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ABSTRACT

Introduction: Untreated nonalcoholic fatty
liver may progress to nonalcoholic steatohep-
atitis (NASH) and cirrhosis and induce hepato-
cellular carcinoma and liver failure. Type 2
diabetes mellitus (T2DM), often complicated
with nonalcoholic fatty liver disease (NAFLD), is

a driver of NAFLD progression. Thus, efficacious
treatment strategies for patients with coexisting
NAFLD and T2DM are important for preventing
NAFLD progression. Although previous studies
have demonstrated that either sodium-glucose
transporter 2 inhibitors (SGLT2is) or glucagon-
like peptide 1 receptor agonists (GLP-1 RAs)
benefit NASH patients with T2DM, the rate of
NASH resolution has not sufficiently improved.
Therefore, we developed a protocol for a ran-
domized controlled trial to examine whether
the addition of an SGLT2i to the treatment
regimen of patients receving a GLP-1 RA (com-
bination therapy), within the therapeutic dose
range for T2DM, increases the rate of NASH
resolution in patients with coexisting NASH
and T2DM.
Methods: This open-label, randomized, paral-
lel-group study commenced in June 2021, will
conclude recruitment in May 2023, and will end
by March 2025. Sixty patients with NASH
complicated by T2DM are enrolled at the Ehime
University Hospital in Toon, Japan. Participants
will be randomized into: (1) an intervention
group receiving combination therapy with the
SGLT2i luseogliflozin 2.5 mg, once daily (Taisho
Pharmaceutical, Tokyo, Japan) and the GLP-1
RA semaglutide 0.5 mg, once per week (Novo-
nordisk, Copenhagen, Denmark); and (2) a
control group receiving monotherapy with the
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GLP-1 analog semaglutide. The primary end-
points, which will be ascertained by liver
biopsy, are: (1) NASH resolution rate from
baseline without worsening of liver fibrosis after
52 weeks of intervention; (2) rate of improve-
ment from baseline of at least 1 point in the
NAFLD activity score without worsening of liver
fibrosis after 52 weeks of intervention; and (3)
rate of improvement from baseline of at least
one fibrosis stage without worsening of NASH
after 52 weeks of intervention.
Trial Registration: University Hospital Medical
Information Network Clinical Trial Registry
(UMIN-CTR) number: UMIN000045003. Japan
Registry of Clinical Trials registration number:
jRCTs061210009.

Keywords: Luseogliflozin; Nonalcoholic
steatohepatitis; Semaglutide; Type 2 diabetes
mellitus

Key Summary Points

Why carry out this study?

As type 2 diabetes mellitus (T2DM) not
only often complicates nonalcoholic fatty
liver disease (NAFLD) but also contributes
to the progression of the pathogenesis of
NAFLD, developing optimal treatment
strategies for patients with NAFLD
complicated by T2DM is important to
prevent the progression of NAFLD.

Several treatments for NAFLD have been
suggested, but the rate of nonalcoholic
steatohepatitis (NASH) resolution has not
sufficiently improved.

What will be learned from the study?

This study may identify a new treatment
option for NASH complicated by T2DM.

INTRODUCTION

An unhealthy lifestyle can lead to various
metabolic diseases, such as obesity, type 2 dia-
betes mellitus (T2DM), and dyslipidemia [1].
Metabolic diseases are risk factors for cardio-
vascular disease and cancer and can affect a
healthy life expectancy and life prognosis [2–4].
Nonalcoholic fatty liver disease (NAFLD), a
metabolic disease phenotype of the liver, is a
global health problem [5–8]. An untreated
nonalcoholic fatty liver may progress to nonal-
coholic steatohepatitis (NASH) and cirrhosis
and may induce hepatocellular carcinoma and
liver failure [9–11]. Therefore, it is necessary to
identify NAFLD and provide appropriate inter-
ventions for patients at high risk of progression
to a serious disease.

T2DM is often complicated with NAFLD and
is a driver of its progression [12–15]. Thus,
treatment strategies for patients with NAFLD
with concomitant T2DM are important to pre-
vent the progression of NAFLD. Several treat-
ments for NAFLD have been suggested [16–28].
Weight loss as a result of lifestyle improvements
is an effective and ideal treatment for NAFLD
[17, 18]. However, as many clinicians have
observed, it is very difficult to convince patients
to continue losing body weight, and it is
important to supplement interventions in their
lifestyles with pharmacotherapy [18]. A meta-
analysis has shown that the use of the peroxi-
some proliferator-activated receptor gamma
(PPAR-c) agonist pioglitazone improves histo-
logical findings, such as fibrosis, steatosis, bal-
looning degeneration of hepatocytes, and
lobular inflammation [19]. Nonetheless, in
terms of long-term prognosis, pioglitazone is a
worrisome treatment option because it may put
patients at risk of heart failure, which is associ-
ated with T2DM and NAFLD [29–31]. Recently,
the efficacy of sodium-glucose cotransporter-2
inhibitors (SGLT2is) or glucagon-like peptide-1
receptor agonists (GLP-1 RAs) for the treatment
of NASH has received much attention [20–28]. A
randomized controlled trial (RCT) showed that
both SGLT2i monotherapy for NAFLD, includ-
ing NASH, and GLP-1 RA monotherapy for
NASH improved histological findings [20–22].
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Additionally, SGLT2is or GLP-1 RAs are effective
against cardiovascular diseases, which are major
complications of NASH and T2DM [32, 33].
However, the resolution rate of NASH following
pharmacological intervention with these drugs
is approximately 40–65% [20–27]. Therefore,
improved treatment is needed to increase the
resolution rate of NASH.

One of the most promising treatments for
NASH, as indicated by a previous study, is the
administration of an SGLT2i in addition to GLP-
1 RA therapy [20–28]. To assess the efficacy of
this treatment, we developed a protocol for a
RCT to examine whether the addition of an
SGLT2i to the therapeutic regimen of patients
already receiving a GLP-1 RA, within the ther-
apeutic dose range for T2DM, will increase the
resolution rate of NASH in patients with NASH
and T2DM.

METHODS

Study Design

The trial, entitled ‘‘Luseogliflozin and semaglu-
tide for patients with nonalcoholic steatohep-
atitis and T2DM: an open-label, randomized,
parallel-group study,’’ commenced in June 2021
at the Ehime University Hospital and will con-
clude in March 2025. The schedule for this
study is shown in Fig. 1. The enrollment of
patients was initiated in June 2021 and will end
in May 2023. The study will be explained to
patients with NAFLD complicated by T2DM,
and informed consent will be obtained before

the screening tests are conducted. Patients who
meet the eligibility criteria of the pre-screening
test will be randomized into the intervention
and control groups.

Compliance with Ethical Guidelines

This study and its protocols have been assessed
and approved by the Certified Review Board of
Ehime University (Toon, Ehime, Japan; E-mail:
rinri@m.ehime-u.ac.jp), which had obtained
certification from the Minister of Health,
Labour and Welfare in Japan (approval ID
number: jRCTs061210009; University Hospital
Medical Information Network ID:
UMIN000045003). The study will be conducted
in accordance with the Declaration of Helsinki
of 1964 and its later amendments, the Ethical
Guidelines for Medical and Health Research
Involving Human Patients issued by the Min-
istry of Health, Labour and Welfare in Japan,
the Clinical Trials Act, and other current legal
regulations in Japan. Informed consent will be
obtained from all the study patients.

Sample Size Calculation

The efficacy of combination therapy with a
SGLT2i and a GLP-1 RA for NASH is unknown.
Therefore, we used the results of the therapeutic
effects of SGLT2i and GLP-1 RA monotherapies
for NASH and calculated the sample size. Based
on the results reported in studies on SGLT2is
[22–27], we estimated the efficacy of treatment
with luseogliflozin 2.5 mg (SGLT2; i.e. the

Fig. 1 Flowchart of the study schedule
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percentage of patients with NASH resolution at
24–52 weeks of treatment with the study drug)
to be 37% and that of semaglutide 0.5 mg (GLP-
1 RA) to be 30% [21]. Also, based on these
results, we estimated that the efficacy of the
respective therapy would be 67% in the inter-
vention group (combination therapy) and 30%
in the control group (semaglutide monother-
apy). The sample size required to maintain 80%
power in a two-tailed test (5% level of signifi-
cance) will be 29 cases in the control group and
29 cases in the intervention group, with a total
of 58 cases. The target number of patients will
be set at 60 in total (30 in each group), with
consideration given to the small percentage of
patients who may discontinue or drop out of
the study.

Eligibility Criteria

The inclusion criteria are: (1) patients aged
20–75 years at the time of obtaining consent to
participate; (2) patients with T2DM who were
diagnosed with NASH with stage C 1 and
NAFLD activity score (NAS) C 4 according to
the classification of the NASH Clinical Research
Network (NASH CRN) by liver biopsy within
6 months (180 days) before obtaining consent
or the preliminary examination [34]; (3)
patients with glycated hemoglobin (HbA1c)
C 6.5% (HbA1c C 6% for those undergoing
drug treatment) and B 10.5% in the prelimi-
nary examination; and (4) patients who pro-
vided written consent for their participation in
this study.

The exclusion criteria are: (1) patients who
received SGLT2is or GLP-1 RAs within 3 months
(90 days) before starting the drug administra-
tion study or after liver biopsies; (2) patients
who used other SGLT2is or GLP-1 RAs during
the study period; (3) patients with histories of
serious adverse reactions to SGLT2is or GLP-1
RAs; (4) patients with decompensated liver cir-
rhosis (Child–Pugh score: B or C); (5) patients
with serious renal diseases (serum creatinine
levels[ 2.0 mg/dL or chronic kidney disease
stage 4 or higher); (6) patients with malignan-
cies; (7) patients with histories of severe hypo-
glycemia; (8) patients with histories of

ketoacidosis; (9) patients with histories of cere-
bral infarctions with paralysis; (10) patients
with urinary tract/genital infections or histories
of recurring urinary tract/genital infections;
(11) patients with the following complications:
hepatitis due to other causes, such as viral
hepatitis, autoimmune hepatitis, primary cho-
lestatic cholangitis, psychiatric disorders, sei-
zures, and paroxysmal diseases; (12) patients
who were hospitalized for acute coronary syn-
dromes, unstable anginas, acute myocardial
infarctions, acute cerebral infarctions, or tran-
sient ischemic attacks within 3 months
(90 days) of providing informed consent; (13)
pregnant or lactating women, women who may
become pregnant during the study period, or
women who planned to become pregnant; (14)
patients who had commenced or changed their
doses of pioglitazone or vitamin E within
6 months (180 days) of starting the study drug
or within 3 months (90 days) of liver biopsies
and commencing the study drug; (15) patients
who use oral steroids or injectable steroids reg-
ularly; (16) patients who are participating or
intend to participate in other clinical studies
using other study drugs while participating in
this study; (17) decision by the principal inves-
tigator or sub-investigator that participation in
the research is not in the best interest of the
patient (e.g., to the detriment of the welfare of
the patient), or that their inclusion is consid-
ered to interfere with, limit, or confuse the
specific evaluation of the clinical research pro-
tocol; or (18) persons working under the direc-
tion of the principal investigator or the medical
institution conducting the research, an
employee of the principal investigator or of the
medical institution directly involved in this or
other clinical research, or family members of
such employees or of the principal investigator.

Recruitment and Obtaining Consent

The principal investigator and sub-investigator
will provide an explanatory document, which is
approved by the Certified Review Board, Ehime
University, to the patients and also provide
sufficient written and oral explanations. Writ-
ten, free, and voluntary consent will be

1086 Diabetes Ther (2022) 13:1083–1096



obtained from the patients. We will perform the
screening tests only for patients who provide
informed consent, and we will enroll only those
patients who meet the eligibility criteria at the
Ehime University Hospital.

Registration of Patients and Random
Allocations

After obtaining written consent from a candi-
date patient, the principal investigator or sub-
investigator will conduct an examination and
obtain information on the patient’s back-
ground, body composition, blood chemistry
tests, urinalysis, FibroScan (Echosens, Paris,
France), and liver biopsies to confirm that the
patient meets the eligibility criteria and that
none of the exclusion criteria apply.

Patients meeting the eligibility criteria will
be assigned randomly in a 1:1 ratio to the con-
trol and intervention groups. A minimization
method will be used for randomization, with
liver fibrosis stage (1–3 vs. 4) and NAS (4–6 vs.
7–8) at screening being used as allocation fac-
tors. Allocation will be performed using the
University Hospital Medical Information Net-
work (UMIN) Internet Data and Information
Center for Medical Research cloud version. The
patient will be assigned an identification code
that does not contain any information that can
identify them.

Study Intervention

Intervention Group
Semaglutide (0.25 mg) will be injected subcu-
taneously once per week. After 2 weeks of
treatment, luseogliflozin (2.5 mg) will addi-
tionally be administered once daily before or
after breakfast. After 4 weeks of treatment, the
dose of semaglutide will be increased from 0.25
to 0.5 mg (the maintenance dose for patients
with T2DM) and injected subcutaneously once
a week. If a scheduled semaglutide administra-
tion is missed and the time until the next
scheduled administration is 2 days (48 h) or
longer, semaglutide will be administered as
soon as the missed dose of semaglutide is
identified. Subsequently, it should be

administered on a predetermined day of the
week. However, if the time until the next
scheduled administration of semaglutide is less
than 2 days (48 h), the subsequent dose will be
administered on the next predetermined day. If
the patient forgets to take luseogliflozin as
scheduled, the patient is instructed to report the
missed dose to the investigator or sub-investi-
gator as soon as they become aware of it. At this
point, the patient will receive instructions on
whether or not to take the medication. The
medication will be administered for 52 weeks.

Control Group
Semaglutide (0.25 mg) will be injected subcu-
taneously once per week. After 4 weeks of
treatment, the semaglutide dose will be
increased from 0.25 to 0.5 mg and injected
subcutaneously once a week. In cases where
semaglutide administration is missed and the
time until the next administration is 2 days
(48 h) or longer, semaglutide will be adminis-
tered as soon as it is observed that the dose of
semaglutide has been missed. Subsequently, it
should then be administered on a predeter-
mined day of the week. However, if the time
until the next administration of semaglutide is
less than 2 days (48 h), the next dose should be
administered on the next predetermined day.
The medication will be administered for
52 weeks.

Dose, Dose Increase, and Dose Decrease
Methods
If the principal investigator or sub-investigator
considers that it is difficult to increase the dose
of semaglutide due to the occurrence of gas-
trointestinal adverse events (AEs) or for other
reasons at the fourth week of administration,
the dose increase can be postponed. The dose
increase will be attempted based on the
patient’s symptoms and medical condition;
however, if it is not tolerated, a dose of 0.25 mg
will be continued. In the intervention group,
the dose of luseogliflozin will be increased to
5 mg if the principal investigator or sub-inves-
tigator concludes that the 2.5-mg dose of
luseogliflozin did not sufficiently improve the
pathological condition by decreasing the levels
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of the liver enzymes aspartate aminotransferase
(AST), alanine transaminase (ALT), and gamma-
glutamyl transferase (GGT) to normal levels.

Concomitant Drugs and Therapy
The dosage of drugs for T2DM, other than
luseogliflozin and semaglutide, can be increased
or decreased. The dose of pioglitazone and
vitamin E, however, is not changed.

Concomitant Therapy Restrictions
Concomitant use of SGLT2 inhibitors other
than luseogliflozin and that of GLP-1 receptor
agonists other than semaglutide is prohibited.
Additionally, regular use of oral steroids or
injectable steroids is prohibited.

Data Collection and Schedule

Data will be collected on the following items:
patient background (sex, birthdate, age, height,
body weight, body mass index [BMI], comor-
bidities, medical histories, current medical his-
tories, and medication statuses); vital signs
(blood pressure and pulse rates); body compo-
sition (body fat and skeletal muscle mass mea-
sured using InBody 720 [Biospace Corporation
Limited, Seoul, Korea]); blood chemistry tests
(white blood cell counts, red blood cell counts,
hematocrits, platelet counts, prothrombin
times, and fasting plasma glucose, HbA1c, total
cholesterol, triglyceride, low-density lipopro-
tein cholesterol, high-density lipoprotein
cholesterol, creatinine, blood urea nitrogen,
sodium, potassium, chloride, uric acid, total
bilirubin, direct bilirubin, AST, ALT, GGT, total
protein, albumin, insulin, and C-peptide levels);
urinalysis (urinary albumin, qualitative results
[sugar, protein, occult blood, ketone, pH], sed-
iment); liver stiffness and steatosis measured
using FibroScan (Echosens); AEs from medical
interviews; and histological diagnoses of liver
specimens from liver biopsies. A liver biopsy
will be obtained from the right liver lobe guided
by laparoscopy or an abdominal ultrasound.
Pathological specimens should be at least
1.5 cm in size if possible and stained with
hematoxylin and eosin or silver impregnation.
The pathological diagnosis will be made by two

Japanese specialists (Masanori Abe and Yoshio
Tokumoto) from the Society of Hepatology who
are blinded to the patient background and
blood test results (Table 1). During the study,
examinations will be performed before the
commencement of the intervention and every
13 weeks thereafter. The frequency of outpa-
tient visits for the study is three (weeks 13, 26,
and 39). Liver biopsies and FibroScans will be
performed before the commencement of the
intervention and at the end of the treatment
period to confirm the histology (Table 1).

Endpoints

As this is an exploratory trial, we will set three
primary endpoints: (1) resolution rate from the
baseline of NASH (defined by the NASH CRN as
no more than mild residual inflammatory cells
[score of 0 or 1] and no hepatocyte ballooning
[score of 0]) without the worsening of liver
fibrosis, with worsening defined as an increase
of one stage or more on the Kleiner fibrosis
classification scale [34]) after 52 weeks of inter-
vention; (2) improvement rates from baseline of
at least 1 point in NAFLD activity score without
any worsening of liver fibrosis after 52 weeks of
intervention; and (3) improvement rates from
baseline of at least one fibrosis stage without
any worsening of NASH (with worsening
defined as an increase of C 1 point in either the
lobular inflammation score or the hepatocyte
ballooning score according to the NASH CRN
criteria) after 52 weeks of intervention. The
secondary endpoints are: (1) proportion of cases
with change in liver fibrosis from baseline (im-
provement/instability/worsening) after
52 weeks of intervention; (2) change from
baseline liver stiffness determined by FibroScan
after 52 weeks of intervention; (3) change from
the baseline steatosis determined by FibroScan
after 52 weeks of intervention; (4) change from
baseline body weight, BMI, and body composi-
tion after 52 weeks of intervention; (5) change
from baseline HbA1c values after 52 weeks of
intervention; and (6) change from baseline in
liver enzymes (AST, ALT, and GGT) after
52 weeks of intervention. The safety endpoint is
the frequency of AEs. The exploratory

1088 Diabetes Ther (2022) 13:1083–1096



T
ab
le

1
O
bs
er
va
ti
on

sc
he
du
le
an
d
da
ta

co
lle
ct
io
n

O
bs
er
va
ti
on

sc
he
du

le
an
d
it
em

s
in
cl
ud

ed
in

da
ta

co
lle
ct
io
n

P
re
-o
bs
er
va
ti
on

pe
ri
od

O
bs
er
va
ti
on

pe
ri
od

(1
2
m
on

th
s)

T
im

e
Pr
e-
ch
ec
k

W
ee
k
0

W
ee
k
13

W
ee
k
26

W
ee
k
39

W
ee
k
52

(a
t
th
e
en
d
of

ob
se
rv
at
io
n)

A
t
th
e
ti
m
e
of

co
m
pl
et
io
n

V
is
it

V
is
it
1

V
is
it
2

V
is
it
3

V
is
it
4

V
is
it
5

V
is
it
6

–

Pe
rm

is
si
bl
e
pe
ri
od

-
30

da
ys

ap
pr
ox
im

at
el
y;

at
ad
m
in
is
tr
at
io
n
st
ar
t

da
te

0
da
y
(b
ef
or
e
th
e

ad
m
in
is
tr
at
io
n

st
ar
ts
)

±
14

da
ys

±
14

da
ys

±
14

da
ys

±
14

da
ys

or
w
it
hi
n

30
da
ys

fr
om

th
e
en
d

of
ad
m
in
is
tr
at
io
n

W
it
hi
n
30

da
ys

fr
om

th
e
en
d
of

ad
m
in
is
tr
at
io
n

C
on
se
nt

s

R
ev
ie
w
of

pa
ti
en
t

ba
ck
gr
ou
nd

an
d

m
ed
ic
al
hi
st
or
y

s

R
an
do
m
iz
at
io
n

s

C
he
ck
in
g
of

co
nc
om

it
an
t

m
ed
ic
at
io
ns

s
s

s
s

s
s

s

Ph
ys
ic
al
ex
am

in
at
io
n

fin
di
ng
s

s
s

s
s

s
s

s

W
ei
gh
t,
B
M
Ia

s
s

s
s

s
s

s

V
it
al
si
gn
s

s
s

s
s

s
s

s

B
od
y
co
m
po
si
ti
on

s B
ef
or
e
ob
ta
in
in
g
co
ns
en
t;

re
su
lts

fr
om

w
it
hi
n

6
m
on
th
s
ar
e
ac
ce
pt
ab
le

s

B
io
ch
em

ic
al
te
st
b

s
s

s

B
io
ch
em

ic
al
te
st
c

s
s

s

U
ri
na
ly
si
sd

s
s

s

Diabetes Ther (2022) 13:1083–1096 1089



T
a
b
le

1
co
n
ti
n
u
ed

O
bs
er
va
ti
on

sc
he
du

le
an
d
it
em

s
in
cl
ud

ed
in

da
ta

co
lle
ct
io
n

P
re
-o
bs
er
va
ti
on

pe
ri
od

O
bs
er
va
ti
on

pe
ri
od

(1
2
m
on

th
s)

U
ri
na
ly
si
se

s
s

s

L
iv
er

bi
op
sy

s R
es
ul
ts
fr
om

w
it
hi
n

6
m
on
th
s
pr
io
r
to

ob
ta
in
in
g
co
ns
en
t
ar
e

ac
ce
pt
ab
le

s
(s

)

Fi
br
oS
ca
n

s R
es
ul
ts
fr
om

w
it
hi
n

6
m
on
th
s
pr
io
r
to

ob
ta
in
in
g
co
ns
en
t
ar
e

ac
ce
pt
ab
le

s
(s

)

M
ed
ic
at
io
n
st
at
us

s
s

s
s

s
s

C
ol
le
ct
io
n
of

bl
oo
d
fo
r

st
or
ag
e

s
s

C
on
fir
m
at
io
n
of

ad
ve
rs
e

ev
en
ts
,d

is
ea
se
s,
et
c

B
M
I
B
od
y
m
as
s
in
de
x;

s
:
R
eq
ui
re
d;

(s
):
im

pl
em

en
ta
ti
on

as
ne
ce
ss
ar
y

a B
M
I
is
ca
lc
ul
at
ed

ba
se
d
on

he
ig
ht

an
d
bo
dy

w
ei
gh
t

b W
hi
te

bl
oo
d
ce
ll
(W

B
C
),
re
d
bl
oo
d
ce
ll
(R
B
C
),
he
m
at
oc
ri
t
(H

t)
,
pl
at
el
et
s
(P
lt)
,
pr
ot
hr
om

bi
n
ti
m
e
(P
T
),
fa
st
in
g
bl
oo
d
gl
uc
os
e
(F
B
G
),
gl
yc
at
ed

he
m
og
lo
bi
n

(H
bA

1c
),
to
ta
l
ch
ol
es
te
ro
l
(
T
-C
H
O
),
tr
ig
ly
ce
ri
de

(T
G
),
lo
w
-d
en
si
ty

lip
op
ro
te
in

ch
ol
es
te
ro
l
(L
D
L
-C
),
hi
gh
-d
en
si
ty

lip
op
ro
te
in

ch
ol
es
te
ro
l
(H

D
L
-C
),
cr
ea
ti
ni
ne
,

bl
oo
d
ur
ea

ni
tr
og
en

(B
U
N
),
so
di
um

(N
a)
,p
ot
as
si
um

(K
),
ch
lo
ri
de

(C
l)
,u
ri
c
ac
id

(U
A
),
to
ta
lb
ili
ru
bi
n
(T
.B

il)
,d
ir
ec
t
bi
lir
ub
in

(D
.B

il)
,a
sp
ar
ta
te
am

in
ot
ra
ns
fe
ra
se

(A
ST

),
al
an
in
e
tr
an
sa
m
in
as
e
(A
L
T
),
ga
m
m
a-
gl
ut
am

yl
tr
an
sf
er
as
e
(G

G
T
),
to
ta
l
pr
ot
ei
n
(T
P)
,a
lb
um

in
(A
lb
),
in
su
lin

,C
-p
ep
ti
de

c W
B
C
,R

B
C
,H

t,
Pl
t,
PT

,F
B
G
,H

bA
1c
,T

-C
H
O
,T

G
,L

D
L
-C
,H

D
L
-C
,c
re
at
in
in
e,
B
U
N
,N

a,
K
,C

l,
U
A
,T

.B
il,

D
.B

il,
A
ST

,A
L
T
,G

G
T
,T

P,
A
lb

d
U
ri
na
ry

al
bu
m
in
,q

ua
lit
at
iv
e
re
su
lts

(s
ug
ar
,p

ro
te
in
,o

cc
ul
t
bl
oo
d,

ke
to
ne
,a
nd

pH
),
se
di
m
en
t

e Q
ua
lit
at
iv
e
re
su
lts

(s
ug
ar
,p

ro
te
in
,o

cc
ul
t
bl
oo
d,

ke
to
ne
,a
nd

pH
),
se
di
m
en
t

1090 Diabetes Ther (2022) 13:1083–1096



endpoints are: (1) change from baseline in the
total NAFLD activity score, steatosis score, lob-
ular inflammation score, hepatocyte ballooning
score, and fibrosis stage and the rate of resolu-
tion of steatosis score, lobular inflammation
score, and hepatocyte ballooning score after
52 weeks of intervention; (2) within-group
comparison of the change from baseline in
body weight, HbA1c, and liver enzymes (AST,
ALT, and GGT) after 52 weeks of intervention;
(3) within-group comparison of the change
from baseline in liver stiffness according to
FibroScan results after 52 weeks of intervention;
(4) within-group comparison of the change
from baseline in blood chemistry (white blood
cell count, red blood cell count, hematocrit,
platelet count, prothrombin time, fasting
plasma glucose, total cholesterol, triglyceride,
low-density lipoprotein cholesterol, high-den-
sity lipoprotein cholesterol, creatinine, blood
urea nitrogen, sodium, potassium, chloride, uric
acid, total bilirubin, direct bilirubin, total pro-
tein, albumin, insulin, and C-peptide levels)
and urinalysis (urinary albumin) after 52 weeks
of intervention.

Statistical Analyses

All statistical analyses will be performed by a
biostatistician at an independent laboratory
(Masahiro Yamada at Soiken Inc.).

Efficacy analyses of primary endpoints,
secondary endpoints, and exploratory
endpoints
The full analysis set (FAS) is the population of
all study patients who are randomized, exclud-
ing the following: (1) patients who did not meet
the eligibility criteria; (2) patients who had not
received any experimental treatment after ran-
domization; (3) patients with no measurements
after randomization; (4) serious violations of
the research protocol (failure to obtain consent,
enrollment outside the contract period, etc.).
Additionally, since we would like to assess the
stability of the analysis results, efficacy analyses
will also be conducted on each protocol set,
which is the FAS excluding the following: (1)
patients for whom the measurement of the

primary endpoint was not available; (2) serious
violations of the research protocol (e.g., wrong
allocation, failure to meet the eligibility criteria,
concomitant use of prohibited drugs, and non-
compliance with medication). Regarding the
primary endpoint, multiple imputation will be
performed for missing data. For other end-
points, missing data will not be completed, but
when possible, a sensitivity analysis, such as a
mixed-effects model for repeated measures, will
be conducted to evaluate the stability of the
analysis results. The analysis of the safety end-
point will include patients who are enrolled in
the study and receive at least one dose of the
study drug.

At the primary endpoints, the rate of NASH
resolution and the rate of improvement in
NAFLD activity score and fibrosis of each group
from baseline (pre-test) at 52 weeks of treatment
will be calculated, and comparisons between
groups will be performed using the
Cochran–Mantel–Haenszel test, with adjust-
ments for background factors, such as fibrosis
stage (1–3, 4) and NAS (4–6, 7–8), at a 5% sig-
nificance level (two-sided).

At the secondary endpoints, the percentage
of cases with progression of liver fibrosis and
changes from baseline in liver stiffness and
steatosis, body weight, BMI, body composition,
HbA1c, and liver enzymes after 52 weeks of
intervention will be calculated for each group,
and comparisons between groups will be per-
formed using the Cochran–Mantel–Haenszel
test for discrete values and analysis of covari-
ance for the continuous value with adjustment
of background factors, such as fibrosis stage
(1–3, 4) and NAS (4–6, 7–8), at a 5% significance
level (two-sided).

Regarding the characteristics of patients at
baseline, the mean, standard deviation, and
minimum, median, and maximum values will
be calculated using the measured value data by
group, and frequency tabulation will be per-
formed for the total value data by group. For
quantitative data, the unpaired t-test or Wil-
coxon test will be used. The v2 test will be used
for discrete value analysis. A two-sided p
value\0.05 will be considered to be statisti-
cally significant.
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At the safety endpoint, the number and
incidence of AEs and diseases will be calculated
during the treatment period, and the incidence
rates will be compared.

At the exploratory endpoints, the change
from baseline in the total NAFLD activity score,
steatosis score, lobular inflammation score,
hepatocyte ballooning score, fibrosis stage, and
rate of improvement of steatosis score, lobular
inflammation score, and hepatocyte ballooning
score in each group from baseline (pre-test) at
52 weeks of treatment will be calculated, and
comparisons between the groups will be per-
formed using the analysis of covariance for
continuous values and the Cochran–Man-
tel–Haenszel test for discrete values with
adjustments of background factors, such as
fibrosis stage (1–3, 4) and NAS (4–6, 7–8), at a
5% significance level (two-sided). For within-
group comparisons, the changes from baseline
with respect to body weight, liver stiffness and
steatosis, blood chemistry, and urinalysis after
52 weeks of intervention in each group will be
calculated, and the paired t-test will be used. A
two-sided p value\ 0.05 (two-sided) will be
considered to be statistically significant.

Report of AEs

Any unfavorable medical event that occurs in a
patient during this study, including exacerba-
tion of an existing disease, will be treated as an
AE during the study period. If the efficacy index
worsens within the standard range, it will not
be treated as an AE. When an AE occurs, the
details of the AEs will be recorded in the case
report form. If any AE is observed, it will be
followed up until normalization or recovery to a
level that cannot be regarded as an AE in prin-
ciple or until the symptoms are stabilized or
fixed in the case of irreversible AEs caused by
organic disorders.

Stopping Guidelines

Criteria for the Discontinuation of the Study
for Patients
The principal investigator or sub-investigator
will stop administering the study drug to a

patient and discontinue the patient’s participa-
tion in the research when they consider that it
is impossible for the patient to continue in the
study due to any of the following reasons: (1)
the patient withdraws consent to participate in
the research; (2) the patient does not meet the
eligibility criteria after enrollment; (3) the
administration of the study drug is undesirable
for the patient due to worsening of the primary
disease; (4) it is difficult for the patient to con-
tinue participating in the study due to exacer-
bation of complications; (4) it is difficult for the
patient to continue participating in the study
due to an AE; (5) the patient is pregnant; (6)
adherence to the study protocol is poor (e.g.,
when it is considered that the patient is
using\75% of the total number of study
drugs); (7) the entire study is discontinued; or
(8) the physician considers that it is not
appropriate for the patient to continue partici-
pating in the study for other reasons.

Criteria for Discontinuation of the Entire
Study
When any of the following events occur, the
principal investigator or sub-investigator will
consider whether or not to continue the
research: (1) significant information regarding
the quality, safety, or efficacy of the study drug
is obtained; (2) it is considered to be difficult to
recruit the planned number of patients within
the study period; (3) the Review Committee
instructs changes to the research plan that are
difficult to accept; (4) facts or information that
undermine the ethical validity or scientific
rationale of the research are obtained; (5) facts
or information that undermine the appropri-
ateness of conducting the research or the relia-
bility of the research results are found; or (6) the
review committee recommends or directs that
the research is stopped.

STRENGTHS AND LIMITATIONS

Our study has several strengths. First, it is the
first RCT to evaluate the efficacy of combination
therapy with an SGLT-2i and a GLP-1 RA. Sec-
ond, the patients enrolled in the study will be
patients with T2DM. A previous study has
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shown that T2DM is frequently associated with
NAFLD. NASH and advanced NASH are more
common in patients with NAFLD complicated
by T2DM than in those without T2DM [12–15].
Therefore, it is important to clarify the effects of
treatment in patients with NASH complicated
by T2DM. Finally, our study is the first trial to
compare the effects of SGLT-2i and GLP-1 RA
combination therapy with those of GLP-1 RA
monotherapy for NASH within the therapeutic
dose range for T2DM. T2DM promotes pro-
gression from NAFLD to NASH and worsens
fibrosis [12–15]. In patients with undiagnosed
NASH, who often visit T2DM outpatient clinics,
resolving NASH along with achieving glycemic
control may be important to reduce the number
of future patients with advanced NASH. There-
fore, it is important to demonstrate the efficacy
of the drugs against NASH along with the
treatment of T2DM. However, our study has a
number of limitations. First, since our study is
an exploratory study, we calculated group
sample sizes according to the effects of SGLT-2i
and GLP-1 RA monotherapy on NASH rather
than the effect of combination therapy. Second,
our study will be conducted at a single institu-
tion in Japan. Hence, the target population may
be limited to a certain group. Therefore, in order
to confirm the additional effect of luseogliflozin
on semaglutide in patients with nonalcoholic
steatohepatitis, it is necessary to conduct a
multiethnic study involving more centers.
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