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Abstract

Background: The potential for PPAR agonists to positively affect risk of cardiovascular disease in patients with type

2 diabetes (T2DM) is of persistent attention. The PRESS XII study primarily aimed to evaluate the efficacy and safety of
saroglitazar (2 mg and 4 mg) as compared to pioglitazone 30 mg on glycemic control in patients with type 2 diabetes
mellitus.

Methods: In this randomized double-blind study, patients with T2DM [glycosylated hemoglobin (HbA1c) > 7.5%]
were enrolled from 39 sites in India. Patients received once-daily doses of either saroglitazar or pioglitazone (1:1:1
allocation ratio) for a total of 24 weeks. Patients were continued in a double blind extension period for an additional
32 weeks. Efficacy evaluations of glycemic parameters [HbATc (Primary endpoint at week 24), FPG and PPG] and other
lipid parameters (TG, LDL-C, VLDL-C, HDL-C, TC, Non HDL-C, Apo A1 and Apo B) were conducted at week 12, 24 and 56
and compared to the baseline levels. The efficacy analyses were performed by using paired t-test and ANCOVA model.

Results: A total of 1155 patients were enrolled in this study. The baseline characteristics were similar between the
three treatment groups. The within group mean (4= SD) change in HbA'c (%) from baseline of the saroglitazar (2 mg
and 4 mq) and pioglitazone treatment groups at week 24 were: — 1.38 4-1.99 for saroglitazar 2 mg; — 1.47 +1.92 for
saroglitazar 4 mg and — 1.41 4 1.86 for pioglitazone, respectively. Statistically significant reduction from baseline in
HbA1c was observed in each treatment group at week 24 with p-value <0.016. There was a significant reduction in
TG, LDL-C, VLDL-C, TC and Non HDL-C with a significant increase in HDL-C from baseline levels (<0.016). Most of the
AE's were ‘mild’to ‘'moderate’in severity and were resolved by the completion of the study.
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T2DM patients.
Trial registration CTRI/2015/09/006203, dated 22/09/2015

Pioglitazone, Cardiovascular disease risk

Conclusions: Saroglitazar effectively improved glycemic control and lipid parameters over 56 weeks in patients of
T2DM receiving background metformin therapy and has a promising potential to reduce the cardiovascular risk in

Keywords: Type 2 diabetes mellitus, Saroglitazar, Peroxisome proliferator-activated receptors (PPAR a/y) agonist,

Background

Type 2 diabetes mellitus (T2DM) is a complex metabolic
disorder characterized by persistent hyperglycaemia due
to relative insulin deficiency, insulin resistance, dyslipi-
demia and vascular inflammation that are associated with
an increase in the risk for cardiovascular diseases (CVDs)
[1, 2]. An estimated 463.0 million adults aged 20-79 years
have diabetes across the world [3]. In 2019, 77 million
patient had diabetes in India, which will increase to 101.0
million and 134.2 million by year 2030 and 2045, respec-
tively [3]. Due to a high prevalence of T2DM in India
coupled with a genetic predisposition to develop CVD as
supported by few genome-wide association studies [4, 5],
the incidence of CVDs have been increasing in the Indian
population, and are the leading causes of morbidity and
mortality in India [6-9]. Because of the CVD risk, drug
therapies improving glycemic control as well as the lipid
parameters have become progressively important in the
management of T2DM patients [10]. As per the recom-
mendations from clinical guidelines, the CVD risk in
diabetes can be improved by treating dyslipidaemia and
hyperglycaemia. However, a majority of the patients still
do not attain the recommended goals for these risk fac-
tors [11, 12].

Peroxisome proliferator-activated receptors (PPAR «
and PPAR y) are important for regulating glucose and
lipid metabolism [13]. Many PPAR-a/y agonists were
taken up for clinical development over the past two dec-
ades, however, due to lack of efficacy or safety issues
many of them have been discontinued from the clinical
development programs and have not progressed beyond
the phase III development stage [14, 15]. Nonetheless, in
spite of such failures, many newer PPAR agonists are still
being taken up for clinical development considering the
potential benefits they can offer keeping in mind their
mechanistic actions on the lipid and glucose metabolism.
PPAR agonists that are capable of activating both « and
y PPAR receptors can concurrently ameliorate glycaemic
control as well as lipid abnormalities typically observed
in T2DM patients [16].

Saroglitazar is a novel dual PPAR o/y agonist having
strong PPAR-a effect with moderate PPAR-y effect. Saro-
glitazar is already approved in India since 2013 for dia-
betic dyslipidemia and hypertriglyceridemia with T2DM

not controlled by statin therapy [17, 18]. Recently (Janu-
ary 2020), saroglitazar received approval for market-
ing as an add-on therapy to metformin for treatment of
type 2 diabetes mellitus in India. It also received approval
for marketing in India for Non cirrhotic Non-alcoholic
steatohepatitis in March 2020. Saroglitazar is the first
and only dual PPAR o/y agonist among the glitazars to
be approved as well as prescribed extensively in clinical
practice, anywhere in the world. Compared with other
PPAR-a/y agonists (Such as muraglitazar, tesaglitazar
and aleglitazar), during the entire clinical development
program, there were no safety concerns with saroglitazar,
especially weight gain and edema. Additionally, as evi-
dent from the preclinical and clinical data, saroglitazar
exhibited beneficial effects not only on the lipid profile
but also on glycemic control for the treatment of dyslipi-
demia and diabetes [19-21].

Pioglitazone is widely used in clinical practice to lower
blood glucose levels in subjects with T2DM. It acts as
an agonist for PPAR-y activated nuclear transcription
factors that modulate gene expression, lowering blood
glucose primarily by increasing insulin sensitivity in
peripheral tissues. It offers control of hyperglycaemia
as well as provides favourable improvements in high-
density lipoprotein cholesterol (HDL-C) and triglyceride
(TG) levels [22—25]. This randomized study was designed
to evaluate the efficacy and safety of saroglitazar 2 mg
and 4 mg as compared to pioglitazone 30 mg on glycemic
control in patients with type 2 diabetes mellitus over a
56-week study duration, who were receiving background
metformin therapy.

Methods

Study design

This was a multi-centric, prospective, randomized, dou-
ble-blind, active-control, phase 3 study conducted at 39
sites in India and was registered with the Clinical Trial
Registry of India (CTRI/2015/09/006203). The study
consisted of a 6 week lead-in/run-in period, followed by
a double-blind active-controlled treatment period for
24 weeks and a 32 week double blind extension period
(Fig. 1). Eligible patients were randomly assigned in a
1:1:1 treatment allocation ratio to saroglitazar 2 mg, saro-
glitazar 4 mg, and pioglitazone. The study was conducted
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Fig. 1 Study design

in accordance with the ethical principles of the Dec-
laration of Helsinki and guidelines laid down by the
International Council for Harmonisation (ICH)-Good
Clinical Practice (GCP), Central Drugs Standard Control
Organization (CDSCO), ethical guidelines for biomedical
research on human subjects issued by Indian Council of
Medical Research (ICMR) and regulations/guidelines of
the Government of India. The institutional review board
of each center approved the protocol, and all the patients
provided written informed consent before participation
in the study.

Participants

Patients were recruited from 8 October 2015 to 25 June
2018 from different hospital clinics across India. We
enrolled 1155 (saroglitazar 2 mg: 380, saroglitazar 4 mg:
386, and pioglitazone 30 mg: 389) T2DM patients aged
18 to 75 years of either sex as per the American Diabe-
tes Association (ADA) criteria (Fig. 2). After a lifestyle
modification of 6 weeks, patients had to meet the follow-
ing inclusion criteria: history of type 2 diabetes mellitus
[glycosylated hemoglobin (HbA 1c)>7.5%.], history of
stable metformin dose at least since last 6 weeks (total
daily dose not exceeding 2 gm) in conjunction with diet
and exercise, and fasting plasma glucose (FPG) <270 mg/
dL (14.98 mmol/L).

The patients were excluded if they had been treated
with insulin for >7 days within the past 3 months prior
to the screening visit and glitazone/glitazar therapy in
the past 1 month, had type 1 diabetes mellitus or a his-
tory of ketoacidosis or secondary forms of diabetes, had
a history of recurrent or severe hypoglycemia within
the last 3 months, history of acute or chronic meta-
bolic acidosis (including diabetic ketoacidosis), history
of unstable or rapidly progressive diabetic retinopa-
thy, nephropathy (serum creatinine>1.5 mg/dL), had
coronary insufficiency (e.g., a myocardial infarction, a
coronary angioplasty or bypass graft, unstable angina,
transient ischemic attacks, or a documented cerebro-
vascular accident within 6 months prior to the screening
visit). Patients with cardiac failure or history of cardiac
failure [New York Heart Association (NYHA) Stages
3 to 4], uncontrolled hypertension [blood pressure
(BP)>160/100 mmHg] and alanine transaminase (ALT)
level > 2.5 times the upper normal limit (UNL), active
liver disease, or jaundice were also excluded. Women
who were pregnant or breastfeeding were also excluded
from the study.

Procedures
At the beginning of the study, patients underwent a life
style modification for 6 weeks before participating in
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Fig. 2 Patient disposition

the study. Following screening of the patients, the eligi-
ble patients entered into a 6-week lead-in/run-in period.
During this period, subjects stopped any other anti-
diabetic agents and remained on their current dose of
metformin.

Following the 6-week run-in period, patients visited
the site at baseline where randomization was performed
(week 0). They had to take either saroglitazar 2 mg, or
saroglitazar 4 mg, or pioglitazone once daily in the morn-
ing before breakfast for a period of 56 weeks (24 weeks
double-blind active control period and 32 weeks optional
extension period) (Fig. 1).

At week 24, patients who completed the double-blind
period, had the option of entering the double-blind
extension study in which they received saroglitazar 2 mg,
or saroglitazar 4 mg or pioglitazone with their standard
regimen of metformin.

This was a double blind randomized study, where both
the Investigator as well as the subjects were not aware of
the treatment being administered. Furthermore, the ran-
domization scheme was not available to the clinic staff,
study monitors and/or other individuals involved in the
study. The randomization scheme was generated by using
SAS® statistical software (Version: 9.4; SAS Institute Inc.,
USA). A scratch card system was used for blinding of the
randomization allocation. The study medication compli-
ance was verified by the study sites by examination of the
container and tablet counts.

Assessments
The primary efficacy endpoint was change from base-
line in HbAlc for saroglitazar 2 mg, saroglitazar 4 mg
and pioglitazone at week 24. The secondary efficacy end-
points were:
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a. the change from baseline in HbAlc at week 12 and
week 56, the change from baseline in FPG, 2 h post-
prandial plasma glucose (PPQG), triglycerides (TG),
low density lipoprotein cholesterol (LDL-C), very
low density lipoprotein cholesterol (VLDL-C), high
density lipoprotein cholesterol (HDL-C), total cho-
lesterol (TC), Non-HDL Cholesterol (Non HDL-C),
apolipoprotein Al (Apo Al), and apolipoprotein B
(Apo B) at week 12, week 24 and week 56;

b. Comparison of change from baseline in HbAlc and
FPG between saroglitazar 2 mg, saroglitazar 4 mg
and pioglitazone at week 12, week 24 and week 56.

Safety was evaluated by physical examination, adverse
event monitoring, cardiac function (2D ECHO and
ECQG), vital sign measurements, and laboratory assess-
ments. All the serious adverse events were reported to
the IRB’s as well as the Drug Controller General of India.
A DSMB comprising independent subject matter experts
and a statistician held meetings to review the safety
aspects of the study. All the laboratory analysis was per-
formed using standard methods at APL Institute of Clini-
cal Laboratory & Research Pvt. Ltd (Ahmedabad, India),
which is accredited by the National Accreditation Board
for Testing and Calibration Laboratory.

Statistical analysis

Sample size justification

Sample size justification for change from baseline in each
treatment group Sample size of 85 subjects achieved
90% power to detect a mean of paired differences of 0.3
HbA1c with a known standard deviation of differences of
0.9 and with 5% significance level.

Sample size justification for comparison of saroglitazar vs.
pioglitazone Sample size of 342 subjects in each group
was required to achieve 80% power with a 2.5% level of
significance considering non-inferiority margin (— 0.20),
difference in change from baseline in HbAlc at week 24
for saroglitazar 2 mg and 4 mg vs. pioglitazone (~ —0.5%)
and standard deviation (0.7).

For the primary efficacy endpoint of change from base-
line, the baseline values were compared to post baseline
values using paired t-test.

For the secondary efficacy endpoints, treatment
effect was evaluated using an analysis of co-variance
(ANCOVA) model with baseline as co-variate and treat-
ments factor. Treatment effect was estimated using the
least-square means and 95% confidence intervals (Cls)
from the ANCOVA model. Pair-wise comparison was
done for saroglitazar 2 mg or 4 mg versus pioglitazone.
To establish non-inferiority of test products (saroglitazar
2 mg or 4 mg) over pioglitazone for mean change from
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baseline in HbAlc, the lower bound of the 2-sided 95%
Cl is to be greater than or equal to non-inferiority mar-
gin. In this study, the per-protocol population was con-
sidered definitive for the primary efficacy analysis while
the modified intent-to-treat population was considered
supportive.

All secondary laboratory parameters were analyzed
in the same manner as the primary parameter. Safety
parameters were analyzed descriptively. The SAS® pack-
age (SAS® Institute Inc., USA, and Version 9.4) was
used for statistical evaluation. Data are presented as
mean =+ standard deviation (SD). For all statistical analy-
ses, p<0.016 was considered statistically significant.

Results

Study population

A total of 1155 patients were enrolled and assigned ran-
domly in a ratio of 1:1:1 to the treatment groups (sarogl-
itazar 2 mg, saroglitazar 4 mg and pioglitazone). Of these,
980 patients completed the study up to Visit 9 (week 56).
Disposition of the patients in this study is presented in
Fig. 2. The baseline characteristics were similar between
the three treatment groups. The characteristics of the
patient population at baseline are presented in Table 1.

Glycemic control

The primary endpoint of the study was change from
baseline in HbAlc for saroglitazar 2 mg, 4 mg and piogl-
itazone at week 24 (Within treatment group compari-
son). The within group mean (+SD) change in HbAlc
(%) from baseline of the saroglitazar (2 mg and 4 mg)
and pioglitazone treatment groups at week 24 were:
—1.38£1.99 for saroglitazar 2 mg; —1.47 £1.92 for saro-
glitazar 4 mg and — 1.4141.86 for pioglitazone, respec-
tively. There was a consistent reduction in mean HbAlc
levels from week 12 to week 56 (Fig. 3). Statistically sig-
nificant reduction from baseline in HbAlc was observed
in each treatment group at week 24 with p-value<0.016
(Table 2).

Statistically significant reduction from baseline in fast-
ing plasma glucose was observed at week 12, week 24
and week 56 in pioglitazone treatment group and at week
56 in saroglitazar 2 mg and 4 mg treatment groups with
p-value<0.016.

The saroglitazar (2 mg and 4 mg) and the pioglitazone
(30 mg) treatment groups showed statistically signifi-
cant reduction in 2 h PPG at week 12, 24 and 56 with
p-value<0.016.

Comparison with pioglitazone (between treatment group
comparisons)

One of the secondary endpoints in the study was com-
parison of change from baseline HbAlc between
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Table 1 Baseline characteristics

Saroglitazar  Saroglitazar Pioglitazone
2mg 4mg(N=386) 30mg
(N=380) (N=389)
Subjects characteristics
Age (years), m£+SD 51.90+£1038  51.344+10.06 51844976

Female, n (%) 164 (43.16%) 143 (37.05%) 167 (42.93%)

Male, n (%) 216 (56.84%) 243 (62.95%) 222 (57.07%)
Weight (kg), m+SD 7027+£11.84  69.09+11.46 694941159
BMI (kg/mz), 2648+£4.03 25944387 2633+£4.07
m=+SD
Glycemic parameters?, m £ SD
HbA, ¢ (%) 9.76 4159 9724158 9494154
FPG (mg/dL) 160.084+46.14 16541£5139 165.08£5145
PPG (mg/dL) 27590+£84.74 27742+9057  277.35+88.05
Lipid parameters?, m4SD
TG (mg/dL) 163.874+9149 17252+£12367 166.20£89.93
LDL-C (mg/dL) 1171143692 11293+£3489 116.77+£3231
VLDL-C (mg/dL) 327741830 345042473 33.24+17.99
HDL-C (mg/dL) 423941058  4150+£1047 426441272
TC (mg/dL) 1769844267 17403+£3932 17642+37.83
Non HDL-C (mg/dL) 134.62+£41.06 13254+£39.12  133.78+3539
Apolipoproteins?, m 4= SD
Apo A1 (mg/dL) 1287242387 12489+£23.05 12715422380
Apo B (mg/dL) 100.644+29.77 9879+ 26.06 100.60 4 23.07

Apo apolipoprotein A1, Apo B apolipoprotein B, BMI body mass index, dL
decilitre, FPG fasting plasma glucose, HbATc glycosylated hemoglobin, HDL-C
high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol,
mg milligram, m mean, n number, N number of patients in each treatment
group, PPG postprandial plasma glucose, SD standard deviation, TC total
cholesterol, TG triglyceride, VLDL-C very low-density lipoprotein cholesterol

@ Represents baseline value for per-protocol population

12 Saroglitazar 2 mg (N=192)
-~ Saroglitazar 4 mg (N = 206)
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Fig. 3 Reduction in mean HbA1c levels during 56 weeks treatment

saroglitazar 2 mg and 4 mg with pioglitazone. In the
comparison between saroglitazar 4 mg and pioglitazone,
the lower bound of two-sided 95% CI was found to be
greater than the predefined non-inferiority margin of
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—0.20 at week 12, 24 - and 56. The 95% CI contains ‘0’ and
p-value is statistically not significant at one-sided p-value
of 0.025. Thus, leading to inference of ‘non-inferiority’ of
saroglitazar 4 mg to pioglitazone at week 12, 24 and 56
(Table 3).

In the comparison between saroglitazar 2 mg and
pioglitazone, the lower bound of two-sided 95% CI was
found to be greater than the predefined non-inferiority
margin of —0.20 at week 24 and 56. The 95% CI contains
‘0’ and p-value is statistically not significant at one-sided
p-value of 0.025. Thus, leading to inference of ‘non-inferi-
ority’ of saroglitazar 2 mg to pioglitazone at week 24 and
56 (Table 3).

In addition, one of the secondary endpoints in the
study was comparison of change from baseline FPG
between saroglitazar 2 mg and 4 mg with pioglitazone. In
the comparison between saroglitazar 4 mg and pioglita-
zone, 95% CI contained ‘0" with p-value>0.025 implying
that the observed difference is not statistically significant
for saroglitazar 4 mg vs pioglitazone comparison at week
12, 24 and 56 (Table 3).

In the comparison between saroglitazar 2 mg and
pioglitazone, 95% CI contained ‘0" with p-value>0.025
implying that the observed difference is not statistically
significant for saroglitazar 2 mg vs pioglitazone compari-
son at week 56 (Table 3).

Lipid parameters

Triglycerides

Statistically significant reduction from baseline in TG
was observed at week 12, 24 and 56 in saroglitazar 4 mg
treatment group, at week 12 in saroglitazar 2 mg treat-
ment group and at week 24 in pioglitazone treatment
group with a p-value <0.016.

Low density lipoprotein cholesterol

Statistically significant reduction from baseline in LDL-C
was observed at week 12, 24 and 56 in saroglitazar 2 mg
treatment group and at week 24 and 56 in saroglitazar
4 mg treatment group and at week 56 in pioglitazone
treatment group with a p-value <0.016.

Very low density lipoprotein cholesterol

Statistically significant reduction from baseline in VLDL-
C was observed at week 12, 24 and 56 in saroglitazar
4 mg treatment group, at week 12 in saroglitazar 2 mg
treatment group and at week 24 in pioglitazone treat-
ment group with a p-value <0.016.

High density lipoprotein cholesterol

Statistically significant increase from baseline in HDL-C
was observed at week 12 in saroglitazar 2 mg and sarogl-
itazar 4 mg treatment groups with a p-value <0.016.
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Table 2 Absolute change in glycemic parameters at week 12, week 24, and week 56 from baseline

Efficacy outcome Laboratory assessment at study Saroglitazar Saroglitazar Pioglitazone
time point 2mg (n=192) 4 mg (n=206) 30 mg (n=206)

m=SD m=SD m=SD

HbA, - (%) Absolute change at week 12 —0.994 1.84* —1.214+£1.85* —1.2541.88*
Absolute change at week 24 —1.3841.99% —1474+1.92% —14141.86%
Absolute change at week 56 —1344+201% —14941.97% —1474+201%

FPG (mg/dL) Absolute change at week 12 —293+7334 —9.23+70.73 —15.464+69.68*
Absolute change at week 24 —0.094+72.72 —809+78.76 —12.70+67.98%
Absolute change at week 56 —17.134£62.04* —17.19470.29* —21.134£65.02*

PPG (mg/dL) Absolute change at week 12 —33.59£107.06* —42.86+102.22*% — 48604+ 100.38*
Absolute change at week 24 —3546+10881* —44364+103.73* —45524+101.73*
Absolute change at week 56 —45.98 4+ 106.45% —43334+97.54% —51334+107.36%

Absolute change at week 12 =value at week 12 —value at baseline
Absolute change at week 24 = value at week 24 — value at baseline
Absolute change at week 56 = value at week 56 — value at baseline
Primary efficacy endpoint was the absolute change from baseline to week-24 in HbA1c for saroglitazar 2 mg, saroglitazar 4 mg and pioglitazone 30 mg

dL decilitre, FPG fasting plasma glucose, HbA1c glycosylated hemoglobin, mg milligram, m mean, n number of patients, PPG postprandial plasma glucose, SD standard
deviation

* Significant difference compared to baseline using paired t-test (p value <0.05 which is <0.016 for each treatment group)

Table 3 Change from baseline in glycosylated hemoglobin and fasting plasma glucose between treatment groups

Efficacy outcome  Week Treatment n Mean+SD LS mean difference of change from baseline
saroglitazar vs. pioglitazone
Estimate Standard error 95% confidence interval  p-values
HbA, - (%) week 12 Saroglitazar2mg 192 8.77+1.86 040 0.17 (0.08,0.73) 0.0156
Saroglitazar4 mg 206 851+£157 0.18 0.15 (—=0.12,048) 0.2368
week 24 Saroglitazar2mg 192 838+ 1.66 0.23 0.16 (—0.08,0.54) 0.1536
Saroglitazar4mg 206 825+1.61 0.10 0.15 (—0.19,0.40) 04924
week 56 Saroglitazar2mg 192 842+184 0.31 0.17 (—0.03,0.65) 0.0698
Saroglitazar4mg 206 823£1.73 0.15 0.16 (—0.18,0.47) 0.3742
FPG (mg/dL) week 12 Saroglitazar2mg 192 163.154+70.14 1331 6.26 (1.00,25.61) 0.0341
Saroglitazar4 mg 206 156.18+60.92 6.55 5.72 (—4.69,17.79) 0.2524
week 24 Saroglitazar2mg 192 16598+6744 13.28 6.24 (1.01,25.54) 0.0340
Saroglitazar4mg 206 157.32+67.98 485 6.23 (—7.39,17.09) 0.4363
week 56 Saroglitazar2mg 192 148.95+52.41 4.76 5.18 (—542,1493) 0.3587
Saroglitazar4 mg 206 1482246025 418 547 (—6.57,14.94) 0.4447

Estimate, standard error, p-values and 95% Cl are calculated based on ANCOVA (Analysis of Covariance)

n number of subjects in the specified category, LS least square

Total cholesterol

Statistically significant reduction from baseline in total
cholesterol was observed at week 12 in saroglitazar 2 mg
treatment group and at week 24 in saroglitazar 4 mg
treatment group with a p-value <0.016.

saroglitazar 2 mg and 4 mg treatment groups with a
p-value <0.016.

Apolipoproteins

Apolipoprotein A1

Statistically significant reduction from baseline in Apo
Non-HDL cholesterol A1 was not observed in any of the treatment groups.
Statistically significant reduction from baseline in Non-

HDL-C cholesterol was observed at week 12 and 24 in
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Apolipoprotein B
Statistically significant reduction from baseline in Apo
B was observed at week 12 in saroglitazar 2 mg and at
Week 12 and 24 in saroglitazar 4 mg treatment group
with p-value <0.016.

The absolute mean changes from baseline in lipid and
apolipoprotein parameters are presented in Table 4.

Safety and tolerability profile
Adverse events
During the study (Up to week 56), the incidence of
adverse events was similar between all the treatment
groups [saroglitazar 2 mg (28.68%), saroglitazar 4 mg
(25.91%) and pioglitazone (25.71%)].

Adverse events experienced (In>2% of patients)
in the saroglitazar 2 mg group were [n (%)]: pyrexia
32 (8.42%), headache 22 (5.79%), nasopharyngitis 14
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(3.68%), pain 13 (3.42%), cough 9 (2.37%) and hyper-
chlorhydria 8 (2.11%). In the Saroglitazar 4 mg group
the AE’s were headache 18 (4.66%), pyrexia 17 (4.40%)
and nausea 8 (2.07%). In the pioglitazone group the
AE’s were headache 21 (5.40%), pyrexia 16 (4.11%),
diarrhoea 11 (2.83%), asthenia 10 (2.57%) and pain 8
(2.06%). Most of the AE’s were ‘mild’ to ‘moderate’ in
severity and were resolved by the completion of the
study.

Two serious adverse events (SAEs) were reported in
this study. One was a case of acute coronary syndrome
and the other coronary artery disease. Detailed causal-
ity assessment was performed by the study investiga-
tors and both the SAEs were termed ‘Not Related’ to
the study drug, by taking into account the pre-existing
past medical history of the patients.

Table 4 Absolute change in lipid and apolipoprotein parameters at week 12, week 24, and week 56 from baseline

Efficacy outcome Laboratory assessment at study Saroglitazar Saroglitazar Pioglitazone
time point 2mg(n=192) 4 mg (n=206) 30 mg (n=206)
m=SD m=SD m=SD
TG (mg/dL) Absolute change at week 12 —2446491.48* —37.854+119.74% —12434£104.28
Absolute change at week 24 —1720£12530 —40.09+ 144.91* —18.814+9943*
Absolute change at week 56 —15484+117.09 —28.194140.34% —1716+£112.18*
LDL-C (mg/dL) Absolute change at week 12 —8.62433.82% —3.1443762 —29743359
Absolute change at week 24 —10.11£42.06% —1249438.99% —5.60437.84%
Absolute change at week 56 —9.99445.25*% —807+42.08* —890440.80*
VLDL-C (mg/dL) Absolute change at week 12 —4.89+1830* —7.57+23.95* —249+20.86
Absolute change at week 24 —344425.06 —8.02428.98% —3.76+19.89%
Absolute change at week 56 —3.104£2342 —5.64+2807* —343£2244*
HDL-C (mg/dL) Absolute change at week 12 2294+1161* 2.6941035*% 1.81412.85*%
Absolute change at week 24 223+12.83*% 0.92+£10.69 2.11+£13.65%
Absolute change at week 56 2.154+12.44% 1.98+13.10* 2094 14.20%
TC (mg/dL) Absolute change at week-12 —8.30+£39.46% —6.00£40.71* —047+£3755
Absolute change at week 24 —6.311+4848 — 1267 1+42.22% —1.28+44383
Absolute change at week 56 —5.874+54.19 —643+51.11 —3.88+46.01
Non HDL-C (mg/dL) Absolute change at week 12 —10.65439.28* —8704+41.20% —228+38.09
Absolute change at week 24 —857+46.30% —13.61+41.83* —3424+4469
Absolute change at week 56 —807453.57% —839451.01% —5944+4566
Apo A1 (mg/dL) Absolute change at week 12 0.24£26.08 1.814+24.18 —1404£26.15
Absolute change at week 24 —1.814£27.59 —346425.00 —3.174+2741
Absolute change at week 56 1.37+2583 —0.52427.09 0.63+27.19
Apo B (mg/dL) Absolute change at week 12 —742+£2791* —5.04+27.38* —3.81+2338
Absolute change at week 24 —3.76+31.84 —7.66 4 26.80% —2.83+26.88
Absolute change at week 56 —0.634+36.57 —1.514£32.05 —1974+27.74

Absolute change at week 12 =value at week 12 — value at baseline

Absolute change at week 24 = value at week 24 — value at baseline

Absolute change at week 56 = value at week 56 — value at baseline

Apo apolipoprotein A1, Apo B apolipoprotein B, dL decilitre, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, mg milligram, m
mean, n number of patients in each treatment group, SD standard deviation, TC total cholesterol, TG triglyceride, VLDL-C very low-density lipoprotein cholesterol

* Significant difference compared to baseline using paired t-test (p value <0.05 which is <0.016 for each treatment group)
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Body weight

An increase in the body weight was observed in the
pioglitazone group at week 12, 24 and 56 (mean change
from baseline: 0.01+2.22 kg, 0.17+2.94 kg and
0.41+3.47 kg, respectively). However, a slight decrease
in the body weight was observed in saroglitazar 2 mg
at week 12, 24 and 56 (mean change from baseline:
—0.07+1.50 kg, —0.18 £2.02 kg and —0.224+3.20 kg,
respectively). Also at week 12 and 56, a decrease in
body weight was observed in saroglitazar 4 mg and it
was —0.05£1.67 kg and — 0.01 £ 2.72 kg, respectively.

Serum creatinine

No abnormal findings were reported in all the treat-
ment groups for serum creatinine till week 56 (mean:
0.68 mg/dL, 0.75 mg/dL and 0.74 mg/dL for sarogl-
itazar 2 mg; 0.82 mg/dL, 0.82 mg/dL and 0.79 mg/dL
for saroglitazar 4 mg and 0.76 mg/dL, 0.73 mg/dL and
0.75 mg/dL for pioglitazone at week 12, 24 and 56,
respectively).

Hematocrit
No abnormal findings were reported in all the treat-
ment groups for hematocrit till week 56.

Vital signs
Blood pressure
There was a mean reduction in systolic blood pres-
sure in the saroglitazar 2 mg group at week 12, 24 and
56 (mean change from baseline: —1.13+8.16 mm/
Hg, —1.49+9.08 mm/Hg and —0.01+8.99 mm/Hg).
There was a mean reduction in systolic blood pres-
sure in the saroglitazar 4 mg group at week 12, 24 and
56 (mean change from baseline: —1.47+8.46 mm/
Hg, —1.41+9.73 mm/Hg and —0.15+9.53 mm/Hg).
A mean reduction in systolic blood pressure was also
seen in the pioglitazone group at week 12, 24 and 56
(mean change from baseline: —1.51+8.39 mm/Hg,
—1.95+9.80 mm/Hg and — 0.02 +£9.22 mm/Hg).
Similarly, there was a mean reduction in diastolic
blood pressure in saroglitazar 2 mg and pioglitazone
groups at week 12 and 24 (mean change from baseline:
—0.04+7.34 mm/Hg at week 12 and — 0.40 £7.00 mm/
Hg at week 24 for saroglitazar 2 mg; — 0.44 £+ 6.51 mm/
Hg at week 12 and —0.40 +6.91 mm/Hg at week 24 for
pioglitazone).

Heart rate

There was a mean reduction in heart rate in the sarogl-
itazar 2 mg group at week 12, 24 and 56 (mean change
from baseline: —1.95+6.84 BPM, —1.88+£7.74 BPM
and — 1.40 + 8.68 BPM). There was a mean reduction in
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heart rate in the saroglitazar 4 mg group at week 12, 24
and 56 (mean change from baseline: —1.90 +7.60 BPM,
—2.36+8.52 BPM and —1.514+9.64 BPM). A mean
reduction in heart rate was also seen in the pioglita-
zone group at week 12, 24 and 56 (—1.09+6.95 BPM,
—1.93+7.46 BPM and — 1.33 +8.03 BPM).

Respiratory rate and body temperature
No abnormal findings were reported for respiratory rate
and body temperature from baseline to week 56.

Discussion

This study was a multi-centric, prospective, randomized,
double-blind study to evaluate the efficacy and safety
of saroglitazar 2 mg and 4 mg as compared to pioglita-
zone in type 2 diabetes mellitus patients. In this study, we
observed a significant reduction in HbAlc [mean change
of —1.38+1.99, —1.47+1.92 and —1.41+1.86, in saro-
glitazar 2 mg, saroglitazar 4 mg and Pioglitazone groups
respectively (p<0.016)] when added to the background
stable doses of metformin. Both the strengths of sarogl-
itazar met the primary objective of the study and led to
a clinically meaningful reduction of HbAlc levels. This
reduction which was evident by week 12 was consistently
sustained through week 24 till week 56.

Further, saroglitazar (2 mg and 4 mg) and pioglitazone
treatment groups showed statistically significant reduc-
tion in FPG and 2 h PPG at week 12, week 24 and week
56 (p<0.016).

Compared with pioglitazone (change from baseline
HbAlc), saroglitazar 2 mg was ‘Non Inferior’ at week 24
and week 56. Saroglitazar 4 mg was also ‘Non Inferior’ at
week 12, week 24 and week 56 in terms of HbAlc levels.
In terms of FPG levels (comparison of change from base-
line in FPQG), saroglitazar 2 mg was not ‘Non Inferior’ to
pioglitazone at week 12 and week 24 but was ‘Non Infe-
rior’ at week 56. Saroglitazar 4 mg was also ‘Non Inferior’
to pioglitazone at week 12, week 24 and week 56 in terms
of FPG levels.

In addition, saroglitazar resulted in a statistically sig-
nificant reduction in lipid parameters (TG, LDL-C,
VLDL-C, TC and Non HDL-C) till week 56 treatment
duration. On diabetic dyslipidemia, which is typically
characterized by increased TG levels and decreased HDL
levels, both saroglitazar 2 mg and 4 mg had a favorable
effect, wherein there was a clinically meaningful reduc-
tion in the TG levels and an increase in the HDL levels.
Also both the strengths led to a clinically meaningful
reduction in the VLDL-C and LDL-C lipid parameters. In
addition, the results of this study are also consistent with
the results of the phase 3 clinical trials of saroglitazar in
patients with diabetic dyslipidemia for improvement in
glycemic and lipid parameters [20, 21]. Saroglitazar is
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already approved for diabetic dyslipidemia and hyper-
triglyceridemia with T2DM not controlled by maximum
tolerable statin therapy and the results of this study once
again validates the results of previous clinical trials [20,
21].

The results obtained in this current phase 3 study are
similar to the published literature and previously con-
ducted controlled studies in terms of mean reduction in
HbAlc levels (—1.36%,—1.4% and — 1.4% mean reduc-
tions reported by Einhorn et al.,, Derosa et al. and Derosa
etal.) [26-28].

Kendall et al. evaluated the effect of muraglitazar and
pioglitazone in T2DM patients who were inadequately
controlled with metformin monotherapy. The results
observed that the mean change in HbAlc (%) from
baseline of muraglitazar and pioglitazone groups were
—1.14% and — 0.85% at week 24, respectively. At week 12,
muraglitazar resulted in a statistically significant reduc-
tion in lipid parameters (TG, apolipoprotein B, Non-
HDL-C) and an increase in HDL cholesterol level. In
addition, a statistically significant reduction in FPG was
observed in both the groups [1].

Goldstein et al. investigated the effect of tesaglitazar
and pioglitazone in T2DM patients. They observed that
the mean change in HbAlc (%) from baseline of tesa-
glitazar was —0.3% (5 mg), —0.59% (1 mg) and —0.13
(15 mg) and the mean change in HbAlc (%) from baseline
of pioglitazone was —0.42 (30 mg) and — 0.54 (45 mg) at
week 24, respectively. Tesaglitazar 1 mg improved TG,
HDL-C and non-HDL-C levels compared with all piogl-
itazone doses at 24 weeks (p<0.001) [29]. Low-density
lipoprotein cholesterol was lower with tesaglitazar for all
pioglitazone comparisons (p<0.05), except for tesagli-
tazar 0.5 mg versus pioglitazone 15 mg [2].

Stirban et al. evaluated the effect of aleglitazar in
T2DM patients who were inadequately controlled with
metformin monotherapy. The authors found that the
mean change in HbAlc (%) from baseline of aleglitazar
and placebo groups were —0.48% and —0.01% at week
16, respectively. At week 16, aleglitazar resulted in a sta-
tistically significant reduction in lipid parameter (TG)
and increased in HDL cholesterol level. In addition, a
statistically significant reduction in FPG was observed in
aleglitazar group [30].

Compared with other PPAR-a/y agonists (such as
muraglitazar, tesaglitazar and aleglitazar), greater mean
HbA1C reductions occurred with saroglitazar. In terms
of lipid parameters, saroglitazar resulted in a statisti-
cally significant reduction in lipid parameters just like the
other glitazars [1, 2, 30]. Additionally, saroglitazar applies
its valuable effects on adipose tissue in a rodent model by
limiting diet-induced adipose tissue dysfunction, adipo-
cyte hypertrophy, adipocyte cell damage and extracellular
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matrix deposition in obesity [31] and coadministration
of saroglitazar does not cause clinically relevant drug-
drug interaction (as per pharmacokinetic data of diverse
CYP2CS8 substrates) [32].

In May 2006, the clinical development program of mur-
aglitazar and tesaglitazar were discontinued due to safety
concerns [14]. Muraglitazar was discontinued due to car-
diovascular AEs such as myocardial infarction, stroke,
heart failure and tesaglitazar was discontinued due to
elevated serum creatinine and a decrease in glomerular
filtration rate [14, 17]. In addition, development of aleg-
litazar was also terminated due to AEs such as heart fail-
ure, gastrointestinal bleeding, and renal dysfunction [17,
33]. Saroglitazar is the first and only dual PPAR a/y ago-
nist (Glitazars) which provides beneficial effects on lipid
profile and glycemic control for the treatment of dyslipi-
demia and diabetes and is in clinical practice [17, 19-21,
34]. Following marketing authorization in India (2013)
for diabetic dyslipidemia, saroglitazar has also received
approval for marketing as an add-on therapy to met-
formin for treatment of type 2 diabetes mellitus in India
(January 2020) and for Non cirrhotic Non-alcoholic stea-
tohepatitis in March 2020.

PPAR agonists have been reported to inhibit vascular
smooth muscle cell proliferation, decrease the risk of
thrombosis and suppression of atherosclerosis or reste-
nosis [35-39]. So, PPAR agonists have a potential to
improve restoration of the cardiovascular system and its
associated cardiovascular risk. Mori et al. observed the
improvement of the cardiovascular system and its asso-
ciated cardiovascular risk in a pre-clinical study. In this
pre-clinical study, the effect of PPAR y agonist (pioglita-
zone) was studied to evaluate the improvement of car-
diac function. The authors investigated the combined
administration of pioglitazone and adipose tissue-derived
regenerative cells in a rat ischemic cardiomyopathy
model. They observed stronger improvement of cardiac
function and enhancement of adiponectin paracrine
effects [40].

Similarly, Lincoff et al, Woo et al. and Chan et al.
observed the improvement of the cardiovascular sys-
tem and its associated cardiovascular risk in the clinical
studies. Lincoff et al. systematically evaluated the effect
of pioglitazone on ischemic cardiovascular events. The
authors found that pioglitazone is associated with a sig-
nificantly lower risk of death, myocardial infarction, or
stroke among a diverse population of patients with diabe-
tes [41, 42]. Woo et al. evaluated the effect of pioglitazone
in acute ischemic stroke patients with diabetes mellitus
in a nested case—control study. The authors found that
pioglitazone showed significant cardiovascular preven-
tive effect in diabetic patients with acute ischemic stroke
[43]. Chan et al. concluded that glitazones as an add-on
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drug to metformin are associated with reduced major
adverse cardiovascular event risk when compared with
sulfonylurea added to metformin [44].

Likewise, saroglitazar 2 mg and 4 mg significantly
reduced non HDL/HDL ratio and atherogenic index of
plasma at week 12 and week 24 compared to baseline
in dyslipidemic patients. This indicates that saroglitazar
reduces predictor lipid biomarkers of cardiovascular
diseases [45]. In addition, several clinical studies inves-
tigated the effect of saroglitazar in NAFLD/NASH
patients. They concluded that saroglitazar significantly
reduced liver fat content, liver stiffness and fibrosis
(measured by magnetic resonance imaging-derived pro-
ton density-fat fraction and transient elastography) in
patients with NAFLD/NASH [46-49]. Overall, as per
current literature, saroglitazar has a potential to address
the cardiovascular risk associated with high non-HDL-C,
high TG, and low HDL-C in patients with diabetic dys-
lipidemia [50].

In order to assess the potential of saroglitazar for CVD
risk reduction, in our previous study (PRESS V), sarogl-
itazar 2 mg and 4 mg showed significant improvement
in lipid parameters as compared to baseline. A signifi-
cant improvement in lipids parameters plays a viable role
to safeguard the cardiovascular risk [20]. In the present
study, saroglitazar 2 mg and 4 mg resulted in a statisti-
cally significant improvement in plasma TG, LDL-C,
VLDL-C, TC and Non-HDL cholesterol until week 56.
Thus, the results of this study once again validates the
results of previous clinical trials in terms of lipid param-
eters and cardiovascular risk [6, 20].

Khaw et al. demonstrated the association of HbAlc
with cardiovascular disease and its risk in diabetes
patients. The authors found that an increase in HbAlc of
one percentage point was related with cardiovascular risk
(coronary heart disease, cardiovascular disease events,
and all-cause mortality) [51]. The results of the present
study show that the mean change in HbAlc (%) from
baseline of Saroglitazar 2 mg and 4 mg treatment groups
was —1.38% and —1.47% (p<0.016), respectively. Based
on current study findings, saroglitazar 2 mg and 4 mg
reduced the concentration of HbAlc by >1 percentage.
Hence, saroglitazar has a potential to reduce the cardio-
vascular risk in T2DM patients.

Most antidiabetic drugs tested in clinical trials reduce
HbAlc by 0.5-1.5%, depending on the study design,
baseline HbA1lc and study population, with combinations
resulting in quite similar glycemic outcomes but offer-
ing a range of non-glycemic effects and attributes [52].
According to the position statements of the American
Diabetes Association and the European Association for
the study of Diabetes, the entire clinical picture should be
considered so that treatment can be personalized based
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not only on HbA1c reduction reported in many trials, but
also on tolerability, safety, frequency and ease of admin-
istration [53]. The results of this current study revealed
that a significant reduction in HbAlc in all the treatment
groups at week 24 when added to stable doses of met-
formin. In addition, saroglitazar resulted in a statistically
significant reduction in lipid parameters (TG, LDL-C,
VLDL-C, TC and Non HDL-C) till week 56. So, saro-
glitazar can be a viable treatment option for patients of
type 2 diabetes mellitus receiving background metformin
therapy.

Safety discussion

The incidence of adverse events (AEs) was similar in all
the treatment groups [saroglitazar 2 mg (28.68%), saro-
glitazar 4 mg (25.91%) and pioglitazone (25.71%)] until
week 56. Two subjects reported SAEs during this study,
and they were discontinued from the study due to the
SAEs. These two SAEs were considered by investigators
to be ‘not related’ to study medication.

In this study, no abnormal findings were reported in
all the treatment groups for serum creatinine, hemato-
crit, respiratory rate and body temperature. Increases in
mean body weight were seen in patients who received
pioglitazone. Weight gain is well known side-effect of
PPAR y agents and may be associated with fluid retention
and due to increase in subcutaneous fat. However, slight
decrease in body weight was observed in saroglitazar
2 mg (at week 12, 24 and 56) and saroglitazar 4 mg (at
week 12 and 56).

Overall, there were no any safety concerns with sarogl-
itazar and it was well tolerated by the patients.

Limitation

+ Itis reported that with the usage of pioglitazone, the
risk of diabetic macular edema (DME) will increase.
However, in this study, the protocol did not fac-
tor in this possibility and hence while screening the
patients, DME was not ruled out through any diag-
nostic methodology.

Conclusions

In conclusion, treatment with saroglitazar 2 mg and 4 mg
effectively improved glycemic control and lipid param-
eters over a 56 week period in patients of type 2 diabetes
mellitus receiving background metformin therapy. Based
on improvement in glycemic control and lipid parame-
ters, saroglitazar 2 mg and 4 mg have a promising poten-
tial to reduce the cardiovascular risk in T2DM patients.
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