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Abstract

Purpose of the review: Sodium-glucose cotransporter-2 inhibitors (SGLT2is) are recommended for eligible patients with
type 2 diabetes for the secondary prevention of adverse cardiovascular and kidney disease outcomes. Patients with type 2
diabetes and albuminuric chronic kidney disease, a history of atherosclerotic cardiovascular disease, and/or heart failure with
reduced ejection fraction should be assessed for the use of these therapies.

Sources of information: The sources include published clinical trials with SGLT2is, with a focus on cardiovascular safety
studies and kidney protection trials.

Methods: Information was gathered via a review of relevant literature and clinical practice guidelines, incorporated with
real-life clinical experience.

Key findings: Clinicians prescribing these agents must be familiar with the benefits of SGLT2is on cardiovascular and renal
endpoints, and with adverse effects of SGLT2is, including mycotic genital infections and diabetic ketoacidosis. Primary care
physicians and specialists should know how to adjust antihypertensive, antiglycemic, and diuretic agents. With the results of
completed cardiovascular outcome trials and the Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy
trial, nephrologists specifically have a unique opportunity to impact the safe, effective, and equitable implementation of
SGLT2is into clinical practice.

Limitations: Further work is needed in specific patient subgroups, including patients with chronic kidney disease stages IV
and V, patients with kidney disease but lower levels of albuminuria, and in patients without diabetes.

Abrégé

Justification: Les inhibiteurs du co-transporteur sodium-glucose de type 2 (iSGLT2) sont recommandés pour la prévention
secondaire des effets indésirables de nature cardiovasculaire ou rénale chez les patients diabétiques de type 2 qui sont
admissibles. Les patients diabétiques de type 2 en insuffisance rénale chronique albuminurique et ayant des antécédents
de maladie cardiovasculaire athérosclérotique et/ou d’insuffisance cardiaque avec fraction d’éjection réduite devraient étre
évalués pour l'utilisation de ces traitements.

Sources: Les essais cliniques publiés portant sur les iSGLT2, avec une attention particuliére pour les études traitant de
tolérance cardiovasculaire et de protection rénale.

Méthodologie: L'information a été recueillie par I'entremise d’une revue de la littérature pertinente et des guides de
pratique clinique, intégrés a I'expérience clinique réelle.

Principaux résultats: Les médecins qui prescrivent des iSGLT2 doivent connaitre les bienfaits de ces agents sur les
résultats cardiovasculaires et rénaux, tout comme leurs effets indésirables, notamment les infections mycosiques de I'appareil
génital et I'acidocétose diabétique. Les spécialistes et les médecins de premiére ligne doivent étre en mesure d’ajuster la
posologie des agents antihypertenseurs, des diurétiques et des médicaments contrélant la glycémie. Grace aux résultats
d’essais portant sur les résultats cardiovasculaires et des conclusions de 'essai CREDENCE (Canagliflozin and Renal Outcomes
in Type 2 Diabetes and Nephropathy), les néphrologues ont une occasion unique d’influer sur une mise ceuvre s(re, efficace et
équitable des iSGLT2 dans la pratique clinique.

Limites: Des études supplémentaires portant sur des sous-groupes particuliers de patients sont nécessaires, notamment
sur des sujets atteints d’insuffisance rénale chronique de stade IV et V, des patients atteints de néphropathie avec de faibles
niveaux d’albuminurie et des sujets non-diabétiques.
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What was known before

Sodium-glucose cotransporter-2 inhibitors (SGLT2is) are
safe and effective anti-glycemic agent for patients with
type 2 diabetes. Several large cardiovascular outcome trials
and one major renal outcome trial have shown significant
improvements in cardiac and renal outcomes with SGLT2is,
leading to expanding criteria for patients who may benefit
from SGLT2i therapy.

What this adds

Using evidence from large clinical trials, we outline the char-
acteristics of patients who are eligible for SGLT2i therapy
and provide a clinical framework to prescribe and monitor
patients while on therapy. This review serves as a practical
guide for nephrologists to safely incorporate SGLT2i therapy
into clinical practice for cardiac and renal protection.

Introduction

Sodium-glucose cotransporter-2 inhibitors (SGLT2is) are
recommended for eligible patients with type 2 diabetes for
the secondary prevention of cardiovascular (CV) and/or kid-
ney disease.! As with all new therapies, it is crucial to address
potential barriers to changes in clinical practice, such as lack
of clinician familiarity with the medication and with the
adverse effect profile.3 A “risk-treatment paradox” has been
described with SGLT2is, whereby the highest risk patients
may be under prescribed these therapies in clinical practice,
despite benefits reported in clinical trials in patients with the
same risk profiles.>* While the reasons for this “risk-treat-
ment paradox” remain speculative, potential explanations
include a lack of knowledge of the evidence on the part of
physicians, or a reluctance to take a “new” medication on the
part of older, higher risk patients.? Disparities in prescribing
patterns by ethnicity and socioeconomic status have also
been described with this drug class, which may further limit

appropriate use of these therapies.* With the results of com-
pleted cardiovascular outcome trials (CVOTs) and the
Canagliflozin and Renal Outcomes in Type 2 Diabetes and
Nephropathy (CREDENCE) trial, nephrologists have an
opportunity to impact the safe, effective, and equitable
implementation of SGLT2is into clinical practice.’

Review

What Are Indications for SGLT2i Use Beyond
Glucose Lowering?

Clinical trials including patients at various levels of cardio-
renal risk have been completed and reported in the last 5
years, and have been summarized in detail elsewhere.’
Patients with type 2 diabetes and a known history of CV
disease (coronary artery disease, stroke, or peripheral vascu-
lar disease), with an estimated glomerular filtration rate
(eGFR) =30 mL/min/1.73 m?, benefit from SGLT2is for
secondary prevention of atherosclerotic cardiovascular disease
(ASCVD). Specifically, the Empagliflozin, Cardiovascular
Outcomes, and Mortality in Type 2 Diabetes (EMPA-REG
OUTCOME) and Canagliflozin and Cardiovascular and
Renal Events in Type 2 Diabetes (CANVAS Program) trials
each demonstrated a 14% reduction in the primary endpoint
of major adverse cardiac event outcome of CV death, nonfa-
tal myocardial infarction, or nonfatal stroke in the group
randomized to SGLT2is compared with placebo.®’ Similarly,
the Dapagliflozin and Cardiovascular Outcomes in Type 2
Diabetes (DECLARE-TIMI 58) trial demonstrated a 17%
reduction in CV death or hospitalization for heart failure.®
Patients randomized to SGLT2is had a 46%, 40%, and
47% reduction in the secondary renal endpoints of dou-
bling of serum creatinine, 40% eGFR decline, end-stage
kidney disease (ESKD), or renal death in the EMPA-REG
OUTCOME, CANVAS Program, and DECLARE-TIMI 58
trials, respectively.®® Furthermore, in patients with type 2
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Table I. Clinical Indications for Sodium-Glucose cotransporter 2i Based on Large Clinical Trials (Approved Indications Vary by

Jurisdiction).

Type 2 diabetes and history of atherosclerotic cardiovascular disease (empagliflozin to reduce cardiovascular death, canagliflozin to
reduce the risk of major adverse cardiac events, and dapagliflozin to reduce the risk of hospitalization for heart failure)
Type 2 diabetes and chronic kidney disease with estimated glomerular filtration rate 30 to 90 mL/min/1.73 m? and macroalbuminuria

(canagliflozin)

Heart failure with reduced ejection fraction <40%, with or without type 2 diabetes®
Use for control of hyperglycemia with metformin unless metformin is contraindicated (empagliflozin, canagliflozin, dapagliflozin, and

ertugliflozin)

2Not yet approved in Canada for this indication, dapagliflozin is recommended in 2020 Canadian Cardiovascular Society/Canadian Heart Failure Society

Heart Failure Guidelines update.

diabetes and chronic kidney disease (CKD), defined as
eGFR 30 to 90 mL/min/1.73 m? and albuminuria (>300 mg/
day), on maximum tolerated renin-angiotensin-aldosterone
system (RAAS) blockade, SGLT2i therapy is increasingly
being recommended in clinical practice guidelines to reduce
the risk of CKD progression.”!? This change in practice is
based on the results from the CREDENCE trial that demon-
strated patients randomized to canagliflozin compared with
placebo had a 30% reduction in the primary renal endpoint
of doubling of the serum creatinine level, ESKD, or renal or
CV death."" The number needed to treat with canagliflozin
to prevent 1 occurrence of the primary outcome is 22
patients over 2.5 years.!! Based on the available evidence,
patients with type 2 diabetes and CKD with eGFR 30 to 90
mL/min/1.73 m? and albuminuria <300 mg/day are not yet
eligible for SGLT?2i initiation specifically for kidney protec-
tion based on the results from the CREDENCE trial. However,
SGLT2is can be initiated in patients with an eGFR =30 mL/
min/1.73 m? for CV protection in patients with established
ASCVD. While American, European, and Canadian Cardio-
vascular Society clinical practice guidelines now recom-
mend SGLT2is for kidney protection, Diabetes Canada
Clinical Practice Guidelines have not yet been revised since
the completion of the CREDENCE ftrial.>!%12.13

SGLT?2i therapy has been tested in patients with and with-
out type 2 diabetes, in the setting of heart failure and reduced
ejection fraction <40% and eGFR =30 mL/min/1.73 m?, for
the secondary prevention of hospitalization for heart failure. In
the Dapagliflozin in Patients with Heart Failure and Reduced
Ejection Fraction (DAPA-HF) trial, patients had a 26% reduc-
tion in the primary outcome of worsening heart failure or CV
death with dapagliflozin versus placebo treatment.'* These
results were similar in patients with and without diabetes,
thereby providing exciting new evidence that SGLT2i-related
benefits may extend to patients even in the absence of hyper-
glycemia (Table 1).

Who Is Not Eligible for SGLT2i Use Currently?

Despite the strength of evidence described above, there are
specific clinical circumstances where there is either no
data, or insufficient evidence for the use of SGLT2is. First,

safety and efficacy data in kidney transplant recipients with
type 2 diabetes are limited to case series and 1 small con-
trolled trial.'’>!7 Accordingly, SGLT2is should not yet be
used in these patients. In addition, although the mecha-
nisms for kidney protection may overlap significantly in
type 1 and type 2 diabetes, SGLT2is are not currently rec-
ommended in Canada for use in patients with type 1 diabe-
tes due to concerns related to an increased risk of diabetic
ketoacidosis (DKA) in this population.!®! Although
SGLT2i use in patients with type 1 diabetes is approved in
Europe and Japan, even in the hands of specialized endocri-
nology clinics, significant education is required to mitigate
the risk of DKA, especially around ketone monitoring and
sick day advice.?*-22

Compared with the overall literature with these agents,
there are less data for SGLT2i therapy in some higher risk
groups, including elderly individuals.?*** Accordingly, indi-
vidualized consideration of risks and benefits is warranted.
Sodium-glucose cotransporter-2 inhibitors should be avoided
during pregnancy and breastfeeding, given the lack of safety
data, and women of child-bearing age should be counseled
accordingly.?> While initiating therapy with SGLT2is is not
currently recommended if eGFR <30 mL/min/1.73 m?, con-
tinuation of therapy may be reasonable until renal replace-
ment therapy initiation, as was done in the CREDENCE
trial.!! It is prudent to avoid initiating SGLT2i therapy in
patients with known bilateral renal artery stenosis or those
with severe liver disease, given the lack of safety data in
these groups. In addition, when considering use in patients
with a single kidney, consultation with a nephrologist should
be considered due to possible hemodynamic issues that may
arise, especially when combined with a RAAS inhibitor.

Prior to initiating SGLT2i therapy, consideration should
be given to the patient’s current medication regimen. Patients
should be on the maximum tolerated dose of a single RAAS-
inhibiting agent, which is based on data from published kid-
ney and CV endpoint trials. For example, 99.9% of patients
in the CREDENCE trial were taking a RAAS inhibitor at
baseline, as were 80% of participants in the CVOTs.®3!!
Mineralocorticoid receptor antagonist (MRA) use may be
considered in appropriate cases, with the caveat that MRA
use was excluded in the CREDENCE trial but permitted in



Canadian Journal of Kidney Health and Disease

Table 2. Currently Available Sodium-Glucose Cotransporter-2 Inhibitor in Canada.

Drug name Major clinical trials with each agent

Available dosage and
recommendations

Health Canada approved eGFR
cutoff

Empagliflozin EMPA-REG OUTCOME, NCTO1 131676

EMPA-KIDNEY?, NCT03594110 (ongoing)

CANVAS Program, NCT01032629,
NCT01989754

CREDENCE, NCT02065791

Canagliflozin

Dapagliflozin DECLARE-TIMI 58, NCT01730534
DAPA-HF, NCT03036124
DAPA-CKD? NCT03036150 (stopped in
March 2020 due to clinical benefit)
Ertugliflozin VERTIS CV (completed in December 2019,

results pending)

10 mg, 25 mg® eGFR =30 mL/min/1.73 m?

eGFR =30 mL/min/1.73 m?
100-mg dose can be continued

100 mg, 300 mg®
100-mg dose used in

CREDENCE until dialysis initiation
5mg, 10 mg eGFR =45 mL/min/1.73 m?
5mg, 15 mg eGFR =45 mL/min/1.73 m?

Note. eGFR= estimated glomerular filtration rate; NCT = ClinicalTrials.gov Identifier; VERTIS CV = Cardiovascular Outcomes Following Ertugliflozin
Treatment in Type 2 Diabetes Mellitus Participants With Vascular Disease; EMPA-REG = Empagliflozin, Cardiovascular Outcomes, and Mortality in
Type 2 Diabetes; EMPA-KIDNEY = Study of Heart and Kidney Protection With Empagliflozin; CANVAS = Canagliflozin and Cardiovascular and Renal
Events in Type 2 Diabetes; CREDENCE = Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy; DECLARE-TIMI 58 = Dapagliflozin
and Cardiovascular Outcomes in Type 2 Diabetes; DAPA-HF = Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction; DAPA-CKD
= Dapagliflozin And Prevention of Adverse outcomes in Chronic Kidney Disease.

*Primary composite renal endpoint.
bCardiovascular benefits seen at both doses.

published CVOTs and DAPA-HF, with 71% of patients tak-
ing MRA therapy in the latter trial.'"'* A final consideration
is immunosuppressive therapies. Patients taking systemic
immunosuppressive therapies including chronic corticoste-
roids were excluded from the clinical trials. Use of SGLT2is
with immunosuppressive therapies should therefore be con-
sidered on an individualized basis.

What Are the Known and Suspected Adverse
Effects of SGLT2is?

Patients taking SGLT2is have a 3- to 4-fold increased risk
of mycotic genital infections, which are usually not severe
and rarely necessitate cessation of therapy.?® There is no
increased risk of urinary tract infection (UTI) with SGLT2is,
with the caveat that this risk is not well defined in “high-
risk” patients such as those with a history of recurrent UTI
or catheter use.?’” It remains unknown whether SGLT2i is
associated with an increased risk of necrotizing fasciitis of
the perineum (“Fournier’s gangrene”),?® although the risk
was actually lower in patients who received dapagliflozin
in the DECLARE-TIMI 58 trial. Accordingly, using objec-
tive data, this no longer appears to be an important clinical
consideration.

Patients taking SGLT2is are at increased risk of symptom-
atic hypovolemic events,”?® and it is prudent to counsel
patients to hold therapy in the event of a surgery or acute
illness. Temporarily stopping treatment in this context may
help prevent rare but serious side effects, including volume
depletion and DKA. Patients with type 2 diabetes taking
SGLT2is are at an increased risk of DKA, with a reported
incidence of 0.16 to 0.76 events per 1000 patients years.?
Serum glucose levels may be normal in the setting of DKA

with SGLT2is (“euglycemic DKA”). Therefore, a high index
of suspicion is required in patients on SGLT2is who present
with an elevated anion gap metabolic acidosis.?’ Patients
with type 2 diabetes and a history of DKA are likely at risk of
recurrent DKA, and SGLT2i therapy should be avoided in
these individuals.

Less well understood was the observation that there was
an increased risk of bone fractures and lower extremity
amputations in patients receiving canagliflozin versus pla-
cebo in the CANVAS Program trial.” Importantly, this signal
was not seen in the CREDENCE trial or in any of the other
CV safety trials."" The true nature of the risk remains unde-
fined, and it may be prudent to avoid canagliflozin specifi-
cally in patients at very high risk of lower extremity
amputation or fractures.?’ A different issue that arose in post-
marketing surveillance data was a suggestion of an increased
risk of acute kidney injury (AKI) with SGLT2is. Subsequent
“real world” health care database analyses have convinc-
ingly reported that this AKI signal was likely confounded by
the lack of the control group, and this concern has not been
substantiated in large clinical trials or propensity-matched
observational data.”®3 To the contrary, large clinical trials
have reported an opposite reduction in AKI risk with
SGLT2is, for reasons that are not yet well understood,! and
a similar reduced AKI risk has been reported in administra-
tive database analyses.>?

How Do [ Initiate and Titrate SGLT2i Therapy?

Once a patient is identified as eligible for SGLT2i therapy,
the lowest evidence-based dose that provides cardiorenal ben-
efit should be initiated: empagliflozin 10 mg, canagliflozin
100 mg, or dapagliflozin 10 mg once daily (Table 2). At the
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Figure |. Proposed algorithm for SGLT?2i initiation.

Note. Check electrolytes, creatinine after initiation of treatment according to local guidelines/practice. SGLT2i = sodium-glucose cotransporter-2
inhibitor; T2D = type 2 diabetes; eGFR= estimated glomerular filtration rate; SU = sulfonylurea; ACE = angiotensin-converting enzyme; ARB =

angiotensin |l receptor blocker.

?Also consider following guidance around adjustment of insulin and SU therapies, diuretics, and antihypertensives prior to initiation of therapies.

time of SGLT?2i initiation, the patient’s current glycemic con-
trol, blood pressure, and volume status should be assessed
(Figure 1). The risk of hypoglycemia is generally not
increased when SGLT2i is used alone or with metformin
monotherapy.! Patients with recurrent hypoglycemia, or with
a hemoglobin A1C <7% on insulin or sulfonylurea therapy
should have their insulin dose reduced by approximately 10%
to 20%, and sulfonylurea dose reduced or stopped at the time
of SGLT2i initiation. Sodium-glucose cotransporter-2
inhibitors should be avoided in hypotensive and hypovo-
lemic patients, based on the judgment of the clinician.
Antihypertensive medications may need to be adjusted if
blood pressure is already at target because systolic and dia-
stolic blood pressures decrease with SGLT2is by approxi-
mately 3 to 5/1 to 2 mm Hg, respectively.3* Importantly, in
patients with diabetes (especially with cardiorenal complica-
tions), preference should be given to maintaining stable
RAAS inhibitor doses and reducing other antihypertensives.
While the natriuresis seen with SGLT2i initiation is modest,
adjustment of loop diuretic dosing may also be required in
patients who are already euvolemic and normotensive at
baseline.>*3% For example, we tend to reduce loop diuretic

dose by 50% in patients initiating SGLT2i agents when blood
pressure and volume status are in the normal or lower range
at baseline.

How Do | Monitor SGLT2i Therapy?

Recommendations for biochemical monitoring after SGLT2i
initiation mirror those following initiation of RAAS inhibitors.
Specifically, kidney function should be checked 7 to 14 days
after initiation of therapy in patients with kidney function
impairment or in patients with concerns around circulating vol-
ume or hemodynamics. Clinicians should anticipate an acute
dip in baseline eGFR of 3 to 4 mL/min/1.73 m? with SGLT2i
initiation.33 Repeat testing and close follow-up is recommended
if eGFR declines by more than 20% to 25% with drug initiation,
with dose reduction or discontinuation of therapy if eGFR drops
by >30%.> Importantly, after 4 weeks on SGLT2i therapy, the
decline in eGFR of 3 to 4 mL/min/1.73 m? should stabilize, and
in many cases returns back to baseline.*

Beyond expected changes in kidney function, patients
should be counseled on good perineal hygiene habits to
reduce the risk of genital mycotic infections®® and advised to
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stop the drug during episodes of acute illness or surgery to
reduce the risk of symptomatic hypovolemia and DKA.?°

Are There Upcoming Studies Relevant to My
Nephrology Practice?

SGLT2i therapies are being investigated for potential renal
benefits in an expanded population beyond patients with type
2 diabetes and albuminuria. The Dapagliflozin And Prevention
of Adverse outcomes in Chronic Kidney Disease (DAPA-
CKD) trial enrolled patients with and without type 2 diabetes,
with eGFR between 25 and 75 mL/min/1.73 m? and albu-
minuria (>200 mg/day). The Dapagliflozin And Prevention
of Adverse outcomes in Chronic Kidney Disease trial was
stopped early in March of 2020 due to overwhelming efficacy
in the primary composite outcome of time to 50% eGFR
decline, ESRD, and renal or CV death,?” which could lead to
major changes in clinical practice in nephrology once the full
results are available. Furthermore, the Study of Heart and
Kidney Protection With Empagliflozin is enrolling patients
with eGFR as low as 20 mL/min/1.73 m? with normoalbu-
minuria, microalbuminuria, or macroalbuminuria, to evaluate
similar composite renal outcomes.> While the underlying
mechanisms for the kidney protective properties of SGLT2is
are not entirely understood, the proposed mechanisms are
well described in other reviews,>*? which include attenuation
of tubuloglomerular feedback and hyperfiltration, suppres-
sion of proinflammatory pathways, and protection against
renal ischemia.’

How Do [ Integrate Findings From CREDENCE
With My Current Practice? Can the Results Be
Extrapolated to Any SGLT2i, or Should | Switch
My Patients With CKD to Canagliflozin?

In light of the substantive cardiorenal benefits observed in
the CVOTs and in the CREDENCE trial, SGLT2is are poised
to have a more prominent role in clinical practice as medi-
cines that reduce the risk of significant cardiac and renal
complications, independent of glucose lowering. In patients
at high risk for CKD progression, SGLT2is should be initi-
ated in patients meeting inclusion and exclusion criteria from
the CREDENCE trial: patients with type 2 diabetes, eGFR
30 to 90 mL/min/1.73 m?, and macroalbuminuria. Our prac-
tice is to initiate canagliflozin 100 mg in eligible patients
who are not yet on SGLT2is as per the CREDENCE trial, but
not to switch to this agent if the patient has already been
prescribed empagliflozin or dapagliflozin for cardioprotec-
tion or glucose-lowering reasons. The rationale for this prac-
tice is that the renoprotective effects of SGLT2is are likely a
class-effect based on the secondary renal outcomes of the
CVOTs and emerging data from DAPA-CKD.3!37

To avoid low rates of usage seen with RAAS inhibitors
when these agents first became available, potential barriers

need to be addressed to ensure that SGLT2is and other new
kidney protective agents are used appropriately and safely.
First, a lack of comfort and familiarity for many internists,
family doctors, cardiologists, and nephrologists may slow
the uptake of these agents for appropriate patients who meet
the criteria for the CVOTs and CREDENCE trial. Closer col-
laboration and communication in particular between endo-
crine, cardiology, and nephrology specialists might help
achieve better uptake of SGLT2is in appropriate patients.
Second, financial cost for these therapies remains a signifi-
cant barrier in many jurisdictions, despite evidence that they
reduce the risk of developing expensive complications
requiring extended hospital stays. Third, patients need to be
identified appropriately in health care systems, where routine
blood and urine screening and clinic visits may either be too
infrequent or completely absent. As a consequence, for
example, patients may not have albuminuria quantified,
thereby missing the opportunity to identify patients who
would otherwise be eligible for SGLT2i therapy. Finally,
community outreach programs are needed to help with
awareness around diabetes, complications, and the role of
new therapies to increase the uptake, use, and continuation of
new treatment options.

Conclusion

SGLT2is represent an important advancement for the pre-
vention of CV disease and treatment of heart failure, and a
transformational change in the way diabetic kidney disease
is managed. It is of particular importance for the cardiology
and nephrology communities to become familiar and com-
fortable with these agents—both their benefits and side
effect profiles—and to be comfortable prescribing them.
Furthermore, it is of additional importance to open and main-
tain a dialogue with clinicians, patients, payers, and regula-
tors to make sure that these and other agents are accessible to
patients and thereby yield a maximal benefit to individual
patients and to society.
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