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ABSTRACT

Introduction: Ertugliflozin is a sodium-glucose
cotransporter 2 inhibitor in development for
type 2 diabetes mellitus (T2DM). The safety and
efficacy of ertugliflozin were evaluated over
52 weeks in patients with chronic kidney dis-
ease (CKD).
Methods: In this double-blind randomized
study (NCT01986855), patients with glycated
hemoglobin (A1C) 7.0–10.5% and stage 3 CKD

[estimated glomerular filtration rate
(eGFR) C 30 to\60 mL/min/1.73 m2] who were
undergoing treatment with standard diabetes
therapy (or therapies) including insulin and/or
sulfonylureas were randomized to once-daily
ertugliflozin 5 mg, 15 mg, or placebo. Patients
on metformin underwent a pre-randomiza-
tion C 10-week wash-off period. The primary
endpoint was change from baseline in A1C at
week 26 in the overall cohort. Secondary effi-
cacy endpoints were assessed in the stage 3A
CKD cohort (eGFR C 45 to\60 mL/min/
1.73 m2) at weeks 26 and 52. Safety was assessed
in the overall cohort.
Results: 468 patients were randomized (base-
line mean A1C 8.2%). At week 26, reductions
from baseline in A1C were observed across
groups in the overall cohort [least squares mean
changes (95% confidence interval) – 0.3%
(– 0.4, – 0.1), – 0.3% (– 0.4, – 0.1), and – 0.4%
(– 0.6, – 0.3) for placebo and for ertugliflozin
5 mg and 15 mg, respectively]. Prohibited use of
metformin was identified in* 17% of patients
and impacted evaluation of the primary end-
point. Greater reductions from baseline in body
weight, fasting plasma glucose, and systolic
blood pressure were observed with ertugliflozin
versus placebo at week 26 (stage 3A CKD
cohort). The incidences of urinary tract infec-
tions, genital mycotic infections, and hypo-
glycemia adverse events were not meaningfully
different between groups. The incidence of
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hypovolemia-related adverse events was higher
with ertugliflozin relative to placebo.
Conclusion: Although surreptitious metformin
use impacted the primary analysis, reductions
in blood glucose and body weight were
observed with ertugliflozin in patients with
T2DM and stage 3 CKD; ertugliflozin had an
acceptable safety profile.
Funding: Merck Sharp & Dohme Corp. a sub-
sidiary of Merck & Co., Inc., Kenilworth, NJ,
USA and Pfizer Inc.
Trial Registration: Clinicaltrials.gov identifier
NCT01986855.

Keywords: Chronic kidney disease;
Ertugliflozin; Glycemic control; SGLT2
inhibitor; Type 2 diabetes

INTRODUCTION

In patients with type 2 diabetes mellitus
(T2DM) and hyperglycemia, the amount of
glucose filtered by the kidney is increased [1].
While at least 90% of the filtered glucose is
typically reabsorbed in patients with T2DM [2],
sodium-glucose cotransporter 2 (SGLT2) inhi-
bitors prevent reabsorption of filtered glucose,
leading to urinary glucose excretion (UGE) and
a consequent reduction in plasma glucose [3].
Due to their mechanism of action, the glycemic
efficacy of SGLT2 inhibitors is dependent on
renal function and the amount of filtered glu-
cose [4]. As the glomerular filtration rate decli-
nes in patients with impaired renal function,
the glycemic efficacy of SGLT2 inhibitors is
attenuated, although beneficial effects on body
weight and blood pressure (BP) have been
observed [4–7]. Recent evidence suggests that
SGLT2 inhibitors may have long-term beneficial
effects on renal outcomes [8, 9], which is likely
due to several direct and indirect effects on the
kidney through tubuloglomerular feedback and
improvements in hyperglycemia, hypertension,
obesity, and hyperuricemia [1, 10].

Ertugliflozin is a SGLT2 inhibitor that is
highly selective for SGLT2 over other glucose
transporters [11]. Ertugliflozin is being developed
as an antihyperglycemic agent (AHA) for
patients with T2DM in the VERTIS clinical

program. The current study (VERTIS RENAL) was
intended to evaluate the efficacy and safety of
ertugliflozin in patients with T2DM and stage 3
chronic kidney disease [CKD; characterized by an
estimated glomerular filtration rate (eGFR) C 30
to\60mL/min/1.73 m2]. Although there are
differences in various regulatory jurisdictions
around the world, current product labeling for
approved SGLT2 inhibitors generally allows for
the use of some doses in patients with eGFR
values C 45 to\60mL/min/1.73 m2 [12–17]. A
priori, it was expected that the efficacy of ertu-
gliflozin would be greater in patients with stage
3A CKD (eGFR C 45 to\60mL/min/1.73 m2)
relative to patients with stage 3B CKD
(eGFR C 30 to\45 mL/min/1.73 m2). Similar
observations have been noted with other SGLT2
inhibitors. Therefore, the primary evaluation of
efficacy in this study was conducted in the
overall stage 3 CKD cohort, with additional sec-
ondary analyses conducted in the stage 3A CKD
cohort; the primary evaluation of safety was in
the overall cohort.

METHODS

Study Design

The study (protocol MK-8835-001; VERTIS
RENAL; ClinicalTrials.gov identifier:
NCT01986855) was a randomized, double-blind,
placebo-controlled, parallel-group phase 3 trial.
The study was conducted at 121 centers across 13
countries (Argentina, Bulgaria, Colombia, Hun-
gary, Israel, Mexico, Philippines, Poland, Roma-
nia, Russia, South Africa, United Kingdom,
United States). All procedures followed were in
accordance with the ethical standards of the
responsible committee on human experimenta-
tion (institutional and national) and with the
Helsinki Declaration of 1964, as revised in 2013.
It was conducted in accordance with the princi-
ples of good clinical practice and approved by
the appropriate institutional review boards and
regulatory agencies. All participating patients
provided written, informed consent. The proto-
col and statistical analysis plan were developed
by the sponsors in consultation with an external
scientific advisory committee.
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The duration of follow-up was 54 weeks and
included a 26-week phase A, followed by a 26-
week phase B extension treatment period, fol-
lowed by a 2-week post-treatment assessment
(Fig. S1 in the Electronic supplementary mate-
rial, ESM). The trial started on 3 December 2013;
the last patient completed phase A on 11 March
2016 and phase A ? B on 28 September 2016.
The time point for primary analysis was week 26.

Randomization was stratified based on the
visit 3 (week – 2) eGFR measurement (stage 3A
CKD stratum: eGFR C 45 to\60 mL/min/
1.73 m2; stage 3B CKD stratum: eGFR C 30
to\45 mL/min/1.73 m2), the presence or
absence of a history of cardiovascular disease or
heart failure, and the presence or absence of
treatment with insulin at randomization. Ran-
domization was implemented centrally using an
interactive voice response system/integrated web
response system. Eligible patients were random-
ized using a computer-generated schedule, with
a block size of six. Ertugliflozin and placebo were
packaged identically so that blinding was main-
tained. Patients, investigators, sponsor, and
contract research organization personnel were
blinded to group assignments during the 26-
week phase A part of the study. The sponsor was
unblinded after the week 26 database lock to
permit the writing of the phase A clinical study
report. Personnel associated with the conduct of
the study at the contract research organization,
trial site personnel, and patients remained blin-
ded until after the phase B portion of this study
(26-week treatment and 14-day post-treatment
follow-up) was completed.

Patient Population

The study enrolled patients C 25 years of age
with T2DM according to American Diabetes
Association guidelines [18], stage 3 CKD
(eGFR C 30 and\60mL/min/1.73 m2 calculated
using the MDRD equation) with stable renal
function, and glycated hemoglobin (A1C)
7.0–10.5% on diet/exercise with or without AHA
monotherapy or combination therapy using
other AHAs including insulin and sulfonylureas.
The only prohibited background AHAs were
metformin, rosiglitazone, and other SGLT2
inhibitors. Patients on metformin at the

screening visit were eligible to participate in the
trial if their A1C was C 6.5% and B 10.0%; how-
ever, they were required to undergo a C 10-week
metformin wash-off, and they remained eligible
if their A1C was C 7.0% and B 10.5% at the end
of this period. Metformin wash-off was required
because at the time of trial initiation, metformin
product labels generally did not recommend
their usage in patients with moderate renal
impairment. Stable renal function was defined as
a change in eGFR\10 mL/min/1.73 m2 between
screening and visit 3 (week – 2), with eGFR
measurement C 30 to\60 mL/min/1.73 m2 at
both visits.

Key exclusion criteria included history of
type 1 diabetes mellitus, history of ketoacidosis,
renal-related medical history (including
nephrotic range proteinuria ([3000 mg/day)
with hypoalbuminemia and edema, rapidly
progressive glomerulonephritis, lupus nephritis,
renal or systemic vasculitis, renal artery stenosis
with renovascular hypertension, or ischemic
nephropathy, familial renal glucosuria, renal
dialysis, renal transplant, or renal disease
requiring treatment with immunosuppressive
agents), active obstructive uropathy, or an
indwelling urinary catheter.

Prior to randomization, eligible patients
entered a 2-week single-blind placebo run-in
period. Patients with adequate compliance
(C 80% based on pill count) were randomized
1:1:1 to ertugliflozin 5 mg, ertugliflozin 15 mg,
or placebo while continuing a diet/exercise reg-
imen and background AHA therapy (if applica-
ble); all blinded study treatments were taken
once daily. Following completion of the initial
26-week treatment period, patients entered a
26-week placebo-controlled extension treatment
period (phase B, where they continued with their
assigned randomized treatment from phase A);
the aim of phase B was to gather additional data
on the safety and longer-term efficacy of ertu-
gliflozin. A post-treatment visit was scheduled
14 days after the last treatment dose to assess
renal function and key safety parameters.

Patients who met progressively stricter pro-
tocol-defined glycemic rescue criteria [fasting
plasma glucose (FPG) values consistently (repeat
measurement performed within 3–7 days)[
270 mg/dL after randomization through week
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6;[240 mg/dL after week 6 through week
12;[200 mg/dL after week 12 through week
26;[200 mg/dL or A1C[8.0% after week 26]
were permitted to have an adjustment in the
dose(s) of background AHA therapy or the
addition of new AHA therapy (other than met-
formin or other prohibited AHAs). Rescued
patients continued with the same dose and
regimen of their study medication.

Efficacy Assessments

The primary time point for efficacy analysis was
week 26. The primary efficacy endpoint was the
change from baseline in A1C at week 26 in the
overall cohort. Key secondary efficacy end-
points, analyzed in the stage 3A CKD cohort at
week 26, were changes from baseline in A1C,
body weight, systolic blood pressure (SBP), and
FPG, as well as the proportion of patients with
A1C\7.0%. Other efficacy endpoints are
described in the ESM.

Efficacy assessments (A1C, FPG, body weight,
BP) were performed at weeks 0, 6, 12, 18, and 26
during phase A, as well as at weeks 34, 42, and
52 during the phase B extension period. Body
weight was measured with a standardized digi-
tal scale at study visits. Weight was measured in
duplicate at the same time of day after voiding
and while wearing only a gown (or light cloth-
ing) and underwear. Sitting BP was measured in
triplicate at study visits using an automated
oscillometric BP measuring device. Site person-
nel were instructed to use the same device for
each patient throughout the study. Blood sam-
ples were collected for pharmacokinetic (PK)
analysis of plasma concentrations of ertugli-
flozin at weeks 6, 12, and 18.

Laboratory assessments were performed at a
central laboratory where analysts were blinded
to treatment assignment. Central laboratory
tests were performed after an overnight fast of at
least 8 h duration.

Safety Assessments

Safety endpoints included adverse events (AE),
including pre-specified AEs and collections of
AEs of special interest [symptomatic

hypoglycemia and AEs associated with genital
mycotic infection (GMI) (gender-specific), uri-
nary tract infection, and hypovolemia]. In
addition to symptomatic hypoglycemia, epi-
sodes of documented hypoglycemia, defined as
episodes with a glucose level B 70 mg/dL with
or without symptoms, were also recorded.
Pre-defined limits of change (PDLC; criteria
based on normal ranges and abnormalities
considered clinically meaningful) for pre-speci-
fied laboratory and electrocardiogram (ECG)
parameters, as well as changes over time in
laboratory parameters [including eGFR,
low-density lipoprotein cholesterol (LDL-C) and
high-density lipoprotein cholesterol (HDL-C)],
ECG measurements, and vital signs were
assessed.

Safety analyses were performed for the phase
A (26-week treatment period) and phase A ? B
(52-week treatment period) periods. Analysis of
the post-treatment eGFR change from baseline
was performed in patients in the overall cohort
who were on study medication at week 52 and
had eGFR results at baseline, week 52 and week
54. Renal function was further evaluated
through urinary albumin/creatinine ratio
(UACR) at week 26. Normal albuminuria,
microalbuminuria, and macroalbuminuria were
defined as UACR\30, C 30 and B 300, and
UACR[300, respectively.

Statistical Analyses

The planned sample size of 468 patients (156
per group) was estimated to provide 90% power
to detect a true difference of 0.38% in the mean
change from baseline in A1C between a given
ertugliflozin dose and placebo, based on a
two-sided test at a 5% level of significance,
assuming a dropout rate of approximately 13%.

Efficacy analyses included all randomized,
treated patients who had at least 1 measure-
ment of the respective endpoint. Post-rescue
efficacy data were treated as missing in efficacy
analyses. A longitudinal data analysis (LDA)
model [19] was used to evaluate continuous
endpoints, with fixed effects for treatment,
eGFR stratum (only for the primary hypothesis),
baseline treatment with insulin stratum, time,
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and the interaction of time with treatment.
Missing outcome data were handled implicitly
by the model and not imputed. Logistic regres-
sion was used to evaluate the proportion of
patients with A1C\7.0%, fitted with terms for
treatment, baseline treatment with insulin
stratum, and baseline A1C, with missing data
imputed via multiple imputation based on the
LDA model used for the primary analysis. The
primary and key secondary efficacy endpoints
were to be assessed using an ordered testing
procedure (ESM). No hypothesis testing for
efficacy endpoints was performed at week 52.

Safety analyses included all randomized
treated patients. Data following the initiation of
glycemic rescue therapy were excluded for the
analysis of hypoglycemia to avoid the con-
founding influence of the rescue therapy. All
other safety analyses included data following
the initiation of glycemic rescue therapy. P val-
ues and 95% confidence intervals (CI) for
between-group differences in pre-specified end-
points were computed using the Miettinen and
Nurminen method [20]. LDL-C and HDL-C were
assessed by a LDA model similar to that used for
the primary endpoint. Changes from baseline in
eGFR were descriptively summarized.

Post-Hoc Analyses

Following the completion of phase A, investiga-
tion of retained plasma samples indicated that
approximately 17% of the patients in each
treatment arm used metformin—a prohibited
medication—during the study and did not report
the use to the investigators. This is in contrast to
the protocol-specified use of hyperglycemic res-
cue medication (defined as the addition of a new
AHA or the intensification of an existing AHA in
those meeting the rescue criteria) which was
reported to investigators. Metformin concentra-
tions were assayed in retained PK or archived
samples drawn at each post-baseline study visit
(weeks 6, 12, 18, and 26; Table S1 in the ESM).
Post-hoc analyses were performed to evaluate the
treatment response in two subgroups: (1) pa-
tients who tested positive for metformin use at
any time point and (2) patients who did not test
positive for metformin use.

RESULTS

Patient Disposition and Baseline
Characteristics

In total, 468 patients were randomized and 467
were treated (Fig. S2 in the ESM); 417 (89.1%)
completed phase A and 388 (82.9%) phase B;
discontinuations were balanced across treat-
ment groups.

The baseline demographics of the treatment
groups were similar (Table 1). The mean age was
67.3 years and the mean eGFR was 46.6 mL/
min/1.73 m2 in the overall cohort (stage 3A
CKD: 50.9 mL/min/1.73 m2; stage 3B CKD:
38.7 mL/min/1.73 m2). The mean duration of
T2DM was 14.2 years and the mean A1C was
8.2%. More than 95% of the patients in each
treatment group were on background AHA
therapy at screening. Most patients (96%) were
receiving insulin and/or sulfonylurea therapy;
24.6% of patients were using metformin at
screening and underwent the metformin
wash-off. Approximately half of the patients
had a history of cardiovascular disease or heart
failure.

Baseline characteristics were similar in the
overall cohort and the subgroup that excluded
patients who were identified as using prohibited
metformin after randomization (proportion of
males: 49.5% and 50.1%; mean baseline A1C:
8.2% and 8.1%; mean eGFR: 46.6 mL/min/
1.73 m2 and 46.1 mL/min/1.73 m2; proportion
on metformin at screening: 24.6% and 22.4%,
respectively). Likewise, baseline characteristics
in the stage 3A CKD cohort and its subgroup
excluding patients who tested positive for met-
formin use were similar (proportion of males:
49.8% and 51.4%; mean baseline A1C: 8.2%
and 8.1%; mean eGFR: 50.9 and 50.7 mL/min/
1.73 m2; proportion on metformin at screening:
27.6% and 25.5%, respectively).

Efficacy

A1C
Ertugliflozin 5 mg and 15 mg resulted in
reductions from baseline in A1C in the overall
and stage 3A CKD cohorts (Fig. 1a, b, Table 2).

Diabetes Ther (2018) 9:49–66 53



Table 1 Baseline demographics and disease characteristics (overall cohort)

Placebo
(n 5 154)

Ertugliflozin 5 mg
(n 5 158)

Ertugliflozin 15 mg
(n 5 155)

Total
(n 5 467)

Age, years 67.5 (8.9) 66.7 (8.3) 67.5 (8.5) 67.3 (8.6)

Male, n (%) 72 (46.8) 84 (53.2) 75 (48.4) 231 (49.5)

Race, n (%)

White 134 (87.0) 127 (80.4) 119 (76.8) 380 (81.4)

Asian 9 (5.8) 16 (10.1) 20 (12.9) 45 (9.6)

Black or African American 4 (2.6) 6 (3.8) 9 (5.8) 19 (4.1)

American Indian or Alaska Native 1 (0.6) 0 (0) 0 (0) 1 (0.2)

Multiple 6 (3.9) 9 (5.7) 7 (4.5) 22 (4.7)

Ethnicity, n (%)

Hispanic or Latino 27 (17.5) 29 (18.4) 31 (20.0) 87 (18.6)

Region, n (%)

North America 41 (26.6) 55 (34.8) 38 (24.5) 134 (28.7)

South America 17 (11.0) 17 (10.8) 20 (12.9) 54 (11.6)

Europe 70 (45.5) 54 (34.2) 62 (40.0) 186 (39.8)

Asia 23 (14.9) 24 (15.2) 33 (21.3) 80 (17.1)

South Africa 3 (1.9) 8 (5.1) 2 (1.3) 13 (2.8)

Duration of T2DM, years 13.1 (8.1) 14.9 (9.0) 14.5 (8.5) 14.2 (8.5)

Body weight, kg 90.4 (18.9) 89.4 (22.5) 85.8 (17.4) 88.5 (19.8)

BMI, kg/m2 33.2 (6.1) 32.6 (6.8) 31.7 (5.3) 32.5 (6.1)

A1C, % 8.1 (0.9) 8.2 (1.0) 8.2 (0.9) 8.2 (0.9)

FPG, mg/dL 156.9 (56.4) 160.9 (56.4) 157.5 (47.8) 158.5 (53.6)

eGFR, mL/min/1.73 m2 46.0 (9.4) 46.8 (7.8) 46.9 (9.1) 46.6 (8.8)

Medical history of CV disease or heart
failure, n (%)

76 (49.4) 79 (50.0) 77 (49.7) 232 (49.7)

Background AHA therapy at screening, n (%)

Currently on AHA therapy 151 (98.1) 153 (96.8) 148 (95.5) 452 (96.8)

Biguanides 36 (23.4) 41 (25.9) 38 (24.5) 115 (24.6)

DPP-4 inhibitors 21 (13.6) 22 (13.9) 20 (12.9) 63 (13.5)

GLP-1 receptor agonists 7 (4.5) 3 (1.9) 3 (1.9) 13 (2.8)

Insulins and analogs 85 (55.2) 89 (56.3) 87 (56.1) 261 (55.9)

Sulfonylureas 63 (40.9) 65 (41.1) 60 (38.7) 188 (40.3)

Others 8 (5.2) 8 (5.1) 9 (5.8) 25 (5.4)

Data are mean (± SD) unless otherwise stated
AHA antihyperglycemic agents, A1C glycated hemoglobin, BMI body mass index, CV cardiovascular, DPP-4 dipeptidyl peptidase
4, eGFR estimated glomerular filtration rate, FPG fasting plasma glucose, GLP-1 glucagon-like peptide 1, SD standard deviation,
T2DM type 2 diabetes mellitus
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An unusual placebo response was observed,
characterized by notable decreases in A1C
between week 18 and week 26. The large pla-
cebo response resulted in nonsignificant differ-
ences in the A1C change from baseline between
the placebo and the ertugliflozin groups at week
26; as such, hypothesis testing stopped after the
first test. After week 26, the placebo and ertu-
gliflozin responses were generally
stable through week 52 (Fig. S3 in the ESM).
Reported compliance with ertugliflozin was
high in phase A ? B, with 98.7% and 99.4% of

patients being C 75% compliant with the study
treatment in the ertugliflozin 5 mg and 15 mg
groups, respectively.

Post-hoc analyses (described in the ‘‘Meth-
ods’’ section) were conducted to determine
whether the placebo response could have been
the result of the surreptitious use of metformin
[21]. The proportions of patients with plasma
samples available for metformin evaluation
were similar across treatment groups and eGFR
strata at each visit (week 6: 74.5–91.3%; week
12: 83.7–94.3%; week 18: 88.7–94.3%; week 26:

Fig. 1a–d Changes in glycated hemoglobin over time in:
a the overall cohort [estimated glomerular filtration rate
(eGFR) C 30 to\60 mL/min/1.73 m2]; b the stage 3A
chronic kidney disease (CKD) cohort (eGFR C 45

to\60 mL/min/1.73 m2); c the overall cohort excluding
metformin users (post hoc analysis); d the stage 3A CKD
cohort excluding metformin users (post hoc analysis). LS
least squares, SE standard error
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Table 2 Glycated hemoglobin change from baseline at week 26 and week 52

Week 26

Placebo Ertugliflozin 5 mg Ertugliflozin 15 mg

Overall cohort (primary analysis)

n = 154 n = 158 n = 155

LS mean (95% CI) – 0.3 (– 0.4, – 0.1) – 0.3 (– 0.4, – 0.1) – 0.4 (– 0.6, – 0.3)

Difference in LS means (95% CI) versus placebo – – 0.0 (– 0.2, 0.2) – 0.2 (– 0.4, 0.1)

P value – 0.807b 0.155

Stage 3A CKD cohort (secondary analysis)

n = 99 n = 105 n = 97

LS mean (95% CI) – 0.3 (– 0.5, – 0.1) – 0.3 (– 0.5, – 0.1) – 0.4 (– 0.6, – 0.2)

Difference in LS means (95% CI) versus placebo – – 0.0 (– 0.3, 0.2) – 0.1 (– 0.4, 0.2)

P valueb – 0.828 0.496

Overall cohort (post hoc analysis excluding metformin users)

n = 128 n = 134 n = 127

LS mean (95% CI) – 0.1 (– 0.3, 0.0) – 0.3 (– 0.4, – 0.1) – 0.5 (– 0.6, – 0.3)

Difference in LS means (95% CI) versus placebo – – 0.1 (– 0.4, 0.1) – 0.3 (– 0.6, – 0.1)

Stage 3A CKD cohort (post hoc analysis excluding metformin users)

n = 79 n = 89 n = 75

LS mean (95% CI) – 0.1 (– 0.3, 0.1) – 0.3 (– 0.5, – 0.1) – 0.4 (– 0.7, – 0.2)

Difference in LS means (95% CI) versus placebo – – 0.2 (– 0.5, 0.1) – 0.4 (– 0.6, – 0.1)

Week 52a

Placebo Ertugliflozin
5 mg

Ertugliflozin
15 mg

Stage 3A CKD cohort (secondary analysis)

n = 99 n = 105 n = 97

LS mean (95% CI) – 0.3 (– 0.5, – 0.0) – 0.2 (– 0.5, – 0.0) – 0.4 (– 0.6, – 0.2)

Difference in LS means (95% CI) versus placebo – 0.0 (– 0.3, 0.3) – 0.1 (– 0.4, 0.2)

Stage 3A CKD cohort (post hoc analysis excluding metformin users)

n = 79 n = 89 n = 75

LS mean (95% CI) 0.0 (– 0.3, 0.3) – 0.2 (– 0.5, 0.1) – 0.4 (– 0.6, – 0.1)

Difference in LS means (95% CI) versus placebo – – 0.2 (– 0.6, 0.2) – 0.4 (– 0.8, 0.0)

CKD chronic kidney disease, CI confidence interval, LS least squares, ND not determined (i.e., not pre-specified per protocol)
a Analyses of the overall cohort were not planned for week 52
b As the primary hypothesis test was not statistically significant, the multiplicity strategy did not permit the testing of any further
hypotheses, and P values are provided for descriptive purposes only
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59.2–76.3%); week 26 samples were available
only for patients who agreed to provide a bio-
marker sample, and therefore fewer patients
had metformin assays for that time point. The
percentages of patients with positive metformin
assay results were similar across the three
treatment groups (Table S2 in the ESM).

In the post hoc analysis examining the
treatment response in patients who did not test
positive for metformin, the placebo-corrected
least squares (LS) mean differences in A1C at
week 26 for ertugliflozin 5 and 15 mg in the
overall cohort were – 0.1% (95% CI – 0.4, 0.1)
and – 0.3% (95% CI – 0.6, – 0.1) (Table 2).
Excluding data from patients with positive
metformin tests had little impact on the mag-
nitude of the A1C lowering in the ertugliflozin
groups, but resulted in smaller reductions in
A1C in the placebo group (Fig. 1c, d). Given
that the metformin use was not reported, the
doses of metformin taken and the frequency
and duration of dosing are not known.
Although metformin use was detected in all
treatment groups, among metformin users, LS
mean reductions from baseline in A1C were
larger in the placebo group (0.7%) compared
with the ertugliflozin groups (0.3% and 0.1% for
ertugliflozin 5 and 15 mg, respectively), which
may suggest more intensive and/or frequent use
of metformin in the placebo group.

In the stage 3A CKD cohort, the
placebo-adjusted LS mean changes from base-
line in A1C at week 26 were – 0.2% (95% CI
– 0.5, 0.1) and – 0.4% (95% CI – 0.6, – 0.1) in the
ertugliflozin 5 mg and 15 mg groups, respec-
tively (post hoc analysis excluding patients who
tested positive for metformin use; Table 2).

The LS mean changes from baseline in A1C
at week 26 in the stage 3B CKD cohort (in-
cluding metformin users) were – 0.2%, – 0.3%,
and – 0.5% in the placebo, ertugliflozin 5 mg,
and ertugliflozin 15 mg groups, respectively;
however, in contrast with the overall and stage
3A CKD cohorts, there was no early or sustained
separation of the ertugliflozin and placebo
groups (data not shown). Metformin use was
less common in the stage 3B CKD cohort
(10.3–15.1% of patients with at least one sample
positive for metformin across the treatment

groups) compared to the stage 3A CKD cohort
(15.2–22.7%).

In a pre-specified analysis conducted in the
stage 3A CKD cohort (and including metformin
users), the odds of having an A1C\7.0% at
week 26 were similar in the ertugliflozin and
placebo groups (Table 3).

Other Efficacy Endpoints
These endpoints were pre-specified for analysis
in the stage 3A CKD cohort, and the analyses
included data from patients who tested positive
for metformin use. Relative to placebo, ertugli-
flozin led to greater reductions from baseline in
FPG at week 26 (Table 3). A post hoc analysis
excluding data from metformin users yielded
similar results to the pre-specified analysis (data
not shown).

The LS mean reductions from baseline in
body weight and SBP at week 26 were greater in
the ertugliflozin groups than in the placebo
group (Table 3). The changes in FPG, body
weight, and SBP at week 52 are shown in Table 3
and Fig. S4 of the ESM.

Safety

The primary analysis of safety was performed in
the overall cohort including all data up to week
26; safety was also analyzed in this cohort
including all data up to week 52.

At weeks 26 and 52, the overall incidence of
AEs and of SAEs was generally similar across
groups (Table 4). The observed incidence of
drug-related AEs was highest in the ertugliflozin
5 mg group at both 26 and 52 weeks and was
partly due to an observed higher incidence of
hypoglycemia AEs. This analysis included
patients that required rescue therapy. Com-
pared with placebo, more patients discontinued
due to an AE in the ertugliflozin 5 mg group,
but not in the ertugliflozin 15 mg group; there
was no specific AE or group of AEs responsible
for this. Deaths were balanced across the treat-
ment groups, with 3 (1.9%), 3 (1.9%), and 4
(2.6%), respectively, for the placebo, ertugli-
flozin 5 mg, and ertugliflozin 15 mg groups.
One additional death was reported in the
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placebo group during the post-treatment fol-
low-up period.

In the overall cohort, the incidence of
symptomatic hypoglycemia was similar across
the treatment groups at weeks 26 and 52
(Table 4). In the stage 3A CKD cohort, the
observed incidence of symptomatic hypo-
glycemia was lower in the ertugliflozin 15 mg
group (12.4%) compared with the placebo
(21.2%) and ertugliflozin 5 mg (23.8%) groups.
The incidence of symptomatic hypoglycemia at
week 52 was similar across treatment groups in
the stage 3B CKD cohort (25.5%, 26.4% and
27.6% for placebo, ertugliflozin 5 mg, and
ertugliflozin 15 mg, respectively).

The incidence of documented hypoglycemia
at week 26 was 33.1%, 34.2%, and 25.2% in the
placebo, ertugliflozin 5 mg, and ertugliflozin
15 mg groups, respectively, and 39.6%, 39.9%,
and 27.7%, respectively, at week 52. The total
number of documented hypoglycemia episodes
was greater in the ertugliflozin groups than in
the placebo group (placebo, 187 and 293; ertu-
gliflozin 5 mg: 358 and 526; ertugliflozin 15 mg:
213 and 376 at weeks 26 and 52, respectively).
Results of post hoc analyses of documented
hypoglycemia excluding metformin users were
consistent with results from the overall cohort,
indicating that surreptitious metformin use did
not meaningfully impact the incidence of
hypoglycemia (data not shown).

At weeks 26 and 52, the incidence of urinary
tract infection was not higher in the ertugli-
flozin groups compared to the placebo group,
and the incidence of GMI AEs was similar in the
ertugliflozin groups and the placebo group. The
incidence of hypovolemia AEs was significantly
higher in the ertugliflozin 5 mg group com-
pared to placebo, and higher in the ertugliflozin
15 mg group versus placebo at weeks 26 and 52.
Of the 11 ertugliflozin-treated patients (er-
tugliflozin 5 mg, n = 7; ertugliflozin 15 mg,
n = 4) who experienced a hypovolemia AE by
week 52, 18.2% were C 75 years of age (vs 21.6%
of study participants overall), 81.8% were taking
diuretics (vs 50.5% in the study overall), and
72.7% were in the stage 3A CKD cohort (vs 66%
of patients in the study overall).

Modest reductions from baseline in mean
eGFR were observed in the ertugliflozin groups

at week 6 (first post-randomization visit), and
were followed by a slight increase toward base-
line, but they remained below baseline through
week 52 (Fig. 2). The magnitude of the week 6
change from baseline was similar for the stage
3A and 3B CKD cohorts (data not shown).
Analysis of the post-treatment eGFR change
from baseline showed that eGFR returned to
baseline levels within 2 weeks of study drug
cessation (Fig. 2). Similar findings were seen in a
complementary analysis including patients who
discontinued study medication early. In cate-
gorical analyses of the overall cohort, the pro-
portions of patients who had any occurrence of
a decrease[30% from baseline in eGFR at
weeks 26 and 52 were higher in the ertugliflozin
5 mg and ertugliflozin 15 mg groups (week 26:
10.3% and 8.7%, respectively; week 52: 13.5%
and 14.0%, respectively) than in the placebo
group (week 26: 2.6%; week 52: 7.3%). No
patients in the ertugliflozin 5 mg group, one
(0.7%) in the ertugliflozin 15 mg group, and
two (1.3%) in the placebo group had at least one
eGFR decrease[50%. Renal-related AEs (de-
fined according to a standard MedDRA com-
posite query of acute kidney injury, acute
prerenal failure, or renal impairment) were
reported in 0.6%, 2.5%, and 1.3% of patients in
the placebo, ertugliflozin 5 mg, and

Fig. 2 Mean change from baseline in estimated glomerular
filtration rate (eGFR) (mL/min/1.73 m2) through week
54. SE standard error
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ertugliflozin 15 mg groups, respectively, at week
26, and in 1.3%, 3.2%, and 1.3% of patients,
respectively, at week 52.

Approximately 44–47% of patients were
normoalbuminuric at baseline across the treat-
ment groups; however, fewer patients were
microalbuminuric and more were macroalbu-
minuric in the ertugliflozin groups relative to
the placebo group. At week 52, a similar pro-
portion of patients had changed from nor-
moalbuminuric at baseline to
microalbuminuric across treatment groups;
none changed from normoalbuminuric at
baseline to macroalbuminuric at week 52.

No notable between-group differences in the
occurrence of adverse hyperkalemia events or
blood potassium increase events that meet
PDLC criteria for potassium were observed in
the overall cohort.

The placebo-adjusted difference in LS mean
percent change from baseline in LDL-C at week
26 was 6.4% and 10.4% in the ertugliflozin 5 mg
and ertugliflozin 15 mg groups and 9.1% and
6.6%, respectively, at week 52. No
notable changes in HDL-C were seen after
26 weeks (placebo-adjusted difference in LS
mean percent changes from baseline at week 26:
– 0.7% and – 0.7% for ertugliflozin 5 mg and
ertugliflozin 15 mg, respectively). After
52 weeks, the placebo-adjusted mean percent
increase from baseline in HDL-C were 2.2% and
5.7% in the ertugliflozin 5 mg and ertugliflozin
15 mg groups, respectively.

In the ertugliflozin groups, small mean
increases from baseline in hemoglobin were
seen from week 6 (ertugliflozin 5 mg, 0.4 g/dL;
ertugliflozin 15 mg, 0.4 g/dL) through week 52
(ertugliflozin 5 mg, 0.8 g/dL; ertugliflozin
15 mg, 0.9 g/dL); no meaningful change over
time was observed in the placebo group. Rela-
tive to placebo, higher proportions of patients
in the ertugliflozin groups met the PDLC crite-
rion of an increase in hemoglobin[2.0 mg/dL
(C 1 occurrence) from baseline through week 26
(ertugliflozin 5 mg, 9.0%; ertugliflozin 15 mg,
8.1%; placebo, 2.0%) and through week 52 (er-
tugliflozin 5 mg, 14.7%; ertugliflozin 15 mg,
19.5%; placebo, 2.6%).

Small mean increases in magnesium and
phosphate were observed from week 6 through

week 26 in the ertugliflozin groups, while no
meaningful changes over time were observed in
the placebo group. No notable changes over
time in calcium levels were observed across the
three treatment groups.

At week 26, a higher proportion of patients
in the ertugliflozin 5 mg group had at least one
parathyroid hormone (PTH) value that met
PDLC criteria [PTH increase C 20% and
value[upper limit of normal (ULN) or PTH
increase C 30%] relative to placebo; the pro-
portions were similar in the ertugliflozin 15 mg
and placebo groups. The proportions of patients
meeting PDLC criteria for PTH were similar
across the groups at week 52.

At week 52, four patients in the ertugliflozin
5 mg group and one patient in the placebo
group had a confirmed fracture. These were all
due to a fall; none were associated with hypo-
glycemia- or hypovolemia-related events.

DISCUSSION

In this phase 3 randomized study conducted in
patients with T2DM and stage 3 CKD (VERTIS
RENAL), ertugliflozin provided reductions in
A1C after 26 weeks that were not statistically
significant compared with placebo. However,
metformin, which was used by approximately
17% of patients, modified the primary endpoint
response. Metformin use was not reported to
investigators and was discovered after phase A
by analysis of retained plasma samples, and
contrasts with the use of rescue medication,
which was reported to investigators. It is possi-
ble that patients self-medicated based on fin-
gerstick glucose measurements, which were
performed by patients during the study to
monitor glucose levels, which is required for
safety monitoring (for hypo- and hyper-
glycemia) and assessing glycemic rescue
requirements. A small number (6%) of patients
initiated the allowed non-metformin glycemic
rescue therapy during the trial; this proportion
was roughly similar across treatment groups.

At the time of initiation of this global study,
metformin was not recommended for use in
patients with moderate renal impairment, and
it was therefore a prohibited medication.
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Consequently, patients who were taking met-
formin at the time of screening (* 25% of
patients) were required to wash off metformin
prior to randomization. These patients accoun-
ted for 41% of the 78 patients who tested posi-
tive for metformin use post-randomization.
Metformin is available without a prescription in
the Russian Federation and Romania [21]; sites
in those countries accounted for 28% of the
metformin users. Overall, many patients had
access to metformin and had the ability to use
metformin without the knowledge of the
investigators. Additionally, patients enrolled in
the study were supplied with glucose meters
and test strips and counseled to measure their
glucose levels throughout the course of the
study (at least twice weekly, or more frequently
if required by the investigator). Thus, it is pos-
sible that some patients self-medicated with
metformin in response to fingerstick glucose
measurements. This might also explain why the
reduction in A1C was greater in metformin
users allocated to placebo than to ertugliflozin,
despite the fact that similar proportions of
patients used metformin across treatment arms
(i.e., patients may have used metformin more
frequently or taken higher doses in the placebo
group in response to fingerstick glucose mea-
surements). A greater response to metformin
might also be expected in those using placebo
compared to those on ertugliflozin, since the
use of an active agent might partially attenuate
the effect of a co-administered AHA. After the
initiation of the study, the U.S. Food and Drug
Administration concluded that metformin can
be used in some patients with moderate renal
impairment, and has mandated changes to the
labeling of all metformin-containing medicines
to reflect this [22].

A large placebo response was also observed in
a study of another SGLT2 inhibitor, dapagli-
flozin, in patients with moderate renal impair-
ment [5]. Unlike in our study, the dapagliflozin
study showed no early separation in the change
in A1C over time curves for the placebo and
drug treatment arms. In our study, the per-
centage of patients who discontinued study
medication or discontinued the study was sim-
ilar among the treatment arms (Fig. S2 in the
ESM), making differential dropout an unlikely

source of the observed placebo response.
Patients enrolled in the present study were
meant to keep their background AHA treatment
regimen stable; however, those requiring
intensification or meeting hyperglycemic rescue
criteria were to titrate existing agents or add
new agents. All such post-rescue data were
censored in the presented A1C analyses, which
also suggests that the observed placebo response
was likely not the result of the intensification of
the AHA regimen that was reported to investi-
gators. We note that the percentage of patients
meeting the hyperglycemic rescue criteria
through week 52 was similar among the treat-
ment arms (32.0–36.4%), and a Kaplan–Meier
analysis of time to glycemic rescue did not
reveal any differences between treatment arms.
The analysis of glycemic efficacy may have been
affected by metformin use, so the post hoc
analysis excluding data from patients who were
known to have used metformin likely provides a
better estimate of the effects of ertugliflozin on
A1C than the primary analysis. Fewer patients
had metformin assays available at week 26 than
at previous time points, so it is consequently
possible that the number of metformin users at
week 26 has been underestimated. Nevertheless,
this post hoc analysis suggests that ertugliflozin
15 mg lowers A1C in patients with stage 3 CKD
versus placebo. The degree of A1C lowering
from baseline with ertugliflozin was almost
identical to that observed with other SGLT2
inhibitors in this patient population (da-
pagliflozin 5 mg and 10 mg at week 24: – 0.4%
and – 0.4%, respectively, in patients with
eGFR C 30 and\60 mL/min/1.73 m2; canagli-
flozin 100 mg and 300 mg at week 24: – 0.3%
and – 0.4%, respectively, in patients with
eGFR C 30 and\50 mL/min/1.73 m2; empagli-
flozin 25 mg at week 24: – 0.4% in patients with
eGFR C 30 and\60 mL/min/1.73 m2) [5–7].

The efficacy of ertugliflozin in patients with
stage 3 CKD is supported by additional obser-
vations in the pre-specified analysis (i.e.,
including metformin users). For example, the
analysis of body weight or BP would not be
expected to be influenced by metformin use.
Greater reductions in body weight were
observed for ertugliflozin 5 mg and 15 mg ver-
sus placebo (p\0.001 for both comparisons).
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There were also small reductions in SBP for
ertugliflozin 5 mg and 15 mg versus placebo.
These additional benefits in relation to body
weight and BP are similar to those observed
with empagliflozin in patients with moderate
renal impairment [6]. Additional evidence of
ertugliflozin efficacy in this patient population
is provided by the observed early complete
separation of the ertugliflozin and placebo
groups for A1C change from baseline and the
greater reduction in FPG for ertugliflozin 15 mg
versus placebo (p = 0.019). Analyses of the effi-
cacy endpoints at week 52 showed that the
effects of ertugliflozin on A1C and body weight
were maintained over 52 weeks of treatment.

In a phase 1 pharmacokinetics and pharma-
codynamics study, administration of a single
dose of ertugliflozin 15 mg to patients with
T2DM and stage 3 CKD (eGFR C 30
and B 59 mL/min/1.73 m2) resulted in substan-
tial UGE (observed median UGE0–24 of 33.4 g),
which was approximately 48% of the median
value in T2DM patients with eGFR C90 mL/
min/1.73 m2 (observed median UGE0–24 of
69.3 g) noted in the same study [23]. A regres-
sion-model-predicted mean UGE0–24 for a
patient with an eGFR of 52.5 mL/min/1.73 m2

(midpoint of stage 3A CKD) is 29.5 g. Given that
SGLT2 inhibitors reduce A1C by promoting
UGE, these data are direct evidence of the
pharmacodynamic activity of ertugliflozin in
patients with T2DM and stage 3 CKD. The rel-
ative reductions in UGE in patients with mod-
erate renal impairment compared to patients
with normal renal function for ertugliflozin are
similar in magnitude (approximately 50%) to
those reported for other SGLT2 inhibitors
[24–26].

Both doses of ertugliflozin had an accept-
able safety profile, with no clinically meaning-
ful differences in the overall incidences of AEs,
SAEs, or AEs leading to discontinuation across
groups. In contrast to the evaluation of gly-
cemic efficacy, the analysis of safety is not
expected to be affected by metformin use, with
the potential exception of hypoglycemia. In
this study, approximately 96% of patients were
using insulin and/or a sulfonylurea, consistent
with the overall high incidence of hypo-
glycemia that was observed across the three

groups. The incidence of symptomatic and
documented hypoglycemia was similar in each
ertugliflozin group compared with the placebo
group. There were no clinically meaningful
differences in the incidence of GMIs. SGLT2
inhibitors are generally associated with an
increased incidence of GMIs, and while this
association was observed with ertugliflozin in
patients without moderate renal impairment
[27], both a lower overall incidence of GMIs and
no increase in risk relative to placebo were
observed in patients with moderate renal
impairment in the present study. This result was
inconsistently obtained in other studies of
SGLT2 inhibitors in this population, with some
studies showing an increased risk [5, 28] and
another not [6]. The incidence of renal-func-
tion-related AEs was low overall and more fre-
quent in the ertugliflozin groups than in the
placebo group. The observation of hypov-
olemia-related AEs and decreases in eGFR are
also evidence of the pharmacological activity of
ertugliflozin in patients with stage 3 CKD. Most
patients experiencing hypovolemia were taking
a diuretic medication. Decreases from baseline
to week 6 in eGFR were followed by a slight
increase, but it remained below baseline
through week 52. The reversible changes in
eGFR observed upon cessation of ertugliflozin
treatment in this study further support the
pharmacodynamic activity of ertugliflozin in
this patient population and the hypothesis that
eGFR reductions observed with SGLT2 inhibi-
tors are hemodynamically mediated and are not
the result of renal injury [4, 6].

CONCLUSIONS

In patients with T2DM and stage 3 CKD who
were inadequately controlled on their existing
antihyperglycemic therapy, the addition of
ertugliflozin showed evidence of pharmacologic
activity in glycemic control and body weight
and BP reduction, although the comparison
with the placebo group was not statistically
significant. Ertugliflozin was generally well tol-
erated and the safety profile was largely consis-
tent with that observed in phase 3 clinical trials
of patients with T2DM and normal renal
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function, except for a higher incidence of
hypovolemia in the present study.
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