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1 | INTRODUCTION
A large proportion of patients with type 2 diabetes (T2D) develop dia-
betic kidney disease (DKD), which is characterized by glomerular
hyperfiltration, microalbuminuria, structural changes and eventual
decline in renal function.? The silent nature of DKD calls for close
monitoring of renal function, especially in patients with hypertension
and diabetes, who have more rapid decline in renal function than
those with one condition alone.>* Patients with T2D have consider-
able variations in the trajectories of renal function decline, with the
annual rate of eGFR decline ranging from 0.7% to 14.3%.°
Microalbuminuria and diabetic retinopathy are the strongest predic-
tors of accelerated decline in renal function. DKD is also the most
common cause of end-stage kidney disease (ESKD).2¢7

In the UK Prospective Diabetes Study (UKPDS), 40% of patients
with T2D developed albuminuria and 30% developed renal impair-
ment (€GFR <60 mL/min/1.73 m?) within 15 years of diagnosis.®?
From 2005 to 2015, the global prevalence of DKD increased by 27%,
with a higher increase observed in developing countries.2®1! Asian
patients with T2D have a higher prevalence of DKD and a faster dete-
rioration of renal function than their Caucasian counterparts.t?-14
This may be attributed to early onset of diabetes and frequent co-
existence of metabolic syndrome and other risk factors, such as
genetic propensity and chronic hepatitis B virus infection.*>-*?

control of hypertension,

20-22

Optimal hyperglycaemia and

dyslipidaemia, as well as the early use of renin-angiotensin sys-
tem inhibitors (angiotensin-converting enzyme inhibitors [ACEis] or
angiotensin Il receptor blockers [ARBs]), are the main strategies for
disease control in patients with DKD.23~2° In addition, several ran-
domized controlloed trials (RCTs) have confirmed the benefits of
intensive glycaemic control in delaying the progression of renal func-
tional decline in T2D.2%27 Apart from these strategies and, to a lesser
extent, use of mineralocorticoid inhibitors (e.g. spironolactone),zg’30

no novel therapy has been shown to alter the natural course of DKD

substantial decline in renal function from baseline and renal death), cardiovascular
outcomes and hospitalization for heart failure. In all the cardiovascular and renal out-
comes trials, there was an initial decline in the estimated glomerular filtration rate
(eGFR), which was followed by a slowing in the decline of renal function compared
with that seen with placebo. Despite an attenuation in glucose-lowering efficacy in
patients with low eGFR, there were sustained reductions in body weight and blood
pressure, and an increase in haematocrit. Based on the available evidence, we con-
clude that SGLT-2 inhibitors represent an evidence-based therapeutic option for
delaying the progression of renal disease in Asian patients with DKD and preserving

renal function in patients at high risk of kidney disease.

diabetes, diabetic kidney disease, diabetic nephropathy, gliflozins, renal disease, SGLT, type

in the last 2 decades. The renoprotective effects of sodium-glucose
co-transporter-2 (SGLT-2) inhibitors as a new class of oral glucose-
lowering drugs (GLDs) have provided a novel therapeutic option for
the management of DKD. In the Canagliflozin and Renal Events in
Diabetes with Established Nephropathy Clinical Evaluation
(CREDENCE) trial, canagliflozin reduced the risk of ESKD by 32% in
patients with DKD who were on optimal treatment, including ACEis
or ARBs.%? In the recently completed Dapagliflozin and Prevention of
Adverse Outcomes in Chronic Kidney Disease (DAPA-CKD) trial,
treatment with dapagliflozin was associated with significant reduc-
tions in the risk of renal outcomes in patients with CKD with or with-
out T2D.%2 The renoprotective effects of SGLT-2 inhibitors now add
to the cardiovascular (CV) benefits confirmed in multiple cardiovascu-
lar outcomes trials (CVOTs).3%373> These results have motivated the
conduct of several ongoing trials aiming to confirm the efficacy and
safety of SGLT-2 inhibitors in patients with a broad spectrum of kid-
ney disease, with or without T2D (Figure 1). Given the potential
impact of the results from CVOTs and the CREDENCE and DAPA-
CKD trials on the management of DKD, we have summarized and
consolidated current literature on the renoprotective effects of
SGLT-2 inhibitors in Asian patients with T2D to produce clinical

guidelines for physicians.

2 | METHODOLOGY

An expert panel comprising 13 endocrinology experts from Australia,
China, Hong Kong, India, Indonesia, Malaysia, Philippines, Singapore,
South Korea, Taiwan, Thailand and Vietnam met five times (Bangkok,
November 2017; Shanghai, March 2018; Orlando, June 2018; Kuala
Lumpur, November 2018; and Taipei, May 2019) to develop expert rec-
ommendations on the use of SGLT-2 inhibitors in Asian patients with
T2D. A literature search was conducted in the MEDLINE database for

articles published up to 30 June 2019 using search terms (‘canagliflozin’
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Albuminuria categories (mg/g)
Al:<30 A2:30-300 A3:>300
60-89 (DK) (EK) (CK)(DK) (EK) EMPA-REG (E) 74 (mean) 18 (median)
g T CANVAS (C) 76 (mean) 12 (median)
o mean median
é) Q 45-59 (C) (E) ‘ (DK) (EK)
) i
® < ' DECLARE (D) 85 (mean) 13 (median)
e £ 3044 (EK)
w
OE CREDENCE (CK) 56 (mean) 927 (median)
DAPA-CKD (DK) 43 (mean) 949 (median)
Moderately o . 20-45
increased fieh - EMPA Kidney (EK) 45-90 >200
If eGFR 45-90
FIGURE 1 SGLT-2 inhibitors: clinical evidence across the renal disease continuum. C, CANVAS Program; CK, CREDENCE; D, DECLARE-

TIMI56; DK, DAPA-CKD; E, EMPA-REG OUTCOME; eGFR, estimated glomerular filtration rate; EK, EMPA-Kidney; GFR, glomerular filtration rate

OR ‘dapagliflozin’ OR ‘empagliflozin’ OR ‘ipragliflozin’ OR ‘luseogliflozin’
OR ‘tofogliflozin’ OR ‘ertugliflozin’ OR ‘remogliflozin’) AND ‘type 2 diabe-
tes’. The search results were screened for efficacy and safety studies of
SGLT-2 inhibitors conducted in Asian patients. In addition, the panel crit-
ically analysed the recommendations from international guidelines, as
well as results from renal outcomes trials and CVOTs. Following discus-
sion, the panel reached consensus on a series of recommendations based

on scientific evidence and experts’ opinions.

3 | EPIDEMIOLOGY AND ASSOCIATED
COMPLICATIONS OF DKD IN ASIA

Diabetes is the most common cause of ESKD; the risk of ESKD is
10-fold higher among patients with diabetes compared with those
without. In a pooled analysis of data from 54 countries, up to 80% of
ESKD was caused by diabetes, hypertension or a combination of
these conditions. Diabetes alone accounted for 12%-55% of all ESKD
cases.®®

In Asia, population and cohort surveys indicate that as many as
13% of adults have renal impairment.3’=4° The Asia-Pacific region is
also an epicentre of the diabetes epidemic, accounting for more than
57% (240 of 425 million patients) of the global burden. A further
156 million adults in the region have impaired glucose tolerance.¢
The high prevalence of diabetes portends a growing burden of DKD
in Asia.*®1436 Furthermore, in a meta-analysis of studies of genetic
associations with DKD, Mooyaart et al. found that the genetic poly-
morphisms of ELMO1 and CCR5 (susceptible genes for DKD) were
found only in Asian people.**

In the Developing Education on Microalbuminuria for Awareness
of renal and cardiovascular risk in Diabetes (DEMAND) study, which
evaluated the prevalence and risk factors of albuminuria in patients
with T2D (N = 24 151; 9111 patients from Asia, 38%) from 33 coun-
tries, 55% of Asian patients (mean age, 59.9 years; duration of

diabetes, 7.1 years) had 43%,;

macroalbuminuria, 12%) compared with 40.6% (microalbuminuria,

albuminuria  (microalbuminuria,
33%; macroalbuminuria, 7.6%) of Caucasians (mean age, 63.2 years;
duration of diabetes, 7.8 years), with an odds ratio (OR) of 1.77 (95%
Cl, 1.59-1.97; P <.0001).2° In the Pathways study, which assessed
racial/ethnic differences in the prevalence of albuminuria among
patients with T2D in a primary care setting, the prevalence of albu-
minuria was similar among Asians and Caucasians. However, in
patients without hypertension, Asians were two times more probable
to have microalbuminuria (OR, 2.01 [95% CI, 1.14-3.53]) and three
times more probable to have macroalbuminuria (OR, 3.17 [95% ClI,
1.09-9.26]) compared with Caucasians, which was mainly attributed
to a body mass index of 30 kg/m? or higher.*?> Furthermore, many
patients with DKD may have completely normal albuminuria levels. In
the DEMAND study, 17% of T2D patients with advanced renal
impairment (stage =3) had normoalbuminuria.*®

Patients with DKD have a greater risk of developing microvascu-
lar and macrovascular complications than those without DKD. Both
renal function and albuminuria are independent predictors of CV out-
with  T2D.*
macroalbuminuria are associated with a 1.76-fold and 2.96-fold

comes in patients Microalbuminuria  and
greater risk of CV mortality compared with normoalbuminuria, respec-
tively.” The combination of albuminuria and an eGFR of less than
60 mL/min/1.73 m?

mortality compared with patients with neither of these risk factors.”

is associated with a 4.2-fold greater risk of CV

In a cross-sectional study of patients with T2D, the proportion of
patients with macrovascular complications was higher in those with
DKD than those without (36.5% vs. 14.2%; P < .001).* This included
lower limb arterial disease (8.1% vs. 2.8%; P < .001), coronary heart
disease (17.1% vs. 6.5%; P <.001) and stroke (3.0% vs. 0.8%;
P =.003). The incidence of retinopathy was 42.5% in patients with
DKD compared with 20.4% in those without DKD (P < .001). The
corresponding figures for neuropathy were 20.1% versus 8.7%

(P <.001).* Furthermore, an analysis of predictors of long-term
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outcomes showed that low eGFR, but not retinopathy, was an inde-
pendent predictor of all-cause mortality and CV mortality in patients
with T2D and albuminuria.*®

4 | MANAGEMENT OF PATIENTS
WITH DKD

Early detection of DKD is important for the prevention of ESKD.
International and regional guidelines recommend regular monitoring
of albuminuria and eGFR at least annually in patients with diabetes,
and more often among patients with DKD. A comprehensive and mul-
tifaceted treatment approach, including diet restrictions and optimal
control of hyperglycaemia, hypertension and dyslipidaemia, has been
shown to delay progression of kidney dysfunction in patients with
DKD (Table $1).#”8 Blood pressure (BP) of less than 140/90 mmHg
is recommended to slow the decline of renal function and to reduce
the risk of CV disease. The Kidney Disease: Improving Global Out-
comes (KDIGO) guidelines recommend a lower BP target of less than
130/80 mmHg in

30 mg/24 hours. Blockade of the renin-angiotensin system using

patients with albuminuria of less than
ACEis or ARBs is the recommended first-line therapy for BP control in
patients with DKD. However, combination therapy with ACEis and
ARBs is not recommended because of an increased risk of hyper-
kalaemia and/or acute kidney injury (AKI).

The National Kidney Foundation (NKF) Kidney Disease Outcomes
Quality Initiative (KDOQI) guidelines recommend the use of renin-
angiotensin system inhibitors (ACEis or ARBs) in normotensive T2D
patients with albuminuria to delay the progression of DKD.*? Simi-
larly, the Malaysian clinical practice guidelines and the Chinese Diabe-
tes Society guidelines recommend the use of ACEis or ARBs in T2D
patients with albuminuria regardless of the presence of hyperten-
sion.>%51 Although ACEis or ARBs are often prescribed in normoten-
sive patients with albuminuria, there is no evidence that they slow
GFR decline in these patients. Hence, the American Diabetes Associa-
tion (ADA) recommends the use of renin-angiotensin system inhibi-
tors only in hypertensive T2D patients with albuminuria.?® In the
absence of albuminuria or kidney disease or hypertension, there is no
benefit of ACEi or ARB therapy for the prevention of kidney disease
in patients with T2D; hence, both the ADA and NKF KDOQI guide-
lines do not recommend the use of renin-angiotensin system inhibi-
tors for the primary prevention of kidney disease in normotensive
normoalbuminuric patients with T2D.2%47

In several RCTs, intensive glycaemic control delayed the onset
and progression of DKD. However, patients with DKD have a high
risk for hypoglycaemia, necessitating the individualization of
glycaemic targets. Dosage adjustment for GLDs or use of drugs with a
low risk of hypoglycaemia is recommended.>? Table $2 summarizes
the dose modifications required for each GLD in patients with DKD.
Most of the oral GLDs are not recommended for patients with stage
4 and 5 chronic kidney disease (CKD; eGFR <30 mL/min/1.73 m?).
Metformin is not recommended in patients with an eGFR of less than
30 mL/min/1.73 m?. In patients with an eGFR of less than 45 mL/

min/1.73 m?, metformin treatment should be initiated with caution,
while in those already on treatment, metformin can be continued with
reduced dosage following an assessment of the benefits and risks.2°

The ADA/European Association for the Study of Diabetes 2019
algorithm has incorporated current evidence into its clinical decision-
making pathway, with a recommendation to choose GLDs based on
the presence of established CV disease or CKD.2° In patients with
predominant heart failure or CKD, SGLT-2 inhibitors are rec-
ommended as the preferred add-on therapy to metformin. While renal
outcomes were evaluated as secondary endpoints in CVOTSs, results
from the CREDENCE and DAPA-CKD trials, which were designed to
evaluate the renoprotective effects of SGLT-2 inhibitors, provided
definitive evidence of their benefits in patients with DKD.

5 | SGLT-2INHIBITORS

The glucose-lowering effects of SGLT-2 inhibitors are independent of
B-cell function and insulin resistance.>®>** As the glucose-lowering
effect of SGLT-2 inhibitors is dependent on renal function, their effi-
cacy is attenuated in patients with reduced eGFR. The recommended
lower cut-off for eGFR varies among different SGLT-2 inhibitors,
ranging from 30 to 60 mL/min/1.73 m2.

In general, SGLT-2 inhibitors are well-tolerated with a very low
risk of hypoglycaemia. Mycotic genital infections are the most com-
mon adverse events (AEs) reported with SGLT-2 inhibitors; these can
be managed with standard treatment and good personal hygiene. In
addition, urinary tract infections and volume depletion-related AEs
have also been reported.

In the early postmarketing surveillance data, there were sporadic
case reports of AKI with SGLT-2 inhibitors, especially in those with
hypovolaemia, renal insufficiency, congestive heart failure and con-
comitant medications such as diuretics, ACEis, ARBs and non-steroidal
anti-inflammatory drugs.>®> However, with better understanding of
their pharmacodynamic effects and careful patient selection, there
was no significant increase in the risk of AKI with SGLT-2 inhibitors in
the subsequent CVOTs. In a meta-analysis of three CVOTs, there was
a significant reduction in the risk of AKI among patients randomized
to SGLT-2 inhibitors (HR 0.66; 95% Cl, 0.54-0.80) compared with pla-
cebo.? In addition, the real-world evidence did not show an increased
risk of AKI among T2D patients initiated on SGLT-2 inhibitor ther-
apy.>”%8 Nevertheless, caution should be exercised in patients with
multiple stressors of volume status, such as the elderly, patients with

low body weight, and those receiving diuretic therapy.

6 | ROLE OF SGLT-2 INHIBITORS IN THE
MANAGEMENT OF PATIENTS WITH DKD

The continuum of renal disease includes several well-defined stages:
microalbuminuria, macroalbuminuria, CKD and ESKD.>? Patients with
DKD have an accelerated loss of renal function, calling for optimal

control of glycaemia and hypertension. Most of the available GLDs
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have limited utility in the management of DKD because of the risk of
hypoglycaemia and weight gain. To date, SGLT-2 inhibitors are the
only class of GLD with proven renoprotective effects in high-risk
patients with DKD, and those are probably independent of their
glucose-lowering effects. In the following sections we discuss the
renal and metabolic effects of SGLT-2 inhibitors in Asian patients with
DKD, as well as data from global trials.

6.1 | Effect of SGLT-2 inhibitors on kidney disease
progression in patients with DKD

Overall, we found seven studies evaluating the effects of SGLT-2
inhibitors in Asian patients with DKD (sample size range: 20-1030
patients; duration of treatment range: 12-104 weeks) and three
global studies including Asian patients with DKD. The effects of
SGLT-2 inhibitors on renal outcomes in Asian patients with DKD and
data from global studies are summarized in Table 1.31°=%7 A pooled
analysis of four 52-week, phase Il trials evaluated the effects of
luseogliflozin in Japanese patients with T2D and varying degrees of
renal function: normal (€GFR 290 mL/min/1.73 m% n = 275), mild
(eGFR 260 to <90 mL/min/1.73 m? n = 598) and moderate renal
impairment (eGFR 230 to <60 mL/min/1.73 m?% n = 157).°C At
52 weeks, the urinary albumin-to-creatinine ratio (UACR) was mod-
estly increased in the mild renal impairment group (+3.5 mg/g),
whereas it was reduced by —27.4 mg/g in patients with moderate
renal impairment. In both of these groups, eGFR was reduced during
the first 2 weeks of treatment, returning to baseline levels after
week 36. At 52 weeks, eGFR remained stable in the mild and moder-
ate renal impairment groups, but was decreased in patients with nor-
mal renal function. This reduction in eGFR in individuals with normal
renal function could be explained by a decrease in glomerular hyper-
filtration as a subgroup analysis in patients with normal eGFR
showed that a significant decrease from baseline was only observed
in those with an eGFR of 100 to less than 110 mL/min/1.73 m?
(P =.030) and 120 mL/min/1.73 m? or higher (P =.001).°° This
effect on glomerular hyperfiltration was also shown in previous stud-
ies with renin angiotensin system inhibitors, where the initial acute
decline in eGFR was associated with a slower decline in long-term
renal function.®®

Another study evaluated the effects of ipragliflozin (50 mg) in
Japanese T2D patients (N = 164) with mild (260 to <90 mL/min/1.73
m?) or moderate renal impairment (230 to <60 mL/min/1.73 m?).%®
The eGFR initially decreased during the first 4 weeks, but increased
continuously until 24 weeks in patients with mild (difference
vs. placebo: —3.8 mL/min/1.73 m? at 4 weeks [P < .05] to +0.5 mL/
min/1.73 m? at 24 weeks [NS]) and moderate (~2.8 mL/min/1.73 m?
at 4 weeks to —2.0 mL/min/1.73 m? at 24 weeks [P < .05 at both time

.2 The initial reduction in eGFR was consid-

points]) renal impairmen
ered to be a decrease in hyperfiltration, followed by stabilization of
eGFR over time. In addition, UACR (mg/g Cr) was reduced by —10.79
and —37.10 mg/g in the mild and moderate renal impairment groups,

respectively, at 24 weeks.

The randomized, double-blind, multinational DELIGHT study
assessed the albuminuria-lowering effect (primary endpoint) of
dapagliflozin alone (n = 145) or in combination with saxagliptin
(n = 155) compared with placebo (n = 148) in patients with moderate-
to-severe DKD (eGFR 25-75 mL/min/1.73 m? who were on stable
optimal therapy.®” The study enrolled patients from nine countries,
including three Asian countries (Japan, South Korea and Taiwan;
177 patients from Asia, 39.5%). After 4 weeks of treatment, there was
a significant reduction from baseline in UACR in the dapagliflozin (dif-
ference vs. placebo: —28.3%; 95% Cl, —36.8% to —18.7%; P < .0001)
and dapagliflozin-saxagliptin groups compared with placebo (—34.5%;
-42.1% to —25.9%; P <.0001). These reductions in UACR were
sustained at week 24 (primary endpoint), with corresponding changes
of —21.0% (-34.1% to —-5.2%; P =.011) and —-38.0% (-48.2% to
—25.8%; P < .0001), respectively. The effect on UACR was significant
even after adjustment for concomitant changes in HbA1lc, systolic
blood pressure (SBP), eGFR and uric acid. There was an initial
decrease in eGFR at week 1 in both treatment groups (4.8 and
—4.6 mL/min/1.73 m?, respectively), followed by an increase and sta-
bilization thereafter. At 24 weeks, the difference from baseline versus
placebo was —2.4 mL/min/1.73 m? in both treatment groups.®”

The CREDENCE trial confirmed the beneficial effects of SGLT-2
inhibitors on renal outcomes. This trial was the first randomized,
double-blind study to evaluate the efficacy and safety of SGLT-2
inhibitors on renal outcomes in patients with DKD across a wide
range of renal function.®! The trial randomized 4401 patients (includ-
ing 877 [19.9%] Asians) with T2D and albuminuric kidney disease
(eGFR 30-90 mL/min/1.73 m? and UACR >300-5000) to receive can-
agliflozin (100 mg) or placebo added to renin-angiotensin system
inhibitors and GLDs. The primary outcome was a composite of ESKD,
doubling of serum creatinine level from baseline for at least 30 days
(central laboratory), or death from renal disease or CV disease. The
trial was stopped early after a median follow-up of 2.62 years because
of an overwhelming benefit observed in the patients allocated to
SGLT-2 inhibitor treatment. There was a significant 30% risk reduc-
tion in the primary outcome in the canagliflozin group compared with
placebo (HR 0.70; 95% Cl, 0.59-0.82) (Table 2). This effect was consis-
tent across all ranges of baseline eGFR and UACR levels, in patients
with or without CV disease,®” as well as between Asian and Caucasian
subgroups (interaction P-value: NS). When analysed by individual end-
point, the risk of ESKD was reduced by 32% (HR 0.68, 95% Cl, 0.54-
0.86; P =.002) and the risk of doubling of serum creatinine was
reduced by 40% (HR 0.60, 95% Cl, 0.48-0.76; P < .001) in favour of
canagliflozin. The risk of the composite of ESKD, doubling of the
serum creatinine level, or renal death was lowered by 34% in the can-
agliflozin group compared with placebo (HR 0.66, 95% Cl, 0.53-0.81;
P < .001). At 3 weeks, there was a greater decline in eGFR in the can-
agliflozin group compared with placebo (-3.72 + 0.25 vs. —0.55 +
0.25 mL/min/1.73 m%;  between-group  difference: —3.17 mL/
min/1.73 m?;, 95% Cl, —3.87 to —2.47). Thereafter, the decline in
eGFR was slower in the canagliflozin than in the placebo group
(-1.85 £ 0.13 vs. —4.59 + 0.14 mL/min/1.73 m?; between-group dif-
ference of 2.74 mL/min/1.73 m? per year; 95% Cl, 2.37-3.11).3*
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TABLE 2 Effects on cardiorenal outcomes in patients with DKD
No. of events HR (95% ClI) P-value

CREDENCE (canagliflozin vs. placebo)®! Cana (N = 2202) Placebo (N = 2199)

T2D patients with established kidney disease, N = 4401 n n

Number (%) of Asians: 877 (19.9%)

Renal outcomes

ESKD, doubling of the serum creatinine level from baseline, 245 340 0.70 (0.59-0.82) .00001
or death from renal or CV disease

ESKD, doubling of the serum creatinine level from baseline, 153 224 0.66 (0.53-0.81) <.001
or death from renal disease

Doubling of the serum creatinine 118 188 0.60 (0.48-0.76) <.001

ESKD 116 165 0.68 (0.54-0.86) .002
eGFR <15 mL/min/1.73 m? 78 125 0.60 (0.45-0.80) =
Dialysis initiated or kidney transplantation 76 100 0.74 (0.55-1.00) -

Dialysis, kidney transplantation or renal death 78 105 0.72 (0.54-0.97) -

CV outcomes

MACE 217 269 0.80 (0.67-0.95) .01

CV death or HHF 179 253 0.69 (0.57-0.83) <.001

CV death 110 140 0.78 (0.61-1.00) .05

HHF 89 141 0.61 (0.47-0.80) .001

DAPA-CKD (dapagliflozin vs. placebo)*? Dapa (N = 2152) Placebo (N = 2152)

CKD patients with or without T2D, N = 4304 (T2D, n n
n = 2906; no T2D, n = 1398)

Number (%) of Asians: 1467 (34.0%)

Renal outcomes

>50% sustained decline in eGFR, ESKD or death from renal 197 312 0.61(0.51-0.72) <.001
or CV disease

250% sustained decline in eGFR, ESKD or death from renal 142 243 0.56 (0.45-0.68) <.001
disease

>50% sustained decline in eGFR 112 201 0.53(0.42-0.67) -

ESKD 109 161 0.64 (0.50-0.82) =
eGFR <15 mL/min/1.73 m? 84 120 0.67 (0.51-0.88) =
Long-term dialysis 68 99 0.66 (0.48-0.90) -
Kidney transplantation 3 8 - -

Death from renal causes 2 6 - -

CV outcomes

CV death 65 80 0.81(0.58-1.12) -

CV death or HHF 100 138 0.71(0.55-0.92) .009

Abbreviations: CV, cardiovascular; cana, canagliflozin; ESKD, end-stage kidney disease; HHF, heart failure hospitalizations; MACE, major adverse cardiac

events; T2D, type 2 diabetes.

The recently completed DAPA-CKD trial showed that the benefi-
cial renal effects of SGLT-2 inhibitors extend to patients with CKD
regardless of diabetes. The randomized, double-blind, placebo-
controlled DAPA-CKD trial evaluated the efficacy and safety of
dapagliflozin on renal outcomes in patients with CKD with or without
T2D.32 A total of 4304 participants (including 1467 Asians [34.0%];
T2D, n = 2906; no T2D, n = 1398) with an eGFR of 25-75 mL/min/
1.73 m? and a UACR of 200-5000 mg/g who were on stable therapy
with ACEi/ARB, were randomized to receive dapaglifiozin (10 mg
once daily) or placebo. The primary composite endpoint was

worsening of kidney function (250% sustained decline in eGFR or
onset of ESKD) or death because of kidney or CV disease. The trial
was stopped early after a median follow-up of 2.4 years because of an
overwhelming benefit observed in the patients allocated to
dapaglifiozin. There was a significant 39% risk reduction in the pri-
mary composite endpoint in the dapagliflozin compared with the pla-
cebo group (HR 0.61; 95% ClI, 0.51-0.72; P <.001) (Table 2). This
effect of dapagliflozin on primary outcome was consistent in patients
with diabetes (HR 0.64; 95% Cl, 0.52-0.79) and in those without
(HR 0.50; 95% CI, 0.35-0.72). When analysed by the individual
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component of primary endpoint, the risk of ESKD was reduced by
36% (HR 0.64, 95% CI, 0.50-0.82) and the risk of 50% or more
sustained decline in eGFR was reduced by 47% (HR 0.53, 95% Cl,
0.42-0.67) in favour of dapagliflozin. The risk of kidney composite
endpoint (250% sustained decline in eGFR, ESKD or death from renal
causes), a secondary endpoint, was reduced by 46% in the
dapagliflozin compared with the placebo group (HR 0.56, 95% Cl,
0.45-0.68; P <.001). Overall, the least-square mean (SE) annual
change in eGFR from baseline to 30 months was —2.86 + 0.11 mL/
min/1.73m? in the -3.79 £ 0.11 mL/
min/1.73 m? in the placebo group (between-group difference:
+0.93 mL/min/1.73 m% 95% Cl, +0.61 to +1.25). During the first
2 weeks, there was a greater reduction in eGFR in the dapaglifiozin
than in the placebo group (-3.97 +0.15 vs. —0.82+ 0.15mL/

min/1.73 m?). Thereafter, the annual decline in the mean eGFR was

dapagliflozin  versus

smaller in the dapagliflozin than in the placebo group (-1.67 £ 0.11
vs. —3.59+0.11 mL/min/1.73 m?,  between-group
+1.92 mL/min/1.73 m? per year; 95% Cl, 1.61-2.24).%2

difference:

6.2 | Effect of SGLT-2 inhibitors on the metabolic
variables in patients with DKD

Apart from their glucose-lowering effects, SGLT-2 inhibitors also
lower BP (range: SBP, —1.2 to —7.9 mmHg; diastolic BP, —0.8 to
—6.1 mmHg), body weight (range: —1.29 to —3.9 kg) and serum uric
acid (range: —0.2 to —1.0 mg/dL) and increase haematocrit (range:
+0.59% to +5.5%), all of which have been shown to prevent or slow
the progression of kidney disease.”®~7# Reduced levels of HbAlc or
haematocrit are independent predictors of ESKD in patients with
DKD,”>~77 which may result from the renal damage, and promote the
decline of renal function. SGLT-2 inhibitor therapy has been shown to
increase haematocrit through augmentation of erythropoiesis, which
may contribute to its beneficial cardiorenal effects.”®

In the pooled analysis of four 52-week studies in Japanese patients
with T2D, treatment with luseogliflozin was associated with reductions
in HbA1lc across the range of eGFR subgroups: normal (—0.67%), mild
(=0.55%) and moderate renal impairment (-0.32%).%° There was also a
reduction in body weight (-2.68, —2.52 and —2.03 kg, respectively) and
SBP (—4.7, —44 and -5.5 mmHg, respectively) and an increase in
haematocrit (+2.02%, +2.31% and +2.32%, respectively) across the
renal function subgroups.®® In another 24-week study in Japanese T2D
patients with mild or moderate renal impairment, treatment with
ipragliflozin reduced HbA1c in patients with mild or moderate renal
impairment compared with placebo (difference vs. placebo: —0.35% and
—0.17%, respectively), albeit only significantly in the mild renal impair-
ment group (P < .001). Both groups also had a decrease in body weight
and SBP, and an increase in haematocrit.®®

In the CREDENCE study, HbA1c was reduced from baseline in
the canagliflozin group and remained lower than for the placebo
group throughout the study, with a between-group mean difference
of —=0.25% (95% Cl, —0.31% to —0.20%).3* Similarly, there were reduc-
tions in SBP and body weight in the canagliflozin group that were

sustained throughout the study, with a between-group mean differ-
ence of —3.30 mmHg (95% Cl, —3.87 to —2.73) and —0.80 kg (95% ClI,
—0.93 to —0.69), respectively, compared with placebo.

In the DELIGHT study involving patients with T2D with moderate-
to-severe renal impairment, HbA1c was reduced in dapagliflozin alone
(difference vs. placebo: -0.2%, 95% Cl, —0.4% to 0.1%) and
dapagliflozin-saxagliptin (—0.6%, 95% Cl, —0.8% to —0.4%; P < .0001)
groups, with a significant difference only for the dapagliflozin-
saxagliptin group.®” There were reductions in body weight
(dapagliflozin: —0.9%,; dapagliflozin-saxagliptin: —0.04%) and SBP (-2.8
and —4.8 mmHg) and an increase in haematocrit (+0.03% and +0.03%)
in both the dapagliflozin and dapagliflozin-saxagliptin groups.

6.3 | Effect on CV outcomes in patients with DKD
CV death was evaluated as a part of the primary composite endpoint
in the CREDENCE study in patients with DKD, whereas other CV out-
comes, such as major adverse cardiovascular events (MACE) and hos-
pitalization for heart failure (HHF), were evaluated as secondary
endpoints. At a median follow-up of 2.62 years, canagliflozin treat-
ment reduced (a) MACE by 20%, (b) CV death or HHF by 31%, and
(c) HHF alone by 39%, compared with placebo (Table 2).3! The rela-
tive risk of CV death was reduced by 22% (HR, 0.78; 95% ClI, 0.61-
1.00; P =.05). The risk reduction in CV outcomes was consistent in
both primary and secondary prevention subgroups.®® Of note, in the
primary prevention cohort (without established CV disease), can-
agliflozin significantly reduced the risk of MACE by 32% (HR, 0.68;
95% Cl, 0.49-0.94) and HHF by 39% (HR, 0.61; 95% Cl, 0.39-0.96).%°

In the DAPA-CKD trial, the composite of death from CV causes
or HHF was reduced by 29% in the dapagliflozin compared with the
placebo group (HR, 0.71; 95% Cl, 0.55-0.92; P = .009). The HR for the
risk of CV death in the dapaglifiozin versus placebo group was 0.81
(95% Cl, 0.58-1.12).32

The effects of SGLT-2 inhibition on CV outcomes stratified by
eGFR subgroups in the CVOTs are summarized in Table S3. Overall,
the CV benefits observed in these trials were consistent across the
eGFR subgroups, including those with renal impairment.®3-3579
However, these trials were not primarily designed to evaluate the
effects on CV outcomes in patients with DKD, and the enrolment or

randomization was not stratified by the baseline eGFR.

6.4 | Safety of SGLT-2 inhibitors in patients
with DKD

In the CREDENCE trial, the rates of AEs and serious AEs were compara-
ble between the canagliflozin and placebo groups.! There was no signifi-
cant difference in the risk of amputation (events/1000 patient-years:
12.3vs. 11.2), fractures (11.8 vs. 12.1), hyperkalaemia (29.7 vs. 36.9), AKI
(16.9 vs. 20.0) or acute pancreatitis (1.0 vs. 0.4) between the treatment
groups. The overall rate of diabetic ketoacidosis was low; however, the

incidence was higher in the canagliflozin than in the placebo group (2.2
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vs. 0.2). In addition, the incidence of mycotic genital infection was higher
in the canagliflozin group (males: 8.4 vs. 0.9; females: 12.6 vs. 6.1)3*

In the DAPA-CKD trial, the incidences of AEs and serious AEs
(proportion of patients: 29.5% vs. 33.9%) were comparable between
the dapagliflozin and placebo groups.? There was no significant dif-
ference in the risk of amputation (1.6% vs. 1.8%), fractures (4.0%
vs. 3.2%), renal-related AEs (7.2% vs. 8.7%), volume depletion (5.9%
vs. 4.2%) and major hypoglycaemia (0.7% vs. 1.3%) between the
dapagliflozin and placebo groups. There was no incidence of diabetic
ketoacidosis in the dapagliflozin group as well as no incidence of
severe hypoglycaemia observed in individuals without T2D.3?

In the DELIGHT study, the rates of renal AEs were comparable
between the dapagliflozin and placebo groups (proportion of patients:

3% vs. 4%).°” The incidence of urinary tract infection (3% vs. 3%),
mycotic genital infection (3% vs. 0%), volume depletion (3% vs. 3%)
and diabetic ketoacidosis (1% vs. 0%) was comparable between the

dapagliflozin and placebo groups.®”

7 | RENALEFFECTS OF SGLT-2
INHIBITORS IN T2D PATIENTS
(PREDOMINANTLY WITHOUT KIDNEY
DISEASE)

Several clinical studies on Asian T2D patients without kidney disease
reported effects of SGLT-2 inhibitors on eGFR and UACR (Table S4).

TABLE 3 SGLT-2 inhibitor CVOTs: renal outcomes in T2D patients without DKD

EMPA-REG OUTCOME (empagliflozin vs. placebo)®>%*

T2D with or without CKD (26% of patients with CKD, 40%
with albuminuria at baseline), N = 7020

Number (%) of Asians: 1517 (21.6%)

Incident or worsening nephropathy or cardiovascular death

Incident or worsening nephropathy

Progression to macroalbuminuria

Doubling of serum creatinine level accompanied by eGFR of
<45 mL/min/1.73 m?

Initiation of renal replacement therapy

Doubling of serum creatinine level accompanied by eGFR of
<45 mL/min/1.73 m?, initiation of renal replacement
therapy or death from renal disease

Incident albuminuria in patients with normoalbuminuria at
baseline

CANVAS (canagliflozin vs. placebo)*®

T2D with or without CKD (20% of patients with CKD, 30%
with albuminuria at baseline), N = 10 142

Number (%) of Asians: 1284 (12.7%)

40% reduction in eGFR, renal-replacement therapy, or renal
death

Progression of albuminuria
Regression of albuminuria

DECLARE-TIMI 58 (dapagliflozin vs. placebo)*”

T2D with or without CKD (7.3% of patients with CKD at
baseline), N = 17 160

Number (%) of Asians: 2303 (13.4%)

240% decrease in eGFR to <60 mL/min/1.73 m?, ESRD or
death from renal or cardiovascular cause

240% decrease in eGFR to <60 mL/min/1.73 m?, ESRD or
death from renal cause

240% decrease in eGFR to <60 mL/min/1.73 m?
ESRD

Renal death

ESRD or renal death

No. of events HR (95% ClI) P-value
Empa Placebo

n/N n/N

675/4170 497/2102 0.61 (0.55-0.69) <.001
525/4124 388/2061 0.61 (0.53-0.70) <.001
459/4091 330/2033 0.62 (0.54-0.72) <.001
70/4645 60/2323 0.56 (0.39-0.79) <.001
13/4687 14/2333 0.45 (0.21-0.97) .04
81/4645 71/2323 0.54 (0.40-0.75) <.001
1430/2779 703/1374 0.95 (0.87-1.04) .25
Cana Placebo

n/N n/N

124/5795 125/4347 0.60 (0.47-0.77) -
1341/5196 1114/3819 0.73(0.67-0.79) -
885/1679 445/1257 1.70 (1.51-1.91) -

Dapa (N = 8582) Placebo (N = 8578)

n n

370 480 0.76 (0.67-0.87) <.0001
127 238 0.53 (0.43-0.66) <.0001
120 221 0-54 (0-43-0-67) <.0001
) 19 0-31(0-13-0-79) .013

6 10 0:60 (0-22-1-65) .32

11 27 0-41(0-20-0-82) .012

Abbreviations: Cana, canagliflozin; CKD, chronic kidney disease; CVOTs, cardiovascular outcomes trials; dapa, dapagliflozin; DKD, diabetic kidney disease;
empa, empagliflozin; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; HHF, heart failure hospitalizations; MACE, major adverse
cardiac events; SGLT-2, sodium-glucose co-transporter-2; UACR, urine albumin-to-creatinine ratio.
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In placebo-controlled monotherapy trials in treatment-naive patients
with T2D (duration up to 24 weeks), the change in eGFR with SGLT-2
inhibitor therapy ranged from +2.11 to —3.8 mL/min/1.73 m? (a
decrease by —3.8 units was reported in an 8-week study). As an add-
on to other GLDs, the change in eGFR ranged from +6.0 to —9.8 mL/
min/1.73 m? (study duration up to 52 weeks).

The effects on renal outcomes in patients with T2D were
assessed as a secondary endpoint in the CVOTs and are summarized
in Table 3. In a meta-analysis of three CVOTs that included 34 322
patients with T2D (5123 [15%] patients with eGFR <60 mL/
min/1.73 m?), SGLT-2 inhibitors reduced the risk of a composite renal
endpoint (decline in eGFR and/or end-stage renal disease [ESRD]
and/or renal death) by 45% compared with placebo (HR 0.55, 95% Cl,
0.48-0.64; P < .0001).2° The reduction in the composite renal end-
point was consistent across all baseline eGFR levels, with the greatest
effect size in those with preserved renal function at baseline. The
respective risk reductions were 33%, 44% and 56% in patients with
an eGFR of less than 60, 60-90 and 90 mL/min/1.73 m? or higher,
respectively.

The EMPA-REG OUTCOME trial included patients (N = 7034)
with an eGFR of 30 mL/min/1.73 m? or higher at screening, and 26%
of patients had renal impairment (eGFR <60 mL/min/1.73 m?) at
3581 reported in 29% and

macroalbuminuria in 11% of patients. Following the initiation of treat-

baseline. Microalbuminuria  was
ment with empagliflozin, a transient but significant decline in eGFR
was observed at week 4 compared with placebo (mean + SE change
from baseline [mL/min/1.73 m?]: —0.62 + 0.04 in the 10 mg group,
—-0.82 £ 0.04 in the 25 mg group and +0.01 +£ 0.04 in the placebo
group; P <.001 for both comparisons). However, during long-term
treatment from week 4 to end of study, eGFR remained stable in the
empagliflozin compared with the placebo group, where there was a
steady decline in the eGFR (mean + SE annual rate of decline
[mL/min/1.73 m?]: —0.19 #0.11 in both 10 and 25mg groups
vs. —1.67 + 0.13 in the placebo group; P < .001 for both comparisons).
The risk of doubling of serum creatinine was 44% lower in the
empagliflozin group than placebo (HR 0.56, 95% Cl, 0.39-0.79;
P <.001).2 The relative risk of incident or worsening nephropathy
(defined as progression to macroalbuminuria, doubling of serum creat-
inine level, initiation of renal-replacement therapy or death from renal
disease) was 39% lower in the empagliflozin compared with the pla-
cebo group (HR 0.61, 95% Cl, 0.53-0.70; P <.001). In addition,
empagliflozin reduced progression to macroalbuminuria by 38%
(HR 0.62, 95% Cl, 0.54-0.72; P <.001) and the risk of renal-
replacement therapy by 55% (HR 0.45, 95% Cl, 0.21-0.75; P < .001).
There was no significant difference between the empagliflozin and
placebo groups for the risk of incident albuminuria in patients with
normal albuminuria.®*

A recent analysis from the EMPA-REG OUTCOME trial reported
renal outcomes in the Asian subgroup (N = 1517).82 The beneficial
effects of empagliflozin on renal outcomes in Asians were consistent
with those in the overall study population. Empagliflozin reduced the
risk of incident or worsening nephropathy (HR 0.64, 95% ClI,
0.49-0.83), progression to macroalbuminuria (HR 0.64, 95% ClI,

0.49-0.85), and the composite of doubling of serum creatinine, initia-
tion of renal-replacement therapy, or renal death (HR 0.48, 95% Cl,
0.25-0.92). There was an initial short-term decline in eGFR, which
then stabilized over the rest of the trial (192 weeks). The adjusted
mean difference in change from baseline in eGFR between
empagliflozin and placebo was +5.0 mL/min/1.73 m? at follow-up.8?
Similar renal effects were observed with canagliflozin in the CAN-
VAS trial programme. The trial included patients (N = 10 142) with an
eGFR of 30 mL/min/1.73 m? or higher at screening, and 20.1% of
patients had renal impairment (an eGFR of <60 mL/min/1.73 m?) at
22.6% and

macroalbuminuria in 7.6% of patients.>3%% Canagliflozin treatment

baseline.  Microalbuminuria was reported in
reduced the risk of renal composite outcome (reduction in eGFR,
renal-replacement therapy or renal death) by 40% compared with pla-
cebo (HR 0.60, 95% Cl, 0.47-0.77).3% The risk of progression of albu-
minuria was 27% lower in the canagliflozin compared with the
placebo group (HR 0.73, 95% Cl, 0.67-0.79), with an increased likeli-
hood of regression of albuminuria in the canagliflozin group (HR 1.70,
95% Cl, 1.51-1.91).3% In a post hoc analysis,”? risk reduction in the
renal composite outcome was consistent across all the eGFR category
subgroups (290, 60 to <90, 45 to <60 and <45 mL/min/1.73 m?).
Within the first 13 weeks, a decline in eGFR was observed in the can-
agliflozin group, which was similar across the eGFR subgroups (pla-
cebo-subtracted differences of —1.89, —2.33, —2.85 and —2.75 mL/
min/1.73 m?, respectively). From week 13 to the end of follow-up,
the annual rate of decline in eGFR was lower in all canagliflozin sub-
groups, with placebo-subtracted mean slope differences of +1.47,
+1.09, +1.05 and +1.35 mL/min/1.73 m? per year for the respective
eGFR subgroups.”®

A secondary analysis of the Canagliflozin Treatment and Trial
Analysis versus Sulphonylurea (CANTATA-SU) study evaluated the
renal effects of canagliflozin (100 and 300 mg) compared with
glimepiride (uptitrated to 6-8 mg) in T2D patients on metformin
(N = 1450).8% Over the 2 years of follow-up, eGFR decline was slower
in the canagliflozin than in the glimepiride group (0.5 units per year
[100 mg] and —0.9 units per year [300 mg] vs. —3.3 units per year
[glimepiride]). In patients with albuminuria at baseline, UACR was
reduced by 31.7% and 49.3% with canagliflozin 100 and 300 mg,
respectively, compared with glimepiride.84 By contrast, similar studies
with dipeptidyl peptidase-4 inhibitors (such as linagliptin) failed to
show a benefit on either CV or renal outcomes compared with
glimepiride or other oral GLDs 8>8¢

The DECLARE-TIMI 58 trial included patients (N = 17 160) with
an eGFR of 60 mL/min/1.73 m? or higher at screening, although 7.3%
of patients had renal impairment (€GFR <60 mL/min/1.73 m?) at
baseline.3* Treatment with dapaglifiozin reduced the risk of renal
composite outcome (>40% decrease in eGFR to <60 mL/min/1.73 m?,
ESRD, or death from renal or CV cause) by 24% compared with pla-
cebo (HR 0.76, 95% Cl, 0.67-0.87). Similar effects were observed after
excluding CV deaths (240% decrease in eGFR to <60 mL/
min/1.73 m?, ESRD, or death from renal cause; HR 0.53, 95% ClI,
0.43-0.66).3* A prespecified secondary analysis of the DECLARE-TIMI
58 trial showed a reduction in the risk of renal outcomes with
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dapagliflozin treatment.®” The risk of sustained 40% or more reduc-
tion in eGFR leading to moderate CKD (eGFR <60 mL/min/1.73 m?)
was reduced by 46%, and that of ESRD by 69% in the dapagliflozin
group compared with placebo (Table 3). The favourable effect of
dapagliflozin on renal composite outcome was consistent in patients
with mild renal impairment (HR 0.54, 95% Cl, 0.40-0.73). Other sub-
group analyses of the DECLARE-TIMI 58 trial showed that the effects
of dapagliflozin on renal outcomes were consistent in patients with or
without prior myocardial infarction, and in those with or without prior
heart failure 8887

The beneficial renal effects of SGLT-2 inhibitors observed in the

CVOTs are corroborated by evidence from real-world studies. The

CVD-REAL-3 study evaluated the renal outcomes in T2D patients
newly initiated on SGLT-2 inhibitors versus other GLDs using data
from medical claims, primary care/hospital records and national regis-
tries in five countries (Israel, Italy, Japan, Taiwan and the UK).90 After
propensity score matching, 35 561 episodes of treatment initiation of
either SGLT-2 inhibitors or other GLDs, from 65 231 patients with
T2D, were included. Before initiation of index treatments, the mean
(SD) annual rate of eGFR change was —0.73 (7.3) and —0.75 (11.9)
mL/min/1.73 m? in the SGLT-2 inhibitor and other GLD groups,
respectively; the mean follow-up time was 14.9 months for both
groups. After initiation of treatment, the annual rate of eGFR change
was +0.46 (95% Cl, 0.34 to 0.58) and —1.21 (-1.35 to —1.06) in the
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SGLT-2 inhibitors: mechanism of cardiorenal benefits. Physiological mechanisms implicated in the cardiovascular and renal

protection with SGLT-2 inhibition. BP, blood pressure; DKD, diabetic kidney disease; GFR, glomerular filtration rate; NHE1, sodium-hydrogen
exchanger 1; NHES3, sodium-hydrogen exchanger 3; SGLT-2, sodium-glucose co-transporter-2; TGF, tubuloglomerular feedback
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SGLT-2 inhibitor and other GLD groups, respectively (between-group
difference: +1.53 mL/min per 1.73 m? per year; 95% Cl, 1.34 to 1.72;
P < .0001). In addition, initiation of SGLT-2 inhibitor was associated
with a 51% reduction in relative risk of renal composite outcome
(@ 50% eGFR decline or ESKD; HR 0.49, 95% Cl, 0.35 to 0.67;
P <.0001). These results were similar across HbAlc and eGFR sub-
groups, and were consistent regardless of the presence or absence of
CV disease or concomitant treatment with diuretics or ACEis or
ARBs.”°

8 | POTENTIAL MECHANISMS MEDIATING
THE RENAL BENEFITS OF SGLT-2
INHIBITORS

The renoprotective effects of SGLT-2 inhibition appear to be indepen-
dent of its blood glucose-lowering effects and can be explained by its
renal and systemic effects (Figure 2). Like ACEis or ARBs, SGLT-2
inhibitors may exert favourable effects on the renal haemodynamics.
Single nephron glomerular hyperfiltration is a characteristic feature in
DKD caused by dilation of afferent and constriction of efferent arteri-
oles. Under physiological conditions, the SGLT-2 is responsible for
~5% of sodium reabsorption. Patients with T2D have increased
expression of SGLT-2 receptors, resulting in increased proximal tubu-
lar reabsorption and decreased delivery of sodium to the distal
tubules, which are in close proximity to the macula densa. This results
in decreased tubuloglomerular feedback leading to dilation of the
afferent arteriole and increased glomerular perfusion. This is accom-
panied by high levels of angiotensin Il leading to efferent arteriolar
constriction, with a net effect of increased intraglomerular pressure
and hyperfiltration. Inhibition of SGLT-2 increases the distal delivery
of sodium and activates tubuloglomerular feedback, resulting in con-
striction of the afferent arterioles, thereby reducing the glomerular
hyperfiltration. The proximal natriuretic effect of SGLT-2 inhibitors is
enhanced by functional blockade of the sodium-hydrogen exchanger
3, which further increases distal delivery of sodium. The effect of
SGLT-2 inhibitors on glomerular hyperfiltration can be accentuated in
the presence of ACEis/ARBs, which cause efferent arteriolar
vasodilation.?12

Other renal effects of SGLT-2 inhibition include (a) reduction in
oxygen consumption and energy demand in the renal cortex with
preserved tubular cell structure integrity and function; (b) reduction
of glucose flux through the proximal tubular cells limiting
glucotoxicity and activation of the polyol pathway; (c) reduction of
intracellular sodium concentration in the proximal tubules with
reduced stimulus for tubular cell growth; (d) inhibition of
proinflammatory and profibrotic pathways; and (e) normalization of
impaired autophagy. Other favourable haemodynamic and metabolic
effects that may confer renoprotection include (a) improved cardiac
function with maintenance of renal perfusion; (b) BP lowering;
(c) shift in energy substrate from fat and glucose metabolism to more
efficient ketone body oxidation; (d) decrease in endothelial dysfunc-

tion and arterial stiffness; (e) glycaemic control; (f) reduction in body

weight and adiposity; and (g) increase in haematocrit leading to

improved oxygen delivery.”3%4

9 | THE FUTURE ROLE OF SGLT-2
INHIBITORS IN DKD

Until recently, only ACEi or ARB therapy had been shown to improve
outcomes in DKD. The CREDENCE study has confirmed the indepen-
dent renoprotective effects of SGLT-2 inhibitors in patients with
DKD. The DAPA-CKD trial has further established the beneficial renal
effects of SGLT-2 inhibitors in patients with CKD with or without
T2D. Of note, renal outcomes were the primary endpoint in both the
CREDENCE and DAPA-CKD trials, and the beneficial effects of can-
agliflozin and dapagliflozin were additive to those of ACEis or ARBs.
Most SGLT-2 inhibitors are now approved for use in T2D patients
with moderate (stage 3A) renal impairment (eGFR 45-60 mL/
min/1.73 m?). The mechanism of renoprotection of SGLT-2 inhibitors
appears to be independent of its blood glucose-lowering effects as
the same renal benefits are also observed in patients with non-
diabetic kidney disease. The results from the ongoing EMPA-KIDNEY
(NCT03594110) trial will further establish the role of SGLT-2 inhibi-
tors in delaying the progression of renal disease in patients with both
DKD and non-diabetic kidney disease.

In addition, as with other therapeutic intervention trials, there is
an under-representation of the Asian population in most of the com-
pleted and ongoing large randomized controlled trials that evaluate
the efficacy and safety of SGLT-2 inhibitors. Studies in Asian
populations have mainly included patients from China, Japan and
Korea, thus there is a lack of data from the South Asian region, which
accounts for a large proportion of the global diabetes population.
Hence, there is a need for more studies on the Asian population with
DKD, ideally with a pragmatic or innovative design, considering the

limited resources in the region.

10 | CONCLUSIONS AND
RECOMMENDATIONS

The rising incidence of CKD poses a major public health problem, espe-
cially in developing countries. In Asia, the problem is compounded by
the growing prevalence of diabetes, obesity and hypertension, as well
as limited healthcare resources for renal dialysis and kidney transplanta-
tion. In patients with DKD, optimal management includes intensive con-
trol of glycaemia and hypertension, and the use of ACEi or ARB
therapy. SGLT-2 inhibitors are GLDs that have unequivocally been
shown in multiple clinical trials to improve renal outcomes in patients
with DKD. Now, we have the evidence of the efficacy and safety of
SGLT-2 inhibitors with regard to renal outcomes in patients with CKD
with or without T2D. Based on currently available evidence on SGLT-2
inhibitors and clinical experience in patients with DKD, a series of clini-
cal recommendations have been developed for the use of SGLT-2

inhibitors in this population (Table 4).
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TABLE 4 Clinical recommendations on the use of SGLT-2 inhibitors for the management of Asian patients with diabetic kidney disease (DKD)

10

11

12

13

14

The burden of DKD in Asia

Early-onset diabetes and high prevalence of metabolic risk factors predispose Asian patients with T2D to a higher risk of DKD.
Patients with DKD are at a high risk of cardiovascular disease and progression to ESKD.

Management of DKD

Patients with diabetes may have silent progression of kidney disease before the onset of clinical disease. Therefore, monitoring of renal function
(at least annually) and albuminuria is critical for early detection and control of DKD.

In patients with DKD, a multifactorial management including optimal control of hyperglycaemia, blood pressure and dyslipidaemia is essential to
delay the progression of renal disease and to reduce adverse cardiorenal outcomes.

SGLT-2 inhibitors for the management of Asian patients with DKD

Effect on renal outcomes

In patients with DKD, SGLT-2 inhibitors significantly reduce the risk of renal disease progression defined as onset of ESKD or doubling of
creatinine level from baseline or death from renal or CV disease.

o The risk of doubling of creatinine level is reduced by 40% and the risk of ESRD is reduced by 32%.

e These renoprotective effects are achieved on the background ACEi or ARBs, and are consistent across varying levels of kidney function
(eGFR >30 to <90 mL/min/1.73 m?).

Treatment with SGLT-2 inhibitors is associated with an initial decline in glomerular filtration rate, which is followed by progressive recovery and
slowing in the decline of renal function with follow-up.

In patients with moderate-to-severe DKD, treatment with SGLT-2 inhibitors is associated with a sustained reduction in albuminuria.

Effect on CV outcomes
In patients with DKD, SGLT-2 inhibitors significantly reduce the risk of major adverse CV events (defined as CV death or myocardial infarction
or stroke) and HF hospitalizations.

Effect on metabolic variables
The blood glucose-lowering effects of SGLT-2 inhibitors are attenuated in patients with moderate or severe DKD.
e Based on individual glycaemic targets, additional glucose-lowering therapy may be required in patients with DKD.

Treatment with SGLT-2 inhibitors is associated with reduction in body weight and SBP, and improvements in uric acid and haematocrit in
patients with DKD.

Safety

Before initiating SGLT-2 inhibitor therapy, consider factors that may predispose patients to AKI, including hypovolaemia, dehydration, chronic
renal insufficiency, congestive heart failure, peripheral vascular disease and concomitant medications such as diuretics, ACEi, ARBs and non-
steroidal anti-inflammatory drugs.

Renal effects of SGLT-2 inhibitors in patients with T2D (including those with CKD)

In T2D patients with established or high risk of CV disease, including those with CKD, SGLT-2 inhibitor therapy:
o Reduces the risk of the renal outcomes defined by worsening or renal function or ESKD or renal death.

e Produces sustained reduction in albuminuria and reduces the risk of progression to macroalbuminuria.

o Slows the decline in renal function and increases the odds for regression of albuminuria.

Potential mechanism of renal effects

The beneficial renal effects of SGLT-2 inhibitors can be attributed to their renal and systemic effects.

e The renal effects include: (a) decrease in glomerular hyperfiltration; (b) inhibition of proinflammatory and profibrotic pathways; (c) reduction
in oxygen consumption and demand in the renal cortex, resulting in preservation of tubular cell structure integrity and function; (d) reduction
of glucose flux through proximal tubular cells limiting glucotoxicity and increases in the flux through the polyol pathway; and (e) reduction of
increased proximal tubular sodium and limitation of the stimulus for tubular cell growth.

e The favourable haemodynamic and metabolic effects such as improved cardiac function with the maintenance of renal perfusion, BP-
lowering, glycaemic control, shift towards more efficient ketone bodies as energy substrate, reduction in body weight and adiposity, and an
increase in haematocrit, may contribute to renoprotection.

Role of SGLT-2 inhibitors in the management of patients with DKD or those at high risk of DKD

Considering their beneficial CV and renal effects, SGLT-2 inhibitors represent a preferred therapy for:
o Delaying disease progression in patients with DKD (in combination with ACEi or ARBs).
e Preserving renal function and reducing albuminuria in patients at high risk of DKD and in those with hyperfiltration.

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; AKI, acute kidney injury; CKD, chronic kidney disease;
CV, cardiovascular; DKD, diabetic kidney disease; DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal
disease; HHF, heart failure hospitalizations; MACE, major adverse cardiac events; SBP, systolic blood pressure; SGLT-2, sodium-glucose co-transporter-2;
T2D, type 2 diabetes; UACR, urine albumin-to-creatinine ratio.
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