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Key Facts About NASH
Non-alcoholic fatty liver disease (NAFLD) - the most common 

type of chronic liver disease - encompasses a histological 
spectrum of disorders including simple fat accumulation 
(steatosis), non-alcoholic steatohepatitis (NASH) and cirrhosis. 
NASH is a chronic and silent liver disease characterized 
histologically by the presence of hepatic inflammation and 
cell injury (hepatocellular ballooning) due to hepatic steatosis 
equal or superior to 5% of hepatocytes [1]. NASH develops in 
the absence of excessive alcohol consumption but is linked 
to unhealthy eating habits and lack of physical activity [1]. 
It is often referred to as metabolic disease of the liver. NAFLD 
patients with obesity and metabolic syndrome features such as 
insulin resistance, type 2 diabetes mellitus, hypertension and 
dyslipidemia, are at higher risk of progression to NASH. NASH is 
associated with higher cardiovascular risk and increased fibrosis 
leading to cirrhosis and liver cancer when serious [2].

Currently no approved pharmacotherapy exists for the 
treatment of NASH. Mainly sustained weight loss by a calorie-
restricted diet, eating habit and lifestyle modification, and 
increased exercise are the top priorities and recommendations 
for patients. Final goal is to achieve and sustain weight loss of 
7% to 10% of bodyweight, as this has been shown to improve 
the majority of histopathological features of NASH [1]. The past 
decade has been an explosive interest in drug development 
targeting pathologic pathways in NASH, with numerous phase 2 
and 3 trials currently in progress.

Drugs in Phase 2 And 3 Trials
The development fever of NASH treatment called ‘golden 

egg’ has not cooled down. Currently, ‘Ocaliva, Obeticholic acid 
(OCA)’ of Intercept Pharmaceuticals (USA) is the only treatment 
that has finished phase 3 of clinical trial. However, there are still 
labels for safety and efficacy issues. This means that the NASH 
cure, which in turn has a higher efficacy and a more safety, is 
strongly needed. Currently developing drugs in phase 2 and 3 
trials have different mechanism each. The most leading player is 
OCA, a potent agonist of the farnesoid X nuclear receptor (FXR)  

 
that is just being evaluated in the phase 3 study REGENERATE 
(NCT02548351) for the treatment of NASH after being studied 
in the phase 2b FLINT trial (NCT01265498), where 283 patients 
with non-cirrhotic NASH were randomized 1:1 to receive OCA 
25mg or placebo for 72 weeks [3].

The next launching candidate is Elafibranor (GFT505). 
Elafibranor is a dual PPAR-α/δ agonist produced by GENFIT 
(France) that is currently undergoing evaluation in the phase 3 
RESOLVE-IT trial (NCT02704403). Elafibranor was tested in the 
phase 2b GOLDEN-505 trial (NCT01694849) which randomized 
276 patients with NASH without cirrhosis to Elafibranor 80mg, 
120mg or placebo groups for 52 weeks [4]. Estimated primary 
completion date is December 2021. Cenicriviroc (CVC) is a 
dual CCR2/CCR5 inhibitor owned by Tobira Therapeutics 
(USA). In animal fibrosis models it is demonstrated to have 
anti-inflammatory and anti-fibrotic properties. CVC is being 
evaluated in phase 2 and phase 3 trials. However, big pharmas 
have experienced continuing failures in developing NASH 
treatments and terminated clinical trials such as Selonsertib (P3, 
Gilead, ASK-1, apoptosis signal-regulating kinase 1 inhibitor), 
Liraglutide (P3, Novo Nordisk, GLP-1, glucagon-like peptide-1 
analogue), Metadoxine (P3, General de Mexico, Antioxidant, 
glutathione source), hydroxytyrosol and vitamin E (P3, Bambino 
Gesù Hospital and Research Institute, Antioxidant), Emricasan 
(P2, Novartis, Caspase Inhibitor), NGM282 (P2, NGM Bio, Variant 
of FGF-19), BMS-986036 (P2, Bristol-Myers Squibb, Pegylated 
FGF-21), Simtuzumab (P2, Gilead, LOXL2 antibody), Volixibat 
(P2, Shire Pharmaceuticals, ASBT, apical sodium–bile acid 
transporter inhibitor) and Saroglitazar (P2, Zydus Discovery, 
PPAR-α/γ agonist) [5].

Multi Target
The pathogenesis of NASH is still unclear. Until recent years, 

a ‘two-hit’ theory has been thought to drive NASH pathogenesis 
(steatosis of more than 5 % of hepatic fat, as a first hit and 
other factors such as inflammatory cytokines, mitochondrial 
dysfunction, and oxidative stress, as a second hit) [6]. However, 
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this view is not generally recognized because NASH can be 
developed by many other molecular pathways and the driving 
factors may be different among patients. Thus, ‘multiple-hit’ 
model is widely accepted now [7]. The presumable multiple 
factors are as follows: lipid accumulation by excessive delivery 
from adipose tissue such as visceral fat, insulin resistance, 
inflammation, gut-liver axis dysfunction, genetic factors 
associated with inflammation, lipid metabolism and oxidation. 
These factors affect to liver function to treat energy sources such 
as carbohydrate and lipid and result in the accumulation of toxic 
lipid species, leading to stress, damage, death in hepatocyte and 
following fibrosis, cirrhosis and hepatocellular carcinoma. Based 
on these hypotheses, it is considered that the development of 
therapeutic regulating multiple target may be more effective 
rather than that of specific one target.

Angiogenesis and Liver Fibrogenesis
Angiogenesis is closely associated with NASH, especially 

in pathogenic liver as well as in adipose tissue. Fatty acids 
primarily delivered into liver come from adipose tissue such as 
visceral fat. Adipose tissue accumulates lipids by the remodeling 
process including adipocyte differentiation and angiogenesis, 
and supplies lipid to liver in the form of free fatty acids through 
lipolysis [8]. Inflammation and excessive free fatty acids due to 
dysregulation of lipolysis in adipose tissue can induce the NASH 
pathogenesis [6]. In normal liver, fibrogenesis initiate under acute 
liver injury but the process is transient and easily recovered. In 
pathogenic status of chronic liver disease, for example, fibrotic 
liver, normal oxygen delivery is persistently reduced due to 
the increase of portal venous resistance by the deposition of 
extracellular matrix (ECM) [9,10]. Hepatic stellate cells (HSCs), 
which produce collagen and pro-inflammatory cytokines, are a 
major culprit of fibrosis. Hypoxia in liver upregulates angiogenic 
factors, such as vascular endothelial growth factor (VEGF) and 
platelet-derived growth factor (PDGF) in hepatocyte and HSCs 
and induce immature angiogenesis. The incomplete vessels 
cannot overcome hypoxia and furthermore maintain chronic 
inflammatory condition by infiltrating inflammatory cells 
secreting pro-inflammatory cytokines tumor necrosis factor 
alpha (TNFα), interleukin-6 (IL-6), nitric oxide (NO). These 
conditions again stimulate HSCs and induce the deposition of 
ECM, leading to liver fibrosis. Therefore, hypoxia, pathologic 
angiogenesis, and liver fibrogenesis are all interconnected 
events.

Conclusion
Although the causes of NASH are not well defined, we now 

know the presences of many factors and multiple targets in 
NASH. Angiogenesis inhibitors have the potential to treat NASH 

targeting liver fibrogenesis. Studies examining antiangiogenic 
therapy in rodent models of chronic liver disease were 
undertaken. However, NASH therapeutics that are able to 
control multiple factors at a time and to treat for a long term are 
required. Recently, herbal extracts of Melissa [11] and stevia [12] 
showed the alleviation of NASH pathogenesis through multiple 
pathways including angiogenesis. Herbal medicine may be a 
desirable alternative due to its multiple action, long-term safety, 
cost-effectiveness and good compliance for NASH treatment.
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