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Background & Aim
The glucagon-like peptide-1 (GLP-1) analogue semaglutide has been reported to 
promote resolution of MASH and improve fibrosis stage in a recent clinical phase 3 trial 
(ESSENCE). The present study aimed to evaluate robustness of outcomes of long-term 
semaglutide treatment in the GAN diet-induced obese (DIO) mouse model of biopsy-
confirmed MASH and fibrosis with reference to clinical endpoints. 

Methods
Semaglutide was profiled in three individual GAN DIO-MASH mouse studies. C57BL/6JRj 
mice were fed the GAN diet for 34-38 weeks before treatment start. Only animals with 
biopsy-confirmed MASH (NAFLD Activity Score (NAS) ≥5) and fibrosis (stage ≥F1) were 
included and stratified into treatment groups. GAN DIO-MASH mice (n=14-20 per group) 
received (SC) semaglutide (Sema, 30 nmol/kg) or vehicle (Veh) once daily for 20 weeks 
(study 1) or 24 weeks (study 2 and 3). Vehicle-dosed chow-fed controls served as healthy 
controls (Lean). Within-subject comparisons (pre- vs. post-treatment) were performed for 
NAS and fibrosis stage using the Gubra Histopathological Objective Scoring Technique 
(GHOST) platform. Terminal quantitative endpoints included plasma/liver biochemistry 
and quantitative liver histology. Histopathological scoring outcomes in GAN DIO-MASH 
mice were evaluated against primary histological endpoints applied in clinical trials 
(resolution of MASH with no worsening of liver fibrosis; ≥1-stage fibrosis improvement 
without worsening of MASH). Statistical analyses were performed using Dunnett’s test 
one-factor linear model (individual study data), Fisher’s exact test (pooled study data, 
histopathological scores) or one-way ANOVA with Dunnett’s post-hoc test (pooled study 
data, quantitative endpoints). #p<0.1, *p<0.05, **p<0.01, ***p<0.001 compared to 
corresponding vehicle controls. 
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Long-term semaglutide therapy in GAN DIO-MASH mice:

+ Improves body weight, hepatomegaly, transaminases and hypercholesterolemia

+ Improves NAFLD Activity Score and quantitative histological markers of steatosis 
and inflammation

+ Improves fibrosis stage (pooled data), and quantitative histological markers of 
fibrosis and fibrogenesis

Histological outcomes of semaglutide treatment in GAN DIO-MASH mice are 
comparable to corresponding topline results reported from the clinical phase 3 trial 
(ESSENCE)

Conclusion

Liver weight & transaminases3

NAFLD Activity Score (NAS) & Fibrosis stage5

Quantitative histological markers of steatosis, inflammation, fibrosis & fibrogenesis6

Assay/Histology

Liver weight
Plasma biochemistry
Liver biochemistry
Histopathological scoring
Histomorphometry

 Week -34-38

GAN diet-induction

Week -1

Week -4
Liver biopsy

Day 1
First dose

Stratification
Randomization

Week 20-24
Termination

Drug treatment

NAFLD Activity Score ≥5
Fibrosis Stage ≥F1
Fibrosis area

Study outline1

Body weight2

Plasma total cholesterol & triglycerides4

Lean Veh Sema Veh Sema Veh Sema Veh Sema
0

10

20

30

40

50

60

Bo
dy

 w
ei

gh
t (

g 
± 

S.
E.

M
.)

n=52n=51 n=20n=19

Study 1-3 (pooled) Study 1

n=15n=16 n=17n=16n=30

***

Body weight

*** *** *** ***

Study 2 Study 3

Lean Veh Sema Veh Sema Veh Sema Veh Sema
0

1

2

3

4

5

Li
ve

r w
ei

gh
t (

g 
± 

S.
E.

M
.)

***

Liver weight

*** *** *** ***

Study 1-8 (pooled) Study 1 Study 2 Study 3

n=52n=51 n=20n=19 n=15n=16 n=17n=16n=30

Lean Veh Sema Veh Sema Veh Sema Veh Sema
0

100

200

300

400

500

Pl
as

m
a 

AL
T 

(U
/L

± 
S.

E.
M

.)

***

Plasma ALT

*** ***
*** ***

Study 1-3 (pooled) Study 1 Study 2 Study 3

n=52n=51 n=20n=19 n=15n=16 n=17n=16n=30

Lean Veh Sema Veh Sema Veh Sema Veh Sema
0

100

200

300

400

500

600

Pl
as

m
a 

AS
T 

(U
/L

± 
S.

E.
M

.)

***
*** ***

***
***

Study 1-3 (pooled) Study 1

Plasma AST

Study 2 Study 3

n=52n=51 n=20n=19 n=15n=16 n=17n=16n=30

Lean Veh Sema Veh Sema Veh Sema Veh Sema
0

1

2

3

Pl
as

m
a 

to
ta

l t
rig

ly
ce

rid
es

 (m
m

ol
/L

± 
S.

E.
M

.)

n=52n=51 n=20n=19

Study 1-3 (pooled) Study 1

n=15n=16 n=17n=16n=30

***

Plasma TG

** **

Study 2 Study 3

Lean Veh Sema Veh Sema Veh Sema Veh Sema
0

5

10

15

Pl
as

m
a 

to
ta

l c
ho

le
st

er
ol

 (m
m

ol
/L

± 
S.

E.
M

.)

n=52n=51 n=20n=19

Study 1-3 (pooled) Study 1

n=15n=16 n=17n=16n=30

***

Plasma TC

*** *** *** ***

Study 2 Study 3

Lean Veh Sema Veh Sema Veh Sema Veh Sema
0

20

40

60

80

100

He
pa

to
cy

te
s w

ith
 li

pi
d 

dr
op

le
ts

 (%
 ±

 S
.E

.M
.)

n=52n=51 n=20n=19

Study 1-3 (pooled) Study 1

n=15n=16 n=17n=16n=30

***

Hepatocytes w. lipid droplets

***
***

***
***

Study 2 Study 3

Lean Veh Sema Veh Sema Veh Sema Veh Sema
0

10

20

30

40

50

In
fla

m
m

at
or

y 
fo

ci
 (f

oc
i/m

m
2  ±

 S
.E

.M
.)

n=52n=51 n=20n=19

Study 1-3 (pooled) Study 1

n=15n=16 n=17n=16n=30

***

Inflamatory foci

*** *** ***
*

Study 2 Study 3

Lean Veh Sema Veh Sema Veh Sema Veh Sema
0

2

4

6

8

PS
R 

(%
 a

re
a 

± 
S.

E.
M

.)

n=52n=51 n=20n=19

Study 1-3 (pooled) Study 1

n=15n=16 n=17n=16n=30

***

PSR

*** *
**

#

Study 2 Study 3

Lean Veh Sema Veh Sema Veh Sema Veh Sema
0

2

4

6

8

Ga
le

ct
in

-3
 (%

 a
re

a 
± 

S.
E.

M
.)

n=52n=51 n=20n=19

Study 1-3 (pooled) Study 1

n=15n=16 n=17n=16n=30

***

Galectin-3

*** ***
***

***

Study 2 Study 3

Lean Veh Sema Veh Sema Veh Sema Veh Sema
0

5

10

15

20

Co
lla

ge
n-

1a
1 

(%
 a

re
a 

± 
S.

E.
M

.)

n=52n=51 n=20n=19

Study 1-3 (pooled) Study 1

n=15n=16 n=17n=16n=30

***

Col1a1

*** * *** **

Study 2 Study 3

Lean Veh Sema Veh Sema Veh Sema Veh Sema
0

2

4

6

8

α
-S

M
A 

(%
 a

re
a 

± 
S.

E.
M

.)

n=52n=51 n=20n=19

Study 1-3 (pooled) Study 1

n=15n=16 n=17n=16n=30

***

α-SMA

*** *** ***
***

Study 2 Study 3

Veh Sema Veh Sema Veh Sema Vehicle Sema
0

20

40

60

80

100

Ch
an

ge
 in

 N
AS

 (%
 m

ic
e)

Worsening
No Change
1-point improvement
≥2-point improvement

n=52n=51 n=19

Study 1-3 (pooled)
Study 1

n=15n=16 n=17n=16

Study 2 Study 3

***

n=20

*** ******

Veh Sema Veh Sema Veh Sema Veh Sema
0

20

40

60

80

100

Ch
an

ge
 in

 fi
br

os
is

 sc
or

e 
(%

 m
ic

e)

Worsening
No Change
≥1-point improvement

n=52n=51 n=20n=19

Study 1-3 (pooled)
Study 1

n=15n=16 n=17n=16

**

Study 2 Study 3

**

Clinical translatability7

36% (18/50)

12% (6/50)

82% (43/52)***

60% (31/52)***

Vehicle Semaglutide
0

20

40

60

80

100

Ch
an

ge
 in

 N
AF

LD
 sc

or
e 

(%
 m

ic
e)

Worsening
No Change
1 point improvement

***

**

n=52 micen=50 mice

***

≥2 point improvement

12% (6/52)

69% (36/52)*42% (21/50)

6% (3/50)

Placebo Semaglutide
0

20

40

60

80

100

Re
so

lu
tio

n 
of

 N
AS

H 
w

ith
 n

o 
w

or
se

ni
ng

of
 li

ve
r f

ib
ro

si
s (

%
 o

f p
at

ie
nt

s)

62.9%

28.8%

34.1%

ESSENCE phase-3 trial (part 1*)

*Topline results disclosed without p-values
and number of patients in study groups

Placebo Semaglutide
0

20

40

60

80

100

≥1
-s

ta
ge

 fi
br

os
is

 im
pr

ov
em

en
t w

ith
ou

t
w

or
se

ni
ng

 o
f N

AS
H 

(%
 o

f p
at

ie
nt

s)

22.5%

37%

14.5%

ESSENCE phase-3 trial (part 1*)

*Topline results disclosed without p-values
and number of patients in study groups

Vehicle Semaglutide
0

20

40

60

80

100

≥1
-s

ta
ge

 fi
br

os
is

 im
pr

ov
em

en
t w

ith
ou

t
w

or
se

ni
ng

 o
f M

AS
H 

(%
 o

f m
ic

e 
± 

S.
E.

M
.)

19.0%
p=0.008

13/52 mice3/50 mice

**

6.0%

25.0%

Vehicle Semaglutide
0

20

40

60

80

100

Re
so

lu
tio

n 
of

 M
AS

H 
w

ith
 n

o 
w

or
se

ni
ng

of
 li

ve
r f

ib
ro

si
s (

%
 o

f m
ic

e 
± 

S.
E.

M
.)

16.9%
p=0.005

10/52 mice1/50 mice

2.0%

19.2%
**

Vehicle Semaglutide
0

20

40

60

80

100

Ch
an

ge
 in

 fi
br

os
is

 st
ag

e 
(%

 m
ic

e)

Worsening

n=52 micen=50 mice

No Change
≥1 point improvement**

**

GAN DIO-MASH mouse Clinical trial

≥1-point
improvement

Steatosis

Lobular
inflammation
Hepatocyte
ballooning

Vehicle Semaglutide

NAS


	Default Section
	Slide 1


