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ABSTRACT

Introduction: This post hoc exploratory analy-
sis examined the effects of ertugliflozin on liver
enzymes in patients with type 2 diabetes mel-
litus (T2DM).

Methods: Data were pooled from seven random-
ized, double-blind VERTIS phase 3 trials that eval-
uated ertugliflozin (5 mg and 15 mg) versus non-
ertugliflozin (placebo, glimepiride, or sitagliptin)
treatment in patients with T2DM. Change from
baseline at week 52 of treatment in alanine and
aspartate aminotransferase (ALT and AST, respec-
tively) serum levels (overall and categorized into
tertiles by baseline ALT and AST), Fibrosis-4 Index
(FIB-4), glycated hemoglobin (HbAlc), and body
weight were evaluated, along with the association
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between changes in ALT and AST and changes in
HbA1c and body weight by treatment.

Results: Baseline characteristics were balanced
across treatment groups (ertugliflozin 5 myg,
n = 1716; ertugliflozin 15 mg, n = 1693; non-ertu-
gliflozin, n = 1450). At week 52 of treatment,
serum levels of ALT and AST were reduced in
patients in the ertugliflozin treatment groups (5
and 15 mg, respectively) compared with those in
the non-ertugliflozin group. The comparator-ad-
justed mean (95% confidence interval [CI]) differ-
ence in change from baseline at week 52 for ALT
was — 3.35 (— 4.40, — 2.31) IU/L for ertugliflozin
5mg and — 4.08 (— 5.13, — 3.03) IU/L for ertugli-
flozin 15 mg; for AST, the respective values were
— 1.81 (- 2.50, — 1.11) IU/L and — 2.12 (— 2.82,
— 1.42) IU/L. The effects of ertugliflozin were
detected across all baseline ALT and AST tertiles,
with the highest tertile showing the greatest treat-
ment differences. No meaningful differences were
observed between treatment groups for FIB-4.
Changes in ALT and AST showed a weak but sta-
tistically significant association with changes in
HbA1c and body weight in all treatment groups.
Conclusions: Treatment with ertugliflozin resul-
ted in a reduction in the levels of hepatic
transaminases compared with the non-ertu-
gliflozin group after 52 weeks of treatment. Chan-
ges in body weight and HbA1c contributed at least
in part to the effects of ertugliflozin on liver
enzymes.

Trial Registration: Clinicaltrials.gov registry
numbers: NCT02033889, NCT01958671,
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Key Summary Points

Why carry out this study?

A frequently underappreciated
comorbidity of type 2 diabetes mellitus
(T2DM) is non-alcoholic fatty liver disease
(NAFLD). Sodium-glucose cotransporter 2
(SGLT2) inhibitors have been shown to
reduce serum levels of alanine and
aspartate aminotransferase (ALT and AST,
respectively) in patients with T2DM with
and without NAFLD.

The aim of this pooled, post hoc analysis
of seven randomized, double-blind phase
3 VERTIS trials was to assess the impact of
ertugliflozin on liver enzymes in patients
with T2DM.

What was learned from the study?

Ertugliflozin reduced serum ALT and AST
levels after 52 weeks of treatment compared
with the non-ertugliflozin treatment group
(placebo, glimepiride, sitagliptin), similar to
results obtained with other SGLT2
inhibitors. The reduction was greatest in
patients with higher baseline ALT and AST
levels. No significant differences were
observed between treatment groups in the
Fibrosis-4 Index.

Changes in ALT and AST showed a weak but
statistically significant association with
changes in glycated hemoglobin (HbA1c)
and body weight in all treatment groups at
week 52, suggesting that these changes in
hepatic transaminases are partially
accounted for by reductions in body weight
and HbAlc.

INTRODUCTION

A frequently underappreciated comorbidity of
type 2 diabetes mellitus (T2DM) is non-alco-
holic fatty liver disease (NAFLD), with a global
prevalence of 55.5% among patients with
T2DM [1]. Patients with NAFLD are usually
asymptomatic and are often presumptively
identified through increased serum levels of
alanine transaminase (ALT) and aspartate
transaminase (AST) [2, 3]. In a subset of
patients, NAFLD can progress to non-alcoholic
steatohepatitis (NASH) and fibrosis, leading to
adverse liver outcomes, including mortality,
and a greater need for liver transplantations.
Underscoring the importance of early diagnosis,
the risk of progression to NASH appears to be
greater in patients with T2DM [4, 5].

Sodium-glucose cotransporter 2 (SGLT2) inhi-
bitors are an important addition to approved
therapies for T2DM [6, 7]. They have an insulin-
independent mode of action and reduce renal
glucose reabsorption, thereby enhancing urinary
glucose excretion and reducing plasma glucose and
glycated hemoglobin (HbAlc) levels [8]. The
SGLT2 inhibitor drug class is associated with a
reduction in blood pressure and body weight
[9, 10]. In addition, studies have shown that treat-
ment with SGLT2 inhibitors reduces the serum
levels of ALT and AST, as found with canagliflozin
and dapagliflozin in patients with T2DM [11, 12],
with empagliflozin in patients with T2DM with or
without NAFLD [13, 14], and with dapagliflozin in
patients with T2DM and NAFLD or NASH [15-17].
Furthermore, there is some evidence that SGLT2
inhibitors (empagliflozin and dapagliflozin) may
improve markers of hepatic injury, hepatic steato-
sis, and liver fibrosis in patients with T2DM and
NAFLD or NASH [13, 15-17].

Ertugliflozin, a selective inhibitor of SGLT2,
is approved in the USA, European Union, and
other countries for the treatment of adults with
T2DM. The VERTIS (eValuation of ERTugliflozin
efflcacy and Safety) phase 3 clinical program
has demonstrated the efficacy and safety of oral,
once-daily 5 and 15 mg ertugliflozin, respec-
tively, either as monotherapy or in combina-
tion with other antihyperglycemic agents
[18-25]. In the post hoc analysis reported here,
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we explored the effects of ertugliflozin on ALT,
AST, and the Fibrosis-4 Index (FIB-4; a non-in-
vasive marker of hepatic fibrosis) and examined
their association with changes in glycemic
control (HbAlc) and body weight.

METHODS

Study Design and Patient Population

This post hoc, exploratory analysis used a pooled
data set comprising seven randomized, double-
blind VERTIS phase 3 trials that evaluated the
efficacy and safety of ertugliflozin compared with
non-ertugliflozin (placebo, glimepiride, or sita-
gliptin) treatment (Table 1) [18-24]. In these
studies, patients aged > 18 years with inade-
quately controlled T2DM per the American Dia-
betes Association criteria and baseline HbAlc of
7.0-11% were randomized to treatment with
ertugliflozin 5 mg, ertugliflozin 15 mg, or non-
ertugliflozin treatment for 26-52 weeks (Table 1).
Glycemic rescue therapy was prescribed for
patients who exceeded protocol-specified gly-
cemic thresholds. Patients were excluded from
these studies if the ALT or AST level was > 2x the
upper limit of normal at screening. Laboratory
assessments were performed by one central labo-
ratory with the following limits of normal: ALT
female: < 331U/L; ALT male: < 41I1U/L, AST
female: < 31 IU/L, AST male: < 37 IU/L.

Endpoint and Assessments

Endpoints were change from baseline to week
52 of treatment in serum levels of ALT and AST,
and FIB-4. The association between changes in
ALT and AST and changes in HbAlc and body
weight were also assessed.

FIB-4 was calculated using the following
equation [30, 31]:

(Age years) x (AST U/L)
(Platelets10%/L) x /ALT U/L’

No additional safety assessments were
evaluated in this post hoc analysis. Safety
analyses relating to each study have been
published previously [18-24].

FIB -4 =

Statistical Analyses

This report presents data following 52 weeks of
treatment. The post hoc analyses (SAS v9.4; SAS
Institute, Cary, NC, USA) examined the data at
both 26 and 52 weeks, and the results were
generally similar. One of the seven VERTIS
studies [21] had a duration of only 26 weeks, but
because the results of the analyses at 26 and
52 weeks in the other studies were similar, these
data were included in the statistical analyses (as
26-week data), and new analyses without these
data and based only on week 52 data were not
deemed necessary.

Analyses on ALT, AST, FIB-4, HbAlc, and
body weight were conducted on all randomized
patients who received > 1 dose of study medi-
cation and had a baseline measurement and at
least one post-baseline measurement. All anal-
yses included data after the initiation of rescue
therapy. There was no correction for type 1
error with multiple testing; the p values pro-
vided from the analysis model should be con-
sidered nominal.

Change from baseline in ALT, AST, FIB-4,
HbAlc, and body weight at week 52 were com-
pared between treatment groups using a repeated-
measures analysis of covariance (ANCOVA)
model with fixed effects for treatment, time, trial,
baseline value of the response variable, and the
interaction of time by treatment. Time was fitted
as a categorical term. This analysis was also con-
ducted on pooled sets of patients grouped into
tertiles according to baseline levels of ALT and
AST.

The association between changes in ALT and
AST and changes in HbA1lc and body weight by
treatment was assessed by Pearson correlation
by treatment. In addition, a repeated-measures
ANCOVA model including body weight and
HbA1lc change from baseline, with the baseline
value of the response variables as covariates and
with fixed effects for treatment, time, trial,
baseline value of the response variable, and the
interaction of time by treatment, was performed
to assess the contributions of weight loss and
improvements in glycemic control to the
changes in ALT and AST at week 52.
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Table 2 Baseline demographics and disease characteristics of all patients included in the analysis

Baseline demographics and disease

Treatment group

characteristics Non-ertuglifiozin Ertuglifiozin 5 mg Ertugliflozin 15 mg
(n = 1450) (n = 1716) (n = 1693)
Age (years) 57.8 (10.3) 57.9 (10.2) 57.8 (10.2)
Male, 7 (%) 787 (54.3%) 885 (51.6%) 44 (49.9%)
Body weight (kg)* 89.2 (21.3) 89.1 (20.8) 87.5 (19. 3)
BMI (kg/m?) 31.6 (6.3) 319 (6.1) 5 (58
Duration of T2DM (years) 7.8 (6.3) 7.9 (6.5) 0 (6. )
HbAlc (%)° 8.1 (0.9) 8.2 (0.9) 2 (0.9)
ALT (IU/L)® 26.6 (14.0) 274 (14.6) 27.6 (16.1)
AST (IU/L)¢ 21.7 (9.4) 22.0 (9.8) 22.3 (10.4)
FIB-4° 1.12 (0.56) 1.11 (0.57) 1.10 (0.53)
Platelet count (10°/L)" 239.2 (61.2) 241.6 (60.4) 245.1 (62.0)

Data are presented as the mean with the standard deviation (SD) in parenthesis, unless otherwise specified
ALT Alanine aminotransferase, 4ST aspartate aminotransferase, BMI body mass index, FIB-4 Fibrosis-4 Index, HbAlc

glycated hemoglobin, 72DM type 2 diabetes mellitus

a—

respectlvely *n = 1442, n = 1706, and » = 1686;

7 is the number of patients in the non—ertugliﬂozin, ertugliflozin 5 mg, and ertugliﬂozin 15 mg treatment arms,
b2 = 1439, n = 1695, and n = = 1679; “n = 1417, n = 1677, and

n = 1664; 97 = 1415, 7 = 1672, and n = 1664; “n = 1377, n = 1626, and n = 1621; 'n = 1407, n = 1657, and » = 1651

Statement of Ethics Compliance

Each of the seven studies included in the analysis
was conducted in compliance with the ethical
principles of the Declaration of Helsinki and in
compliance with all International Conference
on Harmonization Good Clinical Practice
Guidelines. The final protocols and informed
consent documentation were reviewed and
approved by the Institutional Review Boards or
Independent Ethics Committees at each inves-
tigational center. Written informed consent was
obtained from all participants.

RESULTS

Patient Disposition and Baseline
Characteristics

A total of 4859 patients were included in the
final analysis (ertugliflozin 5mg, n=1716;
ertugliflozin 15 mg, n = 1693; non-ertugliflozin,

n = 1450). Patients had a mean (standard devi-
ation [SD]) duration of T2DM of 7.9 (6.4) years
and a mean age of 57.8 (10.2) years; baseline
characteristics were similar across the three
treatment groups (Table 2).

Serum Levels of ALT and AST

Treatment with ertugliflozin 5§ mg and 15 mg
was associated with a decrease in serum levels of
ALT and AST from baseline at week 52 com-
pared with the non-ertugliflozin treatment,
which showed increases in ALT and AST. Both
the absolute and percentage decrease from
baseline were greater with ertugliflozin 5 mg
and 15mg than with non-ertugliflozin treat-
ment (Fig. 1).

Patients were categorized into tertiles
according to baseline serum levels of ALT and
AST as follows:

ALT: <19, > 19 to < 29, and > 29 IU/L;
AST: <17, > 17 to < 23, and > 23 IU/L.
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Fig. 1 Least squares (LS) mean absolute and percentage
change from baseline at week 52 in alanine aminotrans-

ferase (ALT) (a) and aspartate aminotransferase (AS7T)

Across all tertiles, ertugliflozin 5 mg and 15 mg
provided a greater benefit (reduction) on ALT
and AST levels than did the non-ertugliflozin
treatment at week 52 (Fig. 2). For both ertugli-
flozin doses, the largest reduction from baseline
was observed in the highest tertile. For the
highest baseline ALT tertile (> 29 IU/L), ertu-
gliflozin 5mg and 15mg provided a least
squares (LS) mean (95% confidence interval
[CI]) reduction from baseline of
—10.69 (- 12.51, — 8.88) IU/L and — 11.02
(— 12.82, — 9.23) IU/L, respectively, which is
more than twice the reduction shown in the
non-ertugliflozin treatment arm (LS mean
—4.191U/L; 95% CI - 6.21, — 2.17). For the
highest baseline AST tertile (> 23 IU/L), ertu-
gliflozin 5 mg and 15 mg provided a LS mean
(95% CI) reduction from baseline of — 6.79
(=798, —15.60) IU/L and —7.17 (- 8.33,
— 6.01) IU/L, respectively; LS mean change

ALT: percentage change
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Non-ertugliflozin  Ertugliflozin 5 mg Ertugliflozin 15 mg
(n=1377) (n=1632) (n=1615)

Mean (SD) baseline

AST, UL 21,69 (9.37) 22.00 (9.76) 22.33 (10.38)

(b). "Difference in LS means with the 95% confidence
interval (CI) in parenthesis. SD Standard deviation

from baseline in the non-ertugliflozin arm was
—4.32 (— 5.64, — 3.01) IU/L.

FIB-4

At week 52, the mean (SD) FIB-4 value was 1.11
(0.51) for the ertugliflozin 5 mg group, 1.09
(0.55) for the ertugliflozin 15 mg group, and
1.16 (0.52) for the non-ertugliflozin group.
There were no meaningful differences in abso-
lute LS mean change from baseline at week 52 in
FIB-4 between the treatment groups (Table 3).

Association of ALT and AST With
Reductions in HbAlc and Body Weight

At week 52, both doses of ertugliflozin led to
greater reductions from baseline in HbAlc
compared with the non-ertugliflozin group
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Fig. 2 Least squares (LS) mean absolute change from
baseline at week 52 in ALT (a) and AST (b) by tertiles of
baseline ALT and AST. *Difference in LS means with the

95% CI in parenthesis. ALT Alanine aminotransferase,

AST aspartate aminotransferase, CI confidence interval,
SD standard deviation

Table 3 Least squares mean absolute change from baseline at week 52 in Fibrosis-4 Index

Baseline FIB-4 Week 52 FIB-4

Treatment arms

Change in FIB-4 from baseline at week 52

Mean (SD) Mean (SD) LS mean (95% CI) Difference in LS mean relative to
non-ertugliflozin (95% CI)
Non-ertugliflozin 1.12 (0.56) 1.16 (0.52) 0.01 (— 0.02, 0.03) -
Ertugliffozin Smg  1.11 (0.57) 111 (0.51) 0.02 (0.00, 0.04) 0.01 (= 0.02, 0.04)
Ertuglifiozin 15 mg ~ 1.10 (0.53) 1.09 (0.55) 0.01 (— 001, 0.03)  0.00 (— 0.03, 0.03)

CI Confidence interval, LS least squares, FIB-4 Fibrosis-4 Index, SD standard deviation

(Fig. 3). Ertugliflozin also led to reductions from
baseline in body weight, in contrast to the non-
ertugliflozin group, which showed no overall
change from baseline (Fig. 3).

The changes in ALT and AST from baseline to
week 52 were associated with changes in HbAlc
and body weight in all treatment groups, with r
values ranging from 0.12 to 0.16 for HbAlc and
from 0.13 to 0.23 for body weight (all p <
0.0002).

With the addition of body weight and HbA1lc
as covariates in the statistical model, both doses
of ertugliflozin remained more effective than
non-ertugliflozin therapies in reducing serum
levels of ALT and AST at week 52 (Table 4).

However, the LS mean differences between
treatment groups (ertugliflozin vs. non-ertu-
gliflozin) when body weight and HbAlc were
included as covariates (Table 4) were smaller
than those obtained when body weight and
HbA1lc were not included as covariates (Fig. 1).

DISCUSSION

In this post hoc pooled analysis of patients with
T2DM, treatment with ertugliflozin 5 mg and
15 mg reduced serum levels of ALT and AST
after 52 weeks of treatment compared with non-
ertugliflozin treatment. When patients were
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Fig. 3 Least squares (LS) mean change from bascline at week 52 in glycated hemoglobin (HbA4Ic) and body weight.
*Difference in LS means (95% CI). CI confidence interval, SD standard deviation

Table 4 Treatment difference in least squares mean absolute and percentage change from baseline to week 52 in alanine
and aspartate transaminases (repeated-measures analysis with body weight and glycated hemoglobin as covariates)

Treatment

Difference in LS mean change from baseline relative to non-ertugliflozin (95% CI)

Absolute change, IU/L

Percentage change

ALT
- 235 (- 338, - 133)
- 293 (- 3.96, — 1.90)

Ertugliflozin 5 mg
Ertugliflozin 15 mg
AST
- 1.37 (- 2.06, - 0.68)
~ 161 (= 230, - 0.92)

Ertugliflozin 5 mg
Ertugliflozin 15 mg

- 8.08 (- 11.71, — 4.44)
- 1077 (- 1442, - 7.11)

- 575 (- 8.84, - 2.66)
- 7.07 (- 10.17, - 3.96)

ALT Alanine aminotransferase, AST aspartate aminotransferase, CI confidence interval, HbAIc glycated hemoglobin,

LS least squares

grouped by baseline ALT and AST tertiles, the
greatest reduction from baseline was seen in the
highest tertile for ALT (>291IU/L) and AST
(> 23 IU/L), and was more prominent for ALT.
Given that these clinical trials excluded patients
with baseline ALT or AST > 2x upper limit of
normal, the potential effect of ertugliflozin in
reducing hepatic transaminases may be under-
estimated—especially for patient groups with
higher transaminase levels, as found in some
patients with NAFLD. Overall, these findings are
consistent with those reported for other SGLT2
inhibitors in patients with T2DM [11, 12, 14].
The present analysis also assessed the impact
of ertugliflozin on liver fibrosis using the FIB-4,

a calculated score that has been shown to cor-
relate with the stage of fibrosis (by histologic
status) in patients with NAFLD [32]. The FIB-4
scores observed in this study at baseline and at
week 52 likely correspond to fibrosis stage 0-2
[32], and are consistent with previously pub-
lished FIB-4 scores in patients with T2DM and
no diagnosis of liver disease [12]. No difference
between treatment groups in the change from
baseline to week 52 in FIB-4 score was observed.
This lack of effect in patients receiving ertugli-
flozin may be due to the patient population
enrolled; there was no requirement for liver
disease, thereby resulting in low levels of base-
line fibrosis. In studies of patients with T2DM
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and NAFLD [33, 34] or biopsy-confirmed NASH
[35] treated with SGLT2 inhibitors, on average,
baseline FIB-4 scores (mean values were 1.42
and 2.08 in two studies; median value was 1.75
in another study) were higher than those in the
present analysis, suggesting that at least some
patients in those studies may fall within fibrosis
histology stage 3-4 [32]. In those studies,
improvements in the FIB-4 scores were observed
following SGLT2 inhibitor treatment.

Changes in ALT and AST showed a weak but
statistically significant association with changes
in HbAlc and body weight in all treatment
groups at week 52. When body weight and
HbA1c were added as covariates in the repeated-
measures ANCOVA model, the effect of ertu-
gliflozin versus non-ertugliflozin on ALT and
AST remained, but the effect sizes were smaller
than those from the analysis without these
factors as covariates. This suggests that changes
in HbAlc and body weight may partly con-
tribute to the effects of ertugliflozin on amino-
transferases, but do not account entirely for the
observed reductions in this post hoc analysis.
Relationships between changes in liver enzymes
and changes in body weight or HbAlc may not
be linear, and this could account for the weak
correlation between the parameters.

Similar analyses with other SGLT2 inhibitors
have produced divergent findings. In a pooled
analysis of patients with T2DM treated with
canagliflozin, the significant reductions in ALT
and AST at week 26 were fully attributed to
lowered body weight and HbAlc level [11].
However, in a pooled analysis of patients treated
with empagliflozin, the significant reductions in
ALT after 28 weeks of treatment were found to
be largely independent of changes in body
weight and glycemic control [14]. Similarly, in a
clinical study of ipragliflozin in patients with
T2DM-associated liver dysfunction, changes in
serum ALT levels did not correlate with changes
in body weight [36]. The reason for these dis-
crepancies is unclear but may be related to
methodologic and patient population differ-
ences among studies and their associated statis-
tical models for pooled analyses.

There are limitations associated with this
analysis. The post hoc nature of the analysis,
the exclusion of patients with elevated levels of

ALT and AST from the studies in this analysis,
and the heterogeneous non-ertugliflozin con-
trol group could be considered potential limi-
tations. Further, the analysis was not conducted
in patients specifically with any chronic liver
disease, such as NAFLD or NASH. Lastly, there
was no correction for type 1 error with multiple
testing.

CONCLUSION

In this post hoc, exploratory analysis, ertugli-
flozin was shown to be associated with reduc-
tions in hepatic transaminases in patients
treated for 52 weeks compared with the group
receiving non-ertugliflozin treatment (placebo,
glimepiride, or sitagliptin). Weak correlations
were observed with body weight and HbAlc. No
differences in the FIB-4 score were observed.
Prospective and mechanistic studies are needed
to assess the effects of ertugliflozin and other
SGLT2 inhibitors on liver enzymes in patients
with T2DM with and without NAFLD.
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