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Abstract

Aim: To evaluate the efficacy and safety of a triple fixed-dose combination (FDC)

therapy of dapagliflozin + glimepiride + metformin hydrochloride extended-release

(DAPA + GLIM + MET ER) tablets in Indian patients with type 2 diabetes mellitus

(T2DM) inadequately controlled by combination of GLIM + MET.

Materials and Methods: A phase III, randomized, open-label, active-controlled study

was conducted for a maximum 30 weeks (primary treatment [16 weeks]; uptitration

[12 weeks] and follow-up [2 weeks]). Eligible patients were randomized in a 1:1 ratio

to receive either the FDC of DAPA + GLIM + MET ER or the FDC of GLIM + MET
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prolonged-release (PR) once-daily. The primary efficacy endpoint was a change in gly-

cated haemoglobin (HbA1c) from baseline to week 16.

Results: The mean reduction in HbA1c from baseline to week 16 was significantly

greater with the FDC of DAPA + GLIM + MET ER compared to the FDC of GLIM

+ MET PR (�1.98% ± 1.01% vs. �1.64% ± 0.86%, p = 0.0047). The mean reduction

in HbA1c from baseline to week 12 was significantly greater with the FDC of DAPA

+ GLIM + MET ER versus dual FDC (p < 0.0001). The proportion of patients achiev-

ing HbA1c <7.0% was significantly greater with the FDC of DAPA + GLIM + MET

ER versus dual FDC at week 12 (19.1% vs. 6.5%; p = 0.0002) and week 16 (52.6%

vs. 36.7%; p = 0.0015). A significant decrease in HbA1c, fasting and post-prandial

blood glucose from baseline to weeks 12, 16, and 28 was observed in both arms. The

incidence of TEAEs was similar across both arms.

Conclusion: This study demonstrated that the FDC of DAPA + GLIM + MET ER tab-

lets once daily was significantly better than dual FDC in achieving glycaemic control

in patients with poorly controlled T2DM. Both treatments were well-tolerated.

Trial Registration: CTRI/2022/03/041424, registered on 28 March 2022.

K E YWORD S

dapagliflozin, fixed-dose combination, glycaemic profile, metformin, SGLT2 inhibitor, type
2 diabetes

1 | INTRODUCTION

The alarming increase in the burden of type 2 diabetes mellitus

(T2DM), augmented by an increase in the comorbid metabolic cluster

of disorders, highlights the need for tailored interference that could

target multiple mechanisms simultaneously.1 In this direction, combi-

nation therapies of different classes of anti-glycaemic agents have

emerged with complementary mechanisms of action, reduced doses

of each component associated with minimal side effects. Therefore,

to achieve a target treatment goal, the American Diabetes Association

(ADA)/European Association for the Study of Diabetes (EASD) guide-

lines recommend/suggest combinations of two (dual) or three (triple)

anti-glycaemic agents, inclusive of metformin (MET) (exception: with

MET contradiction) for three-month intervals.2

The American Association of Clinical Endocrinologists (AACE)/

American College of Endocrinology guideline recommends initiating

dual and triple therapy in individuals with HbA1c levels of 7.5%–9.0%

and >9.0%, respectively.3,4

The population with T2DM in India experiences high cardiovascu-

lar and renal morbidity and mortality.5 Diabetes-associated complica-

tions in India are rising. The prevalence of cardiovascular

complications is significantly higher in Southeast Asia (42.5%) com-

pared to global estimates (32.2%). Furthermore, chronic kidney dis-

ease is prevalent in 30–50% of T2DM Indian patients.6,7

In contrast to polypharmacy, combination therapies offer simpli-

fied treatment regimens that reduce pill burden and improve treat-

ment compliance, thereby enhancing therapeutic benefits.8 India has

one of the highest out-of-pocket expenditures in the world, with low

insurance coverage.9 As per the International Diabetes Federation,

T2DM-related health expenditure in India was USD 8.5 billion in

2021, which is projected to rise to USD 10.3 billion by 2030.10 There

is a pharmacoeconomic need to provide affordable treatment for the

management of patients with T2DM and modernize the use of

generic treatments. This sets the rationale for the use of fixed-dose

combination (FDC) of multiple agents in T2DM management.

The efficacy of the dual combination of first-line MET and glimepir-

ide (GLIM [sulfonylurea]) is utilized in newly diagnosed and long-

standing diabetes.11 With the increasing realization of the cardiorenal

benefits of the SGLT2i class of drugs, especially among T2DM

patients,12,13 a triple FDC of dapagliflozin (DAPA) + GLIM + MET

hydrochloride extended-release (ER) could achieve targeted glycaemic

control and prevent long-term complications and their associated mor-

bidity.14 DAPA, investigated as an add-on therapy to MET

+ sulfonylureas, is proven to be clinically effective in the management

of T2DM.11–17 However, there are no clinical trials or real-world evi-

dence that directly compares and demonstrates the efficacy and safety

of the triple FDC of DAPA + GLIM + MET ER with dual therapy. This

randomized open-label study aimed to evaluate the efficacy and safety

of this novel triple FDC of DAPA + GLIM + MET ER tablets in T2DM

patients compared to the dual FDC of GLIM + MET PR tablets.

2 | MATERIALS AND METHODS

2.1 | Study design

A phase III, randomized, parallel-group, open-label, active-controlled

study (CTRI/2022/03/041424) was conducted across 18 study sites
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in India to evaluate the efficacy and safety of the FDC of DAPA

+ GLIM + MET ER tablets compared to the FDC of GLIM + MET PR

tablets in T2DM patients. All patients in the study were provided writ-

ten informed consent before their screening procedure. The study

obtained approval from the individual ethics committee of the respec-

tive institutions and was approved by the Drug Controller General of

India. The study was designed and conducted in accordance with the

Declaration of Helsinki (2013)18 and ethical principles of Good Clinical

Practice as defined by the International Council for Harmonization of

Technical Requirements for Pharmaceuticals for Human Use,19 New

Drugs and Clinical Trial Rules 2019,20 and Indian Council of Medical

Research Ethical guidelines 2017.21 The list of participating sites and

ethics committee is provided in the Table S1.

2.2 | Sample size calculation

To detect a treatment difference of 0.3% reduction in HbA1c

between the FDC of DAPA + GLIM + MET ER and the FDC of GLIM

+ MET PR, with assumed standard deviation (SD) of 1.0%, 80% power

and two-sided alpha error of 5% and 10% dropout, approximately

392 patients were required to be randomized in 1:1 ratio (196 patients

per treatment arm).

The eligibility of all the patients was assessed during a 2-week

screening period. Patients of either gender, between 18 to 65 years

(both inclusive) of age, diagnosed with T2DM, HbA1c ≥8.0% to ≤11%,

body mass index ≤45.0 kg/m2 and on a stable total daily dose of GLIM

1 mg and MET sustained release/PR/ER 1000 mg along with diet and

exercise control for at least 8 weeks before screening were included

in the study.

Patients with any type 1 diabetes or secondary forms of diabetes,

fasting blood glucose (FBG) ≥270 mg/dL, on-weight loss medications,

with significant renal or hepatic impairment, uncontrolled hyperten-

sion (≥160/100 mm Hg), symptomatic diarrhoea, heart failure (New

York Heart Association class III or IV), severe urinary tract infections,

end-stage renal disease, and pregnant or lactating women were

excluded from the study.

Eligible patients were randomized in a 1:1 ratio to receive either

the FDC of DAPA + GLIM + MET ER (10 mg + 1 mg + 1000 mg)

tablets (GemerDapa™XR and OXRAMET®-G XR) once daily, manufac-

tured and marketed by Sun Pharma Laboratories Limited or the FDC

of GLIM + MET PR (1 mg + 1000 mg) tablets (Gemer® DS 1)

once-daily, manufactured and marketed by Sun Pharma Laboratories

Limited for a duration of 16 weeks (primary treatment period). The

randomization schedule was generated centre-wise by the sponsor

using Statistical Analysis System (SAS)® version 9.4. A random per-

muted block size of four with a disclosed seed number was considered

to maintain an equal distribution of patients across arms.

After completion of the primary treatment period of 16 weeks,

patients with HbA1c ≤7.0% were subjected to end-of-treatment

assessments at week 16 and 2 weeks after treatment, and safety

follow-up was done at week 18 (end of study) (Figure 1).

After completion of the primary treatment period, patients with

HbA1c levels >7.0% received an up-titrated dose from week 17 to

week 28 (uptitration period). In this uptitration period, the patients

received an up-titrated dose of GLIM (2 mg) in the FDC of DAPA

+ GLIM + MET ER (10 mg + 2 mg + 1000 mg) tablets

(GemerDapa™XR and OXRAMET®-G XR) once-daily or the FDC of

GLIM + MET PR (2 mg + 1000 mg) tablets (Gemer® DS 2, manufac-

tured and marketed by Sun Pharma Laboratories Limited) once-daily

F IGURE 1 Study design. D, day; DAPA, dapagliflozin; EOS, end of study; EOS, end of study; EOT, end of treatment; ER, extended-release;
FDC, fixed-dose combination; GLIM, glimepiride; HbA1c, glycated haemoglobin; MET, metformin; OD, once-daily; PR, prolonged release; SR,
sustained release; V, Visit; Wk, week. *For patients achieving HbA1c ≤7.0% at the end of week 16, EOT assessments were carried out at week
16 and EOS at week 18. **For patients achieving HbA1c >7.0% and entering the uptitration period, EOT assessments were carried out at week
28 and EOS at week 30.
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as per their assigned treatment arm. Patients who required an uptitra-

tion dose were followed up for safety assessments at week 30 (end of

study) (Figure 1).

2.3 | Study endpoints

The primary endpoint was the mean change in HbA1c from baseline

to week 16.

Secondary endpoints included mean change in HbA1c from base-

line to weeks 12 and 28, mean change in postprandial blood glucose

(PPBG) and FBG, body weight from baseline to weeks 12, 16, and

28, the proportion of patients achieving HbA1c level <7.0% at weeks

12, 16, and 28 and proportion of patients requiring rescue medica-

tions at weeks 16 and 28.

Safety analysis was done until 18 weeks for the primary treat-

ment period and until 30 weeks for the uptitration period. The safety

outcome measures included the incidence, nature, and cause of

adverse events (AEs), serious adverse events (SAEs), treatment-

emergent adverse events (TEAEs), and any event of hypoglycaemia.

The criteria of hypoglycaemia were followed as per the ADA

guidelines 2024.22

2.4 | Statistical analysis

The demographic and baseline data were summarized with descriptive

statistics. Continuous data were presented as mean, SD or median

(range), minimum and maximum and categorical data were presented

as count (%).

The criterion for declaring statistical significance was p < 0.05 for

all secondary efficacy endpoints with no attempt to control the

family-wise type 1 error rate.

The population considered for efficacy analysis for the primary

treatment period included all randomized patients and those who

received at least one dose of the assigned product and returned for at

least one evaluation visit after the baseline visit. The population con-

sidered for the efficacy analysis for the uptitration period included all

patients who were subjected to uptitrated doses of drugs. Efficacy

analysis population for both periods included patients requiring rescue

medication.

Mean actual and mean change from baseline to Week 16 in

HbA1c were summarized with n, mean, SD, median, interquartile

range, minimum, and maximum. In this study, the data did not follow a

normal distribution, hence the data was rank transformed and an

Analysis of Covariance (Rank ANCOVA) Model was used to test for a

difference between the FDC of DAPA + GLIM + MET ER and the

FDC of GLIM + MET PR. The model had the ranked data for change

in HbA1c as the dependent variable, treatment as a fixed effect and

baseline HbA1c as a covariate.

For secondary efficacy endpoints, ‘mean change in PPBG, FBG

and body weight’, the Rank ANCOVA model (as the data followed

non normal distribution) was used, the model was similar to the pri-

mary endpoint analysis; the proportion of patients achieving HbA1c

<7.0% was summarized using count (%), and the Chi-square test was

used to test for a difference between the FDC of DAPA + GLIM

+ MET ER and the FDC of GLIM + MET PR. All the analyses were

performed at a two-sided 5% level of significance using the SAS

version 9.4.

The p-values for the uptitration period should be interpreted with

caution because the population for the uptitration period was not a

randomized population.

Safety analysis for the primary treatment period was performed

on all randomized patients who received at least one dose of the

study medication. Safety analysis for the uptitration period was per-

formed on all patients who were subjected to uptitrated doses of

drugs. The safety analysis population for both periods included

patients requiring rescue medication.

The incidence of TEAEs was summarized with count (%) by pre-

ferred term, system organ class, severity and outcome, relationship,

and action taken with study medication using Medical Dictionary for

Regulatory Activities version 24.0. The relatedness of the study medi-

cation was based on Investigator's judgement. The number of hypo-

glycaemia events was also summarized as count (%).

The missing data was identified and categorized at the time of

data review, before data base lock. For the primary endpoint, there

was no data which was missing not at random or missing completely

at random. The data of patients who were lost to follow-up, were cat-

egorized as missing at random.

For the secondary endpoints or safety assessments, there was no

data which was missing not at random. The data for laboratory assess-

ments which was not assessed due to technical glitches or inadequate

sample was categorized as missing completely at random. The data of

patients which were lost to follow-up, were categorized as missing at

random.

3 | RESULTS

3.1 | Patient disposition

The study, conducted across 18 sites in India, screened 440 patients,

of whom 395 eligible patients were randomized to the FDC of DAPA

+ GLIM + MET ER (n = 195) and the FDC of GLIM + MET PR

(n = 200). The first patient's first visit in this study was on

04/APR/2022, and the last patient's last visit was on 30/DEC/2022.

The disposition of patients is explained further in Figure 2.

3.2 | Patients' demographics and baseline
characteristics

The demographics and baseline characteristics were similar and bal-

anced in both treatment arms. The mean age was 47.48

2196 SAHAY ET AL.



± 10.02 years, and the mean body mass index was 25.90 ± 3.94 kg/

m2. Gender distribution was similar in both treatment arms

(Table 1).

3.3 | Primary efficacy endpoint

At the baseline, mean HbA1c was approximately 9% in each treat-

ment arm. From baseline to week 16, there was a significant reduction

in HbA1c (mean ± SD) with the FDC of DAPA + GLIM + MET ER

(�1.98% ± 1.01%) as compared to the FDC of GLIM/MET PR

(�1.64% ± 0.86%); p = 0.0047 in favour of the FDC of DAPA

+ GLIM + MET ER (Figure 3A and Table 2A).

Thus, Figure 3A and Table 2A show that the FDC of DAPA

+ GLIM + MET ER demonstrated superior efficacy compared to the

FDC of GLIM + MET PR for HbA1c reduction.

Both arms showed a significant reduction in HbA1c from baseline

to week 16 (p < 0.0001 for each treatment arm).

3.4 | Secondary efficacy endpoint

3.4.1 | Change in HbA1c (%) from baseline to week
12 and week 28

The reduction in HbA1c (mean ± SD) from baseline to week 12 was

statistically significant with the FDC of DAPA + GLIM + MET ER as

compared to the FDC of GLIM + MET PR (�1.37% ± 0.93%

vs. �1.01% ± 0.79%; p < 0.0001). This demonstrated the superior

efficacy of the FDC of DAPA + GLIM + MET ER even at week

12 (Figure 3B). In the uptitration period, reduction in HbA1c (mean

± SD) from baseline to week 28 was comparable between the FDC of

DAPA + GLIM + MET ER and the FDC of GLIM + MET PR (�2.08

± 1.06% vs. �1.80% ± 1.07%, p = 0.4943) (Figure 3B and Table 2B).

However, due to better glycaemic control with the FDC of DAPA

+ GLIM + MET ER, a significantly smaller number of patients required

dose uptitration in the FDC of DAPA + GLIM + MET ER (n = 80)

compared to the FDC of GLIM + MET PR (n = 120). Both arms

F IGURE 2 Patient disposition (CONSORT). DAPA, dapagliflozin; EOS, end of study; EOT, end of treatment; ER, extended-release; FDC,
fixed-dose combination; GLIM, glimepiride; HbA1c, Glycated Haemoglobin; MET, metformin; PR, prolonged release. Post primary treatment
period of 16 weeks, for patients with HbA1c level ≤7%, EOT assessments were performed at end of week 16 and were monitored for safety at
week 18 (EOS). Post primary treatment period of 16 week, patients with HbA1c level >7% entered the uptitration period (week 17 to week 28).
Patients who required uptitration were followed up for safety assessments at week 30 (EOS).
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showed a significant reduction in HbA1c from baseline at weeks

12 and 28 (p < 0.0001 for each treatment arm).

3.4.2 | Change in FBG (mg/dL) from baseline to
weeks 12, 16 and 28

The reduction in FBG (mean ± SD) from baseline to week 12 was sta-

tistically significant with the FDC of DAPA + GLIM + MET ER

(�36.4 ± 36.95 mg/dL) as compared to the FDC of GLIM + MET PR

(�28.5 ± 28.62 mg/dL); p = 0.0109. The reduction in FBG (mean

± SD) from baseline to week 16 was comparable between the FDC of

DAPA + GLIM + MET ER and the FDC of GLIM + MET PR (�45.3

± 37.30 mg/dL vs. �39.4 ± 35.34 mg/dL, p = 0.1559). During the up-

titration period, the mean reduction in FBG (mean ± SD) from baseline

to week 28 was comparable between the FDC of DAPA + GLIM

+ MET ER and the FDC of GLIM + MET PR (�41.6 ± 49.68 mg/dL

vs. �43.7 ± 40.27 mg/dL, p = 0.6777).

TABLE 1 Demographic and baseline characteristics.

Statistic
summary

Treatment period (D1 to Week 16) Uptitration period (Week 17 to Week 28)

DAPA + GLIM +

MET ER (N = 195)
GLIM + MET
PR (N = 200)

DAPA + GLIM +

MET ER versus GLIM +

MET PR (p-value)a
DAPA + GLIM +

MET ER (N = 80)
GLIM + MET
PR (N = 120)

DAPA + GLIM + MET ER
versus GLIM + MET PR
(p-value)a

Male, n (%)b 105 (53.8%) 102 (51.0%) 0.5712 43 (53.8%) 65 (54.2%) 0.9538

Female, n (%)b 90 (46.2%) 98 (49.0%) 37 (46.3%) 55 (45.8%)

Agec, years 48.04 ± 10.07 46.93 ± 9.96 0.2732 50.46 ± 9.12 48.39 ± 9.55 0.1277

Heightc, cm 161.0 ± 8.91 160.5 ± 8.24 0.5548 160.2 ± 8.71 159.9 ± 8.68 0.8296

Weightc, kg 66.63 ± 11.29 67.08 ± 10.29 0.6791 67.16 ± 11.63 68.09 ± 10.67 0.5601

BMIc, kg/m2 25.74 ± 3.94 26.06 ± 3.95 0.4157 26.18 ± 4.13 26.58 ± 3.95 0.4913

HbA1cc, % 9.07 ± 0.88 8.96 ± 0.75 0.4516 9.31 ± 0.92 9.12 ± 0.79 0.1904

FBGc, mg/dL 171.5 ± 33.23 166.6 ± 33.08 0.2766 171.2 ± 35.25 167.5 ± 33.01 0.5477

PPBGc, mg/dL 252.9 ± 52.77 246.6 ± 47.48 0.2844 258.7 ± 61.84 246.0 ± 49.65 0.2085

Abbreviations: BMI, body mass index; DAPA, dapagliflozin; FBG, fasting blood glucose; GLIM, glimepiride; HbA1c, glycated haemoglobin; MET ER,

metformin hydrochloride extended-release; PPBG, postprandial blood glucose; SD, standard deviation.
ap-values were computed using the Chi-square test for categorical data (presented as count, %) and two sample t-test for continuous data (presented as

mean ± SD).
bn (%): n stands for number of patients and percentages were computed using N provided in the column header.
cData presented as mean ± SD. Baseline p-value is based on Mann–Whitney test.

F IGURE 3 Change in HbA1c (%) from baseline to weeks 12 and 16. DAPA, dapagliflozin; ER extended release; FDC, fixed-dose combination;
GLIM, glimepiride; HbA1c, glycated haemoglobin; MET, metformin; PR, prolonged release. Rank ANCOVA model for change in HbA1c as the
dependent variable, treatment, and treatment-by-visit interaction as fixed effects, and baseline HbA1c as a covariate.
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Statistically significant reduction (p < 0.0001) was observed

within each arm from baseline to weeks 12, 16 and 28 (Tables 2A

and 2B).

3.4.3 | Change in PPBG (mg/dL) from baseline up
to week 16 and 28

Reduction in PPBG (mean ± SD) level from baseline to week

12 was statistically significant with the FDC of DAPA + GLIM

+ MET ER (�53.8 ± 53.31 mg/dL) and the FDC of GLIM + MET

PR (�41.3 ± 49.61 mg/dL); p = 0.0077. Reduction in PPBG (mean

± SD) level from baseline to week 16 was comparable between the

FDC of the DAPA + GLIM + MET ER arm (�71.7 ± 56.83 mg/dL)

and the FDC of the GLIM + MET PR arm (�60.9 ± 57.90 mg/dL);

p = 0.2859 (Table 2A). Reduction in PPBG (mean ± SD) level from

baseline to week 28 was comparable between the FDC of the

DAPA + GLIM + MET ER arm (�69.1 ± 81.13 mg/dL) and the FDC

of the GLIM + MET PR arm (�65.7 ± 72.60 mg/dL), p = 0.5642.

Statistically significant reduction (p < 0.0001) was observed within

each arm from baseline to weeks 12, 16 and 28 (Tables 2A

and 2B).

3.4.4 | Proportion of patients achieving HbA1c
<7.0% at different week intervals

At week 12, the proportion of patients who achieved HbA1c <7.0%

was significantly greater in the FDC of DAPA + GLIM + MET ER

against those in the FDC of GLIM + MET PR (19.1% vs. 6.5%;

p = 0.0002 in favour of the FDC of DAPA + GLIM + MET ER)

(Table 2A and Figure 4).

At week 16, the proportion of patients who achieved HbA1c

<7.0% was significantly greater in the FDC of DAPA + GLIM + MET

TABLE 2A Mean change from baseline in HbA1c, fasting blood glucose, postprandial blood glucose, body weight, and proportion of patients
achieving HbA1c <7% in the treatment period.

Efficacy parameters

DAPA + GLIM +

MET ER (N = 195)

GLIM + MET

PR (N = 200)

DAPA + GLIM + MET ER versus

GLIM + MET PR (p-value)a

HbA1c, % (mmol/mol)

Baselineb HbA1c (actual values), mean ± SD 9.07 ± 0.88 8.96 ± 0.75 0.4516

Change in HbA1c at week 12c, mean ± SD �1.37 ± 0.93 �1.01 ± 0.79 <0.0001

Change in HbA1c at week 16c, mean ± SD �1.98 ± 1.01 �1.64 ± 0.86 0.0047

p-value (within-group comparison from baseline to week 16)d <0.0001 <0.0001 –

FBG, mg/dL

Baselineb FBG (actual values), mean ± SD 171.5 ± 33.23 166.6 ± 33.08 0.2766

Change in FBG at week 12c, mean ± SD �36.4 ± 36.95 �28.5 ± 28.62 0.0109

Change in FBG at week 16c, mean ± SD �45.3 ± 37.30 �39.4 ± 35.34 0.1559

p-value (within-group comparison from baseline to week 16)d <0.0001 <0.0001 –

PPBG, mg/dL

Baselineb PPBG (actual values), mean ± SD 252.9 ± 52.77 246.6 ± 47.48 0.2844

Change in PPBG at week 12c, mean ± SD �53.8 ± 53.31 �41.3 ± 49.61 0.0077

Change in PPBG at week 16c, mean ± SD �71.7 ± 56.83 �60.9 ± 57.90 0.2859

p-value (within-group comparison from baseline to week 16)d <0.0001 <0.0001 –

Proportion of patients with HbA1c <7% (53 mmol/mol)

At week 12, n (%) 37 (19.1%) 13 (6.5%) 0.0002

At week 16, n (%) 101 (52.6%) 73 (36.7%) 0.0015

Body weight, kg

Baselineb body weight, (actual values), mean ± SD 66.63 ± 11.28 67.02 ± 10.22 0.6950

Change in body weight at week 12c, mean ± SD �0.12 ± 1.32 �0.25 ± 1.49 0.4009

Change in body weight at week 16c, mean ± SD �0.31 ± 1.75 �0.18 ± 1.78 0.5473

p-value (within-group comparison from baseline to week 16)d 0.0018 0.0328 –

Abbreviations: CI, confidence interval; DAPA, dapagliflozin; FBG, fasting blood glucose; GLIM, glimepiride; HbA1c, glycated haemoglobin; MET ER,

metformin hydrochloride extended-release; LS, least squares; SD, standard deviation.
ap-value for between-group comparison: Rank ANCOVA model.
bThe randomization visit assessment result was considered as the baseline value. Baseline p-values were based on the Mann–Whitney test.
cChange was calculated from the baseline. Change from baseline = post-dose values � baseline values.
dp-value for within-group comparison: Wilcoxon signed rank test.
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ER against those in the FDC of GLIM/MET PR (52.6% vs. 36.7%;

p = 0.0015; in favour of the FDC of DAPA + GLIM + MET ER)

(Table 2A and Figure 4).

At week 28, the proportion of patients achieving HbA1c <7.0% at

week 28 was not significant between both arms (40.5% vs. 39.5%;

p = 0.8869) (Table 2B).

3.4.5 | Change in body weight (kg) from baseline up
to weeks 16 and 28

At week 16, the change in body weight (kg) from baseline was compa-

rable between the FDC of the DAPA + GLIM + MET ER arm versus

the FDC of the GLIM + MET PR arm (�0.31 ± 1.75 kg vs. �0.18

± 1.78 kg, p = 0.5473) (Table 2A). In the uptitration period, the

change in body weight (mean ± SD) from baseline to week 28 was

comparable between the FDC of DAPA + GLIM + MET ER and FDC

of GLIM + MET PR (�0.55 ± 1.59 kg vs. �0.49 ± 2.62 kg,

p = 0.7165) (Table 2B).

TABLE 2B Mean change from baseline in HbA1c, fasting blood glucose, postprandial blood glucose, body weight, and proportion of patients
achieving HbA1c <7% in the Uptitration period.

Efficacy parameters

DAPA + GLIM +

MET ER (N = 79)

GLIM + MET

PR (N = 119)

DAPA + GLIM + MET ER versus

GLIM + MET PR (p-value)a

HbA1c, %

Baselineb HbA1c (actual values), mean ± SD 9.30 ± 0.91 9.11 ± 0.78 0.1973

Change in HbA1c at week 28c, mean ± SD �2.08 ± 1.06 �1.80 ± 1.07 0.4943

p-value (within-group comparison from baseline to week 28)d <0.0001 <0.0001 -

FBG, mg/dL

Baselineb FBG (actual values), mean ± SD 172.0 ± 34.74 168.1 ± 32.44 0.5134

Change in FBG at week 28c, mean ± SD �41.6 ± 49.68 �43.7 ± 40.27 0.6777

p-value (within-group comparison from baseline to week 28)d <0.0001 <0.0001 –

PPBG, mg/dL

Baselineb PPBG (actual values), mean ± SD 258.1 ± 61.94 246.5 ± 49.51 0.2848

Change in PPBG at week 28c, mean ± SD �69.1 ± 81.13 �65.7 ± 72.60 0.5642

p-value (within-group comparison from baseline to week 28)d <0.0001 <0.0001 –

Proportion of patients with HbA1c <7%

At week 28, n (%) 32 (40.5%) 47 (39.5%) 0.8869

Body weight, kg

Baselineb body weight, (actual values), mean ± SD 67.18 ± 11.66 68.06 ± 10.64 0.6709

Change in body weight at week 28c, mean ± SD �0.55 ± 1.59 �0.49 ± 2.62 0.7165

p-value (within-group comparison from baseline to week 28)d 0.0030 0.0337 –

Abbreviations: CI, confidence interval; DAPA, dapagliflozin; FBG, fasting blood glucose; GLIM, glimepiride; HbA1c, glycated haemoglobin; MET ER,

metformin hydrochloride extended-release; LS, least squares; SD, standard deviation.
ap-value for between-group comparison: Rank ANCOVA model.
bThe randomization visit assessment result was considered as the baseline value. Baseline p-values were based on the Mann–Whitney test.
cChange was calculated from the baseline. Change from baseline = post-dose values – baseline values.
dp-value for within-group comparison: Wilcoxon signed rank test.

F IGURE 4 Proportion of patients achieving HbA1c <7.0% at
week 12 and week 16. DAPA, dapagliflozin; ER, extended release;
FDC, fixed-dose combination; GLIM, glimepiride; HbA1c, glycated
haemoglobin; MET, metformin; PR, prolonged release. p-value was
estimated using Chi-square test for between-group comparison.
Percentage was computed using total number of subjects in each
visit.
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3.5 | Safety

During the primary treatment period (till week 18), a total of 32 TEAEs

were reported in 17 patients, which accounted for 4.3% of the study

population. All these events were mild and did not lead to drug dis-

continuation or dose modification during the study period. Of all the

TEAEs, 15 events occurred in nine (4.6%) patients in the FDC of

DAPA + GLIM + MET ER, while 17 events were observed in eight

(4.0%) patients in the FDC of GLIM + MET PR. The most commonly

reported TEAEs in these patients were headache, vomiting, and

pyrexia (Table 3). The occurrence of pyrexia and arthralgia was proba-

bly/likely related to study medication, while the remaining TEAEs

were unlikely to be related to the medication. One event of mild

hypoglycaemia without any symptoms (based on FBG) was reported

in the FDC of DAPA + GLIM + MET ER, which did not require active

management. Notably, four (2%) patients in the FDC of DAPA

+ GLIM + MET ER and two (1%) patients in the FDC of GLIM + MET

PR arm required rescue medication in the primary treatment period.

During the uptitration period, three (3.8%) patients reported three

TEAEs in the FDC of the DAPA + GLIM + MET ER arm, while four

(3.3%) patients reported six TEAEs in the FDC of the GLIM + MET PR

arm (Table 3). These events were also mild, not likely attributable to

the study medications, and did not lead to study medication discontin-

uation or require any dose adjustments. No patients required rescue

medication during the uptitration period.

During the study, no SAEs, deaths, or severe or life-threatening

TEAEs were reported.

4 | DISCUSSION

With an increasing inclination towards combination therapies involv-

ing multiple anti-glycaemic agents, this study has demonstrated

improved efficacy of a triple FDC DAPA + GLIM + MET ER over

FDC of GLIM + MET PR. The HbA1c levels >7% significantly increase

the risk of micro- and macrovascular complications, as demonstrated

in the UKPDS 35 (United Kingdom Prospective Diabetes Study and

Diabetes Control and Complication) Trial.23 Therefore, optimal glycae-

mic control is important for preventing and effectively managing dia-

betes and its associated complications. The ADA 2024 suggests

immediate treatment intensification for adults not meeting individual-

ized treatment goals. The ADA and Research Society for Study of Dia-

betes in India guidelines recommend combination therapy,22,24 if

HbA1c >1.5% above target.

The EASD guidelines recommend using a triple combination ther-

apy, considering its benefit–risk profile.3 Triple FDC of

SGLT2i + Sulfonylurea + MET, with a complementary mechanism

of action, can be an effective, well-tolerated, simple treatment regi-

men to achieve targeted HbA1c.

The current study is the first to evaluate the efficacy and safety

of this novel triple FDC of DAPA + GLIM + MET ER tablets in

patients with poorly controlled T2DM with dual therapy. The study

met its primary objective of the superiority of the FDC of DAPA

+ GLIM + MET ER over the FDC of GLIM + MET PR tablets in terms

of HbA1c reduction from baseline to week 16. The reduction in

HbA1c was also significantly greater in triple FDC compared to dual

FDC at week 12.

In both arms, there was a significant decrease in HbA1c, FBG as

well as PPBG from baseline to weeks 12, 16, and 28. The proportion

of patients achieving HbA1c <7% at weeks 12 and 16 was signifi-

cantly higher in the FDC of the DAPA + GLIM + MET ER arm com-

pared to the FDC of the GLIM + MET PR arm. Reduction in body

weight of <1 kg in both arms at weeks 16 and 28 can be attributed to

a lower baseline body weight of �67 kg. At the end of uptitration

phase (week 28) of this study, reduction in HbA1c levels was compa-

rable between both arms as few patients from the triple FDC arm

required uptitration compared to the dual FDC arm.

The use of SGLT2i, GLIM and MET has been previously evaluated

in many studies. In a phase III study by Matthaei et al.,17 the addition

of DAPA to MET and sulfonylurea (N = 108) achieved a greater

reduction in adjusted mean HbA1c (�0.86%) versus the addition of

placebo to MET and sulfonylurea (�0.17%) at week 24. More patients

achieved a therapeutic glycaemic response (HbA1c <7.0%) with

DAPA, MET, sulfonylurea arm versus Placebo, MET, sulfonylurea arm

(31.8% vs. 11.1%, p < 0.0001) at week 24.

A phase 3 study conducted by Ji et al.,25 at the end of 18 weeks,

HbA1c levels were reduced by 0.97% and 1.06% by canagliflozin

100 and canagliflozin 300 mg, respectively, as add-on therapy to MET

and sulfonylurea compared to 0.47% in placebo as add-on therapy to

MET and sulfonylurea, p < 0.001 for canagliflozin doses.

In an observational study by Puli and Vanjari,26 at the end of

12 weeks, HbA1c was reduced by 0.87 ± 0.115 mg/dL (p < 0.0001)

by empagliflozin when added to MET and sulfonylurea. The mean

changes of FBG from baseline to week 12 is �26 mg/dL.

The current study results were consistent with the results of the

studies mentioned above, which evaluated the addition of SGLT2i to

GLIM and MET in patients with poorly controlled T2DM. These stud-

ies demonstrated that the therapeutic combination of SGLT2i, GLIM,

and MET provided meaningful glycaemic control without increasing

the risk of hypoglycaemia.

Proportions of patients who achieved HbA1c <7.0% in our study

were higher than the previously published study by Matthaei et al.17

Polypharmacy and poor or non-adherence to the treatment regi-

men is suggested to be one of the factors for suboptimal glucose con-

trol.27 It is reported that each 10% increase in oral anti-diabetic agent

adherence was associated with a decrease in HbA1c of 0.1%, which

implied an association between glycaemic control and oral anti-

diabetic therapy adherence.28

The use of the FDC of DAPA + GLIM + MET ER having comple-

mentary mechanism is a rational approach which can offer better gly-

caemic control, the benefit of weight loss with less risk of

hypoglycaemia along with the potential for cardiorenal

protection,11–17 while minimizing pill burden. Also, the use of triple

FDC in a single pill formulation and once-daily administration can pro-

vide greater convenience to patients leading to improved adherence

and cost-effectiveness.21 The incidence of TEAEs was similar across
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TABLE 3 Summary of treatment-emergent adverse events by system organ class and preferred term.

System organ class
Treatment period (D1 to Week 16)

Preferred term

FDC of DAPA + GLIM + MET ER (N = 195) FDC of GLIM + MET PR (N = 200)

n (%) E n (%) E

Total TEAEs 9 (4.6) 15 8 (4.0) 17

Gastrointestinal disorders 2 (1.0) 3 3 (1.5) 5

Abdominal distension 0 0 1 (0.5) 1

Diarrhoea 1 (0.5) 1 0 0

Nausea 0 0 1 (0.5) 1

Vomiting 2 (1.0) 2 3 (1.5) 3

General disorders and administration site conditions 4 (2.1) 5 2 (1.0) 3

Asthenia 2 (1.0) 2 1 (0.5) 1

Pyrexia 3 (1.5) 3 2 (1.0) 2

Infections and infestations 1 (0.5) 1 2 (1.0) 2

Nasopharyngitis 1 (0.5) 1 2 (1.0) 2

Metabolism and nutrition disorders 1 (0.5) 1 0 0

Hypoglycemia 1 (0.5) 1 0 0

Musculoskeletal and connective tissue disorders 0 0 1 (0.5) 1

Arthralgia 0 0 1 (0.5) 1

Nervous system disorders 3 (1.5) 3 3 (1.5) 3

Dizziness 0 0 1 (0.5) 1

Headache 3 (1.5) 3 2 (1.0) 2

Psychiatric disorders 0 0 1 (0.5) 1

Anxiety 0 0 1 (0.5) 1

Respiratory, thoracic and mediastinal disorders 1 (0.5) 1 2 (1.0) 2

Cough 1 (0.5) 1 2 (1.0) 2

Skin and subcutaneous tissue disorders 1 (0.5) 1 0 0

Rash 1 (0.5) 0 0 0

System organ class
Uptitration period (Week 17–28)

Preferred term

FDC of DAPA + GLIM + MET ER (N = 80) FDC of GLIM + MET PR (N = 120)

n (%) E n (%) E

Total TEAEs 3 (3.8) 3 4 (3.3) 6

Gastrointestinal disorders 2 (2.5) 2 4 (3.3) 5

Constipation 0 1 (0.8) 1

Diarrhoea 1 (1.3) 1 0 0

Gastritis 1 (1.3) 1 0

Hyperchlorhydria 0 2 (1.7) 2

Vomiting 0 2 (1.7) 2

General disorders and administration site conditions 1 (1.3) 1 0

Pyrexia 1 (1.3) 1 0

Nervous system disorders 0 1 (0.8) 1

Headache 0 1 (0.8) 1

Note: Adverse events were classified into system organ classes and preferred terms using the Medical Dictionary for Regulatory Activities version 24.0.

Percentages were computed using N provided in the column header.

Abbreviations: E, number of events; FDC, fixed dose combination; n, number of subjects; TEAE, treatment emergent adverse event.
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both treatment arms. The common AEs reported in these patients

were headache, vomiting, and pyrexia, which is in line with the known

safety profile of each drug.29–31 Previously published studies reported

some adverse drug reactions (gastrointestinal, respiratory, cardiovas-

cular complications and urinary tract and genital infections) in add-on

therapy of SGLT2i to GLIM, MET.17,25,26 However, the current study

did not find any such association.

The results of this study show promising outcomes with the FDC

of DAPA + GLIM + MET ER, which could help optimize treatment

strategies for patients with poorly controlled T2DM.

5 | LIMITATIONS

The study has certain limitations. It was conducted only in the Indian

population, and ethnic variations, lifestyle, genetics, and environmen-

tal factors could potentially affect the findings in other populations.

The major limitation of the study was that it was not a double-blind

study. However, the efficacy endpoints assessed were mean changes

in HbA1c, FBG, and PPBG (laboratory-based objective endpoints) and

did not lead to subjective bias. Considering all these points, an open-

label design was selected for the study.

Another limitation was the shorter treatment duration of

16 weeks and the uptitration duration of 12 weeks. Duration was

considered appropriate to evaluate HbA1c reduction; however, a

long-term, prospective, real-world study is required to assess the

safety and tolerability of this novel triple FDC of DAPA + GLIM

+ MET ER.

6 | CONCLUSION

This is the first study that demonstrated that triple FDC of DAPA

+ GLIM + MET ER achieved better HbA1c reduction, and a greater

proportion of patients achieved glycaemic target of HbA1c <7% at

week 16 in comparison to dual FDC in patients with poorly controlled

T2DM. Thus, the FDC of DAPA + GLIM + MET ER tablets can pro-

vide effective glycaemic control without increased risk of hypoglycae-

mia and weight gain with potential for cardiorenal benefits and can be

considered as an effective treatment option in patients with poorly

controlled T2DM.
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