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SGLT-2 inhibitors:

A new era in managing diabetic
kidney disease starts now

DIABETIC KIDNEY DISEASE is a major cause of
chronic kidney disease and the most com-
mon cause of end-stage kidney disease. Before
the sodium-glucose cotransporter-2 (SGLT-2)
inhibitors were introduced, the nephrology
community had not had much to celebrate
in the management of diabetic kidney disease
since the landmark trials of renin-angiotensin
system blockers 20 years ago.!” Since that
time, angiotensin-converting enzyme inhibi-
tors or angiotensin Il receptor blockers have
been the cornerstone of managing proteinuric
diabetic and nondiabetic kidney disease. Fast-
forward 20 years, and SGLT-2 inhibitors have
emerged as a major addition to our toolkit in
the management of diabetic kidney disease.

See related article, page 47

In this issue, Tsushima et al* discuss the role
of SGLT-2 inhibitors in managing patients with
type 2 diabetes and highlight the updated 2020
treatment guidelines from the American Dia-
betes Association and the American Associa-
tion of Clinical Endocrinologists.>® The authors
thoroughly highlight the overwhelmingly ben-
eficial cardiovascular, kidney, and metabolic ef-
fects of this new class of medications that is tak-
ing many different medical specialties by storm.

Here, we would like expand the discussion
on the kidney effects of the SGLT-2 inhibitors.
We will highlight only the SGLT-2 inhibitors
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that have data on primary and secondary re-
nal outcomes; however, we suspect that the
benefits are a class effect. We also summarize
the 2020 KDIGO (Kidney Disease: Improving
Global Outcomes) guidelines, which empha-
size early and extended use of SGLT-2 inhibi-
tors in patients with diabetic kidney disease.”

M THE WRITING WAS ON THE WALL

As reviewed by Tsushima et al,* large random-
ized controlled trials proved SGLT-2 inhibitors
to be beneficial in patients with type 2 diabetes
in terms of primary cardiovascular outcomes
and secondary renal end points (Table 1).5-'4
These results paved the way for the CRE-
DENCEE trial'? (Canagliflozin and Renal Events
in Diabetes With Established Nephropathy
Clinical Evaluation), which was the first major
randomized, placebo-controlled multicenter
study to evaluate primary renal composite end
points consisting of end-stage kidney disease,
a doubling of serum creatinine level, or death
from a renal or cardiovascular cause.

The results were overwhelmingly positive,
with a 30% relative risk reduction (hazard ratio
[HR] 0.70, 95% confidence interval [CI] 059-
0.82, P = .00001) with canagliflozin compared
with placebo. This astonishing outcome was in
patients who were already taking maximally tol-
erated doses of angiotensin-converting enzyme
inhibitors or angiotensin II receptor blockers.
To accentuate the point, the landmark trials
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TABLE 1
Renal outcomes of the major trials of sodium-glucose cotransporter 2 inhibitors
Primary or Number
secondary  Hazard ratio needed
Trial Agent Composite kidney outcome end points  (95% Cl) to treat
EMPA-REG OUTCOME® Empagliflozin  Doubling of the serum creatinine Secondary  0.54(0.40-0.75) 194
level, initiation of kidney replace-
ment therapy, or death from renal
disease
CANVAS'™® Canagliflozin  Sustained 40% reduction in eGFR,  Secondary ~ 0.60 (0.47-0.77) 286
need for kidney replacement
therapy, or death from renal causes
DECLARE-TIMI 58 Dapagliflozin  Sustained > 40% reduction in eGFR ~ Secondary ~ 0.53 (0.43-0.66) 78

to < 60 mL/min/1.73 m?, new end-
stage kidney disease, or death from
renal cause

EMPEROR-Reduced® Empagliflozin  Sustained > 40% reduction in eGFR, Secondary ~ 0.50(0.32-0.77) 68
chronic dialysis, renal transplant, or
sustained eGFR

< 10-15 mL/min/1.73 m?

CREDENCE™ Canagliflozin ~ End-stage kidney disease, doubling  Primary 0.70 (0.59-0.82) 22
of the serum creatinine level, or
death from renal or cardiovascular

causes

DAPA-CKD'" Dapagliflozin  Sustained > 50% reduction in eGFR, Primary 0.61(0.51-0.72) 19
end-stage kidney disease, or death

from renal or cardiovascular cause

EMPA-KIDNEY™ Empagliflozin  End-stage kidney disease, a sus- Primary Ongoing Ongoing
tained reduction in eGFR to < 10
mL/min/1.73 m?, renal death, or a

sustained decline of > 40% in eGFR

CANVAS = Canagliflozin Cardiovascular Assessment Study; Cl = confidence interval; CREDENCE = Canagliflozin and Renal Events in Diabetes With Established
Nephropathy Clinical Evaluation; DAPA-CKD = Dapagliflozin in Patients With Chronic Kidney Disease; DECLARE-TIMI 58 = Dapagliflozin Effect on Cardiovas-
cular Events; eGFR = estimated glomerular filtration rate; EMPA-KIDNEY = Study of Heart and Kidney Protection With Empagliflozin; EMPA-REG OUTCOME

= Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients; EMPEROR-Reduced = Empagliflozin Outcome Trial in Patients With
Chronic Heart Failure With Reduced Ejection Fraction

confirmed the renal benefits of CREDENCE,

and has expanded the population eligible for
treatment with an SGLT-2 inhibitor.”

of renin-angiotensin system inhibitors such
as the Irbesartan Diabetic Nephropathy Trial?
and the Reduction of Endpoints in NIDDM
With the Angiotensin II Antagonist Losartan

study® demonstrated a 33% and 25% reduction I INSIGHTS FROM DAPA-CKD

60

in doubling in serum creatinine, respectively,
while canagliflozin had a 40% reduction.

Even more intriguing is the newly pub-
lished DAPA-CKD (Dapagliflozin in Patients
With Chronic Kidney Disease) trial, which has

The DAPA-CKD trial® was a large, mul-
ticenter, randomized controlled trial that
enrolled 4,304 participants to receive dapa-

gliflozin (10 mg once daily) or placebo. In
contrast to the CREDENCE trial, which in-
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cluded only patients with type 2 diabetic pro-
teinuria (with albumin-to-creatinine ratios of
300-5,000 mg/g) with an estimated glomerular
filtration rate (eGFR) between 30 and 90 mL/
min/1.73 m?, the DAPA-CKD trial enrolled
patients with chronic kidney disease with low-
er eGFRs (between 25 and 75 mlL/min/1.73
m?), less proteinuria (albumin-to-creatinine
ratios of 200-5,000 mg/g), with or without
type 2 diabetes. Approximately two-thirds of
participants enrolled had type 2 diabetes, and
98% of all participants were on a stable dose of
an angiotensin-converting enzyme inhibitor or
angiotensin II receptor blocker.

The primary composite outcome was a sus-
tained decline in eGFR of at least 50%, end-
stage kidney disease, or death from kidney or
cardiovascular causes.

The independent data monitoring com-
mittee stopped the trial after a median of 2.4
years, after primary efficacy end points were
achieved. There was a 39% reduction in the
primary composite outcome in the dapa-
gliflozin group (HR 0.61, 95% CI 0.51-0.72,
P < .001), and the number needed to treat
was 19 (95% CI 15-27). Results were simi-
lar regardless of diabetes status, and the ben-
eficial kidney outcomes were independent of
glycemic control. Dapagliflozin also achieved
a 31% risk reduction in all-cause mortality
(HR 0.69, 95% CI 0.53-0.88, P = .004) and
a 44% risk reduction in worsening renal func-
tion or death from kidney failure (HR 0.56,
95% CI 0.45-0.68, P < .0001). Interestingly,
the incidence of serious adverse events in the
dapagliflozin group was similar to that in the
placebo group (33.9% vs 29.5%), with keto-
acidosis not reported in the dapagliflozin
group and severe hypoglycemia not observed
in the nondiabetic population.

I MOVING THE GOAL POST:
THE 2020 KDIGO GUIDELINE

Given the emerging data, Kidney Disease: Im-
proving Global Outcomes (KDIGO) recently
published their inaugural 2020 practice guide-
lines for diabetes management in chronic kid-
ney disease patients.” KDIGO goes beyond
what the American Diabetes Association
and American Association of Clinical En-
docrinologists guidelines say, recommending
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SGLT-2 inhibitors and metformin as first-line
drugs for diabetic kidney disease. We sum-
marize here the key points as they pertain to
antihyperglycemic therapies in patients with
diabetes and chronic kidney disease.

Lifestyle modification and drugs

Glycemic control for management of patients

with type 2 diabetes and chronic kidney dis-

ease should include lifestyle therapy; first-line
drug treatment includes metformin and an

SGLT-2 inhibitor, and additional drug thera-

pies as needed for glycemic control. Specifi-

cally:

e SGLT-2 inhibitors get a grade 1 (high-
est) recommendation, level of evidence A
(high-quality)

e Metformin gets a grade 1 recommenda-
tion, level of evidence B (moderate-quali-
ty); dose reduction is required when eGFR
drops below 45 mL/min/1.73 m*, and met-
formin should be discontinued if eGFR is
less than 30 mL/min/1.73 m?

e Long-acting glucagon-like peptide 1 re-
ceptor agonists are recommended for pa-
tients who have not achieved their indi-
vidualized glycemic targets despite use of
metformin and SGLT-2 inhibitors, or who
cannot use those medications (grade 1B
recommendation).

Metformin is a preferred first-line agent
due to its glucose-lowering control, tolerabil-
ity, and low cost. SGLT-2 inhibitors are rela-
tively weak antiglycemic drugs with smaller
reductions of hemoglobin A,. The recom-
mendation to add SGLT-2 inhibiters in com-
bination with metformin is primarily for the
beneficial effects of slowing the progression
of nephrologic and cardiovascular disease and
not for hemoglobin A, control.

Hemoglobin A, targets are individual-
ized, ranging from less than 6.5% to less than
8.0% in patients with diabetes and chronic
kidney disease not treated with dialysis (grade
1C recommendation: recommended, but low-
quality evidence).

M KEY TAKEAWAYS
AND PRACTICE POINTERS

We believe that frontline clinicians should
initiate SGLT-2 inhibitors for patients with
type 2 diabetes and diabetic kidney disease
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who have an eGFR of at least 30 mL/min/1.73
m?. Maximal treatment with an angiotensin-
converting enzyme inhibitor or angiotensin 11
receptor blocker is highly recommended before
starting the SGLT-2 inhibitor but is not an ab-
solute requirement in patients who cannot tol-
erate renin-angiotensin system blockade.

Deferring initiation of SGLT-2 inhibitors
to a specialist (a nephrologist or endocrinolo-
gist) will result in a faster progression of dia-
betic kidney disease irrespective of glycemic
control, and it is crucial to initiate these medi-
cations as early as possible. SGLT-2 inhibitors
are contraindicated if the eGFR is less than
25 mL/min/1.73 m? (see below), and later ini-
tiation even with acceptable but lower eGFR
ranges may be more problematic as it relates to
the expected acute drop in eGFR.

Efficacious doses of SGLT-2 inhibitors that
have been studied in diabetic kidney disease
are canagliflozin 100 mg, empagliflozin 10 mg,
or dapagliflozin 10 mg.

Prescribers should be aware of the initial
reversible drop in eGFR of approximately 5 to
8 mL/min/1.73 m? (up to a 20% drop) in the
first 2 weeks after starting SGLT-2 inhibitors,
which is due to the hemodynamic effects of
the drug. This decrease is analogous to the he-
modynamic effects of angiotensin-converting
enzyme inhibitors or angiotensin Il receptor
blockers. This mild reduction in eGFR does
not require discontinuation of the drug.

We anticipate the lower limit of kidney

function below which SGLT-2 inhibitors can-
not be started will continue to be challenged.
Currently, canagliflozin and empagliflozin ini-
tiation is contraindicated if the eGFR is less
than 30 mL/min/1.73 m?, while dapagliflozin
lowered the eGFR threshold to less than 25
mL/minute/1.73 m? as a result of the DAPA-
CKD trial."® The Study of Heart and Kidney
Protection With Empagliflozin (EMPA-KID-
NEY)!" is recruiting patients whose eGFR can
be as low as 20 mL/min/1.73 m?.
e SGLT-2 inhibitors should be continued until
kidney replacement therapy needs to be started.
e The expected glycosuria may result in os-
motic diuresis; therefore, patients will need
to be educated about potential volume deple-
tion. Additionally, clinicians may consider
reducing or stopping concomitant diuretic
therapy in the short term.
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Educate the patient about the “sick day rule.”
SGLT-2 inhibitors should be held in periods of
illness accompanied by decreased oral intake or
increased volume losses. Hypovolemia and al-
tered arteriolar hemodynamics may predispose
patients to ischemic tubular kidney injury.

The risks and benefits of therapy should be
assessed in patients with a history of urinary
tract infections, genitourinary yeast infec-
tions, or diabetic ketoacidosis.

I FUTURE DIRECTIONS

The scope of the KDIGO guidelines was lim-
ited to diabetic kidney disease, and the work
group did not incorporate recommendations
for patients who have chronic kidney disease
but no diabetes. All of the aforementioned
studies exclusively studied proteinuric diabet-
ic kidney disease, with the exception of the
DAPA-CKD trial, in which only one-third
(n = 1,398) of the participants did not have
diabetes, and which still demonstrated kidney
benefits in this subgroup.

In subgroup analysis of the DAPA-CKD
trial, 50% of nondiabetic kidney disease pa-
tients (HR 0.50; 95% CI 0.35-0.72) vs 36%
of diabetic kidney disease patients (HR 0.64,
95% CI 0.52-0.79) met the primary compos-
ite outcome (sustained decline in eGFR of at
least 50%, end-stage kidney disease, or death
from kidney or cardiovascular causes). Neither
diabetic ketoacidosis nor severe hypoglycemia
was observed in participants without type 2
diabetes.

Questions remain about whether SGLT-
2 inhibitors have kidney benefits in patients
with diabetes who have chronic kidney dis-
ease without proteinuria, or in patients with-
out diabetes who have chronic kidney disease
without proteinuria.

EMPA-KIDNEY!* will hopefully shed more
light on this population. The study is actively
enrolling 6,000 patients who have chronic kid-
ney disease with or without type 2 diabetes with
eGFRs of 20 to less than 45 mL/min/1.73 m?,
and eGFRs of 45 to less than 90 mL/min/1.73
m? with less albuminuria (albumin-creatinine
ratios > 200 mg/g). The primary composite
outcome includes several hard kidney disease
outcomes. The EMPA-KIDNEY results are ex-
pected in the summer of 2022.
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Another important patient population
that has been excluded from these trials is kid-
ney transplant recipients. Type 2 diabetes was
listed as the cause of their end-stage kidney
disease in 31% of patients who received kid-
ney transplants in 2019." These patients may
benefit from SGLT-2 inhibitors, but concerns
include the risk of genitourinary infections
and the uncertainty and additional testing that
may be required to differentiate acute rejection
from the expected rise in serum creatinine at
time of initiation. We hope to get more infor-
mation about this subgroup in the future.

I A NEW ERA IN THE TREATMENT
OF DIABETIC KIDNEY DISEASE

SGLT-2 inhibitors have blown the doors wide
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open in the management of diabetic kidney dis-
ease. Further, additional classes of medications
appear to be on the horizon. A novel nonste-
roidal mineralocorticoid receptor antagonist
(finerenone),'® an endothelin receptor antago-
nist (atrasentan),'” and glucagon-like peptide
1 receptor agonists are some promising agents
for slowing the progression of diabetic kidney
disease. The long-awaited future of multitar-
geted treatment for diabetic kidney disease is
finally here! [ |
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