
© 2023 Hellenic Society of Gastroenterology www.annalsgastro.gr

 Annals of Gastroenterology (2023) 36, 378-391R E V I E W  A R T I C L E

Combination therapies in nonalcoholic fatty liver disease using 
antidiabetic and disease-specific drugs

Evgenia Koureta, Evangelos Cholongitas
Laiko General Hospital, Medical School, National and Kapodistrian University of Athens, Athens, Greece

Abstract Nonalcoholic fatty liver disease (NAFLD) is one of the most common diseases in the world, affecting 
approximately one fourth of the worldwide population� Glucose metabolism dysregulation 
and type 2 diabetes mellitus (T2DM), as part of the metabolic syndrome, are important factors 
implicated in the pathogenesis and progression of NAFLD to nonalcoholic steatohepatitis (NASH) 
and cirrhosis. Although a great deal of research has already been conducted regarding possible 
therapeutic medications for NAFLD/NASH, no drugs have been approved until now. Combination 
therapies in NAFLD seem to represent an attractive approach concerning treatment of the disease, 
as multiple pathophysiologic pathways contribute to the development and advance of NAFLD. 
In this review we discuss the impact of combining antidiabetic drugs, focusing on pioglitazone, 
sodium glucose cotransporter 2 inhibitors and glucagon-like peptide-1 receptor agonists. We also 
include data from the literature concerning combinations of newer “NAFLD-specific” drugs.

Keywords Nonalcoholic fatty liver disease, pioglitazone, sodium glucose cotransporter 2 
inhibitors, glucagon-like peptide-1 receptor agonists
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most 
common liver disease encountered in hepatology departments, 
particularly in western countries [1,2]. Metabolic syndrome 
(MetS) and its individual components are associated with 
NAFLD pathogenesis and progression [3-5]. Abnormal fasting 
blood glucose levels (≥100 mg/dL) or diabetes mellitus type II 
(T2DM) comprise one of the components of MetS [6-8]. Several 
studies have shown that patients with T2DM and/or MetS are at 
increased risk of developing advanced stages of NAFLD [9-12], 
i.e., nonalcoholic steatohepatitis (NASH), advanced fibrosis/

cirrhosis and hepatocellular carcinoma   [13-16]. Although 
many trials have investigated the role of different agents in the 
treatment of NAFLD and NASH, none of these agents have 
been approved [17], and currently the only recommendation 
for these patients is lifestyle modification consisting of exercise 
and diet [18-20]. In view of the complex pathophysiology of 
NAFLD/NASH [21-24], combinations of treatments targeting 
different pathogenetic mechanisms have been studied [25-27], 
and several trials related to this topic are ongoing. To write 
this article, we reviewed the literature reporting combination 
treatments in NAFLD/NASH, focusing on antidiabetic 
medications, namely pioglitazone—a peroxisome proliferator-
activated receptor (PPAR)-γ agonist—as well as the newer 
antidiabetic drugs, including sodium glucose cotransporter 
2 (SGLT2) inhibitors and glucagon-like peptide-1 receptor 
(GLP-1) agonists, all of which have shown promising results 
in NAFLD/NASH. The recently investigated “NAFLD-specific” 
drugs in this field, such as selonsertib-targeting apoptosis, 
cilofexor-a farnesoid X receptor agonist, and the acetyl 
coenzyme A carboxylase inhibitor (ACCi) firsocostat, were 
also included. Clinical and experimental studies were reviewed.

Materials and methods

A comprehensive literature search was conducted for 
relevant literature using the PubMed database,  in which only 
studies written in the English  language and published until 
September 2022 were included. The following search terms 
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were used: “non-alcoholic fatty liver disease” or “NAFLD” or 
“non-alcoholic steatohepatitis” or “NASH” or “fatty liver” AND 
“pioglitazone” or “sodium glucose co-transporter 2 inhibitor” 
or “SGLT2 inhibitors” or “glucagon-like peptide-1 receptor 
agonist” or “GLP-1 agonist” or “acetyl CoA carboxylase 
inhibitor” or “farnesoid X receptor agonist” or every drug 
included in the last 4 categories. In addition, we searched for 
the terms “combination treatment in NAFLD”, “combination 
treatment in NASH”, “combined in NAFLD” and “combined in 
NASH”. Animal and human studies involving a combination 
of 2 or more of the above-mentioned categories of agents were 
included in the present review.

NAFLD combination therapies: animal studies 
(Table 1)

Ipragliflozin and pioglitazone

Tahara et al [28] conducted a study to examine the effects 
of ipragliflozin-a SGLT-2 inhibitor, alone or in combination 
with pioglitazone, in high-fat diet-fed KK/Ay T2DM mice 
with NASH. Diabetic mice received vehicle, or ipragliflozin, or 
pioglitazone, or ipragliflozin in combination with pioglitazone, 
for 4 weeks. At week 4, hepatic lipid contents and transaminases 
levels were significantly reduced after ipragliflozin and 
combination therapy, while the ipragliflozin and pioglitazone 
combination increased adiponectin levels (P<0.05  vs. vehicle 
group).

Liraglutide and ipragliflozin

Koike et al [29] evaluated the effects of liraglutide (a GLP-1 
agonist) and ipragliflozin as monotherapy or in combination 
in mouse models with T2DM. Diet-induced obese (DIO) mice, 
representing an early-stage diabetes model, and leptin receptor 
deficient C57BL/6 +Lepr <db>/+Lepr <db> (db/db) mice, as 
an advanced stage diabetes model, were studied. Four groups 
of DIO mice were evaluated: liraglutide group, ipragliflozin 
group, combination group and controls (vehicles). Alanine 
aminotransferase (ALT) levels were significantly lower in the 
liraglutide (P<0.01) and combination group (P<0.05) and 
tended to be lower in the ipragliflozin group, compared to the 
control group. Ipragliflozin, liraglutide and their combination 
reduced the NAFLD activity score to similar degrees. All 
treatments also reduced liver lipid accumulation, ipragliflozin 
to a lesser degree than the other treatment arms. However, 
hepatic triglycerides were significantly lower in the liraglutide 
and combination groups compared to the ipragliflozin group 
(P<0.01).

Regarding the db/db mice model, plasma ALT levels 
were lower in the liraglutide (P<0.01) and combination 
treatment groups (P<0.001) compared with the control group. 
Ipragliflozin and combination therapy reduced the NAFLD 
activity score (P<0.001 and P<0.05  vs. control, respectively), 

but no significant differences between groups were observed in 
reductions of hepatic lipid accumulation.

“NAFLD-specific” drugs

Vijayakumar et al [30] performed 5 in vivo studies in 3 
mouse models and evaluated whether enhancing hepatocyte 
fatty acid oxidation by combining ACCi with PPAR agonist 
or thyroid hormone receptor β (THRβ) agonist would 
result in greater liver triglyceride reduction and NASH/
antifibrotic efficacy along with amelioration of ACCi-induced 
hypertriglyceridemia. The duration of the studies was 
2-6 weeks. In high-fat diet-fed dyslipidemic rats, it was found 
that the addition of PPAR agonists (fenofibrate, elafibranor, 
lanifibranor, seladelpar or saroglitazar) or resmetirom (a THRβ 
agonist) to an analog of firsocostat (ACCi) prevented ACCi-
induced hypertriglyceridemia, while only PPARα agonists 
(fenofibrate, elafibranor) and resmetirom provided additional 
liver triglyceride reduction. In the choline-deficient high-
fat diet rat model of advanced liver fibrosis, neither PPARα 
(fenofibrate) nor THRβ agonist augmented the antifibrotic 
efficacy of ACCi.

Combination anti-diabetic therapies in NAFLD: 
clinical studies (Table 2A and 2B)

Pioglitazone

Exenatide and pioglitazone

Sathyanarayana et al [31] evaluated the effects of exenatide, 
a GLP-1 receptor agonist, in combination with pioglitazone, 
on hepatic fat content and levels of plasma adiponectin (the 
most common adipokine to be inversely linked with insulin 
resistance, inflammation, lipid accumulation and NAFLD) in 
patients with T2DM. Twenty-four diabetic patients on diet 
and/or metformin were enrolled, of whom 21 completed the 
study. Liver fat content was assessed by magnetic resonance 
spectroscopy (MRS). Patients were randomized to receive 
pioglitazone, either alone or combined with exenatide 5 μg, 
subcutaneously b.i.d. for 2  weeks, followed by exenatide 
10 μg subcutaneously b.i.d. All patients in both arms started 
pioglitazone 30 mg/day for 2 weeks, followed by pioglitazone 
45 mg/day for 48 weeks.

In the combination therapy, a significant reduction in 
hepatic fat content was observed after 12 months (12.1±1.7% at 
baseline vs. 4.7±1.3% at 12 months, P<0.001). This reduction was 
significantly greater than under pioglitazone alone (11.0±3.1% 
at baseline vs. 6.5±1.9% at 12 months, P<0.05). In addition, a 
greater improvement in ALT was observed in the combination 
group compared to pioglitazone alone. Interestingly, in both 
treatment arms adiponectin levels increased compared to 
baseline (pioglitazone arm: from 8.5±0.8 to 15.8±1.4 μg/mL, 
combination arm: from 7.9±0.9 to 23.2±2.7 μg/mL, P<0.001), 
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Table 2 (A) Clinical trials that evaluated combinations of antidiabetic (pioglitazone, GLP-1 agonists, SGLT-2 inhibitors) and “NAFLD-specific” 
drugs in NAFLD/NASH)

Authors/ [ref.] 
/year,
type of study

Treatment/ 
population/ 
duration

Effects on liver 
enzymes

Changes in 
anthropometric 
parameters

Changes in laboratory 
values

Changes in other 
metabolic parameters

Sathyanarayana  
et al [31], 2011,
open label RCT 

PIO (n=10) 
vs. EXE+PIO 
(n=11) add on to 
metformin or diet / 
T2DM/50 wks

Compared to baseline 
greater↓ of ALT 
levels with combo 
(ALT 35 IU/L to 18 
IU/L at 12 months), 
vs. monotherapy (at 
baseline ALT:  
25 IU/L to 19 IU/L at 
12 months)

↑Body weight 
with PIO  
(93.1 kg to 96.8 
kg, P<0.05).
No change 
with combo 
therapy 

Compared to baseline:
Combo treatment: 
↓HbA1c (8.1% to 6.8%, 
P<0.01), FFA (603 to 
369 μmol/L, P<0.01) 
and TGs (136 to  
85 mg/dL, P<0.01) 
and ↑ HDL (48 to 54 
mg/dL, P<0.05). PIO 
alone:↓ HbA1c (8.3 to 
7.3%, P<0.01, FFA (487 
to 331 μmol/L, P<0.05) 
and TGs (192 to  
165 mg/dL, P<0.05) 

Both treatments ↑ 
adiponectin levels PIO:8.5 
to 5.8 μg/mL. PIO+EXE: 
7.9 to 23.2 μg/mL, 
P<0.001.
greater ↑with combo 
therapy (86% vs. 193%, 
P<0.001).

Yoneda  
et al [32], 2022,
open label RCT

TOFO+PIO 
(n=32) vs. TOFO 
(n=21) or PIO 
(n=19)/ T2DM/ 
48 wks

Compared to baseline: 
↓ALT levels in all 
groups (-19.3 IU/L, 
P=0.0219 with TOFO, 
-34 IU/L, P<0.001 with 
PIO and -35.7 IU/L, 
P<0.001 with combo 
therapy). In patients 
who firstly received 
PIO and then TOFO 
was added, additional ↓ 
in ALT levels compared 
to monotherapy 
(P<0.01) 
↓AST levels in all 
groups (-13.8 IU/L, 
P=0.0195 with TOFO, 
-31.2 IU/L, P=0.0102 
with PIO and -25.2 
IU/L, P<0.001 with 
combo therapy).
↓ γGT with TOFO 
(-15.3 IU/L, P=0.0189) 
and combo treatment 
(-37.4 IU/L P=0.0081) 

↓Body weight 
with TOFO 
(-3.25 kg, 
P<0.001), but ↑ 
with PIO (2.46 
kg, P=0.0341). 
No change 
with combo 
treatment

Compared to baseline: 
↓HbA1c with combo 
therapy (-0.80%, 
P<0.001) and ↓HOMA-
IR (-3.12, P<0.001). 
↓HbA1c with TOFO 
and PIO monotherapy 
(-0.36%, P=0.0027 
and -0.73%, P=0.0014, 
respectively) with no 
change in HOMA-IR. 
No change in TGs 
or chol levels with 
TOFO. PIO and combo 
therapy ↓ TGs (-48.3 
mg/dL, P=0.0077 and 
-24.5 mg/dL,  
P= 0.0073 respectively) 
and ↑ HDL  
(8.83 mg/dL, P<0.001 
and 8.28 mg/dL, 
P<0.001, respectively). 
↓uric acid in TOFO and 
combo therapy group 
(-0.90 mg/dL, P<0.001 
and -0.88 mg/dL, 
P<0.001, respectively)

Compared to baseline: 
↓cytokeratin-18 fragment 
M30 antigen from baseline 
with combo therapy and 
PIO (-377.5 U/L, P<0.001 
and -252.1 U/L, P=0.0156 
respectively).
↓urinary 
8-hydroxydeoxyguanosine 
in all groups (-8.93 ng/
mL, P<0.001 with TOFO; 
-6.608 mg/mL, P=0.0428 
with PIO; -4.86ng/
mL, P=0.0309 with 
TOFO+PIO. 
↑adiponectin from baseline 
in all groups (0.40 μg/mL, 
P=0.0107 vs. 7.21 μg/mL, 
P<0.001 vs. 5.45 μg/mL, 
P<0.001, respectively). 
↑3-hydroxybutyrate, ketone 
bodies and acetate in pts 
under combo therapy (56.7 
μmol/L, P=0.0109, 74.3 
μmol/L, P=0.0120 and 
17.63 μmol/L, P=0.0190, 
respectively)

Gastaldelli  
et al [33], 2019,
post hoc analysis 
of RCT

EXE+DAPA 
(n=228) vs. EXE+ 
PLB (n=227) 
vs. DAPA+ 
PLB(n=230) 
/ T2DM 
uncontrolled by 
metformin /52 wks

↓ ALT and AST levels 
at wks 28 and 52 
with EXE +DAPA 
compared to EXE 
+PLB (P=0.0026 for 
ALT at both wks and 
0.0052 for AST at 
wk 28 and 0.0551 at 
wk 52). ALT ↓with 
DAPA+PLB at wks 28 
and 52 (P<0.001 and 
0.0072 respectively) 
compared to baseline. 
EXE +DAPA ↓ γ-GT at 
wks 28, 52 and at wk 28 
with DAPA+PLB 

↓Body weight 
from baseline 
in all groups 
(P<0.05) at wks 
28 and 52 

EXE +DAPA ↓ 
TGs at wks 28 and 
52 (P<0.001 and 
0.0143 respectively), 
EXE+PLB ↓ TGs at 
wk 28 (P=0.0237) 
compared to baseline 

Compared to baseline 
EXE +DAPA ↓HOMA-IR 
at wks 28 and 52 similarly 
with DAPA+PLB (but to a 
greater degree compared 
to EXE+PLB, P<0.001).
Adipo-IR was reduced 
with EXE +DAPA 
(P=0.0148) and 
DAPA+PLB at wk 52 
(P=0.0073) 

(Contd...)
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Table 2 (A) (Continued)

Authors/ [ref.] 
/year,
type of study

Treatment/ 
population/ 
duration

Effects on liver 
enzymes

Changes in 
anthropometric 
parameters

Changes in laboratory 
values

Changes in other 
metabolic parameters

Harreiter  
et al [34], 2021,
RCT

EXE+DAPA 
(n=16) vs. 
DAPA+PLB 
(n=14) /T2DM 
under metformin / 
24 wks

EXE+DAPA: ALT ↓ 
compared to baseline 
(P<0.01). Trend to ↓ 
levels with DAPA +PLB 
(P=0.06). 
↓ AST in both 
arms (P<0.05 for 
EXE+DAPA and 
P<0.01 for DAPA 
+PLB). Significant 
↓ of γGT compared 
to baseline only with 
DAPA+PLB (P<0.01). 
No between- groups 
differences for liver 
enzymes at the end of 
study

↓BMI (P<0.001 
with EXE 
+DAPA and 
P<0.01 with 
DAPA+PLB), 
↓waist (P<0.01 
and P<0.001 
respectively) 
and hip 
circumference 
from baseline. 
No significant 
differences 
between 
groups

No difference in 
TGs, HDL and LDL 
cholesterol between 
groups at the end of 
study. 
EXE+PLB ↓fasting 
glucose and HbA1c  to 
a greater degree than 
DAPA+PLB (P=0.03 
and <0.01 respectively) 
at the end of study. 68% 
of pts on EXE+DAPA 
had HbA1c <6.5% 
(vs. 0% at baseline, 
P=0.001) and 35.7% on 
DAPA+PLB (vs. 15.4% 
at baseline, P=0.25)

HOMA-IR ↓in the 
DAPA+PLB group,
No differences between 
groups at the end of study

Loomba  
et al [35], 2020,
Phase 2b trial 

PLB (n=39) or 
selonsertib (n=39) 
or cilofexor 
(n=40) or 
firsocostat (n=40) 
or firsocostat 
+selonsertib 
(n=79) or 
cilofexor+ 
selonsertib (n=77) 
or cilofexor+ 
firsocostat 
(n=78)/NASH 
bridging fibrosis 
or compensated 
cirrhosis/48 wks

Compared with PLB, 
cilofexor + firsocostat 
statistically significantly 
↓ ALT (P=0.033), 
AST (P=0.05), ALP 
(P=0.017) and total 
bilirubin (P=0.010). 
No statistically 
significant changes 
compared to PLB with 
the other treatment 
regimens 

Cilofexor + 
firsocostat ↓ 
body weight 
at wk 48 
compared to 
PLB (P=0.060)

Cilofexor + 
firsocostat statistically 
significantly ↓fasting 
insulin (P=0.020) and 
estimated glomerular 
filtration rate (P=0.029) 
vs. PLB. Cilofexor 
+firsocostat ↑ total 
chol (P=0.005), VLDL 
and TGs (P<0.001 
for both) and ↓ HDL 
(P=0.012). Firsocostat+ 
selonsertib: ↑total chol 
(P=0.035). Firsocostat 
monotherapy ↑ VLDL 
and TGs vs. PLB at 
wk 48 (P<0.001 and 
P=0.005 respectively)

Cilofexor + firsocostat 
statistically significantly ↓ 
total bile acids (P=0.005) 
and CK18 M30 (P=0.006) 
vs. PLB at wk 48

Alkhouri  
et al [36], 2022, 
RCT phase II 

SEMA alone 
(n=21) vs. SEMA 
with firsocostat 
(n=22) or cilofexor 
30 mg (n=22) 
or cilofexor 100 
mg (n=22) or 
firsocostat + 
cilofexor (n=21)/ 
NASH/ 24 wks 

Greater ↓of ALT levels 
in the combo treatment 
arms compared with 
SEMA alone (-32 to 
-40 U/L vs. -13 UL/L, 
P<0.05)
Normalization of ALT 
after 24 wks in 50% 
of pts under SEMA 
monotherapy vs. 85.7 
-100% under combo 
therapies.

Significant ↓ 
of body weight 
in SEMA+ 
cilofexor 30 mg 
group. Relative 
↓in body 
weight from 
baseline to 
wk 24 similar 
across groups 

Significant ↓of fasting 
glucose with SEMA 
+cilofexor 100 mg. 
Changes from baseline 
in HbA1c similar 
between groups. 
LDL ↑ at wk 24 in 
pts who received 
SEMA+cilofexor 100 
mg (P<0.05 vs. SEMA 
alone); no changes with 
cilofexor 30 mg 
Fircosostat containing 
regimens ↑ TGs and 
VLDL but ↓ HDL 
(P<0.05 vs. SEMA 
monotherapy).

Greater ↓ of CK 
-18 M30 levels with 
SEMA+firsocostat 
compared to SEMA 
monotherapy (P=0.0102).

GLP-1, glucagon-like peptide-1; SGLT-2, sodium glucose cotransporter 2; NAFLD, nonalcoholic fatty disease; NASH, nonalcoholic steatohepatitis; ref, 
reference; RCT, randomized controlled trial; PIO, pioglitazone; EXE, exenatide; T2DM, type 2 diabetes mellitus; wk, week; ALT, alanine aminotransferase; 
combo, combination; HbA1c, hemoglobin A1c; FFA, free fatty acids; TGs, triglycerides; HDL, high-density lipoprotein; TOFO, tofogliflozin; AST, aspartate 
aminotransferase; γ-GT, γ-glutamyl transpeptidase; HOMA-IR, homeostatic model assessment for insulin resistance; chol, cholesterol; pts, patients; DAPA, 
dapagliflozin; PLB, placebo; Adipo-IR, adipose tissue insulin resistance index; BMI, body mass index; LDL, low-density lipoprotein; VLDL, very-low-density 
lipoprotein; SEMA, semaglutide
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Table 2 (B) Clinical trials that evaluated combinations of antidiabetic (pioglitazone, GLP-1 agonists, SGLT-2 inhibitors) and “NAFLD-specific” 
drugs in NAFLD/NASH

Authors/ [ref.] /year Effects on histologic 
findings

Effects on imaging findings Effects on scores 
related to NAFLD

Conclusions

Sathyanarayana  
et al [31], 2011

NA Compared to baseline PIO 
+EXE: significantly ↓ hepatic 
fat content (measured by MRS 
(4.7% vs. 12.1%, P<0.001) 
greater than PIO alone (6.5% vs. 
11.0%, P<0.05).

NA PIO +EXE is associated with a 
greater ↓ in hepatic fat content 
compared to PIO alone in pts 
with T2DM under metformin 
or diet

Yoneda et al [32], 
2022

NA Compared to baseline 
improvement of MRI-PDFF after 
24 wks (-3.38%, P=0.0061 with 
TOFO and -5.56%, P<0.001 with 
PIO), but further improvement 
with combo therapy (-2.60% and 
-0.42%, respectively). PIO and 
combo therapy significantly
↓ MRE-LSM (-0.43 kPa, 
P=0.00364 and -0.40 kPa, 
P<0.001, respectively).
↓ type IV collagen 7S with combo 
therapy (-0.41ng/mL, P=0.0193) 
but no improvement with 
monotherapies. All treatments ↓ 
WFA+-M2BP (-0.09 with TOFO, 
-0.20 with PIO and -0.19 with 
combo therapy).

NA In addition to the additive 
effects of PIO and TOFO in 
pts with T2DM and NAFLD, 
combo therapy ↓weight gain 
and induce cardioprotective 
effect.

Gastaldelli et al [33], 
2019

NA NA Greater changes in 
FLI with EXE+DAPA 
vs. DAPA+PLB at wk 
28 (P=0.0162) and in 
FLI and NLFS with 
EXE +DAPA vs. EXE 
+PLB at wks 28 and 52 
(P=0.008 and 0.0036 
for FLI and P<0.001 
and P<0.001 for NLFS, 
respectively). FIB-4 
↓only in pts under 
combo therapy.
At wk 28, combo 
treatment ↓ the 
proportion of pts with 
scores suggestive of 
fibrosis and severe 
fibrosis (i.e. FIB-4 
≥1.3 and NFS >0.676) 
by 4.1% and 2.8 %, 
respectively

EXE+DAPA had stronger 
effects in improvement of 
markers of hepatic steatosis 
and fibrosis than EXE +PLB or 
DAPA+PLB in pts with T2DM

Harreiter et al [34], 
2021

NA In both groups, HCL, VAT and 
SAT ↓ similarly. 
HCL: positive correlation 
with changes in body weight 
(r=0.54, P=0.002), waist and hip 
circumference (r=0.40, P=0.03 
for waist and hip), VAT (r=0.41, 
P=0.04) and SAT (r=0.62, 
P=0.001)

No differences 
between the 2 arms 
regarding FIB-4 score 
or FLI at the end of 
study.
Both treatments ↓FLI 
(P< 0.002). FIB-4 
score ↓ with DAPA 
+PLB (P=0.028)

After 24 weeks HCLs were 
significantly but comparably 
↓ in EXE+DAPA and 
DAPA+PLB groups, despite 
better glycemic control in the 
EXE +DAPA group. Changes 
in HCLs were associated with 
↓visceral adiposity

(Contd...)
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Table 2 (B) (Continued)

Authors/ [ref.] /year Effects on histologic 
findings

Effects on imaging findings Effects on scores 
related to NAFLD

Conclusions

Loomba et al [35], 
2020

No significant 
differences for the 
primary end point (≥1 
stage improvement 
in fibrosis without 
worsening of NASH) 
between groups. 
Cilofexor+firsocostat 
more likely 
achieved a ≥2-point 
improvement in 
NAS compared 
to PLB (35% vs. 
11%, P=0.002) 
and ≥1-grade 
improvements 
in steatosis (26% 
vs. 6%, P=0.009), 
ballooning (29% vs. 
13%, P=0.04) and 
lobular inflammation 
(57% vs. 29%, 
P=0.004). Progression 
to cirrhosis less 
frequently with 
cilofexor + selonsertib 
than PLB (8% vs. 
41%, P=0.018). 
Compared with PLB, 
cilofexor+firsocostat 
significantly ↓ ML 
NASH CRN fibrosis 
score (P=0.04) 

With firsocostat, steatosis 
based on MRI-PDFF and liver 
histology was ↓ compared 
to baseline (P=0.033 and 
P=0.017 vs. PLB at wk 48 
respectively). Steatosis 
according to MRI-PDFF was 
↓ in all combo treatments vs. 
PLB at week 48 (P=0.003 for 
firsocostat+selonsertib, P=0.043 
for cilofexor+selonsertib and 
P=0.002 for cilofexor/firsocostat)

ELF score was↓ with 
cilofexor +firsocostat 
compared to PLB 
at the end of study 
(P=0.024)

In pts with bridging fibrosis 
and cirrhosis, 48 wks of 
cilofexor+ firsocostat was well 
tolerated, improved NASH 
activity and may have an 
antifibrotic effect

Alkhouri et al [36], 
2022

 NA Greater ↓in liver steatosis 
(MRI -PDFF) with combo 
therapies compared with SEMA 
alone -significant only for 
SEMA+firsocostat arm (-11% 
vs. -8% with SEMA alone, 
P=0.0353). Greater proportion 
of pts achieved relative ↓ in MRI 
-PDFF of ≥50% from baseline 
with combo therapy, compared 
to SEMA alone (58.8%-76.2% 
vs. 38.9%, respectively, P>0.05). 
29.4% of pts who received SEMA 
alone achieved liver fat <5% in 
MRI-PDFF vs. 38.1%-41.2% 
under combo therapy, P>0.05).

↓FAST score 
in all combo 
regimens except for 
SEMA+cilofexor 
100 mg compared to 
SEMA alone. In all 
arms ↓ liver stiffness 
from baseline (ELF 
score or transient 
elastography). No 
significant differences 
between groups. 
No change in liver 
stiffness from 
baseline measured by 
MRE -no differences 
between groups. 
No differences in 
↓ of Fibrosure and 
Fibrotest between 
combo treatment and 
monotherapy

In pts with NASH and mild to 
moderate fibrosis SEMA with 
firsocostat and/or cilofexor was 
well tolerated. Combination 
treatments resulted in greater 
improvement in hepatic 
steatosis, liver biochemistry 
and several hepatic and 
metabolic parameters 
compared to SEMA 
monotherapy

GLP-1, glucagon-like peptide-1; SGLT-2, sodium glucose cotransporter 2; NAFLD, nonalcoholic fatty disease; NASH, nonalcoholic steatohepatitis; ref, reference; 
NA, not applicable; PIO, pioglitazone; EXE, exenatide; MRS, magnetic resonance spectroscopy; pt, patient; T2DM, type 2 diabetes mellitus; MRI-PDFF, magnetic 
resonance imaging proton density fat fraction; wk, week; combo, combination; TOFΟ, tofogliflozin; MRE, magnetic resonance elastography; LSM, liver stiffness 
measurements; WFA+-M2BP, wisteria floribunda agglutinin-positive Mac-2 binding protein; FLI, fatty liver index; NLFS, NAFLD liver fat score; DAPA, 
dapagliflozin; PLB, placebo; FIB-4, fibrosis-4 index; NFS, NAFLD fibrosis score; HCL, hepatocellular lipid; VAT, visceral adipose tissue; SAT, subcutaneous adipose 
tissue; NAS, NAFLD activity score; ML, machine learning; CRN, Clinical Research Network; ELF, enhanced liver fibrosis; SEMA, semaglutide; FAST, fibroscan-AST
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but the increase was greater in the latter arm (193% vs. 86%, 
P<0.001).

Tofogliflozin and pioglitazone

Yoneda et al [32] conducted an open-label, prospective 
randomized trial in which tofogliflozin, an SGLT2 inhibitor, 
and pioglitazone were combined to treat hepatic steatosis in 
patients with T2DM and NAFLD, defined as ≥10% liver fat 
content on magnetic resonance imaging proton density fat 
fraction (MRI-PDFF). This study was actually the second half 
of the ToPiND trial, which investigated the effectiveness of 
tofogliflozin and pioglitazone monotherapy on NAFLD. Forty 
patients were initially assigned to receive tofogliflozin 20 mg 
or pioglitazone 15-30  mg q.d. for 24  weeks. In 20  patients 
who received tofogliflozin and 12 who received pioglitazone 
and met the inclusion criteria, combination treatment was 
administered for an additional 24 weeks.

In patients who first received pioglitazone with the later 
addition of tofogliflozin, combination therapy showed 
an additional improvement in ALT levels compared 
to monotherapy (P<0.01). MRI-PDFF was improved 
after 24  weeks of monotherapy treatment (-3.38±4.90%, 
P=0.0061 with tofogliflozin, and  -5.56±3.92%, P<0.001 with 
pioglitazone), but combination treatment further improved 
MRI-PDFF by  -2.60% and  -0.42%, respectively. Interestingly, 
pioglitazone and combination therapy significantly reduced 
magnetic resonance elastography liver stiffness measurements 
(MRE-LSM) (-0.43±0.61 kPa, P=0.00364 and -0.40±0.54 kPa, 
P<0.001, respectively). Adiponectin increased from baseline in 
all groups (0.40±0.63 μg/mL, P=0.0107 vs. 7.21±5.12 μg/mL, 
P<0.001, vs. 5.45±3.90 μg/mL, P<0.001 respectively).

Combination of newer antidiabetic agents

Exenatide and dapagliflozin

Two studies investigated the effects of the combination of 
exenatide and dapagliflozin, a SGLT2 inhibitor, in patients 
with T2DM and NAFLD/NASH. The first was a post hoc 
analysis of the DURATION-8 study, which enrolled patients 
with T2DM uncontrolled by metformin monotherapy. In this 
study, Gastaldelli et al [33] assessed the efficacy of exenatide 
once weekly subcutaneously combined with dapagliflozin 
once daily, versus each drug alone, in lowering noninvasive 
biomarkers of liver steatosis and fibrosis along with liver 
biochemistry and insulin resistance. In total, 695 participants 
were randomized to receive exenatide 2 mg once weekly plus 
dapagliflozin 10 mg/day orally, exenatide 2 mg once weekly plus 
placebo or dapagliflozin 10 mg/day plus placebo for 104 weeks. 
The biomarkers that were evaluated at weeks 28 and 52 were 
fatty liver index (FLI) (based on serum triglyceride levels, 
γ-glutamyltranspeptidase [γ-GT], body mass index [BMI], 
and waist circumference), NAFLD liver fat score [NLFS] 
(which includes the presence of T2DM and MetS, fasting 
serum insulin, AST and the AST:  ALT ratio) for evaluation 

of steatosis, as well as the fibrosis-4 index [FIB-4] (which 
comprises age, platelet count [PLT], AST, and ALT) and the 
NAFLD fibrosis score [NFS] (which is based on the presence of 
impaired fasting glucose or T2DM and includes age, BMI, PLT, 
AST:  ALT ratio and albumin) for the evaluation of fibrosis. 
Interestingly, greater changes were observed in: a) FLI with the 
combination of exenatide/dapagliflozin versus dapagliflozin/
placebo at week 28 (P=0.0162); and b) FLI and NLFS in the 
combination treatment group compared with the exenatide/
placebo group at weeks 28 and 52 (P=0.008 and 0.0036 for FLI 
and P<0.001 and P<0.001 for NLFS, respectively). At weeks 28 
and 52, similar reductions in NFS were found in all groups, 
whereas FIB-4 decreased only in patients under combination 
therapy (P=0.0135 and 0.0308, respectively). At week 28, 
combination treatment reduced the proportion of patients 
with noninvasive scores suggestive of severe fibrosis (i.e., FIB-4 
≥1.3 and NFS >0.676) by 4.1% and 2.8%, respectively.

Harreiter et al [34] investigated the effects of combined 
exenatide and dapagliflozin versus dapagliflozin and placebo 
on hepatocellular lipid (HCL) concentrations in patients with 
T2DM under metformin therapy. Subjects were randomized 
and stratified by BMI to receive either exenatide 2  mg 
subcutaneously once a week and dapagliflozin 10 mg/day orally, 
or dapagliflozin 10 mg/day and placebo for 24 weeks. A hepatic 
triglyceride threshold of ≥5.56% was used to determine hepatic 
steatosis.

HCL, assessed by MRS, decreased similarly in both 
treatment groups compared to baseline. As regards liver 
enzymes, after 24 weeks of treatment, ALT levels were lower 
in the combination treatment group compared to baseline 
(P<0.01). The authors did not detect any differences between 
the 2 arms regarding FIB-4 score or FLI. Both therapeutic 
approaches reduced FLI (P=0.002 for both), whereas FIB-4 
score was lower under dapagliflozin treatment (P=0.028) 
compared to baseline.

Combination of “NAFLD-specific” with or without 
antidiabetic agents

Selonsertib, cilofexor, and firsocostat

Loomba et al [35] evaluated the effects of selonsertib (an 
apoptosis signal-regulating kinase 1), cilofexor (a farnesoid X 
receptor agonist) and firsocostat (an ACCi), alone or in 2-drug 
combinations, in patients with biopsy-proven NASH-related 
bridging fibrosis or compensated cirrhosis. However, 20% 
of the controls were enrolled based on noninvasive markers 
consistent with advanced fibrosis: vibration-controlled 
transient elastography ≥14.4 kPa and enhanced liver fibrosis 
test ≥9.8. Patients were randomized to 7 groups: placebo, or 
selonsertib 18  mg, or cilofexor 30  mg, or firsocostat 20  mg, 
or combination treatment with either cilofexor/selonsertib or 
firsocostat/selonsertib or cilofexor/firsocostat. The regimens 
were administered orally once daily for 48 weeks. Liver biopsies 
were also performed at week 48 and were evaluated post hoc by 
a machine learning (ML) approach validated for the assessment 
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of NASH pathology. A weighted average of the proportionate 
areas of each fibrosis stage pattern was calculated (ML NASH 
Clinical Research Network [CRN] fibrosis score).

Differences in the primary endpoint (i.e., a ≥1-stage 
improvement in fibrosis without worsening of NASH) did 
not reach statistical significance between groups. However, 
combination treatment with cilofexor/firsocostat was more 
likely to achieve a ≥2-point improvement in NAFLD activity 
score compared to placebo (35% vs. 11%, P=0.002) and 
≥1-grade improvements in steatosis (26% vs. 6%, P=0.009), 
ballooning (29% vs. 13%, P=0.04), and lobular inflammation 
(57% vs. 29%, P=0.004), while progression to cirrhosis was less 
frequent in patients treated with the combination of cilofexor/
selonsertib than in those receiving placebo (8% vs. 41%, 
P=0.018).

With firsocostat monotherapy, steatosis based on MRI-
PDFF and liver histology was decreased compared to baseline 
(P=0.033 and P=0.017  vs. placebo at week 48, respectively), 
while steatosis according to MRI-PDFF was also reduced in 
all combination treatments compared to placebo at week 48. 
Interestingly, compared with placebo, cilofexor/firsocostat 
significantly decreased ML NASH CRN fibrosis score (P=0.04) 
Finally, all combination groups reduced the proportionate area 
of steatosis compared to placebo (P-values always <0.05).

Semaglutide, cilofexor, and firsocostat

Α phase II open-label, randomized proof-of-concept 
trial  [36] evaluated the safety and tolerability of subcutaneous 
semaglutide (a GLP-1 agonist) alone or in combination with 
cilofexor and/or firsocostat in NASH patients with mild-to-
moderate fibrosis (F2-F3) on biopsy or fat fraction ≥10% on 
MRI-PDFF and liver stiffness ≥7 kPa on transient elastography). 
Patients were randomized to receive semaglutide alone once a 
week (at a starting dose of 0.24 mg and increased monthly to 
0.5 mg, 1.0 mg and 1.7 mg and to 2.4 mg after week 17). or 
combined with cilofexor 30 mg/day or cilofexor 100 mg/day or 
firsocostat 20 mg/day or cilofexor 30 mg and firsocostat 20 mg 
for 24 weeks.

All combination treatments achieved greater reduction 
in liver steatosis, evaluated by MRI-PDFF, compared with 
semaglutide alone, but the decrease was statistically significant 
only in the semaglutide plus firsocostat arm (-11% vs.  -8% 
in semaglutide alone, P=0.0353). However, in a sensitivity 
analysis, excluding patients with imaging data at least 
1 month after the last dose of the study, the difference between 
semaglutide compared to semaglutide plus cilofexor plus 
firsocostat was also significant (-8.6% vs.  -12.6%, P=0.0078). 
The proportion of patients who achieved a relative reduction 
in MRI-PDFF of ≥50%, compared to baseline, was greater for 
the combination regimens than for semaglutide alone (58.8-
76.2% vs. 38.9%, respectively, always P>0.05). Interestingly, 
29.4% of the patients who received semaglutide alone achieved 
normalization of liver fat content by MRI-PDFF (i.e., liver fat 
<5%), compared to 38.1-41.2% of patients under combination 
regimens (always P>0.05). Treatment with semaglutide plus 
firsocostat and semaglutide plus cilofexor 30 mg significantly 

reduced liver steatosis assessed by the controlled attenuation 
parameter (CAP), compared to semaglutide monotherapy 
(P=0.0034 and 0.0379, respectively). Liver stiffness measured 
by magnetic resonance elastography (MRE) did not change 
from baseline to the end of study and no differences were 
observed between groups.

Discussion

The highly heterogenous pathogenesis of NAFLD/
NASH implies that an individualized approach would be a 
reasonable option to treat and control the consequences of the 
disease [37,38]. Combining medications that have the same or, 
preferably, different targets would appear to be an interesting 
approach with many potential benefits. The concomitant use 
of drugs may have synergistic effects, enhancing the efficacy 
of the regimen. Additionally, this strategy allows the use 
of lower doses of each drug, increasing the tolerability and 
attenuating the possible side-effects [27]. Table 3 summarizes 
the combinations of drugs in these categories that have been 
studied so far. Several trials that investigated the efficacy of 
combination therapies in NAFLD/NASH are ongoing, and 
antidiabetic drugs, including pioglitazone or the newer classes 
of antidiabetic regimens, as well as “NAFLD-specific” drugs, 
are part of them (Table  4). Interestingly, newer antidiabetic 
drugs with more than one way of action—such as tirzepatide, 
a dual glucose-dependent insulinotropic polypeptide and 
GLP-1 receptor agonist, and cotadutide, a dual glucagon-
like protein-1 receptor and glucagon receptor agonist—seem 
promising agents for the therapy of NAFLD/NASH [39,40].

So far, animal studies regarding this topic have shown 
encouraging results. In the study of Tahara et al [28], a 
combination of ipragliflozin and pioglitazone significantly and 
additively improved liver fibrosis in T2DM mice compared to 
monotherapy. However, in 5 in vivo studies using preclinical 
models of NASH and fibrosis [30], the combination of 
ACCi with hepatic lipid modulating agents did not augment 
antifibrotic efficacy. In a study by Koike et al [29], pancreatic 
insulin content and β cell area were further increased in 
db/db mice under combination therapy with liraglutide plus 
ipragliflozin, compared to ipragliflozin monotherapy, leading 
to better glycemic control. On the other hand, liraglutide and/
or ipragliflozin reduced hepatic lipid accumulation similarly in 
DIO mice. However, no evaluation of fibrosis parameters was 
performed in this study, although fibrosis is considered to be 
an optimal target for these therapies.

Regarding the clinical studies published so far, 2 
randomized controlled trials evaluated the combination 
of pioglitazone with either a GLP-1 receptor agonist or an 
SGLT-2 inhibitor. Sathyanarayana et al [31] found that, in 
patients with T2DM, combination treatment with pioglitazone 
and exenatide resulted in a greater reduction of ALT as well as 
hepatic fat content, compared to pioglitazone alone, although 
no significant change in body weight was observed. However, 
the effects of combined treatment on liver fibrosis were not 
evaluated in this study. In another study from Japan [32], the 
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Table 3 Summary of the combinations of antidiabetic (pioglitazone, GLP-1 agonists, SGLT-2 inhibitors) and “NAFLD-specific” drugs in  
NAFLD/NASH

Authors/ [ref.] /drugs Drugs mechanism of action Type of study

Tahara et al [28] / IPRA + PIO SGLT-2 inhibitor + PPAR-γ agonist Animal study

Koike et al [29] / IPRA + LIRA SGLT-2 inhibitor + GLP-1 agonist Animal study

Vijayakumar et al [30] / Analog of firsocostat+Feno or elafibranor 
or lanifibranor or seladelpar or saroglitazar or resmetirom

ACCi + PPAR agonist or
ACCi +THRβ agonist

Animal study

Sathyanarayana et al [31] / EXE + PIO GLP-1 agonist + PPAR-γ agonist Clinical study 

Yoneda et al [32] / TOFO+PIO SGLT-2 inhibitor + PPAR-γ agonist Clinical study

Gastaldelli et al [33] and Harreiter et al [34] / DAPA+EXE SGLT-2 inhibitor + GLP-1 agonist Clinical study

Loomba et al [35] / fircosostat +selonsertib or
cilofexor+selonsertib or
cilofexor+firsocostat

ACCi + apoptosis signal-regulating kinase 1 or
FXR agonist + apoptosis signal-regulating kinase 1or
FXR agonist + ACCi

Clinical study 

Alkhouri et al [36] / SEMA+ firsocostat or
SEMA + cilofexor or SEMA + firsocostat + cilofexor 

GLP-1 agonist+ACCi or GLP-1 agonist + FXR agonist 
or GLP-1 agonist+ ACCi+ FXR agonist 

Clinical study

GLP-1, glucagon-like peptide-1; SGLT-2, sodium glucose cotransporter 2; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; IPRA, 
ipragliflozin; PIO, pioglitazone; PPAR-γ, peroxisome proliferator-activated receptor-γ; LIRA, liraglutide; ACCi, acetyl-CoA carboxylase inhibitor (analog of firsocostat); 
Feno, fenofibrate; THRβ, thyroid hormone receptor β; EXE, exenatide; TOFO, tofogliflozin; DAPA, dapagliflozin; FXR, farnesoid X receptor; SEMA, semaglutide 

Table 4 Ongoing trials evaluating combinations of antidiabetic (pioglitazone, GLP-1 agonists, SGLT-2 inhibitors) and “NAFLD specific” drugs in 
NAFLD/NASH

Number/
phase

Drugs Arms Population/
enrollment

Duration Primary 
endpoints

Secondary endpoints

NCT05140694/4 Empagliflozin,
Dulaglutide

1)  Empagliflozin 10 
mg pos once daily 
(available to control 
over ~25 mg)

2)  Dulaglutide 0.75 mg sc 
once weekly (available 
to control over ~1.5 mg)

3)  Empagliflozin 10 
mg pos once daily + 
dulaglutide 0.75 mg sc 
once weekly

Metabolic- 
associated 
fatty liver 
disease and 
T2DM /
135

24 wks HbA1c changes 
/CAP score 
changes 

Changes of: LSM 
score, noninvasive 
liver fibrosis markers, 
body weight and body 
composition, lipid 
levels, ketone levels, 
liver parenchyma 
by ultrasonography, 
liver function 
parameters, liver 
fibrosis biomarkers, 
inflammation 
biomarkers

NCT04971785/2 SEMA,
CILO,
FIR,
PTM SEMA,
PTM CILO/
FIR

1)  SEMA 0.24-2.4 mg 
once weekly and fixed-
dose of CILO/FIR 30 
mg/20 mg once daily 
for 72 weeks

2)  SEMA 0.24-2.4 
mg once weekly 
(dose escalation 
every 4 weeks) and 
PTM CILO/FIR 
administered once 
daily for 72 wks

3)  PTM SEMA once 
weekly and CILO/FIR 
30 mg/20 mg FDC 
administered once  
daily for 72 wks

4)  PTM SEMA once 
weekly and PTM 
CILO/FIR once daily 
for 72 wks

Compensated 
cirrhosis due 
to NASH/
440

72 wks Percentage of 
participants:
1)  who achieve 

≥ 1-stage 
improvement 
in fibrosis 
According to 
the NASH CRN 
classification 
without 
worsening 
of NASH in 
participants 
treated With 
SEMA + CILO/
FIR vs PLB 

2)  with NASH 
resolution in 
participants 
treated with 
SEMA+CILO/
FIR vs PLB 

1)  Percentage of 
participants with 
NASH resolution in 
participants treated 
with SEMA+CILO/
FIR vs CILO/FIR 

2)  Percentage of 
participants who 
achieve ≥1-stage 
improvement in 
fibrosis (according 
to the NASH CRN 
Classification) 
without worsening 
of NASH in 
participants treated 
with SEMA+CILO/
FIR vs SEMA alone

(Contd...)
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Table 4 (Continued)

Number/
phase

Drugs Arms Population/
enrollment

Duration Primary 
endpoints

Secondary endpoints

NCT04639414/4 Empagliflozin
SEMA,
PLB 

1)  Empagliflozin 10 mg 
pos/ SEMA 1 mg inj 

2)  Empagliflozin 10 mg 
pos and PLB matching 
SEMA 

3)  PLB matching 
empagliflozin and PLB 
matching SEMA

T2DM with 
NASH/
192

48wks Histological 
resolution of 
NASH without 
worsening of 
fibrosis

1) Overall NAS
2)  Stage of fibrosis 

according to the 
Kleiner Fibrosis 
Classification

3)  Activity component 
of NASH according 
to the SAF score

4)  Hepatic steatosis 
grade

NCT04976283/4 Empagliflozin, 
PIO

1)  PIO up to 45 mg/
day with (or without) 
metformin and/or 
DPP4 inhibitor

2)  Empagliflozin up to 
25 mg/day with (or 
without) metformin 
and/or DPP4 inhibitor

 3)  PIO up to  
45 mg/day with 
(or without) 
metformin and/or 
DPP4 inhibitor, plus 
empagliflozin up to  
25 mg/day

T2DM and 
NAFLD/
123

12 
months

Change in 
radiologic liver 
parameters 

Change in 1) liver 
enzymes, 2) FIB-4 
Score and NAFLD 
Fibrosis Score, 3) 
body weight, 4) waist 
circumference, 5) liver 
fat mass with total 
body fat, 6) HbA1C 
levels, 7) fasting blood 
sugar, 8) lipid profile

NCT05232071/2 Lanifibranor 
(PPAR 
agonist),
PLB,
empagliflozin 

1) lanifibranor 800 mg
2) PLB 
3)  lanifibranor 800 

mg+empagliflozin 
10 mg 

T2DM and 
NASH / 63

24wks Assessment of 
the effect of 
lanifibranor 
alone and in 
combo with 
empagliflozin 
compared to 
PLB on absolute 
change from 
baseline to wk 24 

NA

NCT04065841/2 Tropifexor 
(FXR agonist)
Licogliflozin 
(FXR agonist)

1)  tropifexor 
+licogliflozin 

2)  tropifexor alone 
(+licogliflozin PLB)

3)  licogliflozin 
alone(+tropifexor PLB)

4)  PLB licogliflozin + PLB 
tropifexor

NASH and 
fibrosis(stages 
2,3)/ 380

48 wks To evaluate 
the efficacy of 
tropifexor and 
licogliflozin in 
combo and as 
monotherapy, 
as assessed 
by histologic 
improvement 
compared to 
PLB in NASH 
and stage 2 or 3 
fibrosis
1)  achievement 

of at least 
one stage of 
improvement 
in fibrosis 
without 
worsening of 
NASH

1)  Achievement of 
NASH resolution 
and no worsening 
of fibrosis OR 
improvement in 
fibrosis by at least 
one stage without 
worsening of NASH 

2)  At least one stage 
improvement in 
fibrosis 

3)  At least two stage 
improvement in 
fibrosis without 
worsening of NASH

4)  ≥5% reduction in 
body weight 

5)  Change in liver fat 
content based on 
MRI -PDFF

(Contd...)
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Table 4 (Continued)

Number/
phase

Drugs Arms Population/
enrollment

Duration Primary 
endpoints

Secondary endpoints

2)  NASH 
resolution 
without 
worsening of 
fibrosis 

6)  AST and ALT 
changes over time 

7)  γGT changes over 
time 

8)  Occurrence of 
adverse events, 
serious adverse 
events, adverse 
events resulting in 
discontinuation of 
treatment, changes 
in vital signs 
and laboratory 
parameters 

NCT03646292/4 PIO,
Empagliflozin 

1) PIO 15 mg daily
2)  Empagliflozin  

10 mg daily 
3)  PIO 15 mg 

+Empagliflozin 10 mg 

T2DM and 
NAFLD / 60

6 
months 

Liver fat change 
measured by 
MRI-PDFF in co-
localized regions 
of interest within 
9 liver segments 

1)  Liver fibrosis 
measured by MRE

2)  Changes in lipid 
profile, liver enzymes, 
glucose metabolism, 
inflammation status 

GLP-1, glucagon-like peptide-1; SGLT2, sodium glucose cotransporter 2; NAFLD, nonalcoholic fatty disease; NASH, nonalcoholic steatohepatitis; pos, per os; sc, 
subcutaneous; T2DM, type 2 diabetes mellitus; wk, week; HbA1c, hemoglobin A1c; CAP, controlled attenuation parameter; LSM, liver stiffness measurement; 
SEMA, semaglutide; CILO, cilofexor; FIR, firsocostat; PTM, placebo to match; CRN, clinical research network; PLB, placebo; inj, injection; NAS, NAFLD activity 
score; SAF, steatosis-activity-fibrosis; PIO, pioglitazone; DPP4, dipeptyl peptidase 4; FIB-4, Fibrosis-4; NA, not applicable; PPAR, peroxisome proliferator-activated 
receptor; combo, combination; FXR, farnesoid X receptor; MRI-PDFF, magnetic resonance imaging proton density fat fraction; AST, aminotransferase; ALT, alanine 
aminotransferase, γGT, γ glutamyl transpeptidase; MRE, magnetic resonance elastography 

combination of pioglitazone and tofogliflozin improved ALT 
levels, liver steatosis and stiffness compared to tofogliflozin 
alone, in patients with T2DM and NAFLD. Interestingly, the 
combination treatment also resulted in an improvement of 
lipidemic profile and increased adiponectin levels.

Regarding the newer antidiabetic agents, the combination 
of exenatide and dapagliflozin has been studied in 2 trials, with 
contradictory results. In the first study [33], the combination 
treatment improved markers of liver steatosis and fibrosis in 
patients with T2DM, uncontrolled by metformin; however, 
in the second study [34], which was a small pilot study, 
combination therapy had no additive effects on the reduction 
of hepatocellular lipids in patients with T2DM, despite better 
glycemic control.

As for the use of “NAFLD-specific” drugs, in a phase 2b 
trial [35], which enrolled patients with bridging fibrosis or 
compensated cirrhosis attributable to NASH, steatosis was 
reduced in all studied combination treatments (cilofexor/
firsocostat, cilofexor/selonsertib and firsocostat/selonsertib) 
versus placebo. However, only the combination of cilofexor/
firsocostat was found to improve NASH activity, and there 
were indications that it may also exert an antifibrotic effect, so 
this combination regimen seems to be a better option for this 
category of patients. In another phase 2 trial [36], which studied 
the combinations of semaglutide/cilofexor, semaglutide/
firsocostat and semaglutide/cilofexor/firsocostat in patients 
with mild to moderate fibrosis due to NASH, only semaglutide/
firsocostat significantly reduced liver steatosis measured 
by MRI-PDFF or CAP, whereas semaglutide plus cilofexor 

30 mg reduced only steatosis evaluated by CAP, compared to 
monotherapy with semaglutide. However, no differences in 
liver stiffness were observed between groups. Interestingly, 
compared to semaglutide monotherapy, the FAST score, which 
incorporates liver stiffness, liver steatosis and AST levels, was 
reduced in all combination regimens except for semaglutide 
plus cilofexor 100 mg.

Concluding remarks

Combining new antidiabetic medicines as well as new 
“NAFLD-specific” drugs is a promising approach to the 
treatment of NAFLD/NASH, and many trials are ongoing in 
this area (Table 4). As no treatment is currently approved for 
this entity, further research is needed to specify the categories 
of patients that could benefit more from this strategy, focusing 
on patients with or without T2DM/MetS and taking into 
account the complexity of NASH pathophysiology.
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