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NASH Under Care by F Score 

Cirrhosis Represents Most Patients Under Provider Care but Early NASH 
Fibrosis Has Highest Prevalence  
 
 

Data on file. Company Payor Research 2016 

Clinical focus is on late stage patients, which drives development paths 
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Developing Novel Therapeutics for Cirrhosis Due to NASH 
Five major factors to consider for clinical development 
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Regulatory Pathway Considerations 

Non-Cirrhotic NASH Fibrosis has a regulatory pathway, it is a valid 
indication for therapy 

o  3 companies have potential therapeutics in late stage clinical development 
o At least 70 IND’s for NASH have been opened with FDA.  
o For Phase 2a POC Studies: 

§  Risks/costs of obtaining liver biopsy may not be justifiable; VCTE or MRE may be used 
to establish fibrosis 

§  Hepatic steatosis may be established using MR-PDFF or VCTE (CAP) 
◦  For Phase 2b & 3 trials; diagnosis based on liver histology 

 

Similar outcomes and pathways for cirrhosis are less well defined; each 
entrant (2 total) into field have similar development paths  
–  Histology is “gold standard”  
–  Clinical diagnosis, Non-invasive parameters, biochemistries 
–  Risk factors for NAFLD    
                                         

Important considerations for cirrhosis: 
◦  Discrete regulatory pathway from NASH Fibrosis 
◦  Histology need (vs. exclusively non-invasive or clinical) prior to entering phase 3 studies 
◦  Indication is currently “Cirrhosis due to NASH” 

Cirrhosis and fibrosis are different regulatory entities 



Evolution of PoC Studies: Biopsy to Non-Invasive Signal Finding 

1st Wave: Landmark Phase 2 Studies 
Company Compound 

(MoA) Duration N Endpoint 

Intercept 
(FLINT) 

OCA 
(FXR agonist) 72-weeks 283 

Histological 
improvement 

Genfit 
(GOLDEN) 

GFT-505 
(PPAR agonist) 52-weeks 270 

Tobira 
(CENTAUR) 

(acquired by Allergan) 

CVC 
(CCR2/5 agonist) 52-weeks 289 

NASH Regulatory Paths Are Dynamic 

2nd Wave: Establishing PoC Quickly & Efficiently 
Gilead GS-4997* 

(ASK-1 inhibitor) 24-weeks 72 Safety &  
Non-invasive 

markers 
 

Examples include 
changes in: 

ALT and AST, MRI-
PDFF, MRE, 

FibroScan, clinical 
lab tests, AE 

monitoring, weight, 
lipids, FGF19**)  

BMS BMS-986036 
(Pegylated FGF-21) 16-weeks 105 

Novartis LJN-452 
(FXR agonist) 12-weeks 250 

Gilead GS-9674 
(FXR agonist) 24-weeks 125 

Gilead GS-0976 
(ACC inhibitor) 12-weeks 127 

Average 
characteristics 

to enter P3 
58.7 weeks 
N = 280.7 

Paired biopsy 

Average 
characteristics 

to enter P3 
18.4 weeks 
N = 135.8 

Entry biopsy only 

*GS-4997 study based on histology endpoint          **FGF19 changes only relevant for FXR agonists 



Cirrhosis Due to NASH 

§  Gold standard for identification of NASH as etiology of cirrhosis is liver biopsy 
showing NASH and cirrhosis or a prior biopsy showing NASH with subsequent 
progression to cirrhosis (clinical or histologic).  
§  As cirrhosis progresses, underlying components of histologic NASH become less 

apparent, and in some cases disappear.  

§  In cases where recent biopsy is not available, prior biopsy showing NASH may 
be used to infer diagnosis 

§  In cases where biopsy is not available, and cirrhosis is diagnosed clinically or 
using some combination of imaging, elastography (TE/MRE) and biomarkers; 
NASH as causative is difficult to establish.  

§  NAFLD risk factors and thorough exclusionary clinical history may be used to 
establish a diagnosis of NASH absent histology 

§  Current development path with regulatory runway is for Cirrhosis due to NASH; 
and this must be established via histology 

Specifics matter 
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Relevant Populations for Clinical Study 
In short, what are we aiming for? 

•  Defining the population 
–  Childs Pugh. MELD classification 
–  Compensated vs. decompensated 
–  Quantitatively using HVPG 

•  Considerations of presumed MOA of candidate drug 
–  Anti-inflammatory agents likely more relevant earlier in disease process 
–  Matrix modifiers likely more relevant in later stages of disease 

•  Histology is an accepted endpoint for cirrhosis due to NASH 
–  At what point cirrhosis becomes irreversible is uncertain;  
–  Risk is in how to define this population? 

•  Change in HVPG has been suggested by FDA as a possible acceptable 
surrogate endpoint for outcomes in NASH Cirrhosis clinical trials 
–  Risk of conflating endpoint with population 
–  Recent results from Galectin Therapeutics (GALT) are an important case study for 

population selection for cirrhosis studies 



Galectin: Primary Endpoint Was Also Foundational for Population 
Selection 

HVPG of 6 or more allows for a very broad and diverse population 



Galectin Case Study 

2017 Galectin Therapeutics (NASDAQ:GALT) 

HVPG and both and endpoint and definition of a population 



Drug Effect Was Dependent on Presence of Baseline Varices 
 More precision needed in population definition 

There was a 0.8 mmHg 
(10%) difference between 
placebo and GR8 group, 
but did not reach 
statistical significance 
 

In the absence of varices 
and with mild PHTN, 
there was statistically 
significant treatment 
effect on HVPG in both 
dose groups 
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Biology Is the Study of the Complex Things in the Universe 
Physics is The Study of the Simple Ones 
•  At the core; pathogenesis of NASH is poorly understood, which makes drug discovery 

and clinical testing challenging-- no etiology based therapeutics 
 

•  Once progression to cirrhosis, secondary biology occurs – "adaptive" and injurious – this 
biologic overlay complicates things  
–  disruption to the vasculature contributes to the development of portal hypertension 
–  Alteration in hepatic function leading to decompensated liver disease 
–  Increased risk of neoplastic transformation 

 

•  HVPG – complex; incompletely understood 
•  Biochemical, molecular and cellular remodeling 
•  Relationship to parenchymal changes unclear 

•  Does reversal of fibrotic process reverse changes in sinusoidal architecture and 
accompanying molecular and cellular biologic changes to endothelial and stellate cells? 
•  With HCV, fibrosis reversal leads to improved clinical outcomes, reduced portal pressure and 

decreased all-cause mortality* 

•  Are we targeting “cirrhosis” (the liver injury pattern), its antecedents (virus, inflammation) 
or the resulting downstream responses which underlay outcomes (HVPG and clinical 
consequences)  

•  Biology of “reversibility”; mechanistic understanding as a function of scar “aging” 

Richard Dawkins 



Cirrhosis Is Associated with an Altered Molecular and Cellular Biological 
Phenotype of Hepatic Sinusoids 

 
 
Cartoon is representative of 
crosstalk between endothelial 
cells, macrophages, and 
stellate cells and also highlights 
possible role of innate immune 
signals (TLR) and micro-
coagulopathy (thrombin) 
 

 

Targeting drivers of HVPG may be required to affect the “endpoint” 
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Clinical Evidence of Fibrosis Reversibility According to Etiology 
 

Korean J Intern Med. 2017 Mar; 32(2): 213–228 

Best evidence comes from viral eradication, but other diseases supportive 

12/20/2017 PubMed Central, Table 2.: Korean J Intern Med. 2017 Mar; 32(2): 213–228. Published online 2017 Feb 8. doi:  10.3904/kjim.2016.268

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5339475/table/t2-kjim-2016-268/ 1/1

PMC full text: Korean J Intern Med. 2017 Mar; 32(2): 213–228.
Published online 2017 Feb 8. doi:  10.3904/kjim.2016.268
Copyright/License ► Request permission to reuse

Table 2.
Major studies investigating the efficacy of treatment for biopsyproven liver fibrosis in nonviral chronic liver
diseases

Liver
disease

Drugs
Study
design

No. of
patients

Effects Reference

Alcoholic

hepatitis

Abstinence of alcohol Non

RCT

100 Survival benefit, no fibrosis F/U data [77]

ACE inhibitor (candesartan) RCT 85 33% vs. 12% Fibrosis improvement [83]

NASH PPARγ agonist (pioglitazone) RCT 74 Fibrosis improvement [84]

PPARγ agonist (pioglitazone) vs.

vitamin E vs. placebo

RCT 247 Decreased fibrosis progression rate of

PPARγ group (96week F/U)

[78]

PPARγ agonist (rosiglitazone) RCT 53 No effect [85]

AntiTNF (pentoxifylline) RCT 55 Fibrosis improvement [86]

High dose UDCA RCT 126 Improvement on FibroTest [87]

FXR agonist (obeticholic acid) RCT 141 45% vs. 21%, Fibrosis improvement (p =
0.002; 24week F/U)

[88]

Autoimmune

hepatitis

Steroid Non

RCT

87 53% Fibrosis improvement (57month

F/U)

[79]

Cyclosporine A and steroid Non

RCT

19 Mean fibrosis stage decreased from 4.53

to 2.16 (3.63year F/U)

[80]

PBC UDCA RCT 146 No fibrosis improvement [89]

UDCA RCT 103 Lower fibrosis progression rate (p <
0.002)

[90]

RTC, randomized control trial; F/U, followup; ACE, angiotensinconverting enzyme; NASH, nonalcoholic steatohepatitis;

PPARγ, peroxisome proliferatoractivated receptor γ; TNF, tumor necrosis factor; UDCA, ursodeoxycholic acid; FXR, farnesoid

X receptor; PBC, primary biliary cirrhosis.



Regression of Fibrosis and Cirrhosis 

•  Fibrosis is reversible and cirrhosis may regress in some cases; but latter is still 
a debated topic 

•  Most convincing evidence for regression of fibrosis derived from studies of 
antiviral therapies for HVC and HBV; etiology driven 

•  Lesser evidence for NASH comes from clinical studies and post-bariatric 
surgery follow up 

•  Other diseases have also informed conceptual framework of fibrosis modulation 
by halting progression and/or hastening resolution 

•  Point at which cirrhosis becomes irreversible is uncertain, irreversibility more 
likely as the scar thickens, becomes more acellular and becomes cross-linked 

•  Learning from other diseases suggests persistent inflammation is the main 
cause of hepatic fibrogenesis; found in the majority of chronic liver diseases 
including viral hepatitis, toxic liver injury, ASH, NASH and AIH 

Other disease have heavily informed thinking about NASH 
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There are Many, Many 
Mechanistic Targets Being 
Interrogated Against NASH 

Musso et al., Nature Reviews Drug Discovery 15, 249–274(2016) 



Mechanism Questions Are Central To Clinical Development 

•  No valid and predictive disease models for NASH 
•  Multiple pathologic aspects to disease, but causal relationships unclear 
•  Learning from other diseases suggests persistent inflammation usually 

precedes fibrosis 
–  Direct vs. indirect targeting (e.g.; inflammasome, chemokines vs. hepatic lipid) 

•  Advanced stages of fibrosis (and perhaps cirrhosis) are part of a dynamic 
process that may regress if the underlying fibrogenic stimuli are corrected.  
–  On this basis, several therapeutic strategies targeting key pathogenic mechanisms involved 

in fibrogenesis are being evaluated 
–  True cirrhosis reversibility 

•  Is cessation of injury adequate for reversal or does fibrosis need to be targeted 
directly? 

Cirrhosis is more complicated; but not unique 



Multicellular Context of Cirrhosis 

that the level of the serum marker or the intensity of the imaging
signal over time correlates with the final extent of fibrosis, the
stratification of patients could be improved, and the needed
number to be tested and the duration of clinical studies reduced
dramatically. Such biomarkers ideally should correlate with the
effects on morbidity and mortality due to decompensated cirrho-
sis or HCC. Finally, such markers could pave the way for a true
personalized medicine, where different patients might receive
different combinations and doses of antifibrotics, adjusted by
relying on the predictive biomarkers. While there have been
some advances in biomarker development and validation, further
improvement remains a top priority to optimize and guide antifi-
brotic drug development [26,27,32–34]. Notably, the availability
of valid biomarkers of fibrogenesis could establish the antifibrotic
activity of long-used inexpensive and relatively safe medications,
such as statins [36], or aspirin, which prevents the release of pro-
fibrogenic PDGF-BB in models of liver fibrosis progression and
reversal [37]. By targeting different fibrogenic pathways, combi-
nations of repurposed drugs could be more efficient as the side
effect profiles would be known, and there would no need for
phase 1 trials to establish safety.

Preclinical proof of concept

The antifibrotic effect of a large number of compounds has been
demonstrated in vitro and in animal models of liver fibrosis over

the past two decades. Numerous compounds seem to have an
adequate safety profile in animal models and in phase 1 clinical
studies, or alternatively the drug is an existing agent used for
other clinical indications, and is re-discovered as an antifibrotic
(‘‘drug repositioning’’) [26,34]. However, none of these
repurposed drugs have been thoroughly validated in the clinic
or commercialized as a therapy for fibrosis. An uncertainty is
the translation of the wealth of information on antifibrotic agents
derived from in vitro and in vivo animal experimental studies into
meaningful advances for patients. A major difficulty in translat-
ing animal studies to human diseases is the complexity of the
interactions between cells, soluble mediators, the ECM and its
receptors (i.e. the pro-fibrogenic microenvironment), and intra-
cellular signaling relevant to the fibrogenic process. In this con-
text, most of the information gathered is ‘mono-mechanistical’;
i.e. each study highlights the role of one cell, one cytokine, one
receptor, or one signaling molecule, without considering that
the results obtained are just a very reductionist view of the com-
plex process of hepatic fibrogenesis.

In vitro models

Currently, biologic targets for antifibrotic therapies are identified
by studies done in 2D monolayer single cell cultures or co-
cultures (activated HSC and other liver cells that contributed to
fibrogenesis or fibrolysis) on plastic dishes followed by a ‘‘valida-
tion’’ in mouse or rat models. In this context, it is important to
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Fig. 2. Targeting the multicellular context of fibrosis. Major functional units and secreted factors to be addressed by antifibrotic therapies. (A) Vascular and (B) biliary and
interstitial unit. Pro-fibrogenic targets are underlined, in contrast to putative fibrolysis-inducing targets in italics and red. Select examples are discussed in the text.
Modified from [26–28]. CCL, CC chemokine ligand; CTGF, connective tissue growth factor; CXCL, CXC chemokine ligand; ET-1, endothelin-1; HGF, hepatocyte growth factor;
IFN, interferon; IGF, insulin-like growth factor; IL, interleukin; MMP, matrix metalloproteinase; NO, nitric oxide; PDGF-BB, platelet-derived growth factor BB (recent data
show that most of PDGF-BB in liver fibrosis derives from activated platelets [38]); ROS, reactive oxygen species; TNFa, tumor necrosis factor a; Shh, sonic hedgehog; TGFb1,
transforming growth factor beta1; Th, T helper cell; TIMP, tissue inhibitor of metalloproteinases; TRAIL, TNF-related apoptosis-inducing ligand; Treg, regulatory T cell.

Review

S18 Journal of Hepatology 2015 vol. 62 j S15–S24

Journal of Hepatology 2015 vol. 62 j S15–S24  
 

Mental models of “functional units” (A) Vascular and (B) Portal/Peri-Portal 



Revisiting Mechanism 

Pellicoro et al., Nature Reviews Immunol Vol 14, March 2014  
 

Rational drug design may ultimately succeed 

Mechanistic Target Examples 

Eliminate primary disease  •  Anti-viral drug therapy in chronic viral hepatitis 

Downregulate early hepatic myofibroblast 
activation  

•  Antioxidants 
•  Farnesoid X receptor ligands 
•  Hepatocyte growth factor (HGF) mimetics 
•  Caspase inhibitors 
•  Cytokine antagonists 
•  Recombinant forms of pentraxin 2 
•  Fibrogenesis 

Disrupt chemokine pathways  
  

•  Disrupt the CXC-chemokine ligand 9 (CXCL9)–
CXC-chemokine receptor 3 (CXCR3) axis  

Inhibit specific properties of hepatic myofibroblasts  •  Proliferation 
•  Fibrogenesis 

Promote apoptosis or quiescence of hepatic 
myofibroblasts  

•  Cannabinoid receptor (CB1) antagonists 
•  Apoptotic ligands (such as TNF-related 

apoptosis-inducing ligand (TRAIL)) 
•  Tissue inhibitor of metalloproteinase 1 (TIMP1) 

inhibitors 
 
 

Stimulate the degradation of accumulated scar 
extracellular matrix  
  

•  TIMP1 inhibitors112 or matrix 
metalloproteinase (MMP) gene therapy  
 

•  Relaxin  
 

•  Lysyl oxidase homologue 2 (LOXL2) inhibitors 
•  Cell therapies 

Modify macrophage phenotype in vivo  •  Promote matrix degradation  
 



NASH Combo Key Focus For Industry 
Three companies with emerging NASH portfolios, none yet validated 

Company Product MOA Stage Status of combo Oral 
Gilead GS-4997 ASK-1 Phase 3 •  All three products in combo 

•  POC data as early as 2H17 

•  All products owned by GILD 

ü 

GS-9674 FXR Phase 2 ü 

GS-0976 ACC inh Phase 2 ü 

Novartis LJN452 FXR Phase 2 •  *Exclusive license to combo with 
Conatus 

•  **Non-exclusive with AGN, 
combo to start in 2017 

ü 

LMB763 FXR Phase 1/2 ü 

Emricasan* Caspase inh Phase 2 ü 

CVC** CCR2/5 inh Phase 3 ü 

Allergan CVC CCR2/5 inh Phase 3 •  No internal combo yet ü 

AKN-083 FXR Phase 1 ü 

Future may well be that for treatment of NASH, there is targeting the predominant 
pathogenic mechanisms that operate in each patient and at each stage of disease 



One Final Thought 

New England J Medicine 1935 



Thank	You!	

jason.campagna@interceptpharma.com	


