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Sodium-glucose Co-transporter 2 Inhibitors:
A Novel Molecule for Health Care Practitioners
in Diabetology, Cardiology and Nephrology

AG UNNIKRISHNAN*, KAMLESH KHUNTI', TINY NAIR*, ARAVINDA JAGADEESH?, VEDAVATI PURANDARE¥

ABSTRACT

Prevention and timely management of cardiovascular (CV) complications like myocardial infarction, heart failure (HF), stroke
and renal complications, like chronic kidney disease (CKD) and end-stage renal disease, are important to improve the quality
of life and survival in people with type 2 diabetes mellitus (T2DM). The multifaceted action of sodium-glucose co-transporter 2
inhibitors (SGLT2i) results in effective glycemic control with benefits on CV and renal risk factors, like body weight, blood
pressure, uric acid and albuminuria. Robust CV and renal event reduction is reflected in the outcomes of large CV outcome
trials, meta-analyses and real-world studies. Recent evidence has proven cardiac and renal benefits with SGLT2i in subjects
with HF and CKD irrespective of their T2DM status. Until recently, SGLT2i was used as a glucose-lowering molecule with
pleiotropic benefits, mainly by primary care practitioners and diabetologists. The potential for cardiac and renal protection
in people with and without T2DM has shifted an interest in cardiologists and nephrologists to view it as a cardiac and renal
molecule, respectively. Thus, the role of SGLT2i in the management of T2DM is undergoing a paradigm shift—straddling the
interfaces of diabetology, cardiology, nephrology and primary care—moving away from being considered a pure antidiabetic
molecule. We conducted a literature review of SGLT2i in management of T2DM along with their protective effects on CV
and renal parameters in patients with or without baseline comorbidities.
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eople with type 2 diabetes mellitus (T2DM)
experience considerable micro- and macrovascular
complications.! Cardiovascular disease (CVD), the
main macrovascular complication (>30%) in subjects
with T2DM, leads to subclinical or even overt heart
failure (HF) (14.9%), with increased mortality (9.9%).2
Additionally, silent coronary ischemia 10% to 20% in
diabetics vs. 1% to 4% in nondiabetics® makes the T2DM
population vulnerable to an increased morbidity and

mortality. The American Diabetes Association (ADA)
recommends calculating the 10-year atherosclerotic
cardiovascular disease (ASCVD) risk, besides including
strong measures, like diet modification and tight
control of blood pressure (BP) and lipid levels to
reduce CVD.* Several large studies have documented
that conventional therapies are unable to reduce the
macrovascular complications.>®

Sodium-glucose co-transporter 2 inhibitors (SGLT2i)
have demonstrated an improvement in cardiovascular
(CV) outcomes. SGLT2i have reduced the rate of
hospitalization for heart failure (HHF) and CV death in
patients with or without pre-existing HF or ASCVD.””?
Along with CVD protection, trials with SGLT2i have
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demonstrated renal protection. Diabetic kidney disease
(DKD)—aleading cause of chronic kidney disease (CKD)
and end-stage renal disease (ESRD)—occurs in ~40%
of people with T2DM and is additionally associated
with increased CVD.® SGLT2i have shown renal
protection in multiple large cardiovascular outcome
trials (CVOTs), which depict CV safety of this class of
drugs with encouraging results on albuminuria and
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ESRD outcomes.”!1*  These renal benefits and
recommendations are causing nephrologists to change
their perception of SGLT2i in being just glucose-
lowering drugs (GLDs). This review aims to provide
an overview of SGLT2i dynamics in clinical practice
from the perspective of diabetologists, cardiologists,
nephrologists and primary care practitioners (PCPs).

METHODOLOGY

We searched for published literature on PubMed and
Embase databases using the keywords — “type 2 diabetes
mellitus”, “sodium-glucose co-transporter 2 inhibitor”,
“SGLT2 inhibitor”, “dapagliflozin”, “canagliflozin”,
“empagliflozin”, “efficacy” and “safety”, etc. Instead
of following systematic literature review methodology
(using checklists and systematic screening), we focused
on our specific area of priority. The data published up to
November 2020 with language restriction in English
were considered. Conference abstracts and available
results from clinicaltrials.gov database were hand
searched. The references cited in all the above retrieved
publications were also reviewed for relevance and were
obtained when applicable.

MECHANISM OF ACTION

What Makes it an Molecule for Diabetologists?

The unique insulin-independent action of SGLT2i
contributes to minimal hypoglycemia and a low
potential for beta-cell exhaustion.!® The enhanced
insulin sensitivity and innate insulin release from beta
cells can reduce the need for external insulin injections
and expenses associated with insulin therapy.'®
Randomized controlled trials have shown that SGLT2i
therapy reduces insulin resistance!” (p < 0.001) and
improves insulin sensitivity'® (p = 0.0059). SGLT2i may
play arole even in advanced T2DM stages, characterized
by irreparable decline in beta-cell function, because of
their insulin independent mechanism.!

The ADA 2021 guidelines* recommend SGLT2i as
the first-line treatment after metformin if there is a
compelling indication to minimize hypoglycemia
or weight gain, or to encourage weight loss. The
European Society of Cardiology/European Association
for the Study of Diabetes (ESC/EASD) guidelines place
SGLT2i before metformin with a IA recommendation
for empagliflozin, canagliflozin or dapagliflozin in
subjects with T2DM and CVD or at very high or high
CV risk to reduce CV events — with an recommendation
for empagliflozin use in T2DM with CVD to reduce the
risk of death.?0
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What Makes it an Molecule for Cardiologists?

What attracts physicians and cardiologists is the
positive impact of SGLT2i on CV comorbidities;
efficacy in subjects with risk factors for CVD, alongside
benefits in subjects with HF (with and without T2DM).
Although the precise mechanism of CV benefits of
SGLT2is is still under scrutiny, they are likely to be due
to the hemodynamic and metabolic effects unrelated
to their glucose-lowering efficacy.?! Both ADA* and
ACC/American Heart Association (AHA) guidelines?
recommend the first-line addition of SGLT2i when
ASCVD predominates, for reducing CV risk (secondary
prevention), while the Food and Drug Administration
(FDA) approval for dapagliflozin use in T2DM with
multiple CV risk factors (along with those with
established CVD [eCVD]) to reduce the risk of HHF
suggests a primary preventive role in subjects with
T2DM.2

Hemodynamic effects

High BP is a known CV risk factor; hence, lowering BP
in T2DM population reduces CV events. The mechanism
of BP reduction with SGLT2i occurs by osmotic diuresis
and a lower sympathetic tone. The latter mechanism
lowers BP, without causing a compensatory increase in
heart rate.? Several studies have explored the adaptive
ketogenesis theory, reduction in body weight and
arterial stiffness to explain the BP-lowering benefit.>>2¢
SGLT2i also inhibit the heart Na*-H" exchanger, thereby
improving mitochondrial function, reducing cardiac
remodeling and enhancing heart function.”

Metabolic effects

Metabolic benefits with SGLT2i in cardiac protection
include a lower risk for hypoglycemia; adaptive
ketogenesis; calorie restriction mimicry and improve-
ment in body weight and lipid and uric acid levels. The
lower incidence of hypoglycemia with SGLT2i is because
of their insulin-independent mode of action, which also
aids in reducing the CV risk.® Adaptive ketogenesis
with increased ketones occurs with SGLT2i use because
of the elevated glucagon levels. Ketones are an efficient
fuel source for the ischemic heart, with added benefits
of reducing free-radical injury, resulting in a better
cardiac function.?” Reduction in body weight and waist
circumference has a positive impact on CV outcomes
and insulin resistance.’ A dose-dependant reduction in
body weight of 1.6-2.5 kg was shown in a meta-analysis,
while another study demonstrated that this weight
reduction could be sustained at the 4-year follow-up.3!*2
The preferential loss of visceral and subcutaneous fats
compared with lean tissue is a benefit.®



Elevated uric acid levels are a CV risk factor and
mediate renal damage. The loss of uric acid in urine
due to the inhibition of absorption in the renal proximal
convoluted tubule by SGLT2i enables the reduction of
CV risk and slows CKD progression.!'?* Hematocrit
improvement (2-4%) has been consistently seen with
SGLT2i use, even in patients with CKD (except stage 4
CKD). This improvement is attributed to an enhanced
erythropoietin levels. Elevated hematocrit levels may
correct sympathetic hyperactivity in T2DM leading to a
reduction in CV mortality and risk for HHF.>> SGLT2is
also favorably affect albuminuria, a CV risk factor, by
restoring the tubuloglomerular feedback and reducing
intraglomerular pressure.’® An improvement in albu-
minuria translates into cardiac and renal protection.

Benefits in subjects with heart failure

People with T2DM are at a high risk for developing
HF with reduced ejection fraction (HFrEF) or HF with
preserved ejection fraction (HFpEF) and renal hypoxia
leading to new-onset HF or HF progression.2%¥ SGLT2i
action reduces sympathetic outflow to the heart, lowering
cardiac wall stress, fibrosis and volume overload.?” The
HHF endpoint being the most sensitive to SGLT2i use
in the completed CVOTs led to the theory that SGLT2i
reduce CV events mainly by HF prevention rather
than atherothrombosis inhibition.3® SGLT2i can reduce
morbidity and mortality in pure HF patients with or
without comorbid diabetes. Ongoing SGLT?2i trials in
HF may confirm if it is a class effect. The CANOSSA
trial in subjects with T2DM and HFpEF reported
improved endothelial and diastolic functions with
canagliflozin. HF markers like atrial natriuretic peptide
(p = 0.0001), brain natriuretic peptide (p < 0.0001) and
ejection fraction (EF) (p = 0.005) improved at 12 months
compared with baseline.®

The EMPA-HEART trial®® showed benefits on left
ventricular remodeling in T2DM patients with eCVD.
The improvement in left ventricular mass index (-2.6
vs. 0.01 g/m? p = 0.01) at 6 months mechanistically
explained the HF benefits demonstrated in the
EMPA-REG OUTCOME trial. The DAPA-HF® trial
with dapagliflozin demonstrated a reduction in the
composite of HHF or CV death or urgent HF visit
(hazard ratio [HR]: 0.74; 95% confidence interval [CI]:
0.65-0.85; p < 0.001), HHF (HR: 0.70; 95% CI: 0.59-0.83),
CV death (HR: 0.82; 95% CI: 0.69-0.98), and all-cause
death (HR: 0.83; 95% CI: 0.71-0.97) in HFrEF patients
with (42%) and without T2DM. DEFINE-HF results
demonstrated a clinically meaningful improvement
in the dual primary outcome of HF-related quality

REVIEW ARTICLE IS

of life or natriuretic peptides (61.5%, dapagliflozin
vs. 50.4%, placebo, adjusted odds ratio: 1.8, 95% CI:
1.03-3.06, p = 0.039), with similar results in subjects
with or without T2DM.*! The EMPEROR-Reduced trial
reported a significant reduction in the composite of CV
death and HHF (HR: 0.75; 95% CI: 0.65-0.86; p < 0.001)
with consistent benefits in subjects with (49.8%) and
without T2DM. These benefits with empagliflozin may
broaden the target HF patient group to advanced New
York Heart Association stages, as most participants
(73%) had an EF <30%.°

The ADA 2021 guidelines already recommend SGLT2i
as the first-line therapy in subjects with T2DM and
comorbid HF.* The FDA approved dapagliflozin to
reduce risk of HF in adults with T2DM and multiple
CV risk factors or with eCVD.#?

What Makes it an Molecule for Nephrologists?

The renal benefits, evidenced by the reduction in
albuminuria, slowdown in progression to ESRD and
reduced need for renal replacement therapy (RRT),
are mediated by several mechanisms.”!"® Increased
sodium access to the macula densa due to SGLT2
inhibition lowers the intraglomerular pressure,
decreases albuminuria and possibly slows the decline of
kidney function in people with diabetes.*? Hypoxia in
the milieu of proximal convoluted tubule is alleviated
as SGLT2is reduce oxygen consumption by the Na*/K*
pump in the epithelial cells.® Reduction in sympathetic
outflow to the kidney by SGLT2i action reduces the
renin-angiotensin-aldosterone system (RAAS) activity
and corrects fluid overload. Adaptive ketogenesis by
SGLT2i action improves renal function by ensuring a
more efficient metabolic substrate like ketones.*> EMPA-
REG OUTCOME, CANVAS and DECLARE-TIMI 58
trials demonstrated improved renal outcomes, albeit as
secondary endpoints with empagliflozin, canagliflozin
and dapagliflozin.” 1112

In the CREDENCE study involving T2DM subjects with
albuminuric CKD, canagliflozin significantly reduced
the composite of ESRD, a doubling of serum creatinine
level or death from renal or CV causes by 30%.!* DAPA-
CKD results reported a significant impact (HR: 0.61; 95%
CI: 0.51-0.72; p <0.001) of dapagliflozin on the composite
primary outcome of sustained decline in the estimated
glomerular filtration rate (eGFR) of at least 50%, ESRD
or death from renal or CV causes in subjects with CKD
(n = 4,304) — with or without T2DM. This extension of
benefit to pure CKD patients without T2DM (32.5%),
and to patients with lower eGFR threshold (14.5% had
eGFR <30 mL/min/1.73 m?) confirmed renal protection
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in a broader group of patients. Moreover, a reduction
was seen in the composite of sustained decline in eGFR
of at least 50%, ESRD or death from renal causes (HR:
0.56; 95% CI: 0.450.68; p < 0.001), the composite of CV
death or HHF (HR: 0.71; 95% CI: 0.55-0.92; p = 0.009),
and mortality (HR: 0.69; 95% CI: 0.53-0.88; p = 0.004).14

Significant improvement in the wurine albumin-
creatinine ratio was seen with dapagliflozin vs.
placebo in the DELIGHT trial* (-21.0%; 95% CI: -34.1,
-5.2; p = 0.011) on follow-up at the end of 24 weeks
while in the DERIVE trial,> a significant reduction at
week-12 (-41.7%; 95% CI: -57.1, -21.0; p < 0.001) was
maintained, but did not reach significance at week-24
(-14.0%; 95% CI: —42.3, 28.0; p = 0.454). Ertugliflozin
revealed glycemic efficacy and an acceptable safety
profile in 468 subjects with T2DM and stage 3 CKD
over a 52-week period in the VERTIS-RENAL trial.#

However, the VERTIS-CV trial with ertugliflozin did
not show a significant benefit for the renal composite
endpoint (secondary endpoint) of death from renal
causes, RRT or doubling of serum-creatinine level.#”
The ACC 2018 consensus pathway on novel therapies
recommends the first-line addition of SGLT2i to

metformin in T2DM and CKD subjects, with or without
ASCVD, provided there is no ESRD.*! The ADA 2021
guidelines* also recommend SGLT2i as a preferable
option when CKD predominates. Canagliflozin received
FDA approval for use in subjects with DKD (with
albuminuria) to reduce the risk of ESRD, worsening of
renal function, CV death and HHF.*® Thus, the question
remains — should SGLT2i form a targeted treatment
option for DKD? SGLT2is with their multifaceted action
at the level of the pancreas, heart and kidney, allow
PCPs, diabetologists, cardiologists and nephrologists to
provide multiorgan-targeted benefits for subjects with
T2DM (Fig. 1).

EVIDENCE WITH SGLT2I FOR DIABETOLOGISTS,
CARDIOLOGISTS AND NEPHROLOGISTS

Evidence from Randomized Controlled Trials

Table 1 summarizes the main CV and renal endpoints
in the landmark CVOTs with SGLT2i. In EMPA-REG
OUTCOME, the empagliflozin group demonstrated
lower rates of 3-point major adverse cardiac events
(MACE), death from CV causes, HHF and death from
any cause.”” EMPA-REG renal analysis demonstrated

Diabetologist

 Durable glycemic control

* Improves insulin sensitivity
* Prevents beta-cell fatigue
« Corrects hypomagnesemia

complications

Reduces
body weight and
visceral fat

Can be prescribed
in T2DM and CKD
patients

* Protection from micro- and macrovascular

* Low risk of hypoglycemia

* Promotes adaptive ketogenesis ensuring
better cardiac, renal and pancreatic
function

* Primary prevention of HHF and CKD in
T2DM

Nephrologist

* Reduces RAAS and
sympathetic hyperactivity and
corrects fluid overload

* Lowers glomerular
hypertension

* Reduces hypoxia in the
proximal convoluted tubules

* Protection from end-stage
renal disease

Reduces
albuminuria
and uric
acid levels

Cardiologist

» Causes osmotic diuresis and
natriuresis

 Lower cardiac preload/postload

* Reduces arterial stiffness and blood
pressure

* Improves lipid and hematocrit
levels

* Inhibits NHE exchanger

 Protection from HHF,
CV events, CV death

Figure 1. SGLT?2i benefits for a diabetologist, cardiologist and nephrologist.

CKD = Chronic kidney disease; CV = Cardiovascular; HHF = Hospitalization for heart failure; NHE = Sodium-hydrogen exchanger; RAAS = Renin-angiotensin-aldosterone system;
T2DM = Type 2 diabetes mellitus.
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Table 1. Summary of Cardiovascular and Renal Benefits with SGLT2i
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EMPA-REG OUTCOME
(n =7,020, T2DM)

CANVAS
(n = 10,142, T2DM)

DECLARE-TIMI 58
(n = 17,160, T2DM)

CREDENCE
(n = 4,401, T2DM with
albuminuric CKD)

Patients with
established CVD (n, %)

Follow-up (years)

7,020 (100%)

3.1

6,656 (66%)

24

6,974 (40.6%)

42

2,220 (50.4%)

2.62

SGLT2i Empagliflozin 10 or Canagliflozin 100 or Dapagliflozin 10 mg vs.  Canagliflozin 100 mg
25 mg vs. placebo daily 300 mg vs. placebo daily  placebo daily vs. placebo daily

Primary endpoint: HR: 0.86 (0.74-0.99), HR: 0.86 (0.75-0.97) NI,  HR: 0.93 (0.84-1.03) HR: 0.80 (0.67-0.95),

Composite of CV death, p <0.001 for NI, p=0.04 p<0.001 NI, p < 0.001 p=0.01

MI or stroke for superiority Superiority, p = 0.02 Superiority, p = 0.17

CV death HR: 0.62 (0.49-0.77), HR: 0.87 (0.72-1.06), HR: 0.98 (0.82-1.17), HR: 0.78 (0.61-1.00),
p <0.001 p=NS p=NS p=0.05

HHF HR: 0.65 (0.50-0.85), HR: 0.67 (0.52-0.87), HR:0.73 (0.61-0.88), HHF: 0.61 (0.47-0.80),
p =0.002 p=NS p = 0.005 p <0.001

All-cause mortality HR: 0.68 (0.57-0.82), HR: 0.87 (0.74-1.01), HR: 0.93 (0.82-1.04), HR: 0.83 (0.68-1.02),
p <0.001 p=NS p=NS p=NS

Worsening HR: 0.61 (0.53-0.70) HR: 0.60 (0.47-0.77) HR: 0.76 (0.67-0.87) HR: 0.66 (0.53-0.81),

nephropathy* p <0.001 p <0.001

*Worsening nephropathy was defined as doubling of serum creatinine level and an eGFR of < 45 mL/min/1.73 m?, the need for continuous renal-replacement therapy or death due to
renal events in EMPA-REG OUTCOME; 40% reduction in eGFR, renal-replacement therapy or death from renal causes in CANVAS; sustained decrease of >=40% in eGFR to <60 mL/
min/1.73 m?, new end-stage renal disease or death from renal or CV causes in DECLARE-TIMI 58; end-stage kidney disease, doubling of serum creatinine or renal death in CREDENCE.

CKD = Chronic kidney disease; CV = Cardiovascular; CVD = Cardiovascular disease; eGFR = Estimated glomerular filtration rate; HHF = Hospitalization for heart failure; HR =
hazard ratio; Ml = Myocardial infarction; NI = Noninferiority; NS = Nonsignificant; SGLT2i = Sodium-glucose co-transporter 2 inhibitor; T2DM = Type 2 diabetes mellitus.

a reduction in the composite of incident or worsening
nephropathy (HR: 0.61, 95% CI: 0.53-0.70), progression
to macroalbuminuria (HR: 0.62, 95% CI: 0.54-0.72),
serum-creatinine doubling (HR: 0.56, 95% CI: 0.39-0.79),
and RRT initiation (HR: 0.45, 95% CI: 0.21-0.97).11

A recent post hoc analysis of EMPA-REG study observed
consistent CV and renal benefits among all Kidney
Disease Improving Global Outcomes (KDIGO) categories
confirming benefits across the CKD spectrum.”’ In the
CANVAS program, the canagliflozin group demonstrated
lower rates of 3-point MACE, CV death, all-cause
mortality and HHF with no heterogeneity of treatment
effect across primary and secondary prevention groups
and a significant reduction in albuminuria progression
(HR: 0.73, 95% CI: 0.67-0.79).%

In the DECLARE-TIMI 58 trial of 17,160 patients, 10,186
patients did not have eCVD, but they had multiple
risk factors for ASCVD. Dapagliflozin achieved the
MACE criterion for noninferiority, with therapy results
demonstrating lower risks for HHF (HR: 0.73, 95% CI:
0.61-0.88) and renal events (HR: 0.76, 95% CI: 0.67-0.87).”
The CREDENCE trial with canagliflozin in subjects
with T2DM and albuminuric CKD demonstrated

a significant reduction in the primary outcome of
composite of ESRD, serum creatinine doubling or death
from renal or CV causes (HR: 0.70, 95% CI: 0.59-0.82,
p < 0.00001), in addition to a reduction in the risk of
CV death, myocardial infarction or stroke, and HHF.13
It showed that the CV and renal benefits were observed
even at lower eGFR levels (30-45 mL/min/1.73 m?),
suggesting that SGLT2i can be used in more severe
stages of CKD.

Evidence from Systematic Review and Meta-
analyses and Post Hoc Analyses

A systemic review and meta-analyses (SRMA) of EMPA-
REG OUTCOME, CANVAS and DECLARE-TIMI 58
trials showed a significant reduction in MACE (HR:
0.86, 95% CI: 0.80-0.93, p = 0.0014) with SGLT2i in those
with eCVD. Further, a 45% reduction in renal disease
progression was also seen to be similar in subjects with
and without ASCVD.>!

Another SRMA confirmed SGLT2i benefits by
demonstrating a significant reduction in CV outcomes
(relative risk [RR]: 0.81, 95% CI: 0.70-0.94) and renal
outcomes (composite renal outcome, HR: 0.71, 95%
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Table 2. Phase 2/3/4 Trials Evaluating SGLT2i in HF

Trial (NCT Number) Study population Expected outcomes Study status
Phase 2 trial evaluating SGLT2i in HF
EMPIRE-HF 190 participants Evaluate empagliflozin 10 mg on cardiac Completed:
(NCT03198585) Stable, symptomatic HFrEF (LVEF biomarkers, cardiac function at rest, at stress January 2020*
<40% )’ and during exercise, renal function, metabolism,
daily activity and health-related QoL
Phase 3 trials evaluating SGLT2i in HFrEF
EMPERIAL-Reduced 312 participants Evaluate empagliflozin 10 mg vs. placebo on  Completed:
(NCT03448419) Chronic HETEE LVEF <40% exercise capacity using 6SMWT October 2019
DETERMINE-Reduced 313 participants Evaluate dapagliflozin 10 mg on exercise Completed:
(NCT03877237) HF (NYHA class ”-|V) with reduced capaCIty in patlents with HFrEF (LVEF 540%) March 2020*
ejection fraction defined as LVEF <40%
Phase 3 trials evaluating SGLT2i in HFpEF
EMPERIAL-Preserved 315 participants Evaluate empagliflozin 10 mg vs. placebo on  Completed:
(NCT03448406) Chronic HFpEF (NYHAclass II-IV) LVEF exercise ability using 6MWT October 2019*
>40%
DETERMINE-Preserved 504 participants Evaluate dapagliflozin 10 mg on exercise Completed:
(NCT03877224) Chronic HFpEF (NYHA class ”-lV) LVEF CapaCIty using 6MWT JU'y 2020*
>40%
EMPEROR-Preserved 5,988 participants Evaluate efficacy and safety of empagliflozin ~ April 2021
(NCT03057951) Chronic HFpEF (NYHAclass II-IV) LVEF 10 mg vs. placebo on top of guideline-
>40% directed medical therapy
DELIVER 6,100 participants Evaluate dapagliflozin 10 mg on reducing CV  November
>40%
Phase 4 trials evaluating SGLT2i in HF
EMBRACE-HF 60 participants Evaluate empagliflozin 10 mg on October 2020
(NCT03030222) NYHA class [I-IV hemodynamic parameters (pulmonary artery  (not recruiting)

diastolic pressures)
HFpEF (LVEF >40%) or HFrEF (LVEF

<40%) ischemic or nonischemic etiology
who already have a CardioMEMs device

PRESERVED-HF
(NCT03030235)

320 participants

Dyspnea (NYHA class II-IV) without
evidence of a noncardiac or ischemic
explanation for dyspnea

LVEF 245%

Evaluate dapagliflozin 10 mg on HF-specific
biomarkers (NTproBNP and BNP),
symptoms, health status and QoL

February 2021

*Results not published

BNP = Brain natriuretic peptide; CV = Cardiovascular; HF = Heart failure; HFpEF = Heart failure with preserved ejection fraction; HFrEF = Heart failure with reduced ejection
fraction; LVEF = Left ventricular ejection fraction; NTproBNP = N-terminal pro-B-type natriuretic peptide; NYHA = New York Heart Association; QoL = Quality of life; SGLT2i =
Sodium-glucose co-transporter 2 inhibitor; T2DM = Type 2 diabetes mellitus; BMWT = 6-minute walk test.

CI: 0.53-0.95) in subjects with T2DM and CKD, with a
mitigation in the annual decline in eGFR slope (difference
of 135 mL/min/1.73 m?/year; 95% CI: 0.78-1.93).2
Another SRMA reported consistency of SGLT2i effect

across trials and different levels of eGFR (baseline eGFR
30-45 mL/min/1.73 m?) and albuminuria with a reduction
in the risk of dialysis, transplantation or death due to
renal causes (RR: 0.67, 95% CI: 0.52-0.86, p = 0.0019),
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Table 3. Emerging Evidence with SGLT2i in HF with T2DM and CKD With and Without T2DM

REVIEW ARTICLE IS

Trial (NCT number) Sample size Study objective and population Study status

In subjects with T2DM and HF

Treatment of DM in 36 Evaluate canagliflozin 100 mg vs. sitagliptin 100 mg on exercise Completed™:

HFrEF (NCT02920918) capacity, cardiac function and cardiac biomarkers in HFrEF (EF  September 2018
<40%)

RECEDE-CHF 23 Compare empagliflozin 25 mg, to placebo in patients with T2DM Completed: January

(NCT03226457) and chronic HF (NYHAII/IIT) with left ventricular systolic dysfunction 2019
and who are already on a loop diuretic

ELSI (NCT03128528) 84 Evaluate empagliflozin 10 mg vs. placebo on reduction of tissue Completed: April 2020
sodium contentin patients with chronic HFrEF (<40%) and HFmEF
(40-49%) with T2DM

IDDIA (NCT02751398) 60 Evaluate dapagliflozin on diastolic dysfunction in T2DM patients Completed: June 2020
with = grade 1 diastolic function at resting echocardiography

SOLOIST-WHF 1,222 Evaluate sotagliflozin on clinical outcomes in hemodynamically Terminated

(NCT03521934) stable patients with T2DM post-WHF (EF <40%). prematurely: June 2020

ERADICATE-HF** 36 Evaluate mechanism by which ertuglifiozin 15 mg modifies Completion:

(NCT03416270) cardiorenal interactions that regulate fluid volume and March 2021
neurohormonal activation in T2DM and HF (EF 220%).

EXCEED 100 (target)  Evaluate ipraglifiozin on cardiac function in patients with chronic  Completion: Date not

(UMIN000027095)

HF (NYHA I-1ll) and T2DM vs. non-SGLT2i antidiabetic drugs

In subjects with CKD (with and without T2DM)

Evaluate sotagliflozin, on time to: a) first MACE or b) CV death
or HHF. Patients eligible if T2DM and eGFR 225 and <60 mL/

Evaluate empagliflozin 10 mg and linagliptin 5 mg monotherapy or
combination vs. gliclazide 30 mg on changes in GFR

Patients eligible if T2DM and eGFR 245 and on treatment with

Evaluate empagliflozin, on composite of time to first occurrence

SCORED 10,584
(NCT03315143)
min/1.73 m2
RACELINES 66
(NCT03433248)
RAAS blockers
EMPA-KIDNEY 6,000
(NCT03594110) of kidney disease or CV death

*Results not published; **Not yet recruiting

Patients eligible if CKD and eGFR 220 to <45 or 245 to <90 with
UACR 2200 mg/g

available

Terminated
prematurely: July 2020

Completion: December
2021

Completion: October
2022

CKD = Chronic kidney disease; CV = Cardiovascular; DM = Diabetes mellitus; EF = Ejection fraction; eGFR = Estimated glomerular filtration rate; ESRD = End-stage renal disease;
HF = Heart failure; HHF = Hospitalization for heart failure; HFmEF = Heart failure with mid-range ejection fraction; HFrEF = Heart failure with reduced ejection fraction; MACE =
Major adverse cardiovascular events; NYHA = New York Heart Association; RAAS = Renin-angiotensin-aldosterone system; SGLT2i = Sodium-glucose co-transporter 2 inhibitor;

T2DM = Type 2 diabetes mellitus; UACR = Urine albumin-to-creatinine ratio; WHF = Worsening heart failure.

ESRD (HR: 0.65, 95% CI: 0.53-0.81, p < 0.0001) and acute
kidney injury (HR: 0.75, 95% CI: 0.66-0.85, p < 0.0001).3
A prespecified meta-analysis of the EMPEROR-Reduced
and DAPA-HF trials reported significant reductions
in the all-cause death (HR: 0.87; 95% CI: 0.77-0.98; p =
0.018), CV death (HR: 0.86; 95% CI: 0.76-0.98; p = 0.027),
and composite renal outcome (HR: 0.62; in patients with
HFrEF, with benefits consistent across subgroups, such
as age, sex, diabetes and baseline eGFR.>

Real-world Evidence

In CVD-REAL® (n = 3,09,056), the use of SGLT2i
(n = 1,54,528) versus other GLDs demonstrated a lower
risk for HHF (HR: 0.61, 95% CI: 0.51-0.73, p < 0.001),
death (HR: 049, 95% CI: 0.41-0.57, p < 0.001); and
HHF or death (HR: 0.54, 95% CI: 0.48-0.60, p < 0.001)
without a country-wise difference. An analysis of the
CVD-REAL study (n = 1,53,078) reported that SGLT2i
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use was associated with a lower risk of mortality in
patients with (HR: 0.56, 95% CI: 0.44-0.70) and without
(HR: 0.56, 95% CI: 0.50-0.63) CVD. Furthermore, HF
(HR: 0.72, 95% CI: 0.63-0.82 and HR: 0.61, 95% CI:
0.48-0.78, with and without CVD, respectively) and the
composite of HF or death (HR: 0.63, 95% CI: 0.57-0.70
and HR: 0.56, 95% CI: 0.50-0.62, with and without CVD,
respectively) were lowered significantly.>

Preliminary results of the EMPRISE study demonstrated
a 50% risk reduction with empagliflozin in HF
discharge diagnosis in the primary position (HHEF-
specific) (HR: 0.50, 95% CI: 0.28-0.91) and 49% in HF
discharge diagnosis in any position (HHF-broad) (HR:
0.51, 95% CI: 0.390.68) compared with sitagliptin. The
results were consistent for both doses of empagliflozin
(10 and 25 mg) and irrespective of the baseline CVD
status.”’

The CVD-REAL 3 study showed a lower risk of eGFR
decline (difference in slope 1.53 mL/min/1.73 m?, 95%
CI: 1.34-1.72, p < 0.0001) and renal outcomes (HR: 0.49,
95% CI: 0.35-0.67, p < 0.0001) in the group receiving
SGLT2i.%

Emerging Evidence in Chronic Heart Failure with
HFrEF and HFpEF

Table 2 shows emerging evidence with multiple
phase 2/3 and 4 trials evaluating SGLT2i in subjects
with pure HF (HFrEF and HFpEF), without comorbid
T2DM, on parameters like cardiac biomarkers, exercise
capacity, quality of life, echocardiographic features, HF
symptoms, worsening HF and CV death. These study
results may elevate the importance of SGLT2i in the
clinical practice of a cardiologist.

Emerging Evidence with SGLT2i for Coexistent
T2DM and HF

Several trials currently investigating the benefits of
SGLT2i in subjects with the dual burden of T2DM and
HF are described in Table 3. These trials will assess
the mechanisms and effects of SGLT2i on exercise
capacity, systolic and diastolic cardiac function, and
HF biomarkers when T2DM and HF coexist, and their
results may augment the importance of SGLT2i in the
practice of diabetologists and cardiologists.

Emerging Evidence with SGLT2i in CKD (With and
Without T2DM)

Trials currently investigating SGLT2i in subjects with
CKD (with and without T2DM) are described in
Table 3. These trials will assess the renal physiology,
biomarkers and renal and CV endpoints at different
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CKD stages. The EMPA-KIDNEY trial® like the
DAPA-CKD trial'* specifically plans to evaluate renal
outcomes in CKD subjects without T2DM. Results
from these trials may cause a paradigm shift in the
practice of nephrologists.

ROLE OF PCPS FOR SGLT2I USE

PCPs form the first touch point of care for T2DM
in many countries; 90% of people with T2DM were
treated by PCPs in the United States.®” In the United
Kingdom, only 20% of people with T2DM see a
specialist, implying 80% are seen by PCPs.®! T2DM
management in primary care is complex with multiple
challenges including clinician and patient inertia in
ensuring treatment compliance and implementing
therapeutic advances.®?

A Canadian survey highlighted the importance of PCPs
in individualizing treatment decisions when initiating
SGLT2i therapy.®® While the PCP role is important
in the everyday management, expert evaluation for
diabetes-related complications, CV risk and renal
status by diabetologists/endocrinologists, cardiologists
and nephrologists, is essential to optimize treatment
decisions and improve clinical outcomes.**

CONCLUSION

PCPs, diabetologists and endocrinologists play a prime
role as the first contact for most subjects with T2DM
and rely on novel therapies like SGLT2i for effective
glycemic control and microvascular and macrovascular
risk reduction. Cardiologists and nephrologists can
play an equally prime role by routinely screening
their patients for T2DM, and optimally managing CV
and renal risk factors by assimilating SGLT2i use in
their clinical practice. SGLT2i offer a meeting point for
PCPs, diabetologists, cardiologists and nephrologists
by delivering benefits as antidiabetic, cardiac and renal
molecules.
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