirmed
there that were statistically significant reductions in HbA,,
levels at 12 weeks after beginning treatment compared to a
placebo administered along with stable doses of metformin
(placebo-corrected values: —0.79% and —0.92% for 20 mg
and 30 mg, respectively). Patients who received 20 mg or
30 mg also had statistically significant decreases in their
fasting plasma glucose levels and a higher probability of
achieving the target HbA,, value of 7.0% compared with
patients in the placebo group. In general, in phase I and I1
trials, gosogliptin demonstrated good tolerability and safety
comparable to those observed for patients on placebo.

Diabetes mellitus. 2014;(4):81-86
Aim

Our aim was to conduct a multi-centre, open, random-
ized clinical trial on the efficacy and safety of PDD-4i,
gosogliptin, when used as monotherapy and in combina-
tion with metformin compared with vildagliptin as mono-
therapy and in combination with metformin for drug-naive
T2DM patients.

Materials and methods

A phase III multi-centre, open, randomized clinical
trial was initiated at 26 clinical centres in Russia in April
of 2013 to examine the efficacy and safety of gosogliptin
used as monotherapy and in combination with metformin
compared with vildagliptin used as monotherapy and in
combination with metformin for drug-naive T2DM pa-
tients. Statistical analysis of data from the first 12 weeks
of therapy with gosogliptin and the reference drug vilda-
gliptin for all enrolled patients was conducted in May 2014
in accordance with the CT protocol; these data have been
discussed in this paper.

According to the CT protocol, newly diagnosed T2DM
patients were enrolled. After they completed all required
examination procedures, including providing signed in-
formed consent, complying with inclusion/exclusion cri-
teria and the training period at the School of Diabetes,
they were randomized into study groups to receive mono-
therapy either gosogliptin or vildagliptin. The monother-
apy period lasted 12 weeks, following which it was decided
to either continue with monotherapy or combine it with
metformin based on a carbohydrate metabolism assess-
ment. In general, the duration of the active treatment
period of this study was 36 weeks, followed by a 4-week
follow-up period.

Altogether, 299 patients were randomized in this study;
149 in the gosogliptin group and 150 in the vildagliptin
group. Ten patients discontinued the study early after ran-
domization: 2 (1.3%) in the vildagliptin group and 8 (5.4%)
in the gosogliptin group; these proportions were not signifi-
cantly different (p = 0.061).

The main causes for early discontinuation from this
study included significant CT protocol violations, sig-
nificant adverse events (AEs), serious adverse events,
withdrawal of informed consent and lost contact with the
patient.

The groups of randomized patients were comparable
with regard to demographic and other baseline character-
istics, including gender, age, race, body mass index (BMI),
co-morbidities, HbA,, levels and fasting plasma glucose
(FPG) levels (Table 1).

Glycaemia was determined using the hexokinase
method.
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Demographic characteristics of study population

Table 1

- Gosogliptin Vildagliptin
Gender, m/f 63/83 77/73

|Age, years 55.7 (27-75) 56.72 (29-77)
BMI 32.08 (SD: 4.315) 31.78 (SD, 4.2646),

Systolic Blood
Pressure, mmHg

134 (107-160)

132.6 (100-163)

HbAlcu %

8.61 (SD: 0.98)

8.7 (SD: 1.05)

FPG, mmol/L

9.51 (SD: 2.485)

9.50 (SD: 2.795)

SD = standard deviation

HbA,, levels were determined by capillary electropho-
resis using a CapillarysNbAlc instrument (Sebia) certified
in accordance with NGSP and IFCC guidelines and stan-
dardized in accordance with reference values approved by
NACB and DCCT.

The enrolled patients were provided with glucometers
and test strips for glycaemic control. They were also pro-
vided diabetes self-control diaries and instructed on the
use of the glucometer and how to enter details in the self-
control diary.

In accordance with the CT protocol, the initial drug
doses used in this study were 20 mg gosogliptin once in the
morning and 50 mg vildagliptin once in the morning.

After 4 weeks of therapy, patients who did not reach
the therapy targets based on self-control data underwent
dose titration of the study drug or reference drug, i.e. an in-
crease in the gosogliptin dose to 30 mg once in the morning
or an increase in the vildagliptin dose to 100 mg per day (50
mg each in the morning and in evening). The monotherapy
stage was further continued for 8 weeks (total monotherapy
was for 12 weeks).

According to the diary data, the following variables
that did not meet the therapy targets were used to evalu-
ate the advisability of dose titration: more than half of the
fasting glucose level values of =7.0 mmol/L and/or glucose
level values at 2 h after a meal of 9.0 mmol/L. Measure-
ments (7 control points per day) were made for at least 3
days during the week prior to the next visit of the patient to
the research centre.

Results and discussion

During the monotherapy stage, a dose correction (in-
crease) for the study drug or reference drug was required
for 118 (79.3%) patients in the gosogliptin group and for
118 (78.7%) patients in the vildagliptin group.

Assessments of the efficacy variables provided convinc-
ing results with regard to the primary endpoint, change in
HbA,, levels, at the end of the 12-week monotherapy com-
pared with baseline values.

At baseline (week 0), mean HbA,, levels were 8.61% in
the gosogliptin group and 8.7% in the control group. By

week 12 of active treatment, at the end of the monother-
apy stage, HbA,, levels markedly decreased in both groups
and were 7.41% after treatment with the study drug goso-
gliptin and 7.34% after treatment with the reference drug
vildagliptin. Thus, mean decreases in HbA,_ levels after 12
weeks of monotherapy were 0.91% (p <0.05) with goso-
gliptin (study drug) and 1.05% (p < 0.05) with vildagliptin
(reference drug). HbA,, level dynamics are shown in Fig. 1.

The difference between these groups after treatments
according to the protocol for a reduction in HbA,_ levels
was 0.113% (95% CI: —0.133—0.359), which definitely in-
dicated that the efficacy of the study drug gosogliptin was
similar to that of the reference drug vildagliptin.

Another important criterion to assess the efficacy was the
number of patients who achieved treatment targets (HbA,,
of <7%) by the end of the 12 weeks of active treatment.
Data were obtained for 292 patients (141 in the gosogliptin
group and 148 in the vildagliptin group). Of these patients,
the specified target value was achieved in 59 patients (41%)
in the gosogliptin group and in 66 patients (44.6%) in the
vildagliptin group; these proportions were not statistically
significant (p = 0.53). Overall, 125 patients (42.8%) in both
groups reached their targets for monotherapy.

The safety variables should also be noted. In total, 83
AEs were reported; of which, only 14 AEs in 7 patients in
each group were regarded by investigators as “related to”
or “probably related to” the study drug or reference drug.
These included fasting hyperglycaemia, constipation, side
stitches, allergic reaction, elevated levels of total bilirubin
and transaminases, osteochondrosis, headache, dizziness,
glycosuria and itchy skin.

In total, 11 episodes of mild hypoglycaemia (7 in the
gosogliptin group and 4 in the vildagliptin group) were re-
ported during 12 weeks of active treatment at the mono-
therapy stage; however, the difference was not statistically
significant. These episodes had no clinical significance as
these data were for registered glucometer readings of <3.9
mmol/L in the absence of clinical manifestations of hypo-
glycaemia.
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Figure 1. HbA,_level dynamics in the study groups
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Conclusion

Therefore, our preliminary data analysis suggests that
the efficacy and safety of gosogliptin during this 12 week
trial were comparable to those of vildagliptin. We can as-
sume that the study drug gosogliptin will retain its efficacy
and safety profiles comparable to those of vildagliptin
(most popular DPP-4i reference drug in Russia) at the end
of 36 weeks of active therapy.

Diabetes mellitus. 2014;(4):81-86
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