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Pathogenesis of NASH

• “Substrate overload lipotoxic liver injury”
– Free fatty acids promote the generation of toxic lipids

• Neuschwander-Tetri BA. Hepatology 2010; 52:774-788.
• Cusi K. Gastroenterology 2012;142:711-725.
• Fuchs M, Sanyal AJ. J Hepatol 2012;56:291-293.
• Machado and Diehl. Gastroenterology 2016;150:1769-1777.
• Hirsova P et al (Gores). J Lipid Res 2016;57:1758-1770.
• Mota M et al (Sanyal). Metabolism 2016;65:1049-61.
• Marra F, Svegliati-Baroni G. J Hepatol 2018;68:280-295.
• Musso G et al. Gastroenterology 2018;155:282-302.

• What happened to the “Two-hit hypothesis”?
– (Hit 1: steatosis, Hit 2: oxidant stress, lipid peroxidation,injury)
– Degree of steatosis does not correlate with NASH severity or outcomes

• Angulo et al. Gastroenterology (2015) 149:389-397
– Oxidant stress occurs but not yet shown to be necessary 
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Combination therapy trials—Industry (clinicaltrials.gov 9/5/19)

Drugs Class Sponsor(s) Name clinicaltrials.gov
FXR + 
CCR2/5i

tropifexor + 
CVC Novartis, Allergan TANDEM NCT03517540

FXR + 
SGLT2i

tropifexor + 
licogliflozin Novartis ELIVATE NCT04065841

FXR + 
ACCi + 
GLP1

cilafexor + 
firsocostat + 
semaglutide

Gilead, Novo Nordisk NCT03987074

ACCi + 
DGAT2i

PF-05221304 
PF-06865571 Pfizer, Novatis NCT03776175

FXR + 
ACCi + 
ASK1i

cilafexor + 
firsocostat + 
selonsertib

Gilead ATLAS NCT03449446

FXR + 
ACCi + 
ASK1i + 
PPARα 

cilafexor + 
firsocostat + 
selonsertib + 
fenofibrate

Gilead NCT02781584



Combination therapy trials—Academic (clinicaltrials.gov 9/5/19)

Drugs Class Sponsor(s) Name clinicaltrials.gov

Statin + 
carnitine

atorvastatin + 
L-carnitine Academic NALCAT NCT01617772

GLP1 + 
PPAR-γ 

alogliptin + 
pioglitazone Academic NCT03950505

SGLT1 + 
PPAR-γ 

empagliflozin + 
pioglitazone Academic

PPARα/γ + 
PPAR-γ 

saroglitazar + 
pioglitazone Academic GLAZED NCT02265276



Liver
free fatty 

acids

Triglyceride VLDL

Hypertriglyceridemia

Fructose
+

Glucose

De novo
lipogenesis

(“DNL”)
Mitochondrial 
beta-oxidation

MOGAT2
DGAT2

Carnitine
CPT1
CPT2

Amino acids
Choline/PC

Acetyl CoA

ACC
FAS

SCDs

Adipose tissue

Circulating
free fatty

acids

Chylomicron 
triglyceride

PNPLA3?

Hepatocellular 
injury

Inflammation
Lipotoxic 

lipids

Adipose IR

“NASH”

Fibrosis

HCC

Neuschwander-Tetri BA. BMC Med (2017) 15: 45

SREBP-1c
ChREBP

Modifiers:
• Gut microbiome
• Adipokines
• Cholesterol
• Uric acid
• OSA/hypoxia

Muscle,
Brown adipose 

tissue (BAT)

Targets of combination therapies

Lipid droplets (steatosis)

FXR + ACCi



Liver
free fatty 

acids

Triglyceride VLDL

Hypertriglyceridemia

Fructose
+

Glucose

De novo
lipogenesis

(“DNL”)
Mitochondrial 
beta-oxidation

MOGAT2
DGAT2

Carnitine
CPT1
CPT2

Amino acids
Choline/PC

Acetyl CoA

ACC
FAS

SCDs

Adipose tissue

Circulating
free fatty

acids

Chylomicron 
triglyceride

PNPLA3?

Hepatocellular 
injury

Inflammation
Lipotoxic 

lipids

Adipose IR

“NASH”

Fibrosis

HCC

Neuschwander-Tetri BA. BMC Med (2017) 15: 45

SREBP-1c
ChREBP

Modifiers:
• Gut microbiome
• Adipokines
• Cholesterol
• Uric acid
• OSA/hypoxia

Muscle,
Brown adipose 

tissue (BAT)

Targets of combination therapies

Lipid droplets (steatosis)

FXR + ACCi + ASK1i



Lipid droplets (steatosis)

Liver
free fatty 

acids

Triglyceride VLDL

Hypertriglyceridemia

Fructose
+

Glucose

De novo
lipogenesis

(“DNL”)
Mitochondrial 
beta-oxidation

MOGAT2
DGAT2

Carnitine
CPT1
CPT2

Amino acids
Choline/PC

Acetyl CoA

ACC
FAS

SCDs

Adipose tissue

Circulating
free fatty

acids

Chylomicron 
triglyceride

PNPLA3?

Hepatocellular 
injury

Inflammation
Lipotoxic 

lipids

Adipose IR

“NASH”

Fibrosis

HCC

Neuschwander-Tetri BA. BMC Med (2017) 15: 45

SREBP-1c
ChREBP

Modifiers:
• Gut microbiome
• Adipokines
• Cholesterol
• Uric acid
• OSA/hypoxia

Muscle,
Brown adipose 

tissue (BAT)

Targets of combination therapies--Hypothetical

FGF19-21 + ACCi + PPAR-γ



Combination peptide hormones

Peptide 1 Peptide 2

Target 2
(eg, glucagon receptor)

Target 1
(eg, GLP-1 receptor)

Sloop et al. ACS Pharmacology & Translational Science (2018) 1: 3-11



Combination peptide hormones

+

Peptide 1 Peptide 2

Multi-target peptide

Target 2
(eg, glucagon receptor)

Target 1
(eg, GLP-1 receptor)

Sloop et al. ACS Pharmacology & Translational Science (2018) 1: 3-11



Peptide polyagonists

GLP-1R GIPR GCGR

Sloop et al. ACS Pharmacology & Translational Science (2018) 1: 3-11



FGF19 + FGF21

FGF-19 release
(from the ileum)

Bile acids

Pharmacologic 
FXR ligands

FXR

FGFR2 FGFR3 FGFR4

FGF-19 
analogues

FGF-21 release
(from the liver)

FGF-21 
analogues

ER stress
Ketogenic diet (mice)

ChREBP (mice)
Fructose
Alcohol (multiple 

other effects)

GLP-1 analogues
improve FGR21 

resistance FGFR1c

Liver:
• Decreased gluconeogenesis
• Decreased bile acid synthesis
• Increased FGF21 expression
Brain:
• Decreased food intake
• Increased energy disposal

Adipose: 
• Increased glucose uptake 
• Browning (increased PGC1α)
• Energy expenditure (thermogenesis)



FGF19 + FGF21 single peptide (= hypothetical “FGF1921”?)
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Future: Hypothetical de-escalating NASH combination therapy

• For NASH with advanced fibrosis, target three broad processes:
– Underlying/predisposing metabolic disease (metabolic correction): Indefinitely
– Hepatocyte stress/inflammation (anti-NASH):  1 year?
– Stellate cell activation (anti-fibrotic): 3-6 months?

Dx
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Treatment Duration (Years)
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Summary

• Given the multiple pathways involved in NASH
– Combination therapy will likely have a role
– But we still need get to rational individualized therapy

• Many combinations are in development for NASH and metabolic 
disease
– Focus on rational mechanisms rather than convenience/expediency


