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Involvement of multiple physiological pathways and complex pathogenesis is responsible for the onset and progression of type 2 diabetes
mellitus (T2DM). Since it is difficult to manage multiple pathophysiological defects by monotherapy, a combination therapy with two or more
oral antidiabetic agents (OADs) may help achieve euglycemia in T2DM patients. Choice of OADs is difficult with growing armamentarium
of antidiabetic therapy. Ideally, drug combination should aim at reversal of known pathogenic abnormalities and demonstrate improvement
in the overall metabolic health rather than simply reduce glycosylated hemoglobin (HbA1c¢) levels. Increased glucose reabsorption, a faulty
pathological mechanism, is targeted by a novel class of drugs, namely, the sodium-glucose cotransporter-2 (SGLT2) inhibitors. Combination
of SGLT?2 inhibitors and other OADs complement each other due to their unique mechanism of action. In addition, the glucose-lowering
effect of SGLT2 inhibitors remains independent of B-cell function and insulin sensitivity which reduces the chances of severe hypoglycemia
in patients receiving these agents. Clinical studies from the past favor the use of SGLT?2 inhibitors in combination with other agents to achieve
better HbA lc levels, weight loss, and blood pressure control. In this review, we have made an attempt to explore the recommended guidelines
for combination therapy, its advantages as either combination therapy or fixed-dose combinations therapy, and the role of SGLT?2 inhibitors
as a choice of drug as a combination with other OADs.
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INTRODUCTION

According to the World Health Organization, the prevalence
of type 2 diabetes mellitus (T2DM) has almost quadrupled
from the year 1980 to 2014 and was accountable for over
1.5 million deaths worldwide in the year 2012.1" Involvement
of multiple physiological pathways and complex pathogenesis
of diabetes explains the multifaceted morbidity noted in
individuals with T2DM.™!

The physiological defects that occur during the onset and
progression of T2DM include impaired function of eight
organ systems; these are collectively called as the “Ominous
Octet.”>¥ These include inappropriate or suboptimal function
of the muscles, liver, B-cells, adipocytes (increased rate of
lipolysis), gastrointestinal tract (deficiency or resistance of the
hormone incretin), a-cells (excess glucagon secretion), kidneys
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(increased glucose reabsorption), and brain (resistance to
insulin and dysregulation of neurotransmitter).!!

As multiple pathophysiological defects cannot be managed by
monotherapy, there is a need for combination therapy to target
all pathophysiological pathways of T2DM and euglycemia.!
It is also important that the drug combination should aim at
reversal of known pathogenic abnormalities and demonstrate
improvement in the overall metabolic health rather than simply
reduce glycosylated hemoglobin (HbAlc) levels.B!
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The choice of glucose-lowering agent must be made carefully,
particularly when a diverse range of pharmacological
agents (consisting of at least 12 drug classes) are available for
the treatment of T2DM.M Of these, biguanides (metformin),
sulfonylureas (SUs), meglitinides, dipeptidyl peptidase-4
inhibitors (DPP-41), thiazolidinediones, alpha-glucosidase
inhibitors, and sodium-glucose cotransporter-2 (SGLT2)
inhibitors are the commonly used oral antidiabetic
agents (OADs) both as mono- and combination-therapy in
T2DM patients.) Among all the available OADs, SGLT2
inhibitors are the only ones which target the impaired glucose
reabsorption in kidney, an important component of the ominous
octet.l!

Sodium-glucose cotransporter-2 inhibitors and their
mechanism of action

Glucose reabsorption by the kidneys is mediated by specific
glucose transport proteins, in particular, SGLT2.°! In
individuals with T2DM, the capacity to reabsorb glucose
and the plasma glucose concentration at which renal
excretion of glucose occurs (i.e., the threshold) are elevated
possibly due to upregulation of the expression of SGLT2
in the proximal tubule.’! Therefore, inhibition of glucose
reabsorption and augmentation of renal excretion of glucose
are the methods by which this physiological disorder can
possibly be corrected.l®? SGLT2 inhibitors are a novel class
of drugs which promote renal excretion of glucose and
thereby decrease elevated blood glucose levels in patients
with T2DM.D!

Currently, three SGLT2 inhibitors, namely, canagliflozin,
dapagliflozin, and empaglifiozin, have been approved by the
US Food and Drug Administration (FDA) for monotherapy and
combination therapy in patients with T2DM.[®) The Research
Society for the Study of Diabetes in India (RSSDI) has also
recommended the use of SGLT2 inhibitors in the patients
with T2DM.!"

This review explores the recommended guidelines for
combination therapy, advantages of combination or fixed-dose
combination (FDC) therapy, and the role of SGLT2 inhibitors
as a choice of drug as a combination with other OADs. The
review further explores the effectiveness and safety of SGLT2
inhibitors when used as dual and triple combination therapy
in patients with T2DM and drug—drug interactions between
SGLT?2 inhibitors and other OADs.

MeTtHoDS

Electronic database, PubMed, was searched (from January
2011 to August 2016) to identify relevant studies evaluating
the effectiveness and long-term outcomes of SGLT?2 inhibitors
in combination with other glucose-lowering agents for the
treatment of T2DM. Predefined MeSH terms such as SGLT2
inhibitors AND combination therapy AND T2DM AND oral
anti-diabetic agents, SGLT2 inhibitors AND metformin,
SGLT2 inhibitors AND DPP-4i, SGLT2 inhibitors AND
sulphonyl urea, SGLT2 inhibitors AND insulin, SGLT2

inhibitors and GLP-1 inhibitors, and SGLT2 inhibitors AND
triple combination were used for an extensive database
search. The search was limited to articles published in English
language for the last 5 years and to those studies conducted
in humans.

Selection criteria

The search using the above-mentioned criteria resulted
in 82 articles. The titles and abstracts of the articles were
evaluated to identify relevant articles for inclusion in the
present review. Fourteen articles (including case reports and
articles which studied non-FDA approved SGLT?2 inhibitors)
were excluded. The remaining 68 articles were selected for
further evaluation. A total of 43 studies (including narrative
reviews, commentaries, and studies which were already
included in other higher level of evidences such as systematic
reviews and meta-analysis) were further eliminated. A total
of 25 articles (including 19 clinical trials, two meta-analyses,
three systematic reviews, and one meta-analysis and systematic
review) were evaluated in the current review.

Current treatment guidelines for using combination
therapy in type 2 diabetes mellitus

Due to the progressive nature of T2DM and increasing
dysfunction of insulin-secreting pancreatic (-cells, most
patients fail to achieve optimal glycemic control with
monotherapy (oral or injectable), and hence, combination
therapy (by adding another OAD) is preferred for the
treatment of patients with T2DM.® The American Diabetes
Association (ADA) and the European Association for the
Study of Diabetes (EASD) recommend initiation of “dual
combination therapy” if HbAlc targets are not achieved
after 3 months of monotherapy and proceed to “triple
combination therapy” if HbAlc targets are not achieved
even after 3 months of dual therapy. Furthermore, it is
recommended that insulin (basal or prandial) should be
added along with the oral glycemic agent if the target HbAlc
levels are not attained after 3 months of triple combination
therapy [Table 1]."*°? Recommendations by the American
Association of Clinical Endocrinologists (AACE), SAFES
consensus statement, the International Diabetes Federation,
the National Institute for Health and Care Excellence, and
RSSDI were also found to be similar to the ADA and EASD
recommendations for the use of combination therapy in T2DM
patients [Table 1].11%13 In addition, AACE encourages the
initiation of dual therapy if HbAlc targets are not achieved
after 3 months of monotherapy, or if entry HbAlc >7.5% (with
symptoms). Furthermore, AACE recommends initiation of
triple combination therapy if HbA lc targets are not achieved
after 3 months of dual combination therapy, or if entry
HbAlc >9% (without symptom).['!!

Advantages of combination or fixed-dose combination
therapy

Early achievement of glycemic goals, lesser chance of having
dose-related side effects (because of a submaximal dose of
each agent used), and sustained maintenance of euglycemia
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Table 1: Guidelines for management of type 2 diabetes by combination drug therapy

Guidelines

Dual combination therapy

Triple combination therapy

Combination injectable therapy

ADA, 201614

SAFES consensus
statement, 2016['"

AACE, 2015

IDF, 2012012

NICE, 201513

RSSDI, 20151

If Alc targets are not achieved after

3 months of monotherapy, begin dual
therapy with; MET + SU, MET + TZD,
MET + GLP-1RA, MET + DPP4i,
MET + SGLT2i, or MET + basal
insulin

If Alc targets are not achieved after

3 months of monotherapy, begin dual
therapy with SGLT2i with MET as
background therapy

In MET-intolerant patients another
drug with a complementary mechanism
of action from other class should be
considered along with SGLT2i

If Alc targets are not achieved after

3 months of monotherapy, or entry
Alc>7.5% (with symptoms) begin
dual therapy with MET/other Ist line
agent plus; GLP 1RA, SGLT2i, DPP4i,
TZD, Basal Insulin, Colesevelam,
Bromocriptine-QR, AGI, or SU

If Alc targets are not achieved after
3 months of monotherapy, begin dual
therapy by adding; SU, MET (if not
used in monotherapy), DPP4i, TDZ,
alpha-glucosidase inhibitor

First intensification of drug treatment, if
HbAlc >7.5% with monotherapy
Treatment with 2 noninsulin

blood glucose-lowering therapies

in combination (dual therapy).
Consider; MET + DPP-4 I, or MET +
pioglitazone, or MET + SU
Treatment with combinations of
medicines including SGLT-2i may be
appropriate for some people with type
2 diabetes

Add second oral hypoglycemic agent
when glucose control targets are not
being achieved by monotherapy
SGLT-2 inhibitors can also be
considered in second line when weight
and hypoglycemia are concerns

If Alc targets are not achieved after

3 months of dual therapy, begin triple
therapy by adding third hypoglycemic
agent to the dual combination

If Alc target are not achieved in

3 months of dual therapy, or entry
Alc>9.0%, a third medication should
be added to the dual therapy to help
increase the treatment efficacy

If the Alc goals are not met following
3 months of dual therapy, intensification
can be achieved by adding SGLT2i to
pre-existing therapy

If Alc targets are not achieved

after 3 months of Dual therapy or, entry
Alc >9% (without symptom), begin
triple therapy; proceed to dual therapy
with MET/other st line agent and 2™
line agent

If Alc targets are not achieved after

3 months of dual therapy, begin triple
therapy by adding insulin (basal

or premixed), or adding 3 oral

agent (DPP4i/TZD/alpha-glucosidase
inhibitor GLP1-RA)

Second intensification of drug
treatment, if HbAlc >7.5% with dual
therapy

Treatment with either 3 non-insulin
blood glucose-lowering therapies in
combination (triple therapy) or any
treatment combination containing
insulin. Consider; MET + DPP-4i + SU,
or MET + pioglitazone + SU, or starting
insulin-based treatment

When glucose control targets are

no longer being achieved with dual
therapy, start insulin or add a third oral
agent

If starting insulin, add basal insulin or
use premix insulin

If adding a third oral agent options
include an a-glucosidase inhibitor, a
DPP-4 inhibitor, a SGLT?2 inhibitors or
a thiazolidinedione

Another option is to add a GLP-1
analogues

If Alc targets are not achieved after

3 months of triple therapy and
Patient on oral combination, move to
injectable
On GLP-1, add basal insulin
On optimally titrated basal insulin, add
GLP1 or mealtime insulin. Refractory
patients consider adding TZD or SGLT2i

For symptomatic patients with Alc >9.0%
and for those who do not reach A lc target
within 3 months, addition of insulin is
recommended with other agents

If Alc targets are not achieved after
3 months of triple therapy or entry Alc
>9% (with symptoms), begin intensified
insulin therapy with

Basal insulin + GLP1RA/DPP4i/SGLT2i, or

Basal insulin + prandial insulin

When optimize oral anti-hyperglycemic
medications and/or GLP-1 RA and lifestyle
unable to maintain Glycemic control; begin
or intensify insulin

Start insulin-based treatment if HbAlc
>7.5% with triple therapy

Begin insulin therapy in combination with a
sensitizing agent (MET or glitazone) when
optimized oral blood glucose-lowering
medications (and/or GLP-1 analogues)

and lifestyle interventions are unable to
maintain target glucose control

Intensify insulin therapy if already using
insulin

Alc/HbAlc: Glycosylated hemoglobin, DPP-4i: Dipeptidyl peptidase-4 inhibitor, GLP-1 RA: Glucagon-like peptide-1 receptor agonist, MET: Metformin,
SGLT2i: Sodium-glucose cotransporter-2 inhibitor, SU: Sulfonylurea, TZD: Thiazolidinedione, ADA: American diabetes association, AACE: American
association of clinical endocrinologists, IDF: International diabetes federation, NICE: National Institute for Health and Care Excellence, RSSDI: Research

Society for the Study of Diabetes in India, SAFES: South asian federation of endocrine societies, AGI: Alpha glucosidase inhibitor

are the major advantages associated with early initiation of
combination therapy.'*! A systematic review which included
data from five randomized controlled trials showed that
initiation of combination therapy with SGLT2 inhibitors had

a statistically significant impact on the reduction in HbAlc
level (weighted mean differences [WMDs] —0.43%, 95%
confidence interval [CI] —0.56, —0.30) as compared with
monotherapy in patients with T2DM.!'!
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Oral combination therapy can be administered as separately
dispensed, individual medications or as FDCs (i.e., a single-pill
formulation) which are available for many glucose-lowering
agents. The major advantages of FDCs are greater efficacy
compared to high-dose monotherapies, reduced complexity of
dosing regimens and thereby better patient adherence to the
treatment, fewer chances of having adverse drug reactions,
and cost-effectiveness.!'s

Combination therapy with sodium-glucose cotransporter-2
inhibitors: Efficacy and safety

Due to their unique mechanism of action, the glucose-lowering
effect of SGLT2 inhibitors remains independent of B-cell
function and insulin sensitivity, thereby reducing chances of
severe hypoglycemia in patients receiving these agents.! Since
SGLT?2 inhibitors do not usually cause hypoglycemia in the
absence of therapies that otherwise cause hypoglycemia, they
become an ideal choice of the drug when used in combination
with other glucose-lowering agents.['7-1%]

In addition, due to calorie restriction mimicry, and physiologically
regulated ketogenesis, SGLT2 inhibitors (particularly
empagliflozin) have shown beneficial effects on weight loss,
cardiovascular outcomes, and all--cause mortality in patients
with T2DM.I'! The combination of SGLT2 inhibitors and
other OADs complements each other due to the unique
mechanism of action and low risk of hypoglycemia with
SGLT?2 inhibitors [Table 2].2%

A systematic review of clinical trials evaluating the efficacy of
SGLT?2 inhibitors as dual or triple therapy in T2DM patients
reported better outcomes with combination therapies of SGLT2
inhibitors. Combination therapy with dapaglifiozin (10 mg) led
to better reduction in HbA 1c, weight loss (in conjunction with
advice on lifestyle and diet), systolic blood pressure, and fasting
plasma glucose (FPG) levels compared to the combination
therapy with placebo [Table 3].2Y Also, combination therapy
with canagliflozin reduced HbAlc levels to a greater extent
as compared to combination therapy with sitagliptin and led
to better weight reduction [Table 3].2Y) Another study which
evaluated the efficacy of empaglifiozin as combination therapy
in T2DM patients reported a better efficacy and safety profile
when used as a combination therapy (as an add-on or single-pill
therapy) with other OADs (DPP-4i and metformin). Across

Table 2: Advantages of sodium-glucose cotransporter-2
inhibitors when used in combination therapy

Advantages

Mechanism of action is independent of B-cell function and insulin
sensitivity

Low risk of hypoglycemia

Low chances of drug—drug interaction

Better therapeutic outcomes as compared to other drug combinations

Achievement of a comprehensive metabolic control, including weight
loss, blood pressure control, and uric acid reduction

Improvement in cardiovascular outcomes (demonstrated with EMPA)
EMPA: Empagliflozin

all the trials included in this study, empaglifiozin combination
therapies were well tolerated and had a low rate of hypoglycemia
in the patients.?" Pooled analysis of three safety studies which
included elderly (>65 years) and overweight/obese patients
with uncontrolled T2DM showed that empagliflozin when
combined with other OADs (metformin, SU, and pioglitazone)
significantly reduced HbAlc and body weight and was well
tolerated [Table 3].2¢

A comparative systematic review and meta-analysis of 14
studies (n = 6980) was conducted to compare the efficacy
and safety of SGLT2 inhibitors and DPP4i as a combination
with other OADs. Results of this study showed greater
reduction in HbAlc (WMD —0.24%, 95% CI —0.43—0.05%),
FPG (WMD —18.0 mg/dL, 95% CI —28.5—7.6 mg/dL) and
body weight (WMD —-2.38 kg, 95% CI —3.18—1.58 kg)
from baseline with SGLT2 inhibitor than with DPP4i without
increasing the risk of hypoglycemia (relative risks 1.19, 95%
CI10.78-1.82).03%

Safety studies have also shown that combination therapies of
SGLT?2 inhibitors have been well tolerated and did not result
in any severe adverse events (AEs) (e.g., renal impairment,
fractures, malignant neoplasm, and volume-related events).?!*
Furthermore, the frequency of AEs remained almost similar
for monotherapy (79.1% with dapagliflozin) and combination
therapy (72.4% with dapagliflozin plus other hypoglycemic
agents).[

For a better understanding of the strengths and limitations
of SGLT2 inhibitors in combination therapy, the subsequent
sections elaborate the different dual and triple combinations
of SGLT?2 inhibitors with other hypoglycemic agents.

Dual combination therapy with sodium-glucose
cotransporter-2 inhibitors

Sodium-glucose cotransporter-2 inhibitors and metformin
Metformin is a biguanide that suppresses hepatic glucose
production (HGP) via inhibition of gluconeogenesis. It
increases insulin sensitivity, peripheral glucose uptake, and
decreases the absorption of glucose from the gastrointestinal
tract resulting in decreased fasting glucose levels and HbAlc
levels.®) The mechanism of action of metformin is different
from SGLT?2 inhibitors; both drugs complement each other’s
action and neither of these compounds target pancreatic
[B-cells, increase body weight, or cause major safety risks.?! A
systematic review of 14 studies reported that the combination
of SGLT2 inhibitor (dapaglifiozin) and metformin resulted in
a decrease in HbA1c levels, weight loss, and modest systolic
blood pressure decrease of 3—5 mmHg in patients with
T2DM [Table 3].%2

A study comparing the effectiveness of canagliflozin
as an add-on to metformin with placebo and sitagliptin
demonstrated that canagliflozin at the doses of 100 mg and
300 mg was noninferior to sitagliptin. In addition, it was
reported that canagliflozin was superior to sitagliptin after
52 weeks [Table 3].*Y Another study evaluating empagliflozin
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Table 3: Dual combination therapy with sodium-glucose cotransporter-2 inhibitors

Study Drug Total Comparator drug HbA1c HbA1c Weight Weight
combination subjects () levels (%) from levels (%) change (kg) change
tested baseline (SGLT2i) from from (kg) from

baseline baseline baseline
(comparator  (SGLT2i) (comparator
drug) drug)

DAPA combinations

Clar et al.”! DAPA + MET, 3398 MET + placebo, | range from | range from | 1.18 kg +1.64-—1.9 kg
DAPA-+insulin, insulin + placebo, 0.39% to 0.96% 0.29% to
DAPA + glimepiride + placebo 0.69%
glimepiride,

DAPA +TZD
Kuecker and DAPA + MET >6000 MET + placebo, MET | up to 2% 10.07% 12-3kg 10.09 kg
Vivian®! + SU + placebo, MET
+ glipizide, MET +
sitagliptin + placebo
Araki et al.? DAPA + basal 182 Basal insulin + placebo | up to 0.55% 10.05% | 1.12 kg 10.66 kg
insulin
CANA combinations
Clar et al.?! CANA + MET 451 MET + sitagliptin, | range from 10.74% 12.0-29kg 1 0.8 kg and
MET + placebo 0.70% to 0.95% 0.4 kg
Lavalle-Gonzalez CANA + MET 1284 MET + placebo, MET | up to 0.79% lupto0.17% | 2.4kg | 1.12kg
et al.?¥ + sitagliptin (100 mg) and, up to (100 mg), 2.9
0.94% (300 mg) kg (300 mg)
Fulcher et al.®! CANA + SU 127 SU + placebo lup to 0.74% Unchanged
(100 mg) and, up to (100 mg),
0.83% (300 mg) 1 1.8kg
(300 mg)
EMPA combinations

Romera et al.*% EMPA + MET, 439 Placebo + MET, Ll upto 1.10% 10.19% 1 1.94 kg (10 10.33 kg
EMPA + SU, placebo + SU, placebo (10 mg) and, up to mg), | 2.14 kg
EMPA + TZD +TZD 1.10% (25 mg) (25 mg)

Rosenstock EMPA + MET 495 MET + placebo 1 0.09%-0.56% 10.15% 12.3--29kg 1 1.2kg

et al?")

Hiring et al.?® EMPA + MET 637 MET + placebo 1 up to 0.70% 10.07% 1 2.08 kg 10.45 kg

(10 mg) and, up to (10 mg), }2.06
0.77% (25 mg) kg (25 mg)

Lewin et al.*) EMPA + 686 Monotherapy with | up to 1.80% lupto0.70%  Unchanged Unchanged
linagliptin EMPA (10 mg and 25 (10 mg) and, up to

mg), and linagliptin 1.19% (25 mg)

Rosenstock EMPA + basal 494 Basal insulin + placebo | up to 6.20% lupto0.60% | 2.08 kg Unchanged

et al B" insulin (10 mg) and, up to (10 mg),

7.80% (25 mg) 12.06 kg
(25 mg)

DAPA: Dapagliflozin, EMPA: Empaglifiozin, CANA: Canagliflozin, MET: Metformin, SU: Sulfonylurea, HbAlc: Glycosylated hemoglobin,
TZD: Thiazolidinedione, SGLT2i: Sodium-glucose cotransporter-2 inhibitor, |: decreased, 1: increased

as an add-on to stable background metformin therapy reported
that the empaglifiozin was superior to placebo in reducing
HbAlc levels and inducing weight loss in patients with
T2DM [Table 3].28

Sodium-glucose cotransporter-2 inhibitors and sulfonylureas
Sulphonylureas (SU) cause glucose independent closure of
the adenosine triphosphate-sensitive K-channels and release
of insulin by binding to the sulfonylurea receptor 1 on the
pancreatic B-cells. With modern SU, the risk of weight gain
and hypoglycemia are minimnal as long as the drugs are used
in safe and smart manner.** Proper patient selection, correct

choice of drug and dose, patient education and empowerment,
and physician training are the few points that ensures effective
and safe use of SU as monotherapy and in combination with
other OADs.B

In a placebo-controlled, double-blinded trial with SGLT2
inhibitor (canagliflozin) added to ongoing SU monotherapy,
it was reported that this combination improved HbA1c levels
and led to better reduction in body weight [Table 3].2%! The
episodes of hypoglycemia were more with placebo compared to
canagliflozin. Out of total 127 subjects, 15% with canagliflozin
300 mg, 0% with canagliflozin 100 mg, and 4.4% with placebo
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reported hypoglycemia. However, mild to moderate AEs like
male and female genital mycotic infections, pollakiuria, and
thirst were more common with canagliflozin combination
therapy.!”

Sodium-glucose cotransporter-2 inhibitors and dipeptidy!
peptidase-4 inhibitors

The DPP-4i constrain the enzyme that degrades incretin
hormones, glucagon-like peptide-1 receptor agonists (GLP-1)
and glucose-dependent insulinotropic polypeptide (GIP),
thereby resulting in elevated plasma GLP-1 and GIP
concentrations and leading to inhibition of endogenous
glucose production and reduction in plasma glucose
concentration.*?!

The DPP-4i and SGLT?2 inhibitors have complementary
mechanism of actions, and hence this combination can be
used to achieve better glycemic control in T2DM patients.
When SGLT2 inhibitor is added to an ongoing DPP-4i therapy,
it provides better glucose control with low risk of AEs like
hypoglycemia, weight gain, and risk of heart failure. On
the other hand, for patients with ongoing SGLT2 inhibitors
therapy, addition of a DPP-4i may have a potential to reduce
endogenous glucose production and enhance glucose-lowering
ability of SGLT2 inhibitors.®!

A randomized trial was conducted to evaluate the efficacy of
dapagliflozin (10 mg) alone, saxagliptin (5 mg) alone, or a
combination of saxagliptin and dapaglifiozin in poorly controlled,
metformin-treated T2DM patients (n = 534) for 24 weeks.P”
Results of this study demonstrated that combination of SGLT2
inhibitor and DPP-41 has the potential to reduce HbAlc levels
to a significant extent [Table 3].57 In addition, dapagliflozin
alone or in combination with saxagliptin demonstrated a
modest weight loss and a small decrease in systolic blood
pressure (2—4 mmHg), while saxagliptin alone had no effect
on blood pressure or body weight. However, no significant
difference was observed in the FPG and postprandial plasma
glucose concentrations with monotherapy and combination
therapy.l”!

Similarly, a single pill combination of empagliflozin
and linagliptin was studied in treatment-naive patients
with T2DM. The reduction in HbAlc level was greater
with the combination of empagliflozin 25 mg and
linagliptin 5 mg as compared with linagliptin 5 mg
alone [Table 3].B371 In addition, better reduction in
HbAlc levels was observed for empagliflozin 10 mg
and linagliptin 5 mg combination as compared with the
individual components (i.e., empagliflozin and linagliptin
alone) [Table 3].%! The combination of linagliptin plus
empaglifiozin improves five pathophysiological disturbances
in T2DM patients, namely, increased incretin effect,
enhanced insulin secretion, decreased glucagon secretion,
suppression of the elevated rate of HGP, and reduction of
the elevated threshold for glucose spillage into the urine,
leading to decreased reabsorption of glucose by the diabetic
kidney.*”!

Sodium-glucose cotransporter-2 inhibitors and GLP-1
receptor agonists

The GLP-1 agonists decrease [-cell workload and decrease
the demand for insulin secretion by slowing down gastric
emptying, reducing peak nutrient absorption, and insulin
demand.¥ The combination of SGLT2 inhibitor and GLP-1
receptor agonists is anticipated to be ideal for inducing weight
loss in patient with T2DM. However, till date, no major
trial is published which has studied this combination. Few
reports published so far indicated that clinicians are trying
the combination of SGLT2 inhibitors and GLP-1 in clinical
practice, and initial reports suggested that additional weight
loss is typically observed. However, the sample size of these
studies is too low to offer robust conclusions regarding the
safety or utility of this combination.*”! Since GLP1 receptor
agonist reduce glucagon and SGLT?2 inhibitors increase
glucagon, co-therapy with both may alter this concern. Hence,
the ADA and ESDA guidelines (2016), does not recommend
combination therapy with GLP1 receptor agonist and SGLT2
inhibitors in T2DM patients.[*]

Sodium-glucose cotransporter-2 inhibitors and basal insulin
Insulin therapy has remained a mainstay for the treatment
of T2DM in patients with insufficient glycemic control
with OADs. The SGLT2 inhibitor (dapagliflozin) when
used as add-on treatment along with insulin therapy showed
significantly greater reduction in HbAlc levels, FPG levels,
and body weight without severe hypoglycemia compared with
the placebo at week 16 [Table 3.3 In this study, the baseline
insulin dose remained fixed, unless there were safety concerns.
It was observed that the use of dapaglifiozin in addition to
insulin reduced the total insulin dose to a considerable extent
in the subjects. The reduction in total insulin dose may be due
to the hypoglycemic effect of dapagliflozin. It is important
to mention that dose reduction of insulin is only possible if
insulin dose titration is allowed in such patients. In addition,
the study results showed that the dose of insulin decreased in
the dapaglifiozin group and increased in the placebo group
over a period of 16 weeks.[?*!

Another study which evaluated empagliflozin 10 mg and
25 mg in combination with basal insulin showed significant
reductions in HbAlc and FPG, and improvement in body
weight and systolic blood pressure (P = 0.004) as compared
with placebo [Table 3].5% During this study, minimal insulin
adjustments were made because there was no glucose
monitoring committee enforcing insulin titrations. This reflects
the real world clinical practice, in which insulin algorithms are
not systematically executed.l*"!

Triple combination therapy with sodium-glucose
cotransporter-2 inhibitors

Metformin, sodium-glucose cotransporter-2 inhibitors and
Sulphonylurea

The combination of metformin, SGLT2 inhibitors, and SU
is a popular choice of treatment in patients with T2DM. The
SGLT?2 inhibitor (empagliflozin), when used as an add-on to
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SUs and metformin in a 24-week study, showed improvement
in glucose control, reduction in body weight, and decrease in
systolic blood pressure as compared with placebo [Table 4].2"

Another study showed that dapaglifiozin was well tolerated
and effective over 24 weeks as an add-on to metformin and
SU. A higher proportion of patients achieved therapeutic
glycemic response as compared with placebo [Table 4].
Body weight and systolic blood pressure also showed
a reduction from baseline over 8 and 24 weeks, with
dapaglifiozin [Table 4].1%

Metformin, sodium-glucose cotransporter-2 inhibitors, and
thiazolidinedione

A randomized, placebo-controlled study of empagliflozin
as an add-on to pioglitazone or pioglitazone and
metformin in patients with T2DM showed that the triple
combination can result in significant reductions in HbAlc
levels, weight, and blood pressure, with a low risk of
hypoglycemia. However, due to the addition of SGLT2
inhibitor, the incidence of genital mycotic infection remains
high in this population [Table 4].[!

Metformin, sodium-glucose cotransporter-2 inhibitors, and
DPP-4 inhibitors

A 24-week, multicenter, randomized, double-blinded trial
conducted to assess the efficacy and safety of dapaglifiozin
as an add-on therapy in T2DM patients with inadequately
controlled glycemic levels while on DPP-4 inhibitor (with or
without metformin) reported that dapaglifiozin significantly
reduced mean HbAlc levels and body weight as compared
with placebo [Table 4].14

Metformin, sodium-glucose cotransporter-2 inhibitors, and
basal insulin

A 52-week study of T2DM patients with inadequately
controlled plasma glucose levels despite being administered
multiple daily injections of insulin (with or without metformin)
reported that the add-on therapy with empagliflozin 10 mg and
25 mg improved the glucose control and reduced body weight as
compared with placebo and insulin alone [Table 4]. Majority of
the patients attained HbA 1¢ <7% with empaglifiozin [Table 4].
In addition, empagliflozin 10 mg and empagliflozin
25 mg reduced insulin doses (—9——11 IU/day) and weight
(—2.4 to —2.5 kg) versus placebo (all P <0.01) at week 52.14]

Table 4: Triple combination therapy with sodium-glucose cotransporter-2 inhibitors

Study Drug combination Total Comparator HbA1c HbA1c Weight Weight
tested subjects (n)  drug levels (%) from levels (%) change from  change from
baseline (SGLT2i) from baseline  baseline (kg) baseline (kg)
(comparator (SGLT2i) (comparator
drug) drug)
DAPA combinations
Rosenstock ~ DAPA + saxagliptin 534 DAPA + lLupto 1.5% L up t0 0.9% 12.1kg Unchanged
et al.B” +MET MET, MET +
saxagliptin
Matthaei DAPA + SU + MET 218 Placebo + SU + | up to 0.69% | up to 0.36% 12.1kg 10.60 kg
et al.™ MET
Wilding DAPA + OAD + 513 Placebo + OAD 1 up to 0.6%-0.8% lupto 0.4% 109to14kg 11.8kg
et al.* Insulin + insulin
Jabbour DAPA + sitagliptin 432 Placebo + | up t0 0.50% | up to 0.4% 12.1kg 10.5kg
et al.*! +MET sitagliptin +
MET
CANA combinations
Ji et al®) CANA + MET 676 Placebo + MET 10.97% (100 mg), | 10.47% 1 1.5 kg (100 1 1.3kg
+ SU +SU 1.06% (300 mg) mg), | 1.6
kg (300 mg)
EMPA combinations
Rosenstock  EMPA + SU + MET 495 Placebo + MET | up t0 0.09%-0.56% 1 0.15% 12.31t029kg 1 1.2kg
et al.’" +SU
Haering EMPA + SU + MET 666 Placebo + MET lupto 0.7% (10 mg lLupto 0.7% 1 1.80 kg (10 10.60 kg
et al +SU and 25 mg) mg), and 1.60
kg (25 mg)
Kovacs EMPA + MET + 498 Placebo + EMPA | up to 0.06 (10 mg) lupto0.01% 11.62 kg (10 10.34kg
et al®) pioglitazone + pioglitazone and, 0.07%(25 mg) mg), and 1.47
kg (25 mg)
Rosenstock  EMPA + MET + 563 Placebo + MET lup to 1 up to 0.50% lupto2.4kg Unchanged
et al.*% basal insulin + basal insulin 0.94% (10 mg) and, to2.5kg

up to 1.02% (25 mg)

DAPA: Dapagliflozin, EMPA: Empagliflozin, CANA: Canagliflozin, MET: Metformin, SU: Sulfonylurea, HbAlc: Glycosylated hemoglobin, OAD: Oral
antidiabetic agent, SGLT2i: Sodium-glucose cotransporter-2 inhibitor, |: decreased, 1: increased
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Drug-Drug interactions between sodium-glucose
cotransporter-2 inhibitors and other hypoglycemic agents
Pharmacokinetic studies have shown that SGLT2 inhibitors
can be combined with any other glucose-lowering agent.!*”
Dapagliflozin can be combined with pioglitazone, metformin,
glimepiride, or sitagliptin without dose adjustment of either
drug. It was found that other hypoglycemic agents do not
impact pharmacokinetics of dapagliflozin (only a slight [+8%]
greater exposure to dapagliflozin after co-administration of
sitagliptin was observed without any clinical relevance).l*”!
Similarly, dapaglifiozin did not influence the pharmacokinetic
parameters of the other glucose-lowering agents (only a
trend for a slightly greater exposure to glimepiride was
detected).l*”? The addition of dapaglifiozin in patients who
were insufficiently controlled with glimepiride resulted
in reduction of HbAlc levels with only a slight increase
in the risk of hypoglycemia. Likewise, another study
demonstrated that o-glucosidase inhibitor did not modify
the pharmacokinetics of dapagliflozin.*®

A few drug interactions have been reported with canaglifiozin.
It was reported that metformin slightly increased exposure
to canagliflozin (peak plasma concentrations +5%; area
under the concentration-time curve +10%). On the other
hand, canagliflozin was not found to modify the exposure to
metformin. The changes reported were modest without any
clinical relevance.™”!

In pharmacokinetics studies, empagliflozin has been tested
in single-dose when co-administered with various other
glucose-lowering agents (such as metformin, glimepiride,
sitagliptin, and linagliptin).% It was reported that glimepiride
slightly decreased the exposure of empagliflozin, whereas
sitagliptin modestly increased it.’>! However, these changes
were too small for being considered as clinically relevant.
In addition, it was found that empagliflozin did not modify
exposure to other glucose-lowering agents tested.5%>!!

ConcLusioN

The challenging pathogenesis of T2DM and limitations of
the available OADs have emphasized the need for better
therapeutic options and strategies for adequate management
of'this condition. Involvement of multiple metabolic pathways
in pathogenesis has restricted the therapeutic efficacy of any
hypoglycemic drug when used as monotherapy. Hence, a
combination of two or more agents with different mechanisms
of action should be considered to achieve optimal plasma
glucose levels in patients with T2DM.

SGLT2 inhibitors are one such novel class of drugs which
have shown valuable efficacy profile when used as an
add-on with other OADs. Multiple trials have demonstrated
that SGLT?2 inhibitors can be flexibly combined with other
agents to achieve better HbAlc levels, weight loss, and
blood pressure control. The comparatively better safety
profile of SGLT?2 inhibitors and their unique mechanism of
action have made them a good therapeutic option for T2DM

patients who fail to achieve adequate glycemic control with
monotherapies. However, the safety of SGLT2 inhibitors
in combination with other agents is yet to be established.
Larger clinical trials and real-world evidence solutions such
as observational studies can help attain data and add more
to the available literature.
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