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ABSTRACT

Sodium-glucose cotransporter-2 inhibitors (SGLT-2i) are a
new class of drugs for patients with type 2 diabetes (T2DM)
which inhibit urinary glucose reabsorption in the proximal
tubule of the nephron and result in glucosuria, natriuresis and
diuresis. In large, randomized clinical trials, SGLT-2i have
been shown to reduce major cardiovascular (CV) events and
heart failure (HF) hospitalizations in patients with T2DM who
have atherosclerotic CV disease or CV risk factors. In these
trials, SGLT-2i is have their greatest and most consistent effect
on reducing the risk of HF hospitalization. The reduction in HF
hospitalization was also observed in subgroups of patients
with a HF diagnosis at baseline, which raised the possibility
of a clinical benefit of SGLT-2i in HF patients, regardless of
the presence or absence of T2DM. In very recently published
DAPA-HF trial, a SGLT-2i, dapagliflozin treatment on top of
standard HF therapy has been shown to have clear clinical
benefits in terms of reducing HF hospitalization, CV mortality,
all-cause mortality and improving quality of life in HF patients.
This compelling evidence suggests that SGLT-2i have a po-
tential to be an effective treatment option in HF, regardless
of diabetes. This article provides a comprehensive overview
focused on the role of SGLT-2i in the treatment of HF.

OzET

Sodyum glikoz ko-transporter-2 inhibitorleri (SGLT-2i), glu-
koz geri emiliminin saglandigi bébrek proksimal tubullerinde
glikoz reabsorbsiyonunu engelleyip gltikozuri, dilirez ve nat-
riireze neden olarak etkili olan yeni antidiyabetik ajanlardir.
Genis capli randomize klinik calismalarda, aterosklerotik
kardiyovaskdler (KV) hastaligi veya yiksek KV risk faktor-
leri olan tip 2 diyabette (T2DM), majér KV olaylari ve kalp
yetersizligine (KY) bagl hastane yatiglarini azalttigr ortaya
konmustur. Bu calismalarda en buytk ve tutarl etkinin KY
nedenli hastane yatislarini azaltmasi lzerine oldugu goéz-
lenmigtir. KY nedenli hastane yatislarina etkisinin KY tanisi
bulunan hasta subgruplarinda da gésterilmis olmasi SGLT-
2i’lerin T2DM olsun olmasin tim KY olgularinda klinik ya-
rarlar saglayabilecegi diislincesini ortaya koymustur. Yeni
yayinlanan DAPA-HF calismasinda, standart KY tedavisi
Uzerine eklenen ve SGLT-2i olan dapagliflozinin diyabet
olsun olmasin KY bulunan olgularda KY nedenli hastane
yatiglarini, KV mortalite ve tim nedenli mortaliteyi azalttidi,
yasam kalitesini duzelttigi gésterilmistir. Bu sonuglar SGLT-
2i’lerin KY’de etkin bir tedavi secenegdi olma potansiyeline
sahip oldugunu desteklemektedir. Bu derlemede SGLT-
2i’lerin KY tedavisindeki roli degerlendiriimektedir.
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Introduction
Yiiksel Cavusoglu

Sodium glucose co-transporter-2 inhibitors (SGLT-2
inhibitors) are antidiabetic agents that act by interfe-
ring with glucose reabsorption in renal proximal tubu-
les, where glucose is mainly reabsorbed. SGLT-2 inhi-
bitors have been shown to reduce hospitalizations for
heart failure (HF) in patients type 2 diabetes mellitus
(T2DM) and established atherosclerotic cardiovascular
(CV) disease (ASCVD) or high CV risk factors , focu-
sing particular interest on these drugs.!~*! These agents
increase urinary glucose excretion as well as sodium
excretion. Fluid excretion increases together with os-
motic diuresis and natriuresis. Thus, these drugs cause
a decrease in extravascular and intravascular volume,
similar to the effect of a diuretic. They also reduce blo-
od pressure and body weight. Unlike diuretics, these
agents have no negative effects on renal function, and
they have been reported to significantly imrove the
outcomes related to renal clinical deterioration. These
favorable effects suggest that SGLT-2 inhibitors have
the potential to offer an effective treatment option in
HF independent of diabetes. The fact that these agents
have been shown to reduce hospitalization for HF ac-
ross all studies in patients with T2DM and ASCVD,
and the similar outcomes observed in HF subgroup
analyses indicate that the clinical benefits of SGLT-2
inhibitors may also be applicable in patients with HE.I'-
31 Recent results from the DAPA-HF* and DEFINE-
HF®! studies have demonstrated the clinical benefit of
SGLT-2 inhibitors added to standard HF treatment in
patients with HF independent of diabetes, bringing a
brand new approach to HF treatment.

Mechanism of Action of SGLT-2 Inhibitors in
Heart Failure

Mehmet Birhan Yilmaz

The SGLT-2 and SGLT-1 system in renal proximal
tubules are responsible for glucose reabsorption, with
approximately 90% of glucose reabsorption occur-
ring through a SGLT-2-mediated pathway and 10%
via SGLT-1 in proximal tubules. SGLT-2 inhibitors
interfere with glucose reabsorption, thereby leading
to glycosuria as well as natriuresis and diuresis. Upon
demonstration of the favorable CV benefits of SGLT-2
inhibitors, there have been increasing remarks that this

class of drugs may in fact be more than simply glyco-
suric antidiabetics. The vast majority of these remarks
rely on additional results from large trials studying the-
se agents as antidiabetics and the pathophysiological
mechanism based on the effects at receptor level whi-
le an important proportion of the opinions stem from
animal experiments (Fig. 1); however, these have not
been demonstrated as a whole to date. Nevertheless,
there is an increased interest in this drug class among
physicians involved in HF treatment.

Natriuretic and diuretic effect

SGLT-2 inhibitors may positively improve ventricular
load by reducing preload through natriuretic and diu-
retic effects. Apart from natriuresis and glycosuria, da-
paglifiozin has also been shown to reduce tissue sodi-
um levels in T2DM patients.!® This effect is thought to
occur as the excretion of sodium, which escapes from
the systemic effect and accumulates among glycosa-
minoglycans. These effects ultimately lead to volume
contraction, i.e. hemoconcentration or, in other words,
increased hematocrit levels. For instance, the CV be-
nefit was largely associated with this effect in the em-
pagliflozin study.”

SGLT-2 inhibitors may cause volume contraction
by directly reducing interstitial fluid, contrary to other
diuretics that reduce intravascular fluid more promi-
nently, thereby indirectly affecting the interstitial re-
gion. For example,
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Figure 1. Potential effects of gliflozins in heart failure.

decrease in blood pressure due to urinary glucose and
sodium excretion."®"" The minimum treatment durati-
on required to achieve the full effect has been reported
as six months.!"? However, there is no clear data sho-
wing HF-specific benefits from these effects deemed
to be favorable in CV terms.

Still, SGLT-2 inhibitors have a unique position
among the diuretics used in clinical setting as they
regulate proximal tubule functions. Furthermore, this
natriuretic response is important in terms of tubulog-
lomerular feedback and vasoconstriction in afferent
arterioles.!" as intraglomerular pressure is ultimately
reduced and protective effects are observed at nephron
level, which have also been shown in clinical trials.!'*!

Direct effect on myocardium

There is substantial evidence indicating that SGLT-
2 inhibitors bind and inhibit the Na-H exchanger 1
(NHE) in myocardium.!">!®" Another isoform of this
receptor is expressed in kidneys and responsible for tu-
bular sodium reabsorption. There are signs indicating
that gliflozins inhibit this receptor as well.!'” Inhibition
of NHE, known to increase cytosolic sodium and cal-
cium in experimental HF models, may be beneficial
through a number of pathways. At least one of these
may be related to improved mitochondrial function in
the presence of insulin resistance.!'® Another pathway
leading to a direct myocardial effect may be the decre-
ase in cardiac fibrosis. Empagliflozin has been shown
to reduce cardiac fibrosis and oxidative stress in a di-
abetic mouse model.""”! Confirmation of this favorable

effect in ongoing clinical trials may render gliflozins
as the strongest choice for evidence-based medicine in
HF with preserved ejection fraction (HFpEF).

Efficient fuel hypothesis

Gliflozins are known to increase the production of
ketone bodies, i.e. beta-hydroxybutyrate, acetoace-
tate and acetone by increasing glucagon levels and
lowering insulin levels, thereby altering the insulin/
glucagon ratio.”” Therefore, it appears possible to
mimic a ketogenic diet with these drugs and even to
potentiate this effect. Ketone bodies offer an alter-
native and more efficient fuel. While 100 g glucose
provides 8.7 kg adenine triphosphate (ATP), 100 g
beta-hydroxybutyrate can produce 10.5 kg ATP and
100 g acetoacetate can produce 9.4 kg ATP.?!! This
efficiency may be of critical importance in conditions
such as HE.?*# In a doxorubicin-induced HF animal
model, the cardioprotective effect was associated with
increased beta-hydroxybutyrate levels.?” This effect
is also associated with the direct myocardial effect.

Other possible effects

In an animal model, dapagliflozin administered du-
ring daytime was shown to decrease adipokine levels
and adipocyte size as well as plasma glucose levels.
(5] Moreover, in adipocyte tissues obtained from pa-
tients undergoing open heart surgery, dapagliflozin
was shown to reduce the release of pro-inflammatory
chemokines and positively affect the differentiation of
epicardial adipocytes.*!
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In an experimental animal model, acute dapaglif-
lozin administration was shown to increase endotheli-
um-dependent vasodilation in a dose-dependent man-
ner while chronic administration improved endothelial
function by reducing vascular adhesion molecules and
vascular wall infiltration in vivo.”” On the other hand,
the ADDENDA-BHS?2 study currently investigates the
effect of dapagliflozin on flow-related vasodilation in
patients with diabetic endothelial dysfunction.?®!

In conclusion, gliflozins provide a strong candida-
te for widespread use in all phenotypes of HF syndro-
me with their effects listed here or those that have not
been elucidated to date. Currently, within the scope of
evidence-based medicine, these agents have become a
main leaf of a four-leaf clover in the treatment of HF
with reduced ejection fraction (HFrEF).

Studies on SGLT-2 Inhibitors from Diabetes to
Heart Failure

Yiksel Cavusoglu

The first study to evaluate the effect of SGLT-2 inhi-
bitors on CV outcomes in T2DM was the EMPA-REG
OUTCOME study.! A total of 7,020 T2DM patients
with established ASCVD were enrolled in this ran-
domized, double-blind study to compare 10 mg and
25 mg empagliflozin versus placebo in terms CV out-
comes. Mean duration of follow-up was 3.1 years. In
the study in which the primary hypothesis was non-
inferiority, empagliflozin was shown to be non-inferior
than placebo at the primary endpoint of CV death, non-
fatal myocardial infarction (MI) or non-fatal stroke,
and superior than placebo in the superiority analysis
[hazard ratio (HR): 0.86, 95% confidence interval (CI),
0.74-0.99, p<0.001 for non-inferiority and p<0.04 for
superiority]. Furthermore, there was a 35% decrease in
hospitalization for HF alone (HR: 0.65, 95% CI, 0.50—
0.85, p=0.002] and a 38% decrease in CV death alone
(HR: 0.62; 95% CI, 0.49-0.77; p<0.001) (Table 1).

Subsequently, results came from the randomized,
double-blind CANVAS study, which compared canag-
liflozin 100 mg and 300 mg versus placebo in terms
of CV outcomes in 10,142 T2DM patients who had
established ASCVD or CV risk factors alone.”’ Mean
duration of follow-up was 3.6 years. Similarly, the pri-
mary hypothesis was non-inferiority in this study and
canagliflozin was found to be non-inferior than pla-
cebo at the primary endpoint of CV death, non-fatal

MI or non-fatal stroke and superior in the superiority
analysis (HR=0.86, 95% CI=0.75-0.97, p<0.001 for
non-inferiority and p<0.02 for superiority). In additi-
on, a significant decrease was observed in hospitaliza-
tion for HF alone (33%; HR=0.67, 95% CI=0.52-0.87)
while a non-significant decrease was seen in CV death
alone (13%; HR: 0.87; 95% ClI, 0.72-1.06) (Table 1).

The DECLARE-TIMI 58 study compared dapag-
liflozin versus placebo in terms of CV outcomes in
17,160 T2DM patients, including those with estab-
lished ASCVD as well as subjects with CV risk fac-
tors alone.P! Taking into account the results of the
EMPA-REG OUTCOME study, which were publis-
hed while the study in question was in progress, two
primary endpoints (1-MACE: CV death, non-fatal MI
or non-fatal stroke; and 2-CV death or hospitalization
for HF) were evaluated. Mean duration of follow-up
was 4.2 years. The study, in which the primary hypot-
hesis was non-inferiority, showed non-inferiority of
dapagliflozin versus placebo (p<0.001) for MACE,
although a significant p-value was not observed for
superiority. However, a significant decrease was no-
ted in the other primary endpoint consisting of CV
death and hospitalization for HF (HR=0.83, 95% ClI,
0.73-0.95, p=0.005). Furthermore, hospitalization for
HF alone was significantly decreased with dapagliflo-
zin (HR=0.73, 95% CI1=0.61-0.88) (Table 1).

A meta-analysis evaluating these 3 large studies
which included 34,322 subjects in total*! reported
that SGLT-2 inhibitors reduced CV death or hospitali-
zation for HF by 23% (HR 0.77,0.71-0.84, p<0.0001)
and that this benefit was similar in patients with estab-
lished ASCVD and those with CV risk factors alone.
Similarly, it was concluded that SGLT-2 inhibitors
significantly reduced hospitalization for HF alone
both in patients with established ASCVD (HR=0.71,
0.61-0.84, p<0.0001) and those with CV risk factors
alone (HR=0.79, 0.71-0.88, p<0.0001).*

The DAPA-HF study, which was designed based
on the hypothesis that SGLT-2 inhibitors would pro-
vide clinical benefit in subjects with HF alone as they
were shown to significantly and consistently reduce
hospitalization for HF across all studies,™ included
4,744 patients with EF <40% and functional capacity
classified as New York Heart Association (NYHA) II-
IV with or without DM to evaluate the effectiveness
and safety of dapagliflozin compared to placebo ad-
ded to standard HF treatment.
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Table 1. Characteristics and outcomes of large clinical studies with SGLT-2 inhibitors
EMPA-REG OUTCOME CANVAS DECLARE TIMI-58 DAPA-HF
SGLT-2 inhibitor Empagliflozin Canagliflozin Dapagliflozin Dapagliflozin
Number of patients 7020 10,142 17,160 4744
Age, years 63.1 63.3 63.9 66.3
Follow-up, years 3.1 2.4 4.2 1.5
Patient group T2DM T2DM T2DM HF
Presence of HF 10.1% (n=706) 14.4% (n=1461) 10% (n=1724) 100%

Established CVD
GFR (mL/min/1.73 m?)
Primary endpoint

Reduction in primary
endpoint

Reduction in HF
hospitalization
Reduction in CV death

100%
>30
CV death/Ml/stroke

HR: 0.86, 95% Cl,
0.74-0.99

HR: 0.65, 95% Cl,
0.50-0.85
HR: 0.62; 95% Cl,
0.49-0.77

65.6% (n=6656)
>30
CV death/Ml/stroke

HR: 0.86, 95% Cl,
0.75-0.97

HR: 0.67, 95%
Cl, 0.52-0.87
HR: 0.87; 95% Cl,
0.72-1.06

40.6% (n=6974)

>60

1- CV death/Ml/stroke
2- CV death/ HF

1- HR: 0.93; 95%
Cl, 0.84-1.03

2- HR: 0.83, 95%
Cl, 0.73-0.95
HR: 0.73, 95% ClI,
0.61-0.88

HR: 0.98; 95% Cl,
0.82-1.17

56% (ischemic HF)
>30
Hospitalization or
emergency visit for
hospitalization HF/
CV death

HR: 0.74; 95% ClI,
0.65-0.85

HR: 0.70, 95% Cl,
0.59-0.83
HR: 0.82, 95% Cl,
0.69-0.98

SGLT-2 inhibitor: Sodium-glucose co-transporter 2 inhibitors; T2DM: Type 2 diabetes mellitus; GFR, glomerular filtration rate; CV: Cardiovascular; HF: Heart

failure; MI: Myocardial infarction; CVD: Cardiovascular disease; HR: hazard ratio.

The primary endpoint was emergency visit for HF or
hospitalization for HF or CV death. Dapagliflozin was
associated with a significant decrease in the primary
endpoint (HR=0.74; 95% CI=0.65-0.85; p<0.001)
(Table 1). Furthermore, significantly lower rates were
observed in hospitalizations for HF alone (HR=0.70,
95% CI=0.59-0.83), CV death alone (HR=0.82, 95%
CI=0.69-0.98), all-cause mortality alone (HR=0.83,
95% CI1=0.71-0.97) and CV death or hospitalizations
for HF (HR=0.75, 95% CI=0.65-0.85).1%!

DEFINE-HF is another recently published study,
which evaluated subjects with HF alone." This relati-
vely smaller study with a short follow-up period inc-
luded 263 HFrEF patients with EF <40% and NYHA
II-IV to investigate the changes in NT-proBNP and
quality of life with dapagliflozin at the end of 12 we-
eks. Results of the study showed significant improve-
ments in quality of life and NT-proBNP levels with
dapagliflozin.

When characteristics of patient populations and

results of the studies are evaluated together, SGLT-2
inhibitors appear to provide further clinic benefits in
terms of CV death and all-cause mortality as the CV
risk profile increase in patients with T2DM. However,
the clinical benefits for HF may be achieved both in
patients with low- and high-CV risk profile. Moreover,
results from DAPA-HF demonstrated clinical benefits
with SGLT-2 inhibitors both in non-diabetic and non-
ischemic HF cases. In other words, DAPA-HF data in-
dicate that SGLT-2 inhibitors may be a part of treatment
in all patients with HF, whether diabetic or non-diabetic,
in addition to their protective role against HF observed
with SGLT-2 inhibitors in patients with T2DM.

SGLT-2 Inhibitors in Primary Prevention of
Heart Failure

Baris Kilicaslan

Studies conducted in diabetic patients have explored
the effects of SGLT-2 inhibitors in primary prevention
of HF and CV disease. The EMPA-REG study, which
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was the first of these studies, showed that empaglif-
lozin significantly decreased hospitalizations for HF
in patients with T2DM and history of established CV
disease (HR=0.65; (0.50-0.85); p=0.002). The effects
of empaglifiozin doses (10 mg and 20 mg) utilized in
the study were found to be similar.!"! In the CANVAS
study, which investigated canagliflozin in patients with
T2DM and ASCVD or CV risk factors, hospitalizati-
ons for HF was a secondary endpoint and appeared to
dissociate early in the canagliflozin group, resulting
in a significantly lower rate at the end of the study
[HR=0.67 (0.52-0.87); p=0.002]. Unlike EMPA-
REG, CANVAS enrolled subjects with CV risk factors
without ASCVD comprising 35% of the study popu-
lation and the superiority of canagliflozin in primary
prevention of HF was seen to persist in these patients
as well.”? DECLARE, which was conducted in light of
these studies, compared dapagliflozin versus placebo
in patients with T2DM and ASCVD or high CV risk
and demonstrated a significantly lower rate of hospita-
lizations for HF in the dapaglifiozin group [HR=0.73
(0.61-0.88); p=0.002].P! Patient characteristics dif-
fer in terms of CV disease burden across studies and
Zelniker et al.”! published a meta-analysis including
three studies to evaluate the effect of this difference on
results. This meta-analysis evaluated a total of 35,322
patients. Of these, 60.2% had history of ASCVD and
39.8 had multiple CV risks without history of ASCVD.
The meta-analysis revealed a significant decrease in
hospitalization for HF by 31% [HR=0.69 (0.61-0.79),
p<0.0001] and this decrease was similar both in pati-
ents with ASCVD and those with multiple CV risks.
The decrease in hospitalizations for HF was evident
with or without a diagnosis of HF.

In line with the results of all the aforementioned
studies, one may conclude that SGLT-2 inhibitors sig-
nificantly mitigate HF development in patients with
T2DM. Based on the relevant data, current treatment
guidelines have recognized SGLT-2 inhibitors for the
primary prevention of HF. The use of empagliflozin
was firstly recommended with a Class Ila indication
to prevent or delay the development of HF in patients
with T2DM in the 2016 European HF guidelines.*" In
2019, European Society of Cardiology and European
Foundation for the Study of Diabetes issued guide-
lines on “Diabetes, Pre-diabetes and Cardiovascular
Disease”, which included SGLT-2 inhibitors (empag-
liflozin, canagliflozin and dapagliflozin) as a Class I,
evidence level A recommendation to reduce the rate

of hospitalizations for HF in T2DM patients."*!! The
2019 Consensus Report on Clinical Practice Updates
issued by the European Society of Cardiology Heart
Failure Group in 2019 recommended SGLT-2 inhibi-
tors (empaglifiozin, canaglifiozin or dapagliflozin) to
reduce hospitalizations for HF or delay the develop-
ment of HF in T2DM patients with ASCVD or high
risk of CV disease. The consensus in question high-
lighted the sufficiency of available data to prove the
class effect of SGLT-2 inhibitors in reducing hospi-
talizations for HE.*?! Data from studies conducted to
date and the recommendations in guidelines support
the efficacy of SGLT-2 inhibitors in the primary pre-
vention of HF in patients with T2DM and established
ASCVD or high-risk factors for CV disease.

SGLT-2 Inhibitors in Heart Failure
Accompanied by Diabetes

Ozlem Yildirnmturk

Diabetes is not only an independent known risk factor
for HF, but also plays a role as an independent risk
factor in morbidity and mortality in these patients.
331 About 20—40% of HF patients have concomitant
T2DM.B4 The greatest advance in therapeutic ma-
nagement of diabetic HF patients has been the de-
monstration of reduced hospitalizations for HF with
SGLT-2 inhibitors in recent years.”?”’ The EMPA-REG
OUTCOME,® CANVASPY and DECLARE TIMI-
5881 studies conducted in T2DM patients with estab-
lished ASCVD or CV risk factors have shown that
empagliflozin,”**! canagliflozin and dapagliflozin, res-
pectively, decrease hospitalizations for HF in patients
with T2DM. Only 10.1% of the patients enrolled in
EMPA-REG OUTCOME had known history of HF as
the study mainly included T2DM patients with estab-
lished ASCVD. In the patient group with T2DM and
concomitant HF, outcomes were found to be in favor
of empagliflozin in terms of hospitalization for HF/
CV death (16.2% vs 20.1%; HR=0.72, 95% CI=0.50-
1.04), hospitalization for HF alone (10.4% vs 12.3%;
HR=0.75, 95% CI=0.48-1.19) and CV death alone
(8.2% vs 11.1%; HR=0.79, 95% C1=0.52—-1.2).5"" In
an analysis employing the Health ABC HF risk score
with nine variables, an increased rate of hospitaliza-
tion for HF/CV death was noted with increasing risk
scores in patients on placebo. CV death/hospitalizati-
on for HF appeared to be reduced with empaglifiozin
at all risk levels in patients without underlying HE.



336

Turk Kardiyol Dern Ars

CANVAS and CANVAS-R were combined as the
CANVAS program in order to focus on the effects
of canagliflozin. While 65.6% of the T2DM patients
with high CV risk included in the study had history
of established ASCVD, only 14.4% had HE.”*® Eva-
luation of HF patients revealed outcomes in favor
of canagliflozin for CV death/hospitalization for HF
[35.4 vs 56.8 per 1000 patient-years, HR=0.61 (95%
CI=0.46-0.80), p=0.02], CV death [24.3 vs 31.6 per
1000 patient-years, HR=0.72 (95% CI=0.51-1.02),
p=0.17] and hospitalization for HF [14.1 vs 28.1 per
1000 patient-years, HR=0.51 (95% CI=0.33-0.78),
p=0.47]. The 5-year evaluation of the net risk showed
a significant risk reduction with canagliflozin in ra-
tes of CV death/hospitalization for HF (p=0.003) and
hospitalization for HF (p=0.01).%*

Similarly, the DECLARE study, which was con-
ducted at the request of the Food and Drug Admi-
nistration (FDA) due to safety data, investigated
dapagliflozin in high-risk T2DM patients with estab-
lished ASCVD and CV risk factors. To date, DEC-
LARE-TIMI-58 remains the only study that recorded
the patients’ EF values. EF was <45% in 3.9% of the
patients included in the study and HF diagnosis was
established by the physician regardless of EF in 7.7%
of the patients.? A significant decrease was obser-
ved in CV death/hospitalization for HF with dapag-
liflozin in HFrEF patients compared to those without
HFrEF (HR=0.62, 95% CI=0.45-0.86 vs HR=0.88,
95% CI1=0.76-1.02, p=0.046). Similarly, dapagliflozin
showed significant benefit in terms of all-cause mor-
tality in HFrEF patients (HR=0.59, 95% CI=0.40-
0.88, p=0.01) compared to others (HR=0.97, 95%
CI=0.86-1.10, p-interaction 0.016)."!

Since the data of HF patients were based on subg-
roup analyses in these three studies, more detailed data
were deemed necessary in order to investigate the be-
nefit of SGLT-2 inhibitors in T2DM patients. The me-
ta-analysis evaluating these studies together reported
significantly reduced risks of CV death/hospitalizati-
on for HF (HR=0.71, 95% CI=0.61-0.84), hospitali-
zation for HF alone (HR=0.68, 95% CI=0.55-0.83)
and all-cause mortality (HR=0.80, 95% CI=0.67—
0.95) with SGLT-2 inhibitors in patients with HF at
baseline.”! Based on these results, specific studies
investigating the effectiveness and safety of SGLT-2
inhibitors in HF have been commenced. These inc-
lude®® DAPA-HF,* EMPEROR-Reduced,?! EM-

PEROR-Preserved,* DELIVER and,”** SOLOIST-
WHE. While results from EMPEROR-Reduced and
EMPEROR-Preserved are expected to be announced
in the near future, patient enrollment is expected to
be completed in 2021 for DELIVER, which aims to
investigate dapagliflozin in HFpEF. The T2DM subg-
roup analyses of these studies are expected to provide
more definitive information concerning the effecti-
veness of SGLT-2 inhibitors in HF accompanied by
diabetes.

DAPA-HF was the first study with published re-
sults in the heart failure patient population. In DAPA-
HF, 4744 NYHA 1I-1V patients with EF <40% were
randomized to dapagliflozin 10 mg or placebo.*’! The
study population consisted 41.8% patients with DM.
Primary endpoints (worsening HF or CV-related de-
ath) was found to be significantly low with dapagliflo-
zin both in diabetic patients (HR=0.75, 95% CI=0.63—
0.90) and those without diabetes (HR=0.73, 95% CI,
0.6-0.88). In the diabetic patients group, significant
improvement was achieved with dapagliflozin in the
endpoints of hospitalization for HF alone (HR=0.77,
95% C1=0.63-0.94), CV death/hospitalization for HF
(HR=0.75, 95% CI=0.63-0.90) and all-cause mortality
(HR=0.78, 95% CI=0.63-0.97). One of the important
observations in this study was the early dissociation
of the curves after treatment initiation and the efficacy
of dapagliflozin being independent of the patients’
glycemic status. Furthermore, 94% of the patients
were receiving an angiotensin converting enzyme in-
hibitor (ACEI), angiotensin II receptor blocker (ARB)
or ARNI, 96% were on a beta-blocker and 71% were
receiving a mineralocorticoid receptor antagonist, and
the clinical benefit seen with the addition of dapagliflo-
zin to optimal standard of care was significant. Results
of the present study (Table 2) indicate that SGLT-2 in-
hibitors may be a complementary treatment option in
the current management of HF in patients with T2DM.

SGLT-2 Inhibitors in Heart Failure with
Reduced Ejection Fraction

Hakan Altay

In primary prevention studies (EMPAREG OUTCO-
ME, CANVAS, DECLARE TIMI-58), despite the po-
sitive results in terms of preventing HF development
and guideline recommendations,>**! it remained
unclear whether SGLT-2 inhibitors actually preven-
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Table 2. Endpoints of hospitalization for HF in HF patients with T2DM in SGLT-2 inhibitors studies
Hospitalization for HF
Patients Events per 1000 HR 95% CI
patient-years
Tedavi Plasebo Tedavi Plasebo
Patients with underlying heart failure
EMPA-REG 126 95 2.7 14.5 0.65 0.50-0.85
DECLARE 852 872 10.2 13.1 0.73 0.55-0.96
CANVAS 803 658 14.1 28.1 0.51 0.33-0.78
DAPA-HF 2373 2371 6.9 9.8 0.70 0.59-0.83
Patients without underlying heart failure
EMPA-REG 4225 2089 4.4 71 0.63 0.51-0.78
DECLARE 7730 7706 1.6 2.2 0.73 0.58-0.92
CANVAS 4992 3689 9.8 9.9 0.79 0.57-1.09

HF: Heart failure; HR: Hazard ratio.

ted HFrEF or HFpEF since the patients’ EF values
were not recorded. However, it was thought that these
agents may be effective in both types of HF. Further-
more, only a minority of the patients in these studies
had HF and there is no detailed information on EF
, symptom burden or whether the patients with HF
were receiving the treatment recommended in gui-
delines. It is therefore difficult to precisely interpret
the efficacy of these drugs in patients with HFrEF, yet
subgroup analyses have been conducted to genera-
te a hypothesis in this regard. Roughly 5,000 of the
17,168 patients included in DECLARE-TIMI-58 had
EF values. Of these, 3.9% had EF <45% and were
defined as HFrEF. The subgroup analysis of these
subjects showed that dapagliflozin decreased the end-
point of hospitalization for HF/CV death to a greater
extent in patients with HFrEF compared to those wit-
hout HFrEF (HR=0.62 vs 0.88, p-interaction=0.046).
While dapagliflozin reduced hospitalizations for HF
both in patients with HFrEF and those without HFrEF,
mortality was reduced only in the HFrEF group.?”

Upon the favorable outcomes observed in subgro-
up analyses of the large trials, DEFINE HF has been
one of the first studies to publish results concerning
the effectiveness of SGLT-2 inhibitors in subjects with
HFrEFE.D In this small study conducted at 26 centers in
the United States, 263 HFrEF patients with NYHA II-
IV and EF <40% were randomized to dapagliflozin or
placebo. The DEFINE HF study had two primary end-

points. The first was the change in mean NT-proBNP
at the end of 12 weeks, and the second was a 5-point
increase in the ‘Kansas City Cardiomyopathy’ ques-
tionnaire (KCCQ) or >20% decrease in NT-proBNP.
At the end of 12 weeks, there was no difference in
mean NT-proBNP between the two groups (1133 pg/
mL vs 1191 pg/mL, p=0.43), whereas the second pri-
mary endpoint of a 5-point increase in KCCQ or >20%
decrease in NT-proBNP was found to be significantly
higher proportion of patients in the dapagliflozin group
(61.5% vs 50.4%, p=0.043). The DEFINE HF study,
which had a short follow-up period, was not designed
to investigate hospitalizations for HF and CV death.

DAPA-HEF, on the other hand, is the study that ai-
med to evaluate clinical outcomes in the HFrEF pati-
ent population and has published results. In this study,
dapagliflozin (10 mg/day) added to standard HF treat-
ment was compared with placebo in 4744 patients with
mild-to-moderate HF, i.e. NYHA II-IV and EF <40%.
4l The majority of the patients included in the study
were in the NYHA II-III class. Mean follow-up peri-
od of the study was 18.2 months. The patients were
receiving optimal HFrEF treatment in the background
(ACEi 94%, BB 96%, MRA 71%, ARNi 11%). One
of the most important aspects of the study was that
55% of the patients included in the study did not have
T2DM. The primary endpoint was worsening HF (hos-
pitalization or emergency visit requiring i.v. therapy)
or CV death. At the end of the study, SGLT-2 inhibitors
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were found to decrease the primary endpoint by 26%
(HR=0.74, 95% CI=0.65-0.85). While CV death alo-
ne was decreased by 18% (HR=0.82; 95% CI=0.69-
0.98), hospitalizations for HF were decreased by 30%
(HR=0.70; 95% CI=0.59-0.83). The number needed
to treat with dapagliflozin to prevent the development
of one of the HF events (hospitalization or emergency
visit) was only 16. All-cause mortality was decreased
by 17% (HR=0.83, 95% CI=0.71-0.97). The impro-
vement in symptoms measured by KCCQ at the end
of eight months was better in favor of dapagliflozin
(HR=1.18, 95% CI=1.17-1.21). The safety profile was
similar across the two groups. The rates of treatment
discontinuation due to adverse events were compa-
rable (4.7% vs. 4.9%). Serious side effects were less
common with dapagliflozin (38% vs 42%; p<0.01)
and there was no difference in the favorable effect of
dapagliflozin on the endpoints in the diabetics group
(45%) and those without diabetes (55%). DAPA-HF is
important in terms of showing that SGLT-2 inhibitors
are beneficial also in HF patients without T2DM whi-
le reinforcing the position of SGLT-2 inhibitors in the
treatment of T2DM patients with concomitant HFrEF.

There are ongoing studies that investigate the effec-
tiveness of SGLT-2 inhibitors in HFrEF regardless of
the presence of T2DM. The currently ongoing SGLT-2
inhibitors studies in HFrEF are shown in Table 3. Re-
sults of these studies are expected to consolidate the
position of SGLT-2 inhibitors as the fourth drug class
after the three main drug classes (ACEi/ARB/ARNI,
beta blockers, MRA) used for the treatment of HFrEF.

SGLT-2 Inhibitors in Heart Failure with
Preserved Ejection Fraction

Sanem Nalbantgil

Approximately half of the patients with heart failu-
re have HFrEF, and the rest have HF midrange EF
or HFpEF. There is no group of drugs identified as
agents that prolong survival in HFpEF patients. Di-
uretic therapy for the treatment of comorbidities and
the elimination of congestion are the approaches
described in the guidelines. There is increasing evi-
dence that the drug group of SGLT-2 inhibitors, which
have been introduced to use in recent years, may have
positive effects in these patients.

Table 3. Ongoing clinical studies with SGLT-2 inhibitors in HFrEF

EMPEROR- SOLOIST-WHF DETERMINE- EMPERIAL- EMPIRE-HF
REDUCED Sotagliflozin REDUCED REDUCED Empagliflozin
Empagliflozin (n=4000) Dapagliflozin Empagliflozin  (n=189)
(n=3600) (n=312) (n=312)
Patient -NYHAII-1V, -Type 2 DM -NYHA lI-IV -6MWD -Receiving optimal
population  -Patients with high  -Emergency visit or -LVEF =40% <350 m HF treatment
NT-proBNP levels  hospitalization for HF -Increased NT-proBNP  -NYHA II-IV -LVEF <0.40
-Diagnosis of HF(>3 months)  -6MWD =100 and -EF <40% -eGFR >30
-Those receiving a <425 m -Increased ml/min/1.73 m?2
diuretic for >30 days NT-proBNP -BMI <45 kg/m?
-EF <50% -NYHA I-11I
-BNP =150; 2450 if AF is
present or NT-proBNP
=600; =1800 pg/mL
if AF is present
Primary 1-CV death CV death or Change in 6MWD at Change in Change in
Endpoint 2-Hospitalization hospitalization for HF 16 weeks 6MWD at NT-proBNP
for HF 12 weeks at 90 days

AF: Atrial fibrillation, BMI: Body mass index; BNP: Brain natriuretic peptide; HFrEF: Heart failure with reduced ejection fraction; DM: Diabetes mellitus; eGFR:
Glomerular filtration rate; CV: Cardiovascular; HF: Heart failure; LVEF: Left ventricular ejection fraction; NT-proBNP: N-terminal pro-brain natriuretic peptide;

NYHA: New York Heart Association; BMWD: 6-minute walking distance.
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In the EMPAREG study, which included patients
with T2DM and established ASCVD, the rate of HF
reported by the investigator was about 10% in the gro-
ups receiving placebo or empagliflozin.!'! However,
the interpretation of the investigator was taken into
consideration for the diagnosis of HF in this study and
echocardiographic EF detection or natriuretic pepti-
de values were not available. Data of patients with
HFpEF or HFrEF were not evaluated specifically; ins-

Table 4. Ongoing SGLT-2 inhibitors studies in HFpEF

tead, HF was evaluated in general terms in the study.
Hospitalization for HF was decreased significantly by
35% in the group receiving empagliflozin.!"! The rate
of reduction in hospitalizations for HF was similar in
the groups with and without HF. In addition to hospi-
talization for HF, significant decrease was observed
also in HF-related death, loop diuretic usage (initiati-
on or dose increase), HF reported by the investigator
and all-cause hospitalization in the group receiving

Trial name SGLT-2 Patient LVEF Number of Primary
Clinicaltrials.gov inhibitors population patients  endpoint
DETERMINE-PRESERVED Dapagliflozin HFpEF LVEF >40% 400 16 weeks:

Effects of dapagliflozin on NYHA II-1V Change in 6MWD
exercise capacity using 6MWD and KCCQ-TSS
in patients with HFpEF (phase 3)

Effects of empagliflozin on Empagliflozin HFpEF type LVEF >50% 100 24 weeks:
exercise capacity and left 2 DM Change in 6BMWD
ventricle diastolic function

in patients with HFpEF

and type 2 DM (phase 4)

DELIVER Dapagliflozin HFpEF LVEF >40% 4700 -CV death

Effect of Dapagliflozin on NYHA [I-IV -Hospitalization
Reducing CV Death or for HF
Worsening Heart Failure -Emergency visit/
in Patients With Heart hospital admission
Failure With Preserved for HF

Ejection Fraction (phase 3)

EMPEROR-PRESERVED Empagliflozin HFpEF LVEF >40% 5250 CV death or
Empagliflozin outcome trial NYHA [I-1IV hospitalization

in patients with chronic for HF

HFpEF (EMPEROR

Preserved) (phase 3)

EMPERIAL PRESERVED Empagliflozin HFpEF LVEF >40% 300 12 weeks:

Effect of empagliflozin on Change in 6MWD
exercise ability and heart

failure symptoms in patients

with chronic HFpEF (phase 3)

PRESERVED-HF Dapagliflozin HFpEF LVEF =45% 320 12 weeks:
Dapagliflozin in heart High NP Change in NP
failure with PRESERVED levels

ejection fraction (phase 4)

6MWD: 6-minute walking distance; HFpEF: Heart failure with preserved ejection fraction; KCCQ-TSS: Kansas City Cardiomyopathy Questionnaire - Total

Symptom Score; NP: Natriuretic peptide; NYHA: New York Heart Association.
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empagliflozin.*”! There is no analysis to show the ra-
tes of HFpEF and HFrEF in patients who developed
HF during the follow-up.

In DECLARE, dapagliflozin reduced hospitaliza-
tions for HF in the groups with ASCVD or CV risk
factors alone in the patient population consisting of
those with T2DM and ASCVD or CV risk factors.!
An analysis of the HF subgroup reported HFrEF (left
ventricular EF <45%) in 3.9% of the patients whi-
le 7.7% had HFpEF (left ventricular EF >45%) and
88.4% did not have known HF diagnosis at baseline.
HFpEF patients were older, female and hypertensive.
A subgroup analysis reported that the primary endpo-
int was decreased more evidently in HFrEF patients
while a significant decrease was also observed in pa-
tients with HFpEF."*"!

In the CANVAS study,*" which included 10000
patients with T2DM and ASCVD or CV risk factors,
14.4% of the patients had a diagnosis of HF. Com-
pared to placebo, hospitalization for HF or CV death
was significantly decreased in the group receiving ca-
nagliflozin. The positive effect of the drug was greater
in the group of patients with known HE"®! In a re-
cently published subgroup analysis of this study, 101
of the patients newly diagnosed with HF were repor-
ted to have HFpEF (EF detected by echo >50%), 122
had HFrEF (EF detected by echo <50%) and 61 had
HF with unspecified EF. Patients with HFpEF were
mostly female and had higher rates of hypertension,
obesity and microvascular complications. Compa-
red to placebo, canagliflozin was reported to signifi-
cantly reduce HF-induced hospitalization similarly in
HFpEF patients (HR=0.70; 95% CI=0.55-0.89) and
HFrEF patients (HR=0.69; 95% CI=0.48-1.00).1°!

A meta-analysis that included these three studies
reported that SGLT-2 inhibitors treatment reduced
CV death or HF by 23% and hospitalizations for HF
by 31%.%" This decline was similar in patients with
established ASCVD and those with CV risk factors
alone. In addition, clinical benefits were similar in pa-
tients with pre-study HF and those that developed HF
during the study. Apart from clinical outcome studies,
there are echocardiography and MRI studies inves-
tigating the effects of these drugs on left ventricular
mass, remodeling and diastolic functions.!*?!

In summary, the available data indicate that the
clinical benefits of SGLT-2 inhibitors are similar in

both HFrEF and HFpEF patients, in addition to the
favorable effects seen on HF in patients with T2DM.
Studies investigating the position of SGLT-2 inhibi-
tors in HFpEF patients with and without diabetes are
currently ongoing (Table 4). Results of these studies
are expected to clarify the role of SGLT-2 inhibitors in
HFpEF patients. Nevertheless, the available evidence
readily supports that SGLT-2 inhibitors are promising
agents in the treatment of HFpEF.

Effect of SGLT-2 Inhibitors on Renal Clinical
Outcomes in Heart Failure

Ahmet Temizhan

T2DM is the most important shared denominator and
major risk factor responsible for mortality, hospita-
lization and morbidity associated with ASCVD and
renal disease!***! In the course of this common path-
way, the cardiorenal effects of antidiabetic drugs and
glycemic control are considered as the determining
factors. The favorable effects observed in CV disease,
HF and chronic kidney disease (CKD) with SGLT-2
inhibitors independent of blood sugar lowering effect
of these drugs, which are used as antidiabetic agents,
has changed the paradigms in T2DM treatment.

Effect of SGLT-2 inhibition on renal clinical
outcomes in diabetic patients with CV disease/high
CV risk or chronic kidney disease

Prior to CV outcome studies, SGLT-2 inhibitors were
shown to improve intraglomerular pressure, protei-
nuria and glomerular and tubular histopathological
damage independent of the blood pressure-lowering
effect.*>4 Clinical studies demonstrated reduced al-
buminuria and acute but reversible decreases in es-
timated glomerular filtration rate (eGFR) by 5 mL/
min/1.73 m? with SGLT-2 inhibitors.*"# In fact, long-
term outcome studies with SGLT-2 inhibitors showed
that the reduced albuminuria and GFR were maintai-
ned, with this effect persisting in the long term. =470
While favorable renal effects were seen in all studies,
risk reduction appears to be variable. Rate ratio per
1000 patient-years in composite renal outcomes with
SGLT-2 inhibition compared to placebo was 47% in
DECLARE TIMI-58, 40% in CANVAS and 46% in
EMPA-REG OUTCOME, with 30% relative risk re-
duction observed in Canagliflozin and Renal Events in
Diabetes with Established Nephropathy Clinical Eva-
luation (CREDENCE).!'* The difference in renal ef-
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fects result from the variation in baseline renal function
of patients included in studies and the different defini-
tions of renal outcome (Table 5). Cardiorenal events
were observed at the lowest rate in DECLARE TIMI-
58 and at the highest rate in CREDENCE as patients
in DECLARE TIMI-58 had the best renal function at
the beginning of treatment while those in CREDENCE
had the worst renal function. Again, the highest mean
albuminuria was observed in CREDENCE patients.5"

SGLT-2 inhibition markedly reduced albuminu-
ria in patients with micro- or macroalbuminuria in
EMPA-REG OUTCOME, CANVAS and DECLARE
TIMI-58 studies.!'! In patients with normoalbuminu-
ria at baseline, there was a mild reduction in urinary
albumin/creatinine ratio (UACR) with SGLT-2 inhibi-
tion. In addition to these surrogate outcomes, SGLT-2
inhibitors also had a positive effect on clinical renal
composite outcomes. For instance, in the secondary
analysis of EMPA-REG, empagliflozin decreased the
composite renal outcome (doubling of serum creatini-
ne, renal replacement therapy or renal death) by 46%.
Similar effects were also observed in the meta-analysis
of CANVAS, DECLARE and CV outcomes studies.”!

Empagliflozin decelerated renal disease progressi-
on (mild reduction in albuminuria and GFR) and pro-
vided mild improvements in end-stage renal disease
(ESRD) development in T2DM patients with estab-
lished ASCVD in EMPAREG OUTCOME.!"* The
short- and long-term effect of empagliflozin on UACR
appears to be independent of baseline albuminuria.®
The decreases in major CV events, hospitalization for
HF and mortality are consistent across all GFR and
UACR categories.

Annual reduction of eGFR was decreased by 40%,
albuminuria progression declined by 27% and there
was a numerical decrease in ESRD progression, alt-
hough not statistically significant, with canagliflozin
compared to placebo in the CANVAS program. >3
The effect on renal outcomes appear to be similar in
all GFR subgroups of the primary and secondary CV
prevention cohorts. 15!

In DECLARE TIMI-58, a 24% decrease was obser-
ved in the composite renal outcomes (>40% decline in
GFR to <60 mL/min/1.73 m?, ESRD or renal/CV de-
ath) with dapagliflozin.**% The effect of dapaglifiozin
on albuminuria and analysis of renal outcomes accor-
ding to baseline GFR were not reported in this study.

In a subanalysis of DECLARE based on whether pa-
tients had previous ML renal outcomes were found
to be worse in those with history of MI (8.4%—4.8%,
1.53; 1.25-1.89, p<0.001). However, the meta-analysis
of CV outcome studies with SGLT-2 inhibitors did not
support this finding.”*! According to the result of the
meta-analysis, SGLT-2 inhibition reduced renal dise-
ase progression by 45% (0.55; 0.48-0.64, p <0.0001)
and its renal effects were independent of the presence
of CV disease at baseline. With SGLT-2 inhibition, a
significant and consistent benefit is achieved in renal
outcomes (progression of kidney injury, ESRD or renal
death) in patients with and without ASCVD (Table 6).

The effect of SGLT-2 inhibition on renal outco-
mes may vary depending on baseline renal function.
291 The highest level of preventive effect was seen in
patients with preserved renal function. The risk reduc-
tion in the composite outcome (progression of kidney
injury, ESRD or renal death) was 33% in patients with
GFR <60, 44% in those with GFR 60-90 and 56% in
patients with GFR =90 (interaction p-value = 0.0258)
(Table 7). In contrast to renal outcomes, patients with
impaired renal function at baseline were found to achi-
eve a more pronounced reduction in hospitalization for
HF with SGLT-2 inhibition."

Because renal outcomes were analyzed as a se-
condary outcome in CV outcome studies and as the
incidence of CKD was <30% among the study parti-
cipants, the renal effects of SGLT-2 inhibition obser-
ved in CV outcome studies should be interpreted as
a hypothesis-generating result. The study that actually
investigates the renal effects of SGLT-2 inhibition on
CKD is CREDENCE."

In CREDENCE, which included patients with GFR
30-90 mL/min/1.73 m? and UACR >300-5000 mg/g,
mean GFR was 56.2+18.2 ml/min/1.73 m?, UACR
was 927 mg/g and 59.8% of the patients had GFR <60
mL/min/1.73 m2 The study was terminated prematu-
rely due to the marked decrease in the primary compo-
site renal outcome (doubling of serum creatinine which
persisted for 30 days, ESRD or renal/CV death) with
canagliflozin compared to placebo (HR=0.70, 95%
CI 0.59-0.82, p=0.00001). The renal protective effect
was achieved in all CKD groups across a broad spect-
rum independent of baseline GFR values. With nearly
all of the patients (99.9%) receiving ACEI/ARB, the
protective effect achieved with SGLT-2 inhibitors ap-
pears to be maintained and results from the ongoing
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Table 5. Baseline renal function and renal outcomes in patients enrolled in long-term SGLT-2 inhibitors studies

Clinical study/outcome Baseline GFR

Baseline UACR

Renal benefit

Empagliflozin 74
EMPA-REG! ml/min/1.73 m2
New-onset or progressing

nephropathy and new-onset

albuminuria

Dapagliflozin 85.2 13.1 mg/g
DECLARE® ml/min/1.73 m?

Beneficial effect based

on baseline GFR level and

CV disease status

Canagliflozin 76.5 12.3 mg/g
CANVASE ml/min/1.73 m2

New-onset albuminuria,

new-onset renal failure

Canagliflozin 56.2 927 mg/g
CREDENCE!M" ml/min/1.73 m?

Composite risk of new-onset
albuminuria, dialysis,
transplantation or death

due t renal disease in those
with CKD

<30 mg/g, 59.4%
>30-300 mg/g, 28.6%
>300 mg/g, 11.0%

Nephropathy 39% |

Progression to macroalbuminuria |
Doubling of serum creatinine level |
Initiation of renal replacement therapy |

Decline in GFR by 40% or more to less than
60 mL/min/1.73 m? |

Composite risk of ESRD or renal death |
Prevention and decelerated progression of
CKD in patients with T2DM, acute kidney
injury risk 31% |

Acute kidney injury |

Albuminuria |

40% decrease in GFR |

Renal replacement therapy |

Kidney injury-related death |,

Acute kidney injury, albuminuria |

40% decrease in GFR |,

Renal replacement therapy |

Death from renal causes in acute kidney injury |
Doubling of serum creatinine |,

Risk of dialysis and transplantation |

Risk of ESRD or renal death |

GFR: Estimated glomerular filtration rate; UACR: Urinary albumin/creatinine ratio; CKD: Chronic kidney disease.

DAPA-CKD and EMPA-KIDNEY studies are awaited
with anticipation. DAPA-CKD included diabetic and
non-diabetic CKD patients with GFR =25-<75 mL/
min/1.73 m? and macroalbuminuria (ClinicalTrials.
gov: NCT03036150) and EMPA-KIDNEY included
normo-, micro- and macroalbuminuric CKD with GFR
>20 to <45 mL/min/1.73 m? (ClinicalTrials.gov Identi-
fier: NCT03594110). Currently, SGLT-2 inhibitors are
not recommended due to the loss of glycemic effect in
diabetics with GFR <45 mL/min/1.73 m?; however, the
results of the aforementioned studies are expected to
show whether these agents may be used for renal pro-
tection purposes independent of the glycemic effect.

Effect of SGLT-2 inhibitors on renal clinical outco-
mes in patients with HFrEF

A robust evaluation on the renal effects of SGLT-2
inhibition in patients with HF cannot be performed
since HF patients account for approximately 10%

of the entire cohort in EMPAREG OUTCOME and
DECLARE TIMI-58.1'31 Thus, this analysis was not
conducted in EMPAREG. The DECLARE study
demonstrated comparable benefits in patients with
HFrEF and those without HF, consistent with the
reduced risk of renal outcomes in all cohorts [0.65
(0.28-1.50) and 0.52 (0.41-0.67), respectively]. The
frequency of acute renal failure as an adverse event
was reported at a similar rate between those with and
without HE.1®!

In DAPA-HF, renal effects of SGLT-2 inhibition
[worsening renal function (GFR reduced by 50%),
ESRD (GFR <15 mL for 28 days, dialysis or renal
transplantation), or renal death] in diabetic and non-
diabetic HF patients were evaluated as a secondary
endpoint.! In DAPA-HF, which excluded patients
with GFR <30 mL/min/1.73 m?, mean GFR was 66
mL/min/1.73 m? and the incidence of those with GFR
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Table 6. Effect of SGLT-2 inhibition on the composite outcome of kidney injury progression, ESRD or renal death in
those with atherosclerotic CV disease or multiple risk factors

Patients Rate ratio per 1000 (%) HR (95%
patient-years Confidence
interval)

Treatment (n) Placebo (n) Treatment Placebo

Aterosklerotik kardiyovaskdler hastalig olanlar

EMPA-REG! 4645 2323 6.3 11.5 31.0 0.54 (0.40-0.75)
CANVASB 3756 2900 6.4 10.5 35.6 0.59 (0.44-0.79)
DECLARE®! 3474 3500 4.7 8.6 33.4 0.55(0.41-0.75)

Interaction p-value for atherosclerotic cardiovascular disease=0.71

Patients with multiple risk factors
CANVAS®4 2039 1447 41 6.6 29.5 0.63(0.39-1.02)
DECLARE® 5108 5078 3.0 5.9 70.5 0.51(0.37-0.69)

Interaction p-value for those with multiple risk factors=0.71

HR: Risk ratio; HF: Heart failure; ESRD: End-stage renal disease; SGLT-2 inhibitors: Sodium-glucose co-transporter-2 inhibitors.

Table 7. Effect of SGLT-2 inhibition on the composite outcome of kidney injury progression, ESRD or renal death
based on baseline GFR level

Patients Rate ratio per 1000 (%) HR (95%
patient-years Confidence
interval)

Treatment (n) Placebo (n) Treatment Placebo

GFH <60 mL/min/m?

EMPA-REG!" 1196 605 NA NA 33.5 0.66(0.41-1.07)

CANVAS54 VY VY 1.4 15.1 39.6 0.74(0.48-1.15)

DECLARE®! 606 659 8.9 15.2 27.0 0.60 (0.35-1.02)
GFH 60 - <90 mL/min/m?

EMPA-REG!" 2406 1232 NA NA 16.8  0.61 (0.37-1.03)

CANVASB4 VY VY 4.6 7.4 34.4  0.58(0.41-0.84)

DECLARE®! 3838 3894 4.2 7.8 48.9  0.54 (0.40-0.73)
GFH =90 mL/min/m?

EMPA-REG!" 1043 486 VY VY 11.7 0.21 (0.09-0.53)

CANVAS54 VY VY 3.8 8.1 27.5 0.44 (0.25-0.78)

DECLARE®! 4137 4025 2.5 4.9 60.8  0.50 (0.34-0.73)

GFH icin etkilesim p degeri=0.0258

GFR: Estimated glomerular filtration rate; HR: Hazard ratio; ND: No data available; ESRD: End-stage renal disease; SGLT-2 inhibitors: Sodium-glucose co-
transporter-2 inhibitors.

<60 was approximately 40%. With a mean follow-up 1.2 for placebo per 1,000 patient-years, 0.71 (0.44—
of 18.2 months, SGLT-2 inhibition was not different =~ 1.16)]. Acute kidney injury, classified as a serious
in terms of renal outcomes in patients with HF com-  adverse effect, developed less commonly in the da-
pared to placebo [rate ratio 0.8 for dapagliflozin and  pagliflozin group (1.0% vs. 1.9%, p=0.007). Results
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from the ongoing studies are expected to clarify the
renal effects of SGLT-2 inhibitors in HFrEF.

A total of 101 cases of acute kidney injury, poten-
tially drug-related, have been reported since SGLT-2
inhibitors have been introduced to use (reports up to
17 May 2016, www.accessdata.fda.gov/drugsatfda_
docs/ Iabel/2016/204042s015s0191bl.pdf). About
half of these occurred in the first month of treatment,
and most of these events resolved after discontinu-
ation of the drug. History of CKD, fluid loss, hypo-
tension, or use of other drugs affecting the kidneys
remain unknown in these patients. In an analysis per-
formed after the case reports, there was no increased
risk of acute kidney injury in those using SGLT-2
inhibitors.”® Currently, it is recommended that re-
nal function tests are performed prior to the use of
SGLT-2 inhibitors and during follow-up, and drugs
that may predispose the individual to acute renal di-
sease (nonsteroidal anti-inflammatory agents) are not
used concomitantly.

SGLT-2 Inhibitors in the Management of
Diuretic Resistance and Combination of
Diuretics

Serafettin Demir

Current knowledge concerning the use of SGLT-2
inhibitors in combination with diuretics in the treat-
ment of heart failure appear to be limited. This ne-
cessitates a study on the acute and long-term effects
of using SGLT-2 inhibitors in combination with loop
diuretics on renal function in patients with HE. A post
hoc analysis of EMPA-REG conducted by Fitchett et
al.®”! reported that the use of furosemide decreased in
patients in the empagliflozin arm and that these pati-
ents had reached a relative state of euvolemia.’ In
T2DM patients, a marked increase in urinary sodium
excretion was observed in the early stage of treatment
with canagliflozin and empagliflozin.!®*%%! In particu-
lar, dapagliflozin was shown to reduce plasma volume
similar to the extent achieved with thiazide diuretics,
although with a more persistent diuretic effect than di-
uretics. Interestingly, treatment of T2DM patients with
dapagliflozin also provides a significant reduction in
sodium concentrations in patients’ skin.!*!

Currently, there is no comprehensive clinical study
evaluating the effect of SGLT-2 inhibitors on diuresis
in HF patients with diuretic resistance. However, a Ja-

panese case report for the first time reported success-
ful improvement of excessive fluid load with ipraglif-
lozin 50 mg treatment for five days in a non-diabetic
patient with diuretic resistance.!* Moreover, Nordi et
al.!®! currently investigate the effects of empagliflozin
combined with loop diuretics on diuresis and diuretic
resistance in RECEDE-CHE. In a recent study by Wil-
cox et al.,' which investigated adding dapaglifiozin
to treatment in healthy subjects receiving bumetanide
and adding bumetanide to treatment in healthy sub-
jects receiving dapagliflozin, natriuretic response was
increased in both study arms and a synergistic effect
was observed between bumetanide and dapaglifiozin.

A recent position paper from the Heart Failure As-
sociation of the ESC concerning the use of diuretics
has recommended that SGLT-2 inhibitors may be used
for the treatment of diuretic resistance.” In this con-
text, combination of loop diuretics and maximum dose
increase are recommended in patients with diuretic
resistance, and thiazide diuretics are recommended in
first-line in the absence of an adequate diuresis res-
ponse, followed by using acetazolamide or amiloride
in second-line and addition of SGLT-2 inhibitors to
treatment in third-line setting.[”! Therefore, it should
be taken into account that SGLT-2 inhibitors may po-
tentiate the effect of diuretics in patients with HF and
provide an alternative treatment approach to overcome
diuretic resistance.

Undesirable Effects of SGLT-2 Inhibitors and
Management

Ahmet Celik
Side effects

Common and rare side effects of SGLT-2 inhibitors
are summarized in Table 8.

Volume depletion

Due to the osmotic/diuretic effects of SGLT-2 inhi-
bitors, side effects associated with volume depletion
have been observed in several cases. Side effects as-
sociated with volume depletion in the EMPA-REG
study were similar across the empagliflozin 10 mg
and 25 mg arms and the patients receiving placebo.
' ITn CANVAS, rate ratio per 1000 patient-years was
26 in patients on canagliflozin and 18.5 in the patient
group receiving placebo (p=0.009).! In DECLARE,
symptoms of volume depletion occurred in 2.5% of
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Table 8. Side effects of SGLT-2 inhibitors

Common side effects Rare side effects

Volume depletion Diabetic ketoacidosis

Genital tract infections Distal lower extremity
amputations

Urinary tract infections Bone fractures
Acute renal failure
Fournier’s gangrene
Bladder cancer

Hypoglycemia

the dapagliflozin group, while this rate was similar at
2.4% in the placebo group (p=0.99)."!

Volume depletion may occur more commonly in
patients receiving ACEI/ARB and/or diuretics. In the-
se patients, it should be taken into account that additi-
on of SGLT-2 inhibitors to treatment may cause dehy-
dration, dizziness, blackout, hypotension and syncope
and each patient’s volume status should be assessed
carefully before starting treatment, with dose reduc-
tion to be implemented upon the initiation of SGLT-2
inhibitors especially in patients on diuretics.

Hypoglycemia

Although SGLT-2 inhibition is achieved with this
group of drugs, hypoglycemia is not expected with
SGLT-2 inhibitors since renal glucose reabsorption
continues through SGLT-1 receptors.l®! In fact, pha-
se 3 studies with empagliflozin, canaglifiozin and
dapagliflozin revealed a similar incidence of major
hypoglycemic events in the patient groups receiving
medication compared to those receiving placebo.!'™!
However, although low, a risk of hypoglycemia can-
not be ruled out with the concomitant use of insulin
or insulin secretagogues. When SGLT-2 inhibitors are
considered for patients on insulin or insulin secreta-
gogues, it may be feasible to reduce the insulin dose
in order to avoid hypoglycemic episodes.

Diabetic ketoacidosis

Phase I1I studies have shown a low rate of this comp-
lication in patients receiving treatment with SGLT-2
inhibitors. The incidence was very low and similar to
placebo group with empagliflozin while it was slightly
higher with canagliflozin, and the recently published
DECLARE-TIMI-58 reported a higher incidence in
patients receiving dapagliflozin compared to placebo

group.!'3l Real-world data from Europe have shown a
significantly higher incidence of diabetic ketoacidosis
in patients receiving treatment with SGLT-2 inhibitors
(mostly empaglifiozin and dapagliflozin) compared to
those receiving GLP-1 agonists.!

Euglycemic diabetic ketoacidosis was observed
in patients on SGLT-2 inhibitors and both European
Medicines Agency and FDA have been notified of
this finding. American Association of Clinical Endoc-
rinologists recommends discontinuation of SGLT-2
inhibitors 24 hours before elective surgery or planned
invasive procedures; avoidance of rigorous physical
activity, abrupt discontinuation or severe dose reduc-
tion of insulin, consumption of excessive alcohol and/
or very low carbohydrate or ketogenic diets in order to
minimize the risk of diabetic ketoacidosis associated
with SGLT-2 inhibitors.™

Acute renal failure

SGLT-2 inhibitors may potentially cause acute kidney
injury through a number of pathways including volu-
me depletion especially in patients with dehydration or
those receiving heavy diuretic treatment, reduction of
transglomerular pressure (particularly in patients rece-
iving renin-angiotensin-aldosterone blockers) and re-
nal medullary hypoxic damage."”"! On the other hand,
rates of the composite renal outcomes in the 3 large
randomized controlled trials, i.e. progression to mac-
roalbuminuria, doubling of serum creatinine, ESRD
or death due to renal causes have shown that SGLT-2
inhibitors decreased renal outcomes compared to pla-
cebo in EMPA-REG, CANVAS and DECLARE.?354

Furthermore, real-world data comparing 6,418 pa-
tients starting treatment with SGLT-2 inhibitors versus
5,604 patients starting treatment with DPP-4 inhibi-
tors revealed a lower incidence of acute kidney injury
in those receiving SGLT-2 inhibitors compared to tho-
se receiving DPP-4.17? In a propensity score matching
study using data from Denmark and Sweden, 17,213
patients receiving SGLT-2 inhibitors were compared
with 17,213 patients receiving GLP-1 agonists and
the two drug groups were found to be similar in terms
of acute kidney injury, with a more favorable trend of
kidney injury in the SGLT-2 inhibitors group.®”’

Genital tract infections

Genital tract infections (mostly vaginitis in women
and balanitis in men) were more common in all pati-



346

Turk Kardiyol Dern Ars

ents using SGLT-2 inhibitors than placebo. Especially
female patients with previous history of genital tract
infections and male patients without circumcision
were demonstrated to be at higher risk.®® Although
more common in female patients than in males, these
infections generally develop with mild or moderate
severity and patients often respond well to classical
antifungal therapies. Rates of discontinuation due to
genital tract infections associated with SGLT-2 inhi-
bitors use were relatively low in all randomized cont-
rolled trials.!'~!

Fournier’s Gangrene

Fournier’s gangrene, also known as necrotizing infec-
tion of the perineum and perianal region, is an ext-
remely important condition with high morbidity and
mortality that may require multiple surgical interven-
tions. Patients with DM are known to be at a higher
risk of Fournier’s gangrene. In 2018, the FDA issu-
ed a warning about SGLT-2 inhibitors and stated that
55 patients receiving SGLT-2 inhibitors, which have
been in use for the past 6 years, had Fournier gangre-
ne while 19 cases have been observed with other oral
anti-diabetic drugs through 35 years, emphasizing
alertness among physician and vigilance for patients
treated with SGLT-2 inhibitors in this regard.”* Only
a limited number of these cases have been reported in
the literature./’+7¢

However, results from EMPAREG OUTCOME
and CANVAS did not reveal whether Fournier’s gang-
rene developed in any of the patients included in these
studies.!' The DECLARE study, on the other hand,
reported Fournier’s gangrene in 6 patients, with 5 in
the placebo arm and 1 in the dapagliflozin arm across
a larger patient population compared to other studies.
Bl Fournier’s gangrene appears to be a considerably
rare side effect, especially in large randomized studi-
es, with a greater number of patients experiencing this
event in the placebo arm compared to the dapaglifio-
zin arm of DECLARE, and it is therefore not appli-
cable to conclude that SGLT-2 inhibitors increase the
development of Fournier’s gangrene at this point.

Urinary tract infections

T2DM patients are at a 60% higher risk of bacterial
urinary tract infections than individuals without dia-
betes. In addition, asymptomatic bacteriuria is more
common in T2DM patients than those without diabe-
tes.””! Although urinary tract infections are reported

in patients receiving SGLT-2 inhibitors, major studies
such as EMPAREG, CANVAS and DECLARE have
reported that urinary tract infections were similar in
the placebo group and the drug group in all patients
receiving the three SGLT-2 inhibitors.!'-*! Meta-analy-
ses performed at different time points reported that
SGLT-2 inhibitors did not increase the risk of urinary
tract infections.!854

Cancer

In EMPAREG, DECLARE and CANVAS, the rate of
cancer development was similar in patients receiving
empagliflozin, dapagliflozin and canagliflozin compa-
red to those on placebo.!'"! In the DECLARE study,
bladder cancer was less common in patients receiving
dapaglifiozin than placebo (0.3 vs 0.5%; HR=0.57,
95% C1=0.35-0.93; p=0.02). The meta-analysis of 49
independent randomized controlled trials including
a total of 34,569 patients determined 580 cancer ca-
ses where SGLT-2 inhibitors did not appear to incre-
ase the cancer risk overall [OR 1.14 [95% CI=0.96,
1.36)]; however, the risk of bladder cancer was consi-
dered to be potentially associated with SGLT-2 inhi-
bitors [OR 3.87 (95% CI=1.48, 10.08)], in particular
with empagliflozin [OR 4.49 (95% CI=1.21, 16.73)],
and canagliflozin was found to cause significantly less
gastrointestinal cancers compared to placebo.

Bone fractures

SGLT-2 inhibitors are thought to alter calcium and
phosphate hemostasis due to the phosphate reabsorpti-
on caused by secondary hyperparathyroidism, thereby
potentially affecting bone mass and lead to a risk of
fractures.®! Taking into account the large randomi-
zed controlled studies, the incidence of bone fractures
with empagliflozin and dapagliflozin appear to be no
different than placebo. However, when all fractures in
patients receiving canagliflozin were evaluated, the in-
cidence of fractures per 1000 patient-years was found
to 15.4% in the canagliflozin arm and 11.9% in the pla-
cebo arm (p=0.02). FDA issued a warning on canaglif-
lozin in 2015.%" The recently published meta-analyses
did not reveal any increase in the risk of bone fractures
in patients treated with SGLT-2 inhibitors. 8%

Lower extremity amputations

The CANVAS study reported that lower extremity am-
putations were significantly higher in the canagliflozin
group compared to placebo.
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It was found that amputations were localized espe-
cially at the toe or metatarsal level, and the risk was
similar in patients with and without peripheral artery
disease as well as those with and without previous
amputation.”” However, the same side effects were
not seen with empagliflozin and dapagliflozin.! In a
retrospective cohort study of 953,960 patients, 39,120
patients receiving SGLT-2 inhibitors were compared
with patients on other oral antidiabetic by means of
the propensity score matching method and amputation
rates in the lower extremity were also reported. Com-
pared to patients using DPP-4 inhibitors and GLP-1
agonists, those treated with SGLT-2 inhibitors had nu-
merically higher rates of amputation in the lower ext-
remities; however, the difference was not statistically
significant. On the other hand, the rates of amputation
in lower extremities was significantly higher in pati-
ents receiving SGLT-2 inhibitors (corrected hazard ra-
tio, 2.12; 95% CI=1.19-3.77) compared to those using
sulfonylurea, metformin or thiazolidinedione.!

In a meta-analysis of 14 recently published rando-
mized controlled trials, 26,167 patients were investi-
gated in terms of diabetic foot and amputation risk and
no relationship was found between SGLT-2 inhibitors
and the risk of diabetic foot development (OR=1.05,
95% CI1=0.58-1.89). Although SGLT-2 inhibitors were
found to cause no statistically significant increase in
amputation risk across all patients receiving these

agents (OR=1.40, 95% CI=0.81-2.41), it was repor-
ted that the incidence of amputation was significantly
higher in patients treated with canagliflozin in the
subgroup analysis (OR=1.89, 95% CI=1.37-2.60).
In a propensity score matching study using data from
Norway and Sweden, 17,213 patients receiving SGLT-
2 inhibitors were compared with 17,213 patients rece-
iving GLP-1 agonists and although the rate of those
using canagliflozin was only 1%, the risk of amputa-
tion was found to be two-fold higher in those treated
with SGLT-2 inhibitors compared to patients treated
with GLP-1 agonists. This finding led to the suspicion
that this side effect may in fact be a rare class effect.[”

The side effect rates in the 3 large randomized stu-
dies completed to date are summarized in Table 9.

Contraindications

In the current clinical practice, empagliflozin, da-
pagliflozin and canagliflozin are not recommended
for use in DM patients with GFR values below 45
mL/min/1.73 m? This threshold is 60 mL/min/1.73
m? for ertuglifiozin. However, the CV outcome stu-
dies (EMPA-REG, CANVAS, DAPA-HF) included
patients with GFR down to 30 mL/min/1.73 m? and
revealed improvement in renal clinical outcomes.
Therefore, one may conclude that empagliflozin, da-
pagliflozin and canagliflozin may be used in patients
with GFR down to 30 mL/min/1.73 m? The ongoing

Table 9. Comparative illustration of side effects seen in the EMPA-REG OUTCOME, DECLARE-TIMI58 and CANVAS

studies with SGLT-2 inhibitors

EMPA-REG DECLARE CANVAS*
Rate of side effect occurrence, % EMPA PLACEBO DAPA PLACEBO KANA PLACEBO
Complicated urinary infection 1.7 1.8 1.5 1.6 40 37
Genital infection 6.4 1.8 0.9 0.1 349 E 108 E
68.8 K 175K
Diabetic ketoacidosis 0.1 <0.1 0.3 0.1 0.6 0.3
Bone fractures 3.8 3.9 583 5.1 15.4 11.9
Lower extremity amputations BY BY 1.4 1.3 6.3 3.4
Severe hypoglycemia 1.3 1.5 0.7 1.0 50 46.4
Volume depletion 5.1 4.9 2.5 24 26 18.5
Cancer BY BY 5.6 5.7 4.7 3.9
Acute renal failure 5.2 6.6 1.5 2.0 3.0 41
Severe side effects requiring drug 17.3 19.4 8.1 6.9 35.5 32.8

discontinuation

*Rate ratio per thousand patient-years. EMPA: Empagliflozin; DAPA: Dapagliflozin; CANA: Canagliflozin; NI: No information available; M: Male; F: Female.
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studies are expected to provide insight on whether
a lower threshold may be utilized in this context.
SGLT-2 inhibitors are contraindicated in patients
with known history of serious hypersensitivity reac-
tions to these agents.?*9

Consensus Treatment Algorithm Including
SGLT-2 Inhibitors in Heart Failure with Low
Ejection Fraction

The treatment algorithm including SGLT-2 inhibitors

Consensus Treatment Algorithm in HFrEF
SGLT-2 STAGE A Heart Failure
inhibitors for HF risk factors are present, no left ventricular dysfunction
the prevention Control of Risk Factors (DM, HT, Obesity etc.)
of HF in those *
with DM
and ASCVD STAGE B Heart Failure
or CV risk Asymptomatic left ventricular dysfunction (EF <40%)
factors ACEI + Beta-blocker
\i
STAGE C Heart Failure S
Symptomatic HFrEF, EF <40%, NYHA II-1V g % '-2'-
SGLT-2 ARNI? >/ ACEI>=/ARB + Beta-blocker+ MRAP = @ E
inhibitors { o llzs
to = < 9
. STAGE C Heart Failure 8 E 2
improve . . : . o =
hospitalization Still symptomatic, N\_(HA_II-!II, non-diabetic 5 P :
+SGLT-2 inhibitors® o a =
for HF, o $ o
CV death, ! S |32
n »
all-cause STAGE C Heart Failure @ %35
mortality, Still symptomatic, NYHA I1-1V o E &
symptoms Ivabradine® -
and quality or Digoxin, Hydralazine and/or Nitrate c || £¥
of life in = £ 0
those v .% g %
it ok Stage D Heart Failure E % §
Still symptomatic, refractory to treatment, NYHA llib-IV (] ;f g
Consider LVAD and/or Heart Transplantation S

Figure 2. Consensus algorithm including SGLT-2 inhibitors for the treatment of HFrEF, (a) ARNI recommended in patients with
NYHA II-111, (b) MRA recommended in those with EF <35%, (c) Currently, dapagliflozin is the only SGLT-2 inhibitor with effective-
ness and safety evidence in the treatment of Stage C HF. However, SGLT-2 inhibitors are thought to have a class effect in the
treatment of HF. The ongoing studies are expected to clarify this notion, (d) Ivabradine is recommended in patients with sinus
rhythm, heart rate >70/ beat per min and EF <35%.

ACEI: Angiotensin converting enzyme inhibitor; ARB: Angiotensin receptor blocker; MRA: Mineralocorticoid receptor antagonist; SGLT-2 in-
hibitors: Sodium-glucose co-transporter-2 inhibitors; DM: Diabetes mellitus; HT: Hypertension; HF: Heart failure; NYHA: New York Heart Associ-

ation; HFrEF: HF with reduced ejection fraction; LVAD: Left ventricular assist device; CRT: Cardiac resynchronization therapy; ICD: Implantable
cardiac defibrillator; EF: Ejection fraction; VT: Ventricular tachycardia; VF: Ventricular fibrillation.
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in HFrEF based on currently available evidence is pre-
sented in Figure 2.

What does the future hold for SGLT2 inhibitors?

Itamar Raz, Avivid Cahan

SGLT-2 inhibitors in patients with T2DM at
high CV risk

SGLT-2 inhibitors have been approved for the treat-
ment of T2DM since 2012. These agents lead to a re-
duction in glucose as well as weight and blood pressu-
re, thus addressing multiple aspects of the metabolic
syndrome.””!

The EMPA-REG study, the first completed cardi-
ovascular outcome study of an SGTL-2 inhibitors-
empagliflozin demonstrated robust reduction in major
adverse cardiovascular events (MACE), hospitaliza-
tion for HF, as well as marked improvement in renal
outcomes.™! CV death was significantly reduced
with empaglifiozin, thus, the U.S. Food and Drug
Administration (FDA) approved a new indication for
empaglifiozin - to reduce the risk of CV death in adult
patients with T2DM and CV disease. All patients inc-
luded in the study had established ASCVD, thus the
effect of these agents on the primary prevention of CV
events in patients with diabetes remained unknown.

CANVAS program, which was subsequently pub-
lished, included a high-risk patient population with
T2DM with and without ASCVD, although the ma-
jority had established ASCVD. A reduction in MACE
was observed with canagliflozin vs. placebo, as well
as reduction in hospitalization for HF and adverse re-
nal outcomes.?!

CREDENCE study assessed renal outcomes of ca-
nagliflozin vs. placebo in patients with T2DM and di-
abetic kidney disease (eGFR <90 and 300-5000 mg/
gr albuminuria). The trial was terminated early, after
2.6 years, having attained superiority in its primary
endpoint (end stage renal disease, doubling of serum
creatinine or death from renal or CV causes).!'* Based
on this study, the FDA approved a new indication for
canagliflozin - to reduce the risk of end-stage renal di-
sease (ESRD), worsening of kidney function, CV de-
ath, and hospitalization for HF in adults with T2DM
and diabetic kidney disease.

DECLARE -TIMI 58 study included a large primary
prevention population, as well as a secondary preventi-

on population. An overall reduction in the composite of
CV death and hospitalization for HF with dapagliflozin
vs. placebo was observed as well as robust reduction
in the rate of decline in renal function.”’ MACEs were
balanced between groups, but were reduced with da-
pagliflozin vs. placebo in those with prior myocardial
infarction.”” These effects were of similar magnitude
at all age groups included in the study (40 and above,
per inclusion criteria).®’ Moreover, dapagliflozin was
overall safe, at all age groups studied (including >65
and >75 years) and no increased risk for hypovolemia,
fractures, cancer or urinary tract infections was noted.
81 Acute kidney injury and major hyperglycemia were
also reduced irrespective of age, and ketoacidosis as
well as genital infections were increased, in line with
what had been shown for other agents in the class.*

Based on the HF hospitalization reduction observed
in the DECLARE-TIMI 58 study, in which it was defi-
ned as part of the composite co-primary outcome - the
FDA approved dapagliflozin to reduce the risk of hos-
pitalization for HF for patients with T2DM and estab-
lished ASCVD or multiple cardiovascular risk factors.

Overall, SGLT-2 inhibitors have emerged as medi-
cations to treat patients with T2DM with benefits far
exceeding glucose lowering alone. Besides their effects
on lowering weight and blood pressure, specific agents
in the class are already indicated for the reduction of
CV death, HF hospitalization and for the treatment of
diabetic kidney disease in patients with diabetes. Still,
these trials have focused on patients with T2DM at
high risk for, or established ASCVD, and their effects
on low CV risk T2DM patients are not yet established.
Moreover, the role of SGLT-2 inhibitors in the care of
patients with T2DM is expanding, as is their role in the
treatment of additional medical conditions.

SGLT-2 inhibitors in patients with type 2 diabetes
and low cardiovascular risk

The recently described studies have been conducted
in patients with established ASCVD, and the DEC-
LARE-TIMI 58 also included a broad population with
risk factors for, but not established ASCVD. The HF
and renal benefits observed in these trials were con-
sistent, irrespective of risk status — supporting the use
of these drugs for primary prevention of renal deteri-
oration and HF in high risk populations.” Moreover,
the renal benefits observed with dapagliflozin were
irrespective of baseline eGFR or albuminuria — sup-
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porting its use in primary prevention of adverse renal
outcomes as well.P® Still, low risk individuals were
not included in any of these studies.

Recent guidelines proposed positioning drugs
with an established cardio-protective benefit as first
line for patients with established ASCVD or at high
risk, while leaving metformin’s hegemony as first line
therapy for low risk patients.*"! However, due to the
multiple metabolic benefits offered by SGLT-2 inhi-
bitors, initial combination therapy with both metfor-
min and SGLT-2 inhibitors may be considered in low
risk patients as well. Initial combination therapy with
metformin and a DPP4 inhibitor demonstrated grea-
ter glycemic durability compared to metformin alone
further supporting the initial combination approach.’*”!
Nevertheless, due to possible medication side effects,
contra-indications (mainly low eGFR) and financial
barriers, it is may be more prudent to prescribe this
medication primarily to those at high baseline risk for
HF or CKD. We have recently proposed a risk score
for HF hospitalization based on the placebo group of
the SAVOR trial (8,200 patients) and this score can
be used in combination with bio-markers such as pro-
BNP and troponin to identify high risk patients.!"

SGLT-2 inhibitors in patients with type 1 diabetes

Several studies have shown significant glycemic and
weight benefit in patients with type 1 diabetes, and da-
pagliflozin and sotagliflozin have been approved for
use in these patients in Europe.!°!

Although an increase in rates of DKA is observed
with all agents, and the absolute risk is much greater
in patients with TIDM, these drugs are actually the
first breakthrough in years in the medical treatment of
patients with TIDM.

SGLT-2 inhibitors in patients with pre-diabetes or
euglycemia

The role of SGLT-2 inhibitors in the prevention of di-
abetes in high risk patients has not been studied, and
it is unlikely that such clinical studies will be conduc-
ted. SGLT-2 inhibitors appear to have no direct role
on beta cell protection, and the beta-cell protective ef-
fects noted are mediated probably by glycemia alone.
11021 Nevertheless, the role of these agents in patients
who are at high risk for HF suffering of pre-diabetes,
obesity, or post MI patients with no apparent HF re-
mains to be assessed. DAPA-HF trial included pati-

ents with HFrEF, both with and without diabetes. The
study demonstrated a reduction in the risk of worse-
ning HF regardless of the patients’ glycemic status.™!
Studies on patients with HFpEF are ongoing.

HF is a prevalent comorbidity in patients with di-
abetes, pre-diabetes and the metabolic syndrome. The
inclusion of SGLT-2 inhibitors in the treatment regi-
men of pre-diabetic patients may reduce the risk for
HF. Moreover, utilizing a HF risk score and future de-
velopment of echocardiographic and serum biomar-
kers may further delineate those who may benefit the
most from these agents.

SGLT-2 inhibitors have shown a robust renal-
protective effect in patients with diabetes, and redu-
ce blood pressure, albuminuria and slow the rate of
eGFR decline. Their role in the treatment, or even
prevention, of hypertensive kidney disease, or other
forms of chronic kidney disease in euglycemic pati-
ents is currently being assessed.

Conclusions

SGLT-2 inhibitors which had initially been developed
solely as glucose lowering agents revolutionized not
only diabetes care, but are also emerging as key drugs
in the treatment and prevention of both heart failure
and chronic kidney disease. Future research and de-
velopment will surely expand the indications of this
pleiotropic drug class.
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