Received: 16 November 2016

Revised: 6 January 2017

Accepted: 9 January 2017

DOI: 10.1111/dom.12876

BRIEF REPORT

WILEY

Renal safety of canagliflozin, a sodium glucose co-transporter 2
inhibitor, in patients with type 2 diabetes mellitus

Mehul Desai MD

| Yshai Yavin MBChB | Dainius Balis PhD | Don Sun MD |

John Xie PhD | William Canovatchel MD | Norm Rosenthal MD

Janssen Research & Development, LLC,
Raritan, New Jersey

Correspondence

Mehul Desai MD, Janssen Research &
Development, LLC, 920 Route 202, South
Raritan, NJ 08869.

Email: MDesai3@its.jnj.com

Funding information

This analysis was supported by Janssen
Research & Development, LLC. Medical writing
support was provided by Felicia Gray, PhD, of
MedErgy, and was funded by Janssen Global
Services, LLC.

The incidence of renal-related adverse events (AEs) with canagliflozin in patients with type 2
diabetes mellitus from a pooled population of patients in 7 active- and placebo-controlled trials
(N = 5598) and in a 104-week study vs glimepiride (N = 1450) was low and similar in canagliflozin
and non-canagliflozin groups. In the study vs glimepiride, canagliflozin was associated with an ini-
tial acute decrease in estimated glomerular filtration rate (eGFR) that attenuated over time, while
eGFR declined progressively over 104 weeks with glimepiride. The incidence of renal-related AEs
with canagliflozin was generally stable over time, while the incidence with glimepiride increased
over 104 weeks. In the present analysis, based on postmarketing reports from the US Food and
Drug Administration Adverse Event Reporting System, a potential signal was identified for acute
kidney injury with all approved sodium glucose co-transporter 2 (SGLT2) inhibitors (ie, canagliflo-
zin, dapagliflozin and empagliflozin). The early onset of acute kidney injury events with SGLT2
inhibitors in postmarketing reports probably reflects the acute changes in eGFR attibutable to the

known renal haemodynamic effects of SGLT2 inhibition.
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1 | INTRODUCTION

Sodium glucose co-transporter 2 (SGLT2) inhibitors are a novel class
of drugs for the treatment of hyperglycaemia in adults with type 2
diabetes mellitus (T2DM).! SGLT2 is responsible for glucose reab-
sorption in the proximal tubule of the kidney.! SGLT2 inhibition low-
ers the renal threshold for glucose in patients with T2DM, thereby
increasing urinary glucose excretion, resulting in lowered blood glu-
cose, a mild osmotic diuresis and a net caloric loss.? In clinical studies,
acute, reversible declines in estimated glomerular filtration rate
(eGFR) with commensurate increases in serum creatinine have
been observed with SGLT2 inhibitors, consistent with the haemody-
namic effect of these agents.? Antihypertensive agents that target
the renin-angiotensin-aldosterone system (RAAS; ie, angiotensin-
converting enzyme [ACE] inhibitors and angiotensin Il receptor block-
ers) are also associated with acute, reversible declines in renal

function in patients with T2DM early in treatment, as measured by

SGLT2 inhibitor, type 2 diabetes

decreased eGFR and increased serum creatinine; these changes are
the result of reduced intraglomerular pressure via the haemodynamic
effect of RAAS inhibition.® Treatment with these agents, however, is
also associated with reduced proteinuria and reduced risk of end-
stage renal disease.®

The US Food and Drug Administration (FDA) recently revised the
labels of the SGLT2 inhibitors, canagliflozin, dapagliflozin and empa-
gliflozin to strengthen existing renal safety warnings by including
information on an increased risk of acute kidney injury and recom-
mendations to minimize this risk.*> Based on data from the FDA
Adverse Event Reporting System (FAERS) from March 29, 2013 to
October 19, 2015, 101 cases of acute kidney injury were reported in
73 and 28 patients treated with canagliflozin and dapagliflozin,
respectively.* Among the 101 cases, 51 reported concomitant ACE
inhibitor use, 26 reported concomitant diuretic use, and 6 reported
concomitant non-steroidal anti-inflammatory use. In 45 of the
101 cases, a change in serum creatinine or eGFR was reported at the
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time of diagnosis; in 58 cases, the onset of acute kidney injury
occurred within 1 month of drug initiation. Of the 101 cases,
78 resulted in drug discontinuation; of these, 56 patients reported
improvement after discontinuation, 11 patients did not recover,
4 patients died, and 3 patients recovered with sequelae upon discon-
tinuation. Warnings for acute kidney injury based on postmarketing
reports also appear in the labels for other antihyperglycaemic agents,
including the dipeptidyl peptidase-4 inhibitor sitagliptin® and the
glucagon-like peptide-1 receptor agonist exenatide.”

To better describe this risk, the present brief report shows an
analysis of renal-related adverse events (AEs) with canagliflozin in
patients with T2DM from clinical trials and FAERS postmarketing
data with SGLT2 inhibitors marketed in the USA.

2 | METHODS

Renal-related AEs in the canagliflozin clinical development pro-
gramme were identified based on a predefined list of preferred
terms (Table S1, Supporting Information). “Acute kidney injury” was
not a preferred term in the Medical Dictionary for Regulatory Activ-
ities (MedDRA) until version 18.0, which was released in 2015. Ana-
lyses for the present manuscript were performed based on earlier
versions of MedDRA; however, investigator-reported AEs of acute
kidney injury would probably have been captured with other dic-
tionary terms (eg, blood creatinine increased, GFR decreased, renal
failure acute).

The incidence of renal-related AEs was assessed in a pooled
population that included data from patients with T2DM (N = 5598)
enrolled in 7 placebo- and active-controlled studies who were rando-
mized to receive canagliflozin 100 or 300 mg or non-canagliflozin
(ie, placebo, sitagliptin or glimepiride) once daily as monotherapy
or in combination with various background antihyperglycaemic
agents for up to 104 weeks (Table S2, Supporting Information).®
Data from the ongoing CANagliflozin cardioVascular Assessment
Study (CANVAS) in patients with a history/risk of cardiovascular
disease and the study in patients with chronic kidney disease were
not included in this analysis.® While also included in the pooled
analysis above, additional analyses of renal-related AEs were per-
formed on data from a randomized, double-blind, active-controlled,
104-week study of canagliflozin 100 and 300 mg vs glimepiride as
add-on to metformin in patients with T2DM (N = 1450),? including
the time to first renal-related AE and the incidence of renal-related
AEs over time.

Postmarketing reports of acute kidney injury with canagliflozin,
dapagliflozin and empagliflozin were obtained from FAERS in April
2016 and included all reports up to December 2015. Associations
between drugs and events were analysed through an established sig-
nal detection algorithm accounting for sample variability. The empiri-
cal Bayes geometric mean (EBGM) score (ie, sample size - adjusted
ratio of the observed and expected number of AEs) and the corre-
sponding 90% confidence interval (ie, EBO5-EB95) were calculated
based on this model. Associations that met all of the following criteria
were considered disproportionally reported: n 2 3, EBGM = 2, and
EBO5 > 1,101

2.1 | Ethics approval and consent to participate

All studies included in this analysis were conducted in accordance
with the ethical principles that comply with the Declaration of Hel-
sinki and are consistent with good clinical practices and applicable
regulatory requirements. Study protocols and amendments were
approved by institutional review boards/ethics committees at the
participating institutions. All patients provided written informed con-

sent prior to participation.

3 | RESULTS

3.1 | Clinical trial data

In the pooled population, the incidence of renal-related AEs was
low and similar among groups (2.6%, 2.8% and 2.8% with canagli-
flozin 100 and 300 mg and non-canagliflozin, respectively). The
most common reported terms were blood creatinine level
increased, GFR decreased, and renal impairment. Few patients had
serious renal-related AEs with canagliflozin 100 and 300 mg and
non-canagliflozin (3 [0.2%], 1 [<0.1%] and 2 [<0.1%] patients,
respectively).

In the 104-week study vs glimepiride, decreases in eGFR were
observed at week 4 of canagliflozin treatment that attenuated over
time; eGFR declined progressively with glimepiride (Figure 1A).
The proportions of patients with any post-baseline eGFR value
<80 mL/min/1.73 m? and a decrease of >30% were 6.6%, 8.5% and
8.7% with canagliflozin 100 and 300 mg and glimepiride, respectively;
0.8%, 1.3% and 0.4% of patients, respectively, had a post-baseline
eGFR decrease >50%. Among patients with an eGFR decrease >50%
from baseline with either canagliflozin or glimepiride, nearly all had
eGFR changes that returned toward baseline values while study drug
continued or after study discontinuation. Over the entire 104-week
study, the incidence of renal-related AEs was low and similar with
canagliflozin 100 and 300 mg vs glimepiride (3.1% [15/483], 3.3%
[16/485] and 3.3% [16/482], respectively)’; however, within the first
6 months of the study, a numerically higher percentage of patients
on canagliflozin 100 and 300 mg experienced a renal-related AE (pri-
marily blood creatinine increased and GFR decreased) compared with
glimepiride (0.6% [3/483], 0.8% [4/485] and 0.2% [1/482], respec-
tively; Figure 1B). Among patients with renal-related AEs in the first
6 months of treatment, the onset of events occurred earlier with
canagliflozin than glimepiride. The mean (median; range) time to
onset of the first renal-related AE was 42.7 (30.0; 27.0-71.0) and
43.5 (29.5; 29.0-86.0) days with canagliflozin 100 and 300 mg,
respectively; 1 patient in the glimepiride group had a renal-related AE
in the first 6 months, on day 85. The relatively early onset of renal-
related AEs with canagliflozin corresponds to the early decrease in
eGFR observed with canagliflozin in Figure 1A. Few patients discon-
tinued as a result of renal-related AEs over 104 weeks: 1 patient with
canagliflozin 100 mg (blood creatinine increased), 7 patients with
canagliflozin 300 mg (n = 1, blood creatinine increased; n = 4, GFR
decreased; n = 2, renal failure) and 1 patient with glimepiride (GFR
decreased).



A TABLE1 Summary of postmarketing reports of acute kidney injury
_ =0-GLIM -m—CANA100mg  —@—CANA 300 mg for SGLT2 inhibitors up to December 2015
Baseline
(mL/min/1.73 m?) 88.6 90.1 93.5
Reports, EBGM
9% Drug name n (EBO5-EB95)
90 Monotherapy
o« 854 Canagliflozin® 125 2.8 (2.4-3.3)
35 % Dapagliflozin® 50 2.3(1.8-2.8)
2R i
Z = Empagliflozin® 15 2.5(1.6-3.8)
= 75 -
g é Combination therapy
== 704 Canagliflozin plus metformin 1.5 (0.6-3.4)
65 Dapagliflozin plus metformin XR® 3.9 (2.0-7.4)
60 4— . . — . . . . . Empagliflozin plus linagliptin 1.3 (0.4-3.2)
04 12 2% 36 44 52 64 78 88 104
Time point (wk) Abbreviation: XR, extended release.
B 2 Disproportionately reported: n = 3, EBGM = 2, and EBO5 > 1.
47 mGLIM  mCANA100mg  m CANA 300 mg
% 3 postmarketing reporting to the FDA.*° The present assessment of
éﬁ postmarketing safety reports from FAERS suggests a potential signal
o
§§ 9 for acute kidney injury with all approved SGLT2 inhibitors. While
o o
%E informative to identify potential safety signals in a broader patient
ée 1 population than in clinical trials, analyses of postmarketing reports
o are limited because of the lack of complete information surrounding
0 these events, such as potential contributing factors, overall drug
0-24 0-6 >6-12 >12-18 >18-24 exposure and concomitant medication use. Additional limitations
Time, months include potential underreporting and lack of information regarding
GLIM, n/N 16/482 17482 5/428 5/387 8/349 the number of patients taking the drug. The greater number of post-
CANA 100 mg, N 15/483 3/483 5/437 4/403 5/374 . . - . T
CANAGOD mg, N 16/485 40485 57425 5/385 47351 marketing reports of acute kidney injury with canagliflozin compared

FIGURE 1 Time course of A, changes in eGFR and B, incidence of
renal-related AEs with canagliflozin and glimepiride over 104 weeks.
GLIM, glimepiride; CANA, canagliflozin; s.e., standard error. Panel A
reprinted from American Diabetes Association, Diabetes Care,
Copyright © 2015. Copyright and all rights reserved. Material from
this publication has been used with the permission of the American
Diabetes Association.
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Analysis of FAERS reports up to the end of 2015 identified 125 cases

of acute kidney injury with canagliflozin, 50 with dapagliflozin and

Postmarketing data

15 with empagliflozin. There were 3 cases with canagliflozin plus
metformin, 6 with dapaglifiozin plus metformin extended release and
2 with empagliflozin plus linagliptin. The EBGM (EB05-EB95) was 2.8
(2.4-3.3), 2.3 (1.8-2.8) and 2.5 (1.6-3.8) with canagliflozin, dapagliflo-
zin and empagliflozin, respectively (Table 1). As n > 3, EBGM = 2 and
EBO5 > 1, a potential signal for acute kidney injury was detected with
all 3 SGLT2 inhibitors, as well as dapagliflozin plus metformin
extended release.

4 | DISCUSSION

The recent FDA revision to the labels for the SGLT2 inhibitors cana-
gliflozin, dapagliflozin and empagliflozin suggests an increased risk of

acute kidney injury with these therapies based on spontaneous

with the other agents in this class may reflect the greater length of
time that canagliflozin has been on the market.

The incidence of renal-related AEs in the pooling of 7 studies
from the canagliflozin clinical development programme was low and
similar with canagliflozin and non-canagliflozin, with the incidence of
these AEs consistent with canagliflozin over 2 years. Renal-related
AEs occurred earlier after treatment initiation with canagliflozin com-
pared with glimepiride. These results are consistent with an analysis
of renal-related AEs with canagliflozin in a pooled population from
four 26-week, placebo-controlled studies®? and with results from the
EMPA-REG OUTCOME study of the SGLT2 inhibitor in patients with
T2DM and established cardiovascular disease, where an increased
incidence of acute kidney injury was observed with empaglifiozin
compared with placebo in the first 90 days of treatment, but the inci-
dence was lower with empagliflozin vs placebo over the duration of
the study.'® The early onset of renal-related AEs with canagliflozin in
clinical trials and AEs of acute kidney injury reported to the FDA*
probably reflect the acute initial changes in eGFR as a result of renal
haemodynamic effects with canagliflozin and other SGLT2 inhibitors.?
This decline in eGFR is reversible, as eGFR values return to baseline
after discontinuation of canagliflozin, suggesting no permanent renal
damage.'* Additionally, there are no preclinical and clinical data indi-
cating permanent renal damage or toxicity.? This profile is consistent
with the renal effects of RAAS inhibitors, which are associated with
acute changes in renal function, with drug initiation and renoprotec-
tive effects over longer treatment duration.?® It has been hypothe-
sized that the haemodynamic effects with SGLT2 inhibition may

attenuate glomerular hyperfiltration and albuminuria, providing a
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similar renoprotective effect for patients with T2DM.%** In a post hoc
analysis of renal outcomes in the EMPA-REG OUTCOME trial, empa-
gliflozin was associated with a slower progression of kidney disease
and lower rates of clinically relevant renal events compared with pla-
cebo in patients with T2DM and established cardiovascular disease.'®
Consistently, in a post hoc analysis of the 104-week add-on to met-
formin vs glimepiride study, canagliflozin was associated with a lower
rate of eGFR decline vs glimepiride, further suggesting that canagliflo-
zin may slow the progression of kidney function decline in patients
with T2DM.Y Evaluating patients’ volume status before initiating
SGLT2 inhibitors and maintaining adequate fluid intake during treat-
ment may minimize the risk of acute kidney injury.

Further research is needed to better understand the incidence
of acute kidney injury with SGLT2 inhibitors and the overall renal
safety and potential benefits of these agents. The ongoing, pro-
spective, dedicated renal outcome studies Canagliflozin and Renal
Events in Diabetes with Established Nephropathy Clinical Evalua-
tion (CREDENCE; ClinicalTrials.gov Identifier: NCT02065791) and
CANagliflozin cardioVascular Assessment Study - renal outcomes
(CANVAS-R; NCT01989754) will provide definitive evidence on the
renal safety and renoprotective effects of canagliflozin in patients
with T2DM and chronic kidney disease or a history/risk of cardio-
vascular disease, respectively.
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