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MASH Development
Not for the faint of heart

FDA 

Approval

Base Camp – Phase 2 Liver Biopsy

Base Camp – Enrollment near 

Completion

Phase 2 Readout

Phase 3 Camp

selonsertib

aldafermin

MET642/409

elafibranor

seladelpar

simtuzumab

resmetirom

OCA

cenicriviroc

semaglutide

efruxifermin

pegozafermin

lanifibranor

tirzepatide

PXL065
denifanstat

icosabutate

EDP305

VK2809
survodutide

ION224

saroglitazar

rencofilstat

BOS580

GSK4532990

HTD1801

ALT801

AZD2693

efinopegdutidemiricorilant



What does the 

IDEAL TREATMENT

look like?

LIPID
BENEFITS

INSULIN 
SENSITIVITY

MASH 
RESOLUTION

FIBROSIS 
IMPROVEMENT

HOLISTIC 

MANAGEMENT 

APPROACH

MACE

Major Adverse 

Cardiovascular Events

1st cause 

Morbi/Mortality

MALO

Major Adverse Liver 

Outcomes

3rd cause 

Morbi/Mortality

Renal Function

Preservation



Thoughts on Non-Cirrhotic MASH

Drugs in 
Phase  3

Resmetirom
APPROVED

Administration NASH Resolution
Fibrosis 

Improvement
Insulin 

Sensitivity
Lipid Benefits Potential Issues

?GI intolerance

Lanifibranor
GI intolerance 

peripheral edema, 
weight gain, anemia 

Semaglutide
GI intolerance , 
pancreatitis?,  
sarcopenia?

Efruxifermin GI intolerance , bone 
loss 

Pegozafermin GI intolerance, bone 
loss 



Thoughts on Non-Cirrhotic MASH

Completed 
Phase 2

PXL065

Administration NASH Resolution
Fibrosis 

Improvement
Insulin 

Sensitivity
Lipid Benefits Potential Issues

Gi intolerance 

Icosabutate GI intolerance 

Denifanstat Hair loss

VK2809 Gi intolerance 

Tirzepatide
GI intolerance , 

pancreatitis,  
sarcopenia

Survodutide
GI intolerance , 

pancreatitis,  
sarcopenia



Rationale for Initial Combination Therapy
Multifactorial Disease

Friedman et al. Nature Medicine 2018

Hepatic insulin resistance 

Gluconeogenesis

Lipogenesis 

Lipid transport

Oxidative stress

Inflammation

Immune activation

Extracellular 

matrix

Apoptosis

Difficult to determine with 

certainty which pathway is 

dominant in a particular patient

Use of different classes of 

medications will increase the 

chance of controlling/treating 

the disease faster and more 

effectively 



A Single Therapy is not Likely to be Enough

Glycemic 

control

Atherogenic lipid 

improvement 

Weight loss

Reduction in lipotoxic fat

MASH Resolution

Fibrosis Improvement

Multifactorial metabolic 

milieu of MASH warrants 

potential therapies 

targeting many 

pathways 



Approaches to Combination Therapy

Co-formulation oral – 1 pill

2 or more oral drugs

Co-formulation Injectable

Injectable & Oral

2 or more injectables
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Benefit Prerequisite Risk

Single versus multiple drug package - 
> better compliance
> less medical error

Proven synergistic medical benefit
Proven safety of the combination

Dosage flexibility

• Synergistic

Improves histopathology AND

Improves extrahepatic metabolic profiles

• Enhances long-term outcomes

• Well tolerated and safe



Potential of AI to Guide Choice of Combinations

Peri-CV
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Regulatory Pathway for Combination

FDA Guidance. Co-development of two or more new investigational drugs for use in combination. June 2013  

In vivo & in vitro demonstration of 
combination rationale

For each individual drug
       Pharmacology studies – dose finding

Need for additional benefits
Greater activity
Better safety profile

Study Design

Drug A + [Placebo or SOC]

Drug B + [Placebo or SOC]

Drug A + Drug B + [Placebo or SOC]

Placebo [+ SOC if applicable]



Combination Therapy
Clinical Trials



Advantages of Combination Approaches

Ratziu and Charlton J Hepatology 2023 
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Examples of Failed Combinations

24 w

48 w12 w

12 W

ATLAS

Selonsertib (ASK1i)
Firsocostat (ACCi)

Cilofexor (FXR)

No MASH res 
Mild ↓ fibrosis  

↓ F4 progression (NS)

TANDEM

Tropifexor (FXR) 
Cenicriviroc (CCR2/5)

No benefit in liver enzymes 
& histology over FXR alone

DUET

TERN-501 (THR-β)
TERN-101 (FXR)

No benefit in PDFF/cT1
over THR-β alone

NEXSCOT

Tropifexor (FXR)
LYS006 (LTA4 hydrolase i)

Early terminated



Semaglutide + Firsocostat + Cilofexor 
Rationale for the combination

Pathogenesis of MASH is multifactorial and patient population is 

heterogeneous Semaglutide, firsocostat, and cilofexor target distinct and 

complementary mechanisms

Cytokines

MACROPHAGE

HSC

Profibrotic Genes

FGF19

FGFR4/β-klotho

Bile acids

HEPATOCYTE

Lipotoxicity

INTESTINE

β-oxidation

FXR

DNL

ACC

ACC

Inflammation

ACC

NEFA

FibrogenesisLipotoxicityMetabolism

ADIPOCYTE

TAG

DIET

GLP-1

InsulinA
C

C Firsocostat (FIR)
DNL & β-oxidation

G
L
P

-1

Semaglutide (SEMA)

Metabolic benefits (weight 

loss, insulin sensitivity), and 

anti-inflammatory effects1,2

Cilofexor (CILO)
Bile acid signalingF

X
R

1. Marso SP, et al. N Engl J Med 2016;375:1834-44; 2. Rakipovski G, et al. JACC Basic Transl Sci 2018;3:844–57. 3. Marra F. J Hepatol 2018;68:280–95; 4. Newsome PN, et al. AASLD 2020, abstr 10; 5. Loomba R, et al. 

Gastroenterology 2018;155:1463–73; 6. Patel K, et al. Hepatology 2020;72:58–71.  7. Alkhouri N et al, J Hepatol 2022;77(3):607-618

GLP1
Metabolic benefits 

& anti-inflammatory 

effects

ACC
DNL & β-oxidation

FXR
Bile acid signaling



Absolute Change at Week 24 Relative Change from Baseline

Semaglutide + Firsocostat + Cilofexor 

Alkhouri N et al, J Hepatol 2022;77(3):607-618 



• Significantly greater reductions in ALT in all combination groups vs SEMA alone

• Significant reductions from BL in ELF in all groups (p<0.05); however, no 
differences vs SEMA

Results of Combination on other NITs

Alkhouri N et al, J Hepatol 2022;77(3):607-618 

LSMean (95% CI) 
change from BL at 

week 24

SEMA + FIR + 
CILO 30 mg 

n=21

SEMA + 
CILO 100 mg 

n=22

SEMA + 
CILO 30 mg 

n=22

SEMA +
FIR

n=22

SEMA

n=21

–40*
(–49, –32)

–32*
(–40, –23)

–32* 
(–40, –24)

–37*
(–45, –28)

–13
(–23, –3)

ALT, U/L

–26* 
(–35, –18)

–19 
(–27, –11)

–21 
(–29, –14)

–26* 
(–34, –18)

–11 
(–20, –2)

AST, U/L

–23 
(–38, –8)

–25 
(–41, –9)

–40 
(–54, –26)

–21 
(–36, –6)

–22 
(–38, –6)

GGT, U/L

17* 
(5, 29)

20* 
(8, 32)

–2 
(–13, 9)

3 
(–8, 15)

–7 
(–20, 6)

ALP, U/L

–247 
(–318, –176)

–213 
(–284, –143)

–259 
(–323, –194)

–312* 
(–381, –243)

–179 
(–252, –107)

CK18 M30, U/L

–0.42
(–0.70, –0.13)

–0.47
(–0.76, –0.19)

–0.46
(–0.73, –0.19)

–0.59
(–0.87, –0.30)

–0.56
(–0.86, –0.27)

ELF

Proportion of patients with ≥ 25% 
relative reduction in VCTE  higher in 

combination groups (50-60%) vs 
SEMA alone (NS)

VCTE



KEY ELIGIBILITY CRITERIA

Biopsy-proven MASH (F1 to F3)

T2D

Stable dose of GLP1-RA

R

Placebo (N=10)

EFX 50 mg (N=21)

12-week double-blind treatment period

Symmetry – Cohort D Design – Add-On to GLP1-RA

Primary endpoint: 

Safety and tolerability of EFX combined 

with a GLP-1RA

Secondary endpoints: 

Effects on liver fat, markers of liver injury, 

markers of glucose and lipid metabolism, 

and body weight

Baseline characteristics
[median dose]

GLP-1RA + Placebo 
(n=10)

GLP-1RA + EFX 50 
mg (n=21)

Semaglutide: [1 mg qw] 60% 43%

Dulaglutide: [3 mg qw] 30% 52%

Liraglutide: [1.5 mg qd] 10% 5%

With 1 exception, all patients remained on baseline GLP-1 therapy through Week 12. Due 
to unavailability of semaglutide, 1 patient switched to tirzepatide after the Week-10 visit

Harrison SA et al. Clin Gastroenterol Hepatol. 2024



Symmetry – Cohort D Study Results
Normalization of liver fat to ≤5% at Week 12 (MRI-PDFF)
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Symmetry – Cohort D Study Results

Triglycerides Non-HDL-C Apolipoprotein B

LDL-C
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Harrison SA et al. Clin Gastroenterol Hepatol. 2024



Akero – Cohort D Study Results - Add-on to GLP1-RA

Safety & Tolerability

TEAEs Placebo
(N=10)

EFX 50 mg
(N=21)

TEAE leading to death 0 0

Drug-related SAE 0 0

Drug related TEAE leading to discontinuation 0 1 (5%)

Most frequent (≥15%) Drug-Related 
TEAEs

Placebo
(N=10)

EFX 50 mg
(N=21)

Diarrhea 3 (30%) 4 (19%)

Nausea 1 (10%) 7 (33%)

Increased Appetite 0 5 (24%)

Decreased Appetite 2 (20%) 3 (14%)

• The most frequent drug-related AEs were mild or 

moderate diarrhea, nausea, or increased appetite

• There were 2 SAEs; neither were deemed drug 

related

• One patient discontinued due to a drug-related AE 

of Grade 2 nausea

Harrison SA et al. Clin Gastroenterol Hepatol. 2024



LEGEND – Combination Pan-PPAR & SGLT2-i

KEY ELIGIBILITY CRITERIA

T2D (diet alone, metformin and/or DDP4-i)

MASH or Presumed MASH 

Histology 

OR MRI-cT1 ≥ 875 ms 

OR MRI-cT1 ≥ 825 ms AND MRI-PDFF ≥ 10%

R

Placebo (N=10)

Lanifibranor 800 mg (N=12)

24-week double-blind treatment period

Lanifibranor 800 mg + Empagliflozin 10 mg (N=10)

Primary endpoint at Week 24:

Absolute change from baseline in HbA1c

Benefits of combination over lani alone

Placebo: +0.26%

Lani: -1.14%

Lani + Empa: -1.59%

Secondary endpoints: 

MRI-PDFF, MRI-cT1, weight

Press release and Inventiva Presentation



LEGEND – Combination Pan-PPAR & SGLT2-i

Relative Change from Baseline (PDFF) Relative Change from Baseline (Weight)

Press release and Inventiva Presentation



Potential Combinations

1 2
GLP1-RA

THR
-B

ETA

MASH

Fibrosis

Insulin 

Sensitivity

Lipid 

Control

Weight 

Management

Kidney 

Preservation

Muscle

MASH

Fibrosis

Lipid 

Control

MASH

Fibrosis

Insulin 

Sensitivity

Lipid 

Control

Weight 

Management

Kidney 

Preservation



Potential Combinations

1 2
FG

F-21
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Fibrosis
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Sensitivity
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Preservation
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Management
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Potential Combinations – Genetics & Precision 
Medicine



PNPLA3
TM6SF2
MBOAT7
HSD17B13

PNPLA3

Romeo et al. Nature Genetics 2008

Emdin et al. Gastroenterology 2021



What the Future may hold for Precision Medicine?

Genetic testing to 

identify risk PNPLA3 

variants?

Precision medicine:

identify PNPLA3 

variant subpopulation?

Risk variant

PNPLA3 rs738049:C>G

Global prevalence ~26%1

Protective variant

HSD17B13 rs72613567:

TA/TA

Global prevalence: ~19%2

Majority of population: 

wild type HSD17B13 

(not protected)2 

All-comers 

population?

General population (all-comers)

1. Yip TC-F et al. Hepatology. 2023; 2. https://gnomad.broadinstitute.org/variant/4-87310240-T-TA. Accessed May 10, 2024

about:blank


A Future Towards Precision Medicine
Guiding the Choice of the Most Appropriate Combination at the Individual Patient Level

Metabolic Factors
(Weight, blood pressure, lipid & 

glycemic profile)

Genetic Variants
(HSD17B13, PNPLA3, GCKR, 

TM6SF2)

Non-Invasive Testing

=
Right 
combination for 
right patient



Summary

•Combination therapy will likely be required to achieve higher response 
rates 

•Combinations must be purposeful: Synergistic, provide more wholistic 
treatment or mitigate side effects (least optimal)

•A personalized approach will allow for tailoring to the individual 
patient’s dominant driving factors



Thank you for your attention
Mary E. Rinella
312 246-6176

mrinella@bsd.uchicago.edu
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