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Abstract

Life style modifications and optimization of the management of cardio-metabolic comorbidities 

are currently the mainstay of treatment for patients with non-alcoholic fatty liver disease 

(NAFLD). Pharmacotherapy to halt or reverse hepatic histological injury and prevent the 

development of end stage liver disease is specifically offered to patients with non-alcoholic 

steatohepatitis (NASH) and those with advanced fibrosis. In this review, we will discuss state of 

the art of various pharmacological agents for NASH. The efficacy of vitamin E and pioglitazone is 

reasonably well established in a select group of patients with NASH. Current data do not offer 

convincing evidence for efficacy of pentoxifylline, long-chain polyunsaturated fatty acids, 

angiotensin receptor blockers, metformin or ursodeoxycholic acid. We also discuss the state of 

several emerging agents for treating NASH including the farsenoid X receptor (FXR) ligand, 

obeticholic acid.
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Introduction

End stage liver disease (ESLD) due to non-alcoholic steatohepatitis (NASH) is currently the 

second leading indication for liver transplantation in the U.S.(1). NASH is expected to 

replace hepatitis C as the leading indication for liver transplantation within the next decade 

(2) While the progression of non-alcoholic fatty liver (NAFL) to fibrosing NASH has been 

recently been described (3, 4), older literature based on long term follow up studies has 

shown that progression to ESLD or liver related death is rare in these patients (5–7). On the 

other hand, patients with NASH and particularly with underlying fibrosis are at increased 

risk for progression to cirrhosis, liver failure and hepatocellular carcinoma (HCC) (5, 8–10). 

Fibrosis, typically seen as part of NASH, has emerged in several studies as the strongest 

predictor of long term outcomes in patients with NASH (5, 8, 9, 11, 12). While life style 

modifications and optimization of coexisting cardio-metabolic comorbidities have been 
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recommended to all patients with NAFLD, liver directed pharmacotherapy to stop or reverse 

histological injury and to prevent liver related events and death, has been specifically 

targeted toward patients with NASH (13, 14). In this paper, we review the current literature 

pertaining to the efficacy of various pharmacological agents in NASH. Some proof-of-

principle studies that tested therapies in patient with NAFLD but did not include histological 

phenotyping, are also discussed. We also review emerging agents, including those with anti-

fibrotic effects that are in various stages of development.

Drugs with established efficacy in NASH

Vitamin E

In animal models of NASH, vitamin E supplementation reduces hepatic inflammation and 

lipid peroxidation (15). In patients with NASH, vitamin E reduces circulating levels of 

malondialdehyde and transforming growth factor-β1 (16, 17). Further, down-regulation of 

the hedgehog pathway and loss of sonic hedgehog positive hepatocytes, which promote liver 

injury in NASH, have recently been described in patients demonstrating histological 

response to vitamin E (18).

Vitamin E been used alone or with other agents in multiple clinical trials to treat NASH or 

NAFLD, with reported in improvement in liver biochemistries and histology (16, 17, 19–

26), These trials varied in duration (4 to 96 weeks) and dose (100–1200 IU/day) of vitamin 

E used (25, 27). Beneficial effects for vitamin E were demonstrated even in trials of short 

duration; improvement in ALT was reported after 4 weeks and in histology after 6 months of 

vitamin E therapy (17, 21, 25). The best evidence for vitamin E efficacy in NASH comes 

from the PIVENS trial (Pioglitazone, vitamin E, or placebo for nonalcoholic steatohepatitis) 

(23). In this study, 247 adults with biopsy-proven NASH were randomized to receive 

vitamin E (800 IU daily, 84 subjects), pioglitazone (30 mg daily,80 subjects),or placebo (83 

subjects) for 96 weeks. The primary outcome was improvement in histology defined as 

improvement by ≥1 points in ballooning score, no increase in the fibrosis score, and either a 

decrease in the NAFLD activity score (NAS) to ≤3 points or a decrease in NAS of ≤2 points, 

with at least a 1 point decrease in either the lobular inflammation or steatosis score. A p < 

0.025 indicated statistical significance. Vitamin E and pioglitazone significantly improved 

ALT, steatosis, and lobular inflammation but neither drug had a significant effect on hepatic 

fibrosis. Although significantly more patients achieved resolution of NASH only with 

pioglitazone but not vitamin E (47% vs 36% respectively vs 21% for placebo), significant 

improvement in hepatocyte ballooning and achievement of the study primary outcome were 

observed only with vitamin E (Figure 1). This trial did not include patients with diabetes or 

cirrhosis. Similar beneficial effects on NAFLD histology were observed for vitamin E 

children with histologically proven NAFLD included in the TONIC trial (Treatment of 

nonalcoholic fatty liver disease in children) (26). In that study, vitamin E but not metformin 

given for 96 weeks significantly reduced the ballooning grade and NAS. Significantly more 

children had histological resolution of NASH on vitamin E (58%) versus placebo (28%, p 

0.006) but not with metformin (41%, p 0.2).

There is continued debate about long term safety of vitamin E use and its possible 

association with increased mortality and prostate cancer (28–33). Despite these 
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controversies, vitamin E at 800 IU daily is considered a first line therapy for patients with 

histologically confirmed NASH without cirrhosis or type 2 diabetes, according to the current 

multi-society practice guidelines (14).

Thiazolidinediones (TZDs)

Pioglitazone and rosiglitazone improve insulin sensitivity and adiponectin levels but reduce 

the levels of circulating resistin, tumor necrosis factor-α and free fatty acids (34–37). Both 

drugs exhibit a peroxisome proliferator-activated receptor-γ (PPAR-γ) agonistic effect but 

pioglitazone has also a PPAR-α agonistic effect (38).

Several studies have shown favorable effect for both drugs on NAFLD (17, 23, 39–47). As 

detailed above, the PIVENS trial established the efficacy of pioglitazone in improving 

NASH histology (Figure 1) (23). A recent meta-analysis of data from this study in addition 

to two prior trials of pioglitazone in NASH confirmed the improvement in steatosis, lobular 

inflammation, and hepatocyte ballooning (46–48). The pooled data also showed a significant 

improvement in fibrosis with pioglitazone (p 0.04). Prolonged use of pioglitazone may be 

necessary to maintain these effects. In one study, deterioration in ALT, HOMA, adiponectin, 

hepatic steatosis and inflammation were noted 48 weeks following pioglitazone 

discontinuation (49).

Another important issue is whether all or some metabolic and histological benefits are 

sustainable with continued TZDs use. Following an initial 1 year rosiglitazone placebo 

controlled trial, 2 year extension of rosiglitazone therapy in subjects who received it for a 

year prior did not result in further improvement in histology despite continued improvement 

in insulin sensitivity and liver transaminases (42). Eagerly awaited are the final results from 

a study conducted by Dr. Ken Cusi’s group which administered pioglitazone 45 mg/day for 

18 months which presumably had a significant impact on steatosis, necroinflammation, and 

fibrosis.

Weight gain is the most common adverse event experienced by subjects with NASH during 

the TZD trials. Long term use of TZDs in patients with diabetes as raised safety concerns 

regarding the possible increase risk of congestive heart failure, bladder cancer, and bone 

fractures (50, 51). It has been suggested that pioglitazone may have a better cardiovascular 

profile than rosiglitazone presumably due to different effects on circulating lipids (52). 

Cautious use of pioglitazone is recommended by the current multi-society practice in non-

diabetic NASH patients (14).

C. Drugs with equivocal efficacy in NASH

Metformin

Metformin exhibits several effects that result in increased insulin sensitivity: it inhibits 

hepatic gluconeogenesis, enhances peripheral tissue utilization of glucose, reduces 

circulating free fatty acids, and decreases food intake and body weight (53–55).

Despite early reports of favorable effect on liver transaminases and histology, other studies 

failed to confirm metformin effects on liver histology (26, 56–58). The best and largest study 

Gawrieh and Chalasani Page 3

Semin Liver Dis. Author manuscript; available in PMC 2017 April 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to examine the effect of metformin on NAFLD was the TONIC clinical trial (26). In this 

trial, 173 children (aged 8–17 years) with histologically proven NAFLD were randomized to 

receive metformin (1000 mg/day, n=57), vitamin E (800 IU/day, n=58), or placebo (n=58) 

for 96 weeks. The trial’s primary outcome, sustainable decrease in ALT, was not achieved in 

any group. In relation to liver histology, there was improvement in hepatocyte ballooning 

and NAS, and higher frequency of NASH resolution with both metformin and vitamin E, but 

these changes reached statistical significance only with vitamin E but not metformin therapy. 

Similarly, no effect for metformin on liver histology was noted in patients with NAFLD in a 

meta-analysis that pooled results from 4 studies (59).

Ursodeoxycholic acid (UDCA)

UDCA proposed mechanisms of action include altering bile acid pool, modulation of 

immune response, cell signaling and mitochondrial integrity in addition to potential anti-

inflammatory and anti-apoptotic effects (60).

Contrary to the early reports of favorable effects of low (12–15mg/kg/day) and high (28–35 

mg/kg/day) UDCA on liver biochemistries, steatosis and histology in NAFLD (22, 24, 61, 

62), larger studies failed to validate these findings. Two large randomized studies in patients 

with biopsy-confirmed NASH showed no significant effects for UDCA on NASH histology 

with low (13–15 mg/kg/day for 2 years, n=166) or high dose (23–28 mg/kg/day for 1.5 

years, n=185) UDCA (63, 64). Currently, there is no role for UDCA in patients with NASH.

Statins

Several small reports suggest that the HMG CoA reductase inhibitors, also known as statins, 

are safe when used in patients with NAFLD and have favorable effects on liver 

transaminases and hepatic steatosis on imaging (65–69). Improvement in NAFLD histology 

could not be consistently demonstrated in the small reported studies (70–72).

On the other hand, there is no evidence for increased hepatotoxicity when statins are used to 

treat dyslipidemia in patients with NAFLD or other chronic liver diseases (73–75). In a large 

study of dyslipidemic patients with elevated baseline liver transaminases who did (n=1342) 

or did not (n=2245) received statins, there was no difference in the incidence of 

hepatotoxicity over a 6 months follow up(74). The post-hoc analysis of the GREACE study 

evaluated 437 patients with increased liver biochemistry tests at baseline presumably due to 

NAFLD. The 227 who were treated with a statin (88% received atorvastatin) had substantial 

improvement in liver tests (p<0·0001) compared to the remaining 210 subjects whose liver 

tests did not improve. (73). The incidence of cardiovascular events was significantly lower 

compared to those with elevated liver tests who did not receive a statin (10% vs 30%, 

p<0.0001). The discontinuation of the statin due to rise in the transaminases to more than 

three-times the upper limit of normal per study protocol was reported in less than 1% of 

study subjects.

Fibrates

Fibrates activation of PPAR-α increases hepatic fatty acid oxidation and reduce hepatic 

triglyceride synthesis and VLDL production and export (76). The results of small studies 
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yielded inconsistent effects of fibrates on NAFLD on ALT (61, 77, 78). Despite decreasing 

plasma triglycerides and VLDL, there was no effect for fenofibrate on hepatic fat content in 

a short 8 weeks study (79). Data on fibrates effect on liver histology in NAFLD are also 

conflicting, with one study showing improvement only in ballooning while another study 

showed no effect on histology (61, 78).

Long-chain polyunsaturated fatty acids (LC-PUFA)

LC-PUFA in the n−3 (ω-3) series including docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA), are abundant in fish and fish oil supplements. LC-PUFA 

reduce triglycerides, adipose tissue inflammation, endothelial dysfunction, and increase 

HDL, adiponectin and insulin sensitivity (80–82). LC-PUFA desaturation is altered in rodent 

and human NASH with an increase in the pro-inflammatory (ω-6 pathway) and decrease in 

the anti-inflammatory (ω-3) pathways (83).

Several studies reported improvement of ALT and steatosis with LC-PUFA (84–89). The 

effect on hepatic steatosis but not ALT was corroborated in a meta-analysis of data pooled 

from these studies (90). In the WELCOME study 103 subjects with NAFLD were 

randomized to receive 15–18 months treatment with DHA+EPA (4 gm/day) (91). No 

significant decrease in hepatic fat content or serum markers of fibrosis was noted. 

Erythrocytes enrichment with DHA correlated with decreased hepatic fat content. No effects 

on ALT, liver histology or serum levels of Keratin-18, hyaluronic acid, C-reactive protein or 

insulin resistance were observed in a recent large multicenter trial that randomized 243 

subjects with biopsy proven NASH to placebo, EPA 1800 mg/day, or EPA 2700 mg/day for 

12 months (92). In another study from the United States which consisted of 41 non-cirrhotic 

NASH patients, n-3 fish oil administered for one year offered no histological benefit (93). 

Currently, there are no data supporting the use of fish oil to improve liver histology in 

patients with NASH.

Angiotensin antagonists

The renin-angiotensin system modulates hepatic stellate cells activation and fibrogenesis 

(94–96). There is emerging data to suggest that blocking this system may have an effect on 

NAFLD histology and particularly fibrosis. For example, the use of angiotensin-converting-

enzyme inhibitors (ACEI) or angiotensin-receptor blockers (ARB) for treatment of 

hypertension in patients with NAFLD was associated decreased hepatic fibrosis and 

ballooning in a recent small retrospective study (97). In another study, 150 patients with 

NAFLD were randomized to receive either losartan or amlodipine for 6 months followed by 

simvastatin (98). Significant reduction in ultrasound measured hepatic steatosis, visceral 

adipose tissue, and insulin resistance were observed with Losartan compared to amlodipine. 

Addition of simvastatin enhanced these effects. Treatment of 54 patients with NASH and 

hypertension for 20 months with valsartan or telmisartan improved ALT, HOMA and 

steatosis. Significant improvement in lobular inflammation, ballooning, NAS and fibrosis 

and was only seen with telmisartan (99). Although these results are encouraging, to date 

there have not been rigorously conducted randomized controlled trials of sufficiently length 

and histological end points to definitely define the role of ACEI and ARBs in NASH.
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Pentoxifylline

Based on its possible favorable effects on tumor necrosis factor-α, hepatic glutathione and 

hepatic inflammation (100–102), several studies have tested pentoxifylline as a potential 

therapy for NASH. Initial studies reported improvement in ALT as a treatment for NASH in 

a few small studies. Earlier reports suggested reduction of ALT and TNF-α (103, 104). Two 

small studies subsequently reported improvement in NASH histology with pentoxifylline 

(102, 105). However, these effects could not be demonstrated in another study in which there 

was no show significant improvement in NASH histology with pentoxifylline compared to 

placebo (106).

E. Emerging pharmacologic agents for NASH

Obeticholic acid (OCA)

OCA is a selective agonist of the bile acid nuclear receptor farnesoid X receptor (FXR). 

FXR biological effects include regulation of bile acids synthesis and transport, lipid and 

glucose homeostasis and hepatic inflammation (107, 108). In the first pilot human trial, 64 

patients with NAFLD and type 2 diabetes mellitus were randomized to receive placebo, 

OCA at 25 mg, or OCA at 50 mg orally once daily for 6 weeks (109). OCA therapy resulted 

in improved insulin sensitivity, ALT and serum markers of fibrosis in addition to resulting in 

weight loss. Subsequently, OCA was studied in a large randomized clinical trial (FLINT) 

that recruited 283 subjects with biopsy proven non-cirrhotic NASH (110). Subjects were 

randomized to receive OCA 25 mg orally daily or matching placebo for 72 weeks. Type 2 

diabetes was present in almost half of the study population. The primary outcome of this 

study was improvement in liver histology defined as a decrease in NAS by at least 2 points 

without worsening of fibrosis from baseline to the end of treatment. The trial’s design was 

modified midway after a planned interim analysis showed significant improvement in liver 

histology in subjects receiving OCA. As a result, it was deemed unnecessary to perform end 

of therapy liver biopsy on the last 64 subjects. Improvement in steatosis, lobular 

inflammation, ballooning and fibrosis was observed significantly more with OCA versus 

placebo (Figure 2). A significantly higher number of subjects achieved the primary study 

outcome on OCA as compared to placebo (45% versus 21%, relative risk 1.9, 95% CI 1.3 to 

2.8; p=0·0002). Resolution of NASH was observed more frequently with OCA than placebo 

(22 versus 13%), but this did not reach statistical significance (p=0.08) (Figure 2).

The most common adverse event with OCA therapy was pruritus, which was reported in 

23% on OCA versus 6% on placebo. In addition, a decrease in HDL and increase in total 

and LDL cholesterol were observed with OCA at 12 weeks of therapy. But these changes 

improved with therapy and resolved after stopping OCA. Patients receiving OCA also had a 

mild increase in alkaline phosphatase, similar to the prior pilot trial. Five severe or life 

threatening adverse events that were deemed related to OCA including possible cerebral 

ischemia (n=1), severe pruritus (n=3), and hyperglycemia (n=1). Two deaths in subjects 

receiving OCA were deemed not related to OCA; one from myocardial ischemia and another 

from sepsis and heart failure. OCA therapy was associated with a mean weight loss of 2.3 kg 

compared to no weight loss with placebo. Studies confirming the efficacy and demonstrating 

long term safety of OCA in NASH are being planned.
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Fibroblast growth factor 21

Fibroblast growth factor 21 (FGF21) is regulator of metabolism and energy homeostasis 

(111, 112). FGF21 administration improves hepatic steatosis, inflammation and fibrosis in 

murine models of NAFLD and NASH (113–115)., FGF21 administration resulted in 

improvements in hepatic necroinflammation and fibrosis, insulin sensitivity, and post-

prandial lipidemia n Ossabaw miniature swine with diet induced NASH (116). Authors are 

aware of two early phase clinical trials planned by Pharma in the United States in 2015–

2016. One difficulty with these agents is their parenteral route of administration.

Exenatide and liraglutide

Exenatide is a synthetic glucagon-like peptide-1 (GLP-1) agonist with regulatory effects on 

post-prandial insulin secretion and glucose metabolism (117). It reduces free fatty acid 

induced endoplasmic reticulum stress and apoptosis (118), and improves hepatic steatosis in 

patients with type 2 diabetes by improving sensitivity to fibroblast growth factor 21 (119–

121). An open label study of 8 patients with diabetes and biopsy proven NASH evaluated the 

effects of 28 weeks of exenatide on liver histology (122). There was improvement in NASH 

histological lesions and NAS redyction in 5 subjects. Fibrosis improved in 4 subjects (by 1 

stage in 3 subjects and by 2 stages in one subject). There is currently one registered trial 

(NCT02303730) that aims to test the effects of exenatide on hepatic fat content in Chinese 

patients with type 2 diabetes in comparison to insulin glargine.

Recent data offer encouraging results for liraglutide, another GLP-1 agonist. A small single 

arm, open-label Japanese study (LEAN-J) showed some histological benefit with 96 weeks 

of liraglutide treatment in 10 patients with NASH who had paired liver biopsies (X). At the 

most recent International Liver Congress (Vienna 2015), Dr. Phil Newsome’s group 

presented the final results of their LEAN trial which consisted of 52 patients with biopsy-

proven NASH and randomized participants to receive either 1.8 mg/day of liraglutide 

subcutaneously or placebo. The primary end of this trial, resolution of NASH with no 

worsening of fibrosis, was observed in 39% of patients receiving liraglutide as compared to 

9% in the placebo group (x). Full results of this study as a peer reviewed manuscript are 

awaited.

Cysteamine Bitartrate

Cysteamine is a glutathione precursor that is more effective at crossing cellular membranes 

than glutathione. It has a protective effect against acetaminophen-induced liver injury in 

humans (123, 124). Enteric coated cysteamine given for 24 weeks to 13 children with biopsy 

proven NAFLD and elevated ALT (125), resulted in normalization or significant > 50% 

reduction in ALT in 7 children associated with an increase in mean serum adiponectin level 

and a decrease in keratin-18 levels. There is currently an ongoing clinical trial of in children 

with biopsy proven NAFLD (NCT01529268) to evaluate the effects of 3 doses of cysteamine 

given for 52 weeks on NAFLD histology.

Simtuzumab

Lysyl oxidases (LOX) are a family of extracellular matrix crosslinking enzymes involved in 

crosslinking collagen and elastin. Simtuzumab is a humanized monoclonal antibody to LOX 
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like (LOXL) 2 (126). There are currently two clinical trials in patients with NASH and 

bridging fibrosis (NCT01672866) or cirrhosis (NCT01672879) evaluating simtuzumab’s 

safety and effects on hepatic venous pressure gradient, hepatic fibrosis, and overall and 

hepatic events free survival.

GR-MD-02

Galactin 3 protein is important in hepatic fibrogenesis. GR-MD-02 is a galactin 3 inhibitor 

that improved fibrosis and portal hypertension in toxin-induced cirrhosis, and resulted in 

regression of fibrosis in a murine model of NASH with fibrosis (127, 128). In a phase 1 trial 

in patients with NASH and bridging fibrosis,GR-MD-02 improved serum markers of fibrosis 

(FibroTest® and Keratin-18) and inflammatory markers (tumor necrosis factor-alpha and 

interleukin-6 and 8) in studied subjects (129). There no safety issues reported. A multicenter, 

phase 2 study of GR-MD-02 in patients with NASH cirrhosis is underway in the United 

States.

Cenicriviroc

Cenicriviroc (CVC) is an oral inhibitor of the C-C chemokine receptors (CCR) 2 and 5, 

which are involved in macrophage recruitment to the liver. It improves hepatic fibrosis and 

necroinflammation in a murine model of diet and streptozotocin induced NASHt (130). A 

phase 2 clinical trial (NCT02217475) that is currently evaluating the safety and efficacy of 

this agent in improving histology in patients with NASH and fibrosis but without cirrhosis.

Aramchol

Aramchol is a synthetic lipid molecule resulting from the conjugation of arachidic acid 

(saturated fatty acid) and cholic acid (bile acid). In rodent models of diet induced NAFLD, it 

suppresses stearoyl coenzyme Adesaturase 1 (SCD1) activity and improves hepatic 

steatosis(131, 132). In a recent controlled trial (133), 60 subjects with biopsy proven 

NAFLD were randomized to receive aramchol 100 mg or 300 mg daily versus placebo for 3 

months. Significant reduction in hepatic fat content as measured by magnetic resonance 

spectroscopy was noted in the 300 mg group compared to placebo. No significant 

improvement in ALT, insulin sensitivity or endothelial function was observed. There is 

currently an ongoing clinical trial (NCT02279524) in pre-diabetic or diabetic patients with 

biopsy proven NASH to investigate the effect of 52 weeks of Aramchol therapy (400 mg or 

600 mg once daily) on liver fat content and histology.

GFT505

GFT505 is a dual PPAR α and δ agonist that improves insulin sensitivity and exerts 

favorable effects on circulating lipids. Animal studies showed favorable effects for GFT505 

on NASH histology (134, 135). It improved hepatic steatosis, fibrosis, and inflammation in 

different models of NASH and hepatic fibrosis in rodents (136). GFT505 has also been 

shown to result in improvement in liver enzymes in subjects with the metabolic syndrome in 

phase II trial (136). A phase2 multicenter randomized clinical trial (GOLDEN-505, 

NCT01694849) was recently completed and its promising preliminary results became 
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available through the company’s press release (x) but full results are not yet available to the 

scientific community.

E. Conclusions

NAFLD importance as a clinical entity is continuing to increase and is resulting in increased 

utilization of liver transplantation. In addition to exercise and weight loss, vitamin E and 

pioglitazone have demonstrated efficacy in improving NASH histology in non-diabetic, non-

cirrhotic patients. This is an exciting time indeed in the field with multiple emerging 

promising pharmacologic therapies for NASH that are aimed not only at improving fibrosis 

but also underlying disturbed metabolic pathways. The results of these clinical trials are 

anxiously awaited to fill in the many unmet needs that exist in NASH therapy such as 

treatment of the patients with diabetes or those with cirrhosis.
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Figure. 1. 
Effects of vitamin E and pioglitazone on liver histology in the PIVENS trial.

Footnote: * indicates statistical significance. LI: lobular inflammation, HB: hepatocellular 

ballooning. The primary outcome was improvement in histology defined as improvement by 

≥1 points in ballooning score, no increase in the fibrosis score, and either a decrease in the 

NAS to ≤3 points or a decrease in NAS of ≤2 points, with at least a 1 point decrease in either 

the lobular inflammation or steatosis score.
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Figure 2. 
Effects of obeticholic acid on liver histology in the FLINT trial.

Footnote: * indicates statistical significance. LI: lobular inflammation, HB: hepatocellular 

ballooning. The primary outcome was an improvement in histology defined as a decrease of 

≥2 points in NAS and no worsening in the fibrosis score;
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Table 1

Emerging therapeutic agents for NASH

Agent Putative mechanism/s Effects on NAFLD Studies in human 
NAFLD

Obeticholic acid FXR ligand Improves glucose and lipid 
metabolism

Improves histology including 
fibrosis

Yes

Fibroblast growth factor 21 Regulates glucose and lipid metabolism Improves histology in animal 
models including fibrosis

Not known

Exenatide and Liraglutide GLP-1 agonist Regulates glucose metabolism 
and post-prandial insulin sectretion

Improves histology including 
fibrosis

Yes. Recently 
presented liraglutide 
data offer exciting 
results.

Cysteamine Bitartrate glutathione precursor Antioxidant Improves ALT and keratin-18 Yes, Ongoing clinical 
trial

Simtuzumab LOXL2 antagonist Antifibrotic Unknown Yes, Ongoing clinical 
trial

GR-MD-02 galactin 3 inhibitor Improves fibrosis in murine 
models

Yes, Ongoing clinical 
trial

Cenicriviroc inhibitor of CCR 2 and 5 Improves hepatic inflammation 
and fibrosis on murine models

Yes, Ongoing clinical 
trial

Aramchol fatty acid–bile acid conjugate Inhibits stearoyl 
coenzyme A desaturase 1

Decreased hepatic fat content Yes, Ongoing clinical 
trial

GFT505 PPAR α and δ agonist Imporves insulin 
sensitivity and lipid metabolism

Improves hepatic steatosis, 
inflammation and fibrosis in 
murine models

Yes, the scientific 
results of the 
GOLDEN 505 trial are 
awaited
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