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     Abbreviations 

   NAFLD    Nonalcoholic fatty liver disease   
  NASH    Nonalcoholic steatohepatitis   
  ALT    Alanine aminotransferase   
  HOMA    Homeostasis Model Assessment   
  TZDs    Thiazolidinediones   
  OCA    Obeticholic acid   
  CVD    Cardiovascular disease   
  ESLD    End-stage liver disease   
  HCC    Hepatocellular carcinoma   

          Goals of Treatment 

  The  three                                                               most common causes of mortality in 
patients with NAFLD are  cardiovascular disease 
(CVD)  ,  extrahepatic malignancy, and end-stage 
liver disease (ESLD)  . To improve patient sur-
vival, efforts should be directed at preventing 
these major events. In this chapter, we will focus 
on current and emergent therapies to prevent 
NAFLD progression to ESLD in addition to dis-
cussing management options for NAFLD patients 

with ESLD and hepatocellular carcinoma (HCC). 
Liver-related aspects of preventing CVD will be 
discussed. Interventions to reduce the risk of 
extrahepatic malignancy fall beyond the scope of 
this chapter, and will not be discussed. 

 Because the majority of liver-related events 
are the result of progression of NASH to cirrho-
sis, liver failure, and HCC, liver-directed thera-
pies have been directed at stopping the 
progression of or reversing NASH. In patients 
with liver failure or HCC, liver transplantation 
should be considered as an option to improve 
patient’s survival and quality of life. While a 
majority of patients with nonalcoholic fatty liver 
(NAFL) have a benign hepatic outcome, there are 
emerging data to suggest that metabolic distur-
bances associated with NAFLD may improve or 
reverse by resolution of hepatic steatosis. Given 
that CVD is the most common cause of death in 
patients with NAFLD, it is important to optimize 
the management of established risk factors for 
CVD including the use of statins to achieve target 
lipoprotein levels. Emerging therapies including 
molecules against new targets and anti-fi brotic 
agents will be discussed.   

    Liver-Directed Therapies 

 In the following sections, therapeutic strategies 
directed at improving liver involvement with 
NAFLD will be discussed. 
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    Weight Loss 

   In numerous  clinical    studies  , mild to moderate 
weight loss has been shown to improve insulin 
sensitivity, liver transaminases, hepatic steatosis 
by various imaging modalities, and liver histol-
ogy in patient who had NASH [ 1 – 19 ]. 

 The effects of weight reduction on hepatic ste-
atosis can be seen in as early as 2 weeks follow-
ing weight loss [ 10 ]. Subjects losing about 4 % of 
their baseline weight in 2 weeks with caloric- or 
carbohydrate-restricted diets demonstrate nearly 
40 % reduction in intrahepatic triglycerides [ 10 ]. 

 The amount of weight loss necessary to 
improve imaging-detected hepatic steatosis can 
be as low as 3–5 % of starting body weight [ 10 , 
 15 ]. However, more weight loss may be neces-
sary to improve other lesions associated with 
NASH. Several small studies examined the 
effects of non-bariatric weight loss on liver his-
tology in patients with NAFLD [ 3 ,  8 ,  17 ,  18 ,  20 , 
 21 ]. In a study of 25 subjects [ 17 ], 15 subjects 
were assigned to reduced caloric diet plus daily 
exercise (walking and running) for 3 months. The 
ten subjects in the control group did not change 
their diet or physical activity. All participants 
underwent liver biopsy at the beginning and con-
clusion of the study. At the end of the study, BMI, 
ALT, fasting glucose, and steatosis signifi cantly 
improved in the intervention group. Another 
study randomized 31 patients with biopsy-proven 
NASH to receive 48 weeks of dietary modifi ca-
tion (weight-based caloric restriction with 25 % 
fat) and exercise (to accumulate at least 10,000 ft 
with a pedometer with additional physical activi-
ties encouraged), in addition to behavioral strate-
gies to induce and maintain the diet and exercise 
pattern ( n  = 21) [ 8 ]. The control group ( n  = 10) 
received only standard education about the diag-
nosis of NASH, healthy diet, and exercise. In the 
treatment group, subjects lost a mean of 9.3 % of 
their baseline weight compared to 0.2 % in con-
trols. In addition to improvement in ALT, there 
was a signifi cant improvement in the NAFLD 
activity score in the treatment group. Subjects 
who lost ≥7 % of baseline weight experienced 
signifi cant improvement in steatosis, lobular 
infl ammation, and ballooning. There was no 

change in the mean fi brosis score before and after 
lifestyle changes in this study. Other studies com-
bined orlistat [ 20 ,  21 ], vitamins E and C [ 3 ], or a 
nutritional supplement (Viusid) [ 18 ] with life-
style modifi cations to induce weight loss in 
patients with NASH, and they generally reported 
improvement in histological features associated 
with NASH except for fi brosis. 

 Based on the available data, the recent multi- 
society practice guidelines recommend a goal of 
at least 3–5 % weight loss for reducing hepatic 
steatosis and a larger reduction of weight up to 
10 % of baseline weight to improve hepatic 
necroinfl ammation in patients with NASH [ 22 ]. 
An interesting study from Cuba was just pub-
lished, and it reported the fi ndings from a pro-
spective inception cohort study of weight loss 
through lifestyle modifi cation in 293 patients 
with histologically confi rmed NASH [ 23 ]. Two 
hundred and sixty-one patients underwent a fol-
low- up liver biopsy at 52 weeks. At week 52, 
30 % of the participants achieved a weight loss ≥ 
5 %, and there was a strong stepwise relationship 
between the magnitude of weight loss and the 
degree of histological improvement. Notably, 
individuals achieving ≥10 % weight loss exhib-
ited dramatic histological improvement including 
improvement in fi brosis (Table  16.1 ).

   Adequately powered studies addressing the 
role of macronutrient composition in managing 
NAFLD are sparse [ 19 ,  24 ]. A recent report sug-
gested a greater reduction in hepatic triglycerides 
as measured by magnetic resonance spectroscopy 
(−55 ± 14 % versus −28 ± 23 %) following 2 
weeks of carbohydrate-restricted diet as com-
pared to 2 weeks for calorie-restricted diet despite 
a similar degree of weight loss with both diets 
(−4.6 ± 1.5 kg versus −4.0 ± 1.5 kg) [ 10 ]. Whether 
these changes in hepatic fat content are sustain-
able over time with these different diets is cur-
rently unknown. There are however data on the 
long-term sustainability of weight loss with dif-
ferent diets. A large randomized trial using four 
different hypocaloric diets with emphasis on dif-
ferent macronutrients showed no signifi cant 
 differences between diets including those 
with higher or lower carbohydrate portions after 
2 years of dietary modifi cation [ 25 ]. This sup-
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ports the current multi-society practice guide-
lines recommendation of hypocaloric diet to 
achieve weight loss without specifi c emphasis on 
any macronutrient [ 22 ]. 

 While increased  dietary intake of fructose   
particularly in corn syrup has been suggested to 

contribute to the increased risk of NAFLD and 
even more severe NAFLD histology [ 26 – 28 ], 
more recent reports have challenged this propo-
sition. Although increased consumption of car-
bohydrates including fructose correlated with 
obesity risk, fat and total energy intake had more 

   Table 16.1    Improvement of histological  outcomes      across different categories of weight loss at the end of treatment   

 Variables 
 Overall 
  n  = 293 

 WL < 5 % 
  n  = 205 

 WL = 5–6.99 % 
  n  = 34 

 WL = 7–9.99 % 
  n  = 25 

 WL ≥ 10 % 
  n  = 29   P  value **  

 Weight loss (%)  3.8 ± 2.7  1.78 ± 0.16  5.86 ± 0.09  8.16 ± 0.22  13.04 ± 6.6  – 

 Resolution of 
steatohepatitis a  

 72 (25)  21 (10)  9 (26)  16 (64)  26 (90)  <0.01 

 NAS improvement b   138 (47)  66 (32)  21 (62)  22 (88)  29 (100)  <0.001 

   –   Change in NAS 
from baseline 

 −1.58 ± 0.27  −0.89 ± 0.13  −1.94 ± 0.36  −3.84 ± 0.29  −4.10 ± 0.23  <0.001 

 Steatosis 
improvement 

 142 (48)  72 (35)  22 (65)  19 (76)  29 (100)  <0.001 

   –   Change from 
baseline 

 −0.63 ±0.10  −0.36 ± 0.07  −1 ± 0.13  −1.40 ± 0.19  −1.69 ± 0.12  <0.001 

 Lob. Infl ammation 
improvement 

 147 (50)  72 (35)  24 (71)  22 (88)  29 (100)  <0.001 

   –   Change from 
baseline 

 −0.49 ± 0.15  −0.29 ± 0.05  −0.53 ± 0.22  −1.32 ± 0.09  −1.21 ± 0.11  <0.001 

 Ballooning 
improvement 

 115 (39)  54 (26)  14 (41)  21 (84)  26 (90)  <0.001 

   –   Change from 
baseline 

 −0.45 ± 0.17  −0.24 ± 0.04  −0.41 ± 0.13  −1.12 ± 0.13  −1.34 ± 0.08  <0.001 

  Fibrosis status  c   <0.01 

   –   Regression  56 (19)  33 (16)  6 (18)  4 (16)  13 (45) 

   –   Stabilized  191 (65)  129 (63)  25 (74)  21 (84)  16 (55) 

   –   Worsened  46 (16)  43 (21)  3 (8)  0 (0)  0 (0) 

   –   Change from 
baseline 

 −0.01 ± 0.02  0.09 ± 0.07  −0.02 ± 0.03  −0.17 ± 0.12  −0.86 ± 0.20  <0.001** 

 Portal infl ammation 
improvement 

 44 (15)  27 (13)  3 (9)  5 (20)  9 (31)  0.049 

   –   Change from 
baseline 

 0.02 ± 0.02  0.06 ± 0.01  0.09 ± 0.03  −0.07 ± 0.01  −0.31 ± 0.08  <0.01** 

  NAS   <0.001 

 NAS ≤ 2  119 (41)  48 (23)  20 (59)  22 (88)  29 (100) 

 NAS 3–4  79 (27)  74 (36)  2 (6)  3 (12)  0 (0) 

 NAS ≥ 5  95 (32)  83 (41)  12 (35)  0 (0)  0 (0) 

  Reproduced with permission from [ 23 ] 
 Abbreviations:  WL  weight loss,  NASH  nonalcoholic steatohepatitis. Qualitative data expressed as  n  (%) and quantitative 
data as mean ± SD 
  a Resolution of steatohepatitis was defi ned as absence of the histological features of defi nite steatohepatitis, which 
required lack of hepatocellular ballooning with no fi brosis impairment 
  b NAFLD activity score (NAS) improvement indicates a reduction by at least two points in the NAS in comparison to 
baseline values with no fi brosis impairment 
  c Patients were classifi ed as regression (decrease of at least 1 point in the fi brosis score), stabilized (no changes in the 
fi brosis score), and worsened (increase of at least 1 point in the fi brosis score) 
  ** Signifi cant difference (P < .01) between WL >10% as compared with WL between 7% and 10%, adjusted by Bonferroni test.  
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infl uence on intrahepatic triglycerides content 
[ 29 ,  30 ]. 

 The benefi t of exercise as part of the recom-
mended lifestyle modifi cation for NAFLD 
patients has been demonstrated in several studies 
[ 5 ,  7 ,  11 ,  13 ,  14 ,  16 ,  31 – 33 ]. The degree of 
 physical fi tness correlates with the risk of 
NAFLD, with lower fi tness strongly correlating 
with presence of NAFLD and increased fi tness 
correlating with resolution of fatty liver by mag-
netic resonance spectroscopy [ 32 ]. Furthermore, 
aerobic and resistance exercise training may 
improve insulin sensitivity and hepatic steatosis 
independent of weight loss [ 11 ,  14 ,  31 ,  34 ]. 

 The limited long-term durability of weight 
loss achieved through lifestyle modifi cation rep-
resents a practical limitation to this approach as 
an effective strategy to manage NAFLD. Most of 
the weight loss is seen in the fi rst 6 months of 
these interventions and may reach up to 10 % of 
initial body weight. One study randomized 811 
subjects to 4 types of reduced caloric diets with 
variation in carbohydrate, protein, and fat content 
for 2 years [ 25 ]. At 6 months, the average weight 

loss was 6 kg, and many subjects began regaining 
weight after the fi rst year. By 2 years, the average 
weight loss was 4 kg, and only 15 % of the sub-
jects were able to lose more than 10 % of their 
baseline weight. Their macronutrient composi-
tion did not affect the degree of weight loss 
among the different study groups. 

 A systematic review evaluated 80 randomized 
trials of different weight loss modalities (total of 
24,698 subjects, 68 % completed the planned 
studies) that had a minimum of 1 year follow-up 
[ 35 ]. Weight loss was achieved through diet or 
exercise alone, diet and exercise, meal replace-
ments, very-low-energy diets, medications (orli-
stat or sibutramine), or advice alone. After an 
initial average weight loss of 5–8.5 kg, weight 
plateaued at 6 months. Only an average of 3–6 kg 
(3–6 %) of the weight loss was maintained at 4 
years (Fig.  16.1 ). No signifi cant weight loss was 
achieved in subjects who received advice or 
exercise alone.

   On the other hand, morbidly obese patients 
who have a high prevalence of NAFLD experi-
ence sustainable weight loss reaching up to 25 % 
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  Fig. 16.1    Long-term  weight loss      with various types of 
nonsurgical methods. Courtesy Dr. Marion Franz. 
Reproduced Franz MJ, VanWormer JJ, Crain AL, Boucher 
JL, Histon T, Caplan W, et al. Weight-loss outcomes: a 

systematic review and meta-analysis of weight-loss clini-
cal trials with a minimum 1-year follow-up. J Am Diet 
Assoc. 2007;107(10):1755–67 [ 35 ], with permission of 
the American Dietetic Association       
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of initial body weight at 5 years following bariat-
ric surgery [ 36 ]. A recent systematic review of 
bariatric surgery studies with at least 2 years of 
follow-up showed that both gastric bypass and 
sleeve gastroplasty consistently resulted in a 
minimum of >50 % excess weight loss, an out-
come observed only in 31 % of gastric banding 
studies [ 37 ]. All types of bariatric procedures 
resulted in improvement in associated comorbid-
ities including type 2 diabetes, dyslipidemia, and 
hypertension [ 37 ]. The effects of bariatric  surgery 
on NAFLD have been reported in numerous 
studies and summarized in recent meta-analysis 
and systematic review [ 36 ,  38 – 46 ]. The majority 
of patients with NAFLD experience improve-
ment or resolution of steatosis and steatohepatitis 
(Fig.  16.2 ). Improvement in fi brosis including 
resolution of cirrhosis has been reported, but 
some studies reported an increase in mild fi brosis 
in 7–40 % of the patients [ 41 ,  44 ,  47 – 49 ].

   A careful look at the fi ve studies reporting 
worsening fi brosis (Table  16.2 ) reveals that three 
of these studies used wedge biopsies which tend 
to be associated with increase in peripheral fi bro-

sis and frequently lead to overestimation of fi bro-
sis [ 47 – 49 ]. The remaining two studies came 
from the same group and reported an increase in 
fi brosis at 1 and 5 years following bariatric sur-
gery [ 41 ,  44 ]. Liver histology was evaluated with 
core liver biopsies, and a considerable proportion 
of patients (42 %) underwent biliointestinal 
bypass in the fi rst study [ 41 ], a procedure known 
to be associated with increased risk for develop-
ment of hepatic fi brosis [ 50 ]. In the second study 
from this group, biliointestinal bypass was 
 performed in 23 % of the patients [ 44 ]. About 
80 % of patients had fi brosis regression, whereas 
20 % experienced fi brosis progression at 5 years 
following bariatric surgery. In this cohort, >90 % 
of patients with fi brosis progression went from 
stage 0 to 1; and in the total cohort with follow-
 up biopsies, 96 % had fi brosis stage ≤1, and 
0.5 % had stage 3. These patients remained mor-
bidly obese at 5 years following surgery (BMI 
40.5 ± 8.3 kg). Only one patient who underwent 
biliointestinal bypass progressed to cirrhosis in 
the setting of alcohol abuse. On multivariate 
analysis, only underlying fi brosis but not BMI, 

  Fig. 16.2    Resolution of both  steatohepatitis   and signifi -
cant fi brosis following Roux-en-Y gastric bypass surgery. 
Courtesy Dr. Francois Pattou. Reproduced from Caiazzo 
R, Lassailly G, Leteurtre E, Baud G, Verkindt H, Raverdy 
V, et al. Roux-en-Y gastric bypass versus adjustable gas-

tric banding to reduce nonalcoholic fatty liver disease: a 
5-year controlled longitudinal study. Ann Surg. 
2014;260(5):893–9 [ 36 ], with permission of Wolters 
Kluwer Health       
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steatosis, infl ammation, or ballooning infl uenced 
the progression. In this study, the investigators 
reported no signifi cant differences in fi brosis pro-
gression between the gastric band, biliointestinal, 
and gastric bypass groups between baseline and 5 
years. However, the investigators just published 
another follow-up report detailing their 5-year 
follow-up of their bariatric cohort [ 36 ], in which 
they declared that their center abandoned bilioin-
testinal bypass due to concerns about association 
with liver fi brosis and replaced it with adjustable 
gastric band, Roux-en-Y gastric bypass, or sleeve 
gastrectomy. In this updated report, 13 patients 
had bridging fi brosis at baseline, which regressed 
in six and disappeared in two patients. There was 
no report of worsening fi brosis in this cohort 
without biliointestinal bypass from the same cen-
ter. Roux-en-Y gastric bypass resulted in more 
weight loss and improvement in NAFLD histol-
ogy in this report although patients were not ran-
domized and the type of surgery was chosen by 
patients. Patients who received the adjustable 
gastric band had lower BMI, HOMA, and NAS 
scores at baseline. Based on these data, there is 
no convincing evidence that weight loss induced 
by Roux-en-Y gastric bypass, gastric band, or 
sleeve gastrectomy is associated with progres-
sion of hepatic fi brosis.

   Bariatric surgery can therefore be an option to 
NAFLD patients with morbid obesity [ 22 ]. There 
is however paucity of data about the safety and 
optimal type of bariatric surgery for patients with 
NASH-related cirrhosis, with the few case series 
including patients with cirrhosis reporting 
improvement in NASH histology and regression 
of cirrhosis in many patients [ 47 ,  48 ].    

    Vitamin E 

   It has long been contended that oxidative stress 
contributes to the pathogenesis of NASH [ 51 – 56 ]. 
Based on its known function as an antioxidant 
[ 57 ], vitamin E has been used alone or with other 
compounds in multiple trials to treat NASH or 
NAFLD [ 1 ,  58 – 66 ]. Varying dosages ranging 
from 100 to 1200 IU/day have been used with 
reported benefi cial effects on liver enzymes, ste-

atosis, infl ammation, ballooning, and hepatic 
fi brosis. The duration of vitamin E monotherapy 
in these trials ranged from 4 to 96 weeks [ 65 ,  67 ]. 
Vitamin E effects on ALT could be seen in as 
early as 4 weeks [ 65 ] and on histology in 6 months 
[ 60 ,  61 ]. In one of the largest randomized trials in 
NASH to date, the PIVENS [ 63 ], vitamin E was 
given at dose of 800 IU/day for 96 weeks and 
compared to pioglitazone or placebo. Vitamin E 
and pioglitazone improved ALT, steatosis, lobular 
infl ammation, and ballooning and resulted in 
 resolution of NASH in a signifi cant number of 
patients. There was no improvement in fi brosis. 
Vitamin E, however, was not associated with 
weight gain as pioglitazone. This trial excluded 
patients with NASH if they had diabetes or cir-
rhosis. In the TONIC clinical trial [ 66 ], which 
compared the effi cacy of vitamin E to that of met-
formin in children with biopsy-proven NAFLD, 
signifi cant improvement in ballooning grade and 
NAFLD activity score was noted only with vita-
min E. Other trials with vitamin E monotherapy 
were small, and either did not include diabetics or 
included a small subgroup of diabetics. 

 A meta-analysis by Miller et al. raised con-
cerns about an increase in all-cause mortality 
with vitamin E use [ 68 ]. Although other meta- 
analyses confi rmed this fi nding [ 69 ,  70 ], these 
results were contested by other analyses which 
did not show an association but raised the possi-
bility of underlying patients’ condition as a pos-
sible cause of increased mortality associated with 
vitamin E intake [ 71 ,  72 ]. More recently, an 
increased rate of prostate cancer was reported in 
a trial with vitamin E administered to healthy 
men [ 73 ]. The multi-society practice guidelines 
recommend considering vitamin E at 800 IU 
daily as a fi rst-line therapy for patients with his-
tologically confi rmed NASH without cirrhosis or 
type 2 diabetes [ 22 ].    

    Thiazolidinediones 

    The    peroxisome proliferator-activated receptor- 
gamma (PPAR-γ) agonists  ,  rosiglitazone   and 
 pioglitazone  , improve insulin sensitivity by 
decreasing glucose production and increasing its 
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utilization in the muscle, adipose, and liver tissue. 
Thiazolidinediones (TZDs) induce favorable 
effects on production of adiponectin, resistin, 
interleukin-6, and tumor necrosis-alpha and 
reduce circulating free fatty acids, thus modulat-
ing infl ammation and atherosclerosis [ 74 – 77 ]. 
Pioglitazone also has a PPAR-α effect which 
mediate hepatic fatty acid oxidation and infl am-
mation [ 78 ]. 

 Several small studies evaluated the effects of 
rosiglitazone on NAFLD [ 79 – 84 ]. Initial reports 
suggested improvement in all NASH histological 
features. However, the FLIRT2 trial examined 
the long-term effects of extending the use of rosi-
glitazone for 2 additional years in subjects who 
already participated in an initial 1 year placebo- 
rosiglitazone trial [ 82 ]. The prolonged use of 
rosiglitazone in this trial was only associated 
with continued improvement in ALT, insulin 
 sensitivity, and steatosis, but not hepatic necroin-
fl ammation or fi brosis. 

 The benefi cial effects of pioglitazone on 
NAFLD have also been shown in several clinical 
trials [ 60 ,  63 ,  85 – 87 ]. In the PIVENS clinical 
trial, pioglitazone resulted in NASH resolution in 
34 % of the subjects compared to 43 % of sub-
jects on vitamin E and 19 % for the placebo 
group. Pioglitazone signifi cantly improved 
 steatosis and necroinfl ammation, but not fi brosis 
in nondiabetic, non-cirrhotic subjects with NASH 
in this trial [ 63 ]. A recent meta-analysis of data 
from this study in addition to two prior trials of 
pioglitazone in NASH [ 86 ,  87 ] confi rmed the 
improvement in steatosis and necroinfl ammation 
but also showed improvement in fi brosis in the 
pooled data (Fig.  16.3 ) [ 88 ].

   Except for increased weight (4.7 kg over the 
study 96-week period), pioglitazone was well tol-
erated and did not have higher adverse events 
compared to placebo in this trial. 

 However, the metabolic and histological 
improvements seen with pioglitazone use reverse 

Model Group by
Subgroup within study

Study name Statistics for each study

Ballooning Belfort (2006) Ballooning
Ballooning Aithal (2008) Ballooning
Ballooning Sanyal (2010) Ballooning

Fixed Ballooning
Random Ballooning

Combined Necroinflammation Belfort (2006) Combined Necroinflammation
Fixed Combined Necroinflammation

Random Combined Necroinflammation
Fibrosis Belfort (2006) Fibrosis
Fibrosis Aithal (2008) Fibrosis
Fibrosis Sanyal (2010) Fibrosis

Fixed Fibrosis
Random Fibrosis

Lobular Inflammation Belfort (2006) Lobular Inflammation
Lobular Inflammation Aithal (2008) Lobular Inflammation
Lobular Inflammation Sanyal (2010) Lobular Inflammation

Fixed Lobular Inflammation
Random Lobular Inflammation

Portal Inflammation Aithal (2008) Portal Inflammation
Fixed Portal Inflammation

Random Portal Inflammation
Steatosis Belfort (2006) Steatosis
Steatosis Aithal (2008) Steatosis
Steatosis Sanyal (2010) Steatosis

Fixed Steatosis
Random Steatosis

Peto 
odds ratio

3.389
3.690
1.893
2.378
2.378
7.186
7.186
7.186
1.684
1.615
1.694
1.677
1.677
4.229
2.201
2.716
2.809
2.809
1.140
1.140
1.140
2.923
1.602
4.428
3.283
3.062

Lower 
limit

1.063
1.094
1.001
1.432
1.432
2.199
2.199
2.199
0.528
0.508
0.900
1.017
1.017
1.355
0.781
1.471
1.740
1.740
0.359
0.359
0.359
0.935
0.586
2.400
2.041
1.660

Upper 
limit

10.804
12.444
3.580
3.949
3.949

23.478
23.478
23.478
5.367
5.130
3.190
2.767
2.767

13.196
6.207
5.015
4.534
4.534
3.623
3.623
3.623
9.142
4.384
8.167
5.282
5.647

Z-Value

2.064
2.105
1.964
3.346
3.346
3.265
3.265
3.265
0.881
0.812
1.634
2.025
2.025
2.483
1.491
3.194
4.228
4.228
0.222
0.222
0.222
1.844
0.918
4.763
4.901
3.582

p-Value

0.039
0.035
0.050
0.001
0.001
0.001
0.001
0.001
0.378
0.417
0.102
0.043
0.043
0.013
0.136
0.001
0.000
0.000
0.824
0.824
0.824
0.065
0.359
0.000
0.000
0.000

0.01 0.1 1 10 100

Favors Placebo Favors Pioglitazone

  Fig. 16.3    Effects of  pioglitazone   on liver histological 
features in nonalcoholic steatohepatitis. Courtesy Dr 
Rohit Loomba. Reproduced from Boettcher E, Csako G, 
Pucino F, Wesley R, Loomba R. Meta-analysis: piogli-

tazone improves liver histology and fi brosis in patients 
with nonalcoholic steatohepatitis. Aliment Pharmacol 
Ther. 2012;35(1):66–75 [ 88 ], with permission of John 
Wiley and Sons       
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upon its discontinuation. In a follow-up study of 
21 patients after 48 weeks of pioglitazone ther-
apy, 13 subjects were followed for an additional 
48 weeks, and 9 subjects had repeated liver 
biopsy [ 89 ]. Rebound increases in ALT and 
HOMA, decrease in adiponectin level, and wors-
ening steatosis and infl ammation were observed. 
This study not unexpectedly shows that long- 
term use of pioglitazone is necessary to maintain 
the associated metabolic and hepatic benefi ts. 

 While the majority of patients with NASH in 
the TZD trials were nondiabetics, there is continu-
ing controversy about the TZDs long-term safety 
for treating type 2 diabetes. Reports of increased 
incidence of bone fractures, congestive heart fail-
ure, and bladder cancer have raised concern about 
TZDs safety [ 90 ,  91 ]. The cardiovascular profi le 
for pioglitazone may be better than that of rosigli-
tazone as it was associated with lower risk for car-
diovascular events, including congestive heart 
failure and myocardial infarction, in a recent 
meta-analysis [ 92 ]. These different cardiovascu-
lar effects were postulated to be related to the dif-
ferent effects pioglitazone exerts on metabolic 
genes in addition to observed improvements in 
triglycerides and high-density lipoprotein choles-
terol levels compared to rosiglitazone. 

 The current multi-society practice guidelines 
recommend that pioglitazone may be used with 
caution in nondiabetic patients with biopsy- 
proven NASH [ 22 ].    

    Obeticholic Acid 

   Since the  discovery   of the bile acid nuclear recep-
tor  farnesoid X receptor (FXR)   [ 93 ,  94 ], there has 
been considerable progress in the understanding 
of its biological functions. FXR plays an essential 
role in regulating bile acids synthesis and trans-
port, lipid and glucose homeostasis, and hepatic 
infl ammation [ 95 ,  96 ]. Obeticholic acid (OCA) is 
a semisynthetic derivative of the primary human 
bile acid chenodeoxycholic acid, the natural ago-
nist of the FXR. Based on its potent and selective 
FXR agonist effects, OCA has been tested as a 

potential therapeutic agent for NASH in two clin-
ical studies. The initial study was a pilot human 
trial of short duration consisting of 64 patients 
with nonalcoholic fatty liver disease and type 2 
diabetes mellitus [ 97 ]. Patients were randomized 
to receive placebo, 25 mg OCA, or 50 mg OCA 
once daily for 6 weeks. The primary end point of 
the study was improvement in insulin sensitivity 
as measured by the hyperinsulinemic- euglycemic 
clamp technique. Changes in liver enzyme levels 
were among several measured secondary end 
points. Compared to placebo, OCA improved 
insulin sensitivity, ALT, and  Enhanced Liver 
Fibrosis test  , a validated serum marker of fi bro-
sis. Importantly, treatment was associated with 
weight loss. Despite remaining within the normal 
range, there was a mild increase in alkaline phos-
phatase levels in subjects receiving OCA com-
pared to placebo. 

 This study was followed by a large multi-
center randomized clinical trial (FLINT) of oral 
OCA in patients with NASH without cirrhosis 
[ 98 ]. In total, 283 patients with biopsy-proven 
NASH and NAFLD activity score (NAS) of ≥4 
were randomized to receive OCA 25 mg orally 
daily or matching placebo for 72 weeks. Nearly 
50 % of the subjects had type 2 diabetes. The 
primary outcome of this study was improvement 
in liver histology defi ned as a decrease in NAS 
by at least 2 points without worsening of fi brosis 
from baseline to the end of treatment. Due to its 
vanguard study design, after a planned interim 
analysis showed signifi cant benefi cial effects of 
OCA on histology, treatment was ended early in 
the last 64 subjects and a follow-up liver biopsy 
was not obtained for them. A greater number of 
participants receiving OCA met the primary 
study outcome on OCA as compared to placebo 
(45 % versus 21 %, relative risk 1.9, 95 % CI 
1.3–2.8;  p  = 0.0002). There was signifi cant 
improvement noted in steatosis, lobular infl am-
mation, ballooning, and fi brosis with OCA 
(Table  16.3 ). Although resolution of defi nite 
NASH was observed more frequently with OCA 
than placebo (22 versus 13 %), this did not reach 
statistical signifi cance ( p  = 0.08).
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    Pruritus   occurred more commonly with OCA 
(23 % versus 6 %). OCA therapy was associated 
with a decrease HDL and increase in total and 
LDL cholesterol at 12 weeks of therapy. These 
changes attenuated with therapy and resolved after 
discontinuation of OCA. Similar to the earlier 
OCA study, there was mild increase in alkaline 
phosphatase in the OCA group. There was an aver-
age weight loss of 2.3 kg with OCA compared to 
no weight loss in the placebo group. Five severe or 
life-threatening events that were deemed related to 
OCA including three events of severe pruritus, one 
of hyperglycemia, and one of possible cerebral 
ischemia. There were two deaths in subjects 
receiving OCA and were deemed not related to the 

study drugs (one from myocardial ischemia and 
another from sepsis and heart failure). 

 The favorable effects of OCA on liver 
 histology are encouraging. Additional studies to 
validate the fi ndings and provide longer-term 
follow-up will be needed to confi rm effi cacy and 
defi ne the safety profi le of this agent.    

    Liver Transplantation 

    Liver transplantation   is a therapeutic option for 
patients with NASH cirrhosis who develop liver 
failure or hepatocellular carcinoma. Indeed, there 
has been a considerable increase in liver transplan-

   Table 16.3    Effects of 72 weeks of obeticholic acid therapy on liver histology in patients with NASH   

 Obeticholic acid  Placebo 

 Relative risk or change 
 Obeticholic acid vs. placebo 

 (95 % CI)   P -value 

  Primary outcome  

 No. of patients at risk a   110  109 

 Patients with improvement— n  (%)  50 (45.5)  23 (21.1)  1.9 (1.3, 2.8)  0.0002 

  Changes from baseline in histologic features  

 No. of patients with biopsy specimens at 
baseline and 72 weeks 

 102  98 

 Resolution of defi nite nonalcoholic 
steatohepatitis— n  (%) 

 22 (21.6)  13 (13.3)  1.5 (0.9, 2.6)  0.08 

  Fibrosis  b  

 Patients with improvement— n  (%)  36 (35.3)  19 (19.4)  1.8 (1.1, 2.7)  0.004 

 Change in score—mean ± SD  −0.2 ± 1.0  0.1 ± 0.9  −0.3 (−0.6 to −0.1)  0.01 

  Total NAFLD activity score  

 Change in score—mean ± SD  −1.7 ± 1.8  −0.7 ± 1.8  −0.9 (−1.3 to −0.5)  <0.0001 

  Hepatocellular ballooning  

 Patients with improvement— n  (%)  47 (46.1)  30 (30.6)  1.5 (1.0, 2.1)  0.03 

 Change in score—mean ± SD  −0.5 ± 0.9  −0.2 ± 0.9  −0.2 (−0.5 to 0.0)  0.03 

  Steatosis  

 Patients with improvement— n  (%)  62 (60.8)  37 (37.8)  1.7 (1.2, 2.3)  0.001 

 Change in score—mean ± SD  −0.8 ± 1.0  −0.4 ± 0.8  −0.4 (−0.6 to −0.2)  0.00041 

  Lobular infl ammation  

 Patients with improvement— n  (%)  54 (52.9)  34 (34.7)  1.6 (1.1, 2.2)  0.006 

 Change in score—mean ± SD  −0.5 ± 0.8  −0.2 ± 0.9  −0.3 (−0.5 to −0.1)  0.0006 

  Portal infl ammation  

 Patients with improvement— n  (%)  12 (11.8)  13 (13.3)  1.0 (0.6, 1.7)  0.90 

 Change in score—mean ± SD  0.2 ± 0.7  0.2 ± 0.7  0.0 (−0.1 to 0.2)  0.59 

  Reproduced with permission from Neuschwander-Tetri et al. [ 98 ] 
  a  Number of randomly assigned patients with observed or expected week 72 visit before protocol modifi  ed on Jan 6, 
2014, to eliminate week 72 biopsy 
  b  Fibrosis was assessed on a scale of 0–4, with higher scores showing more severe fi brosis  
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tation for NASH over the past decades. NASH is 
currently the second most common indication for 
liver transplantation in the USA and is projected 
to become the leading indication in the next one 
to two decades [ 99 – 102 ]. Patients with NASH cir-
rhosis who are listed for liver transplantation are 
usually older and have higher BMI and lower inci-
dence of HCC than those listed for other indications 
[ 99 ,  103 ]. Despite a more complex transplantation 
course marked by increased intraoperative blood 
loss, longer operative times, and posttransplant 
length of stay [ 101 ], the 1- and 3-year posttrans-
plant survival for patients transplanted for NASH 
cirrhosis are excellent (average 85 % and 78 %, 
respectively); they are at least comparable to that 
autoimmune disease and better than hepatocel-
lular carcinoma, hepatitis C virus, alcoholic liver 
disease, acute hepatic necrosis, and hemochro-
matosis [ 99 – 101 ,  104 ]. Although NAFLD and 
NASH recur  following transplantation in up to 
40 % of the patients, graft and patient survival are 
not affected at least in the short to midterm [ 101 , 
 105 – 107 ]. Meticulous selection of candidates with 
NASH cirrhosis for liver transplantation is neces-
sary for optimal outcomes posttransplantation. 
Given the high prevalence of cardiovascular dis-
ease in patients with NAFLD, potential candidates 
should undergo a thorough pre-transplant cardiac 
evaluation to diagnose and treat underlying car-
diac disease [ 108 ]. Optimization of the metabolic 
syndrome and obesity management is also an 
important aspect of the care in the pre- and post-
transplantation setting [ 109 ].     

    Other Agents 

    Metformin 

    Metformin   is a commonly used hypoglyce-
mic agent. It inhibits hepatic gluconeogenesis, 
enhances peripheral tissue utilization of glucose, 
reduces circulating free fatty acids, and decreases 
food intake and body weight, changes that are 
collectively associated with improved insulin 
sensitivity [ 110 – 112 ]. 

 Metformin has been tested as a treatment for 
NAFLD or NASH in several trials. Initial small 

studies reported improvement in ALT, steatosis by 
imaging, and liver histology with metformin 
[ 113 – 119 ]. In the largest clinical trial in adults 
[ 113 ], 110 nondiabetic Italian subjects with 
NAFLD (mean age 43 years, BMI 28.8 kg/m 2 ) 
were randomized to receive metformin (2 g/day; 
 n  = 55) versus vitamin E (800 IU/day;  n  = 28) ver-
sus dietary intervention to reduce weight ( n  = 27) 
for 12 months. ALT improved in all cases. In the 
17 subjects who received metformin and agreed 
to repeat liver biopsy, signifi cant improvement in 
hepatic steatosis, necroinfl ammation, and fi brosis 
was observed. However, metformin effects on 
liver histology could not be reproduced in several 
subsequent studies [ 66 ,  120 – 122 ]. In the largest 
randomized trial testing the effects of metformin 
to date, the  TONIC clinical trial   [ 66 ], 173 children 
(aged 8–17 years) with biopsy-confi rmed NAFLD 
were randomized to receive vitamin E (800 IU/
day,  n  = 58), metformin (1000 mg/day,  n  = 57), or 
placebo ( n  = 58) for 96 weeks. Neither metformin 
nor vitamin E showed signifi cant difference com-
pared to placebo in achieving sustainable decrease 
in ALT. Reduction in ballooning grade and 
NAFLD activity score, and increase in proportion 
of patients with NASH resolution with both met-
formin and vitamin E, reached statistical signifi -
cance only with vitamin E, but not metformin 
therapy. There was no signifi cant improvement in 
the other NAFLD histological features with either 
therapy compared to placebo. A meta-analysis 
that pooled the results from four studies with met-
formin found no effect for metformin on liver his-
tology in patients with NAFLD [ 123 ]. Based on 
this data, the multi-society practice guidelines do 
not recommend metformin for the treatment of 
liver disease in patients with NASH [ 22 ].    

    Ursodeoxycholic Acid 

    Ursodeoxycholic acid (UDCA)   has many attrac-
tive putative mechanisms of actions that 
prompted testing it as a potential therapy for 
NAFLD. In addition to altering the bile acid pool, 
UDCA has choleretic, anti-infl ammatory and 
anti-apoptotic effects and may modulate immune 
response and mitochondrial integrity [ 124 ]. 
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 Earlier studies reported improvement of ALT 
and steatosis in patients with NAFLD with 
UDCA at a daily dose of 12–15 mg/kg alone or 
when combined with vitamin E [ 62 ,  64 ,  125 ]. 
Another study using high-dose UDCA 
 (28–35 mg/kg/day for 12 months) in 126 subjects 
with biopsy-proven NASH showed reduction in 
ALT together with improvement in serum mark-
ers of insulin resistance and hepatic fi brosis 
[ 126 ]. However, two large randomized studies in 
patients with biopsy-confi rmed NASH at base-
line and with histological end points failed to 
show signifi cant effects for UDCA on NASH his-
tology with low-dose (13–15 mg/kg/day for 2 
years,  n  = 166) and high-dose (23–28 mg/kg/day 
for 1.5 years,  n  = 185) UDCA [ 127 ,  128 ]. This 
data does not support the use of UDCA for treat-
ment of NAFLD or NASH.    

    Statins 

   The hydroxymethylglutaryl-CoA reductase (HMG-
CoA reductase) inhibitors, also  known   as statins, 
are widely used for the treatment of dyslipidemia 
and primary and secondary prevention of cardiovas-
cular disease [ 129 ,  130 ]. Several small reports sug-
gest that these agents are safe when used in patients 
with NAFLD and may result in decreasing ALT 
levels and hepatic steatosis on imaging [ 131 – 135 ]. 
Two small studies suggested an improvement in 
histological features other than fi brosis, but no his-
tological changes were noted in a third study [ 136 –
 138 ]. Based on this inconclusive data and lack of 
adequately designed randomized trials, statins can-
not be recommended as treatment for NASH. 

 However, in patients with NAFLD or NASH, 
statins can be safely used to treat dyslipidemia as 
demonstrated by the above studies and data from 
larger studies specifi cally looking at their safety 
in the setting of NAFLD and other liver diseases 
[ 139 – 141 ]. In a large study that evaluated the 
safety of statins in dyslipidemic patients with 
underlying liver disease, there was no signifi cant 
difference in the incidence of elevated liver tests 
of varying severity after 6 months of use between 
subjects with and without elevated baseline liver 
enzymes [ 140 ]. In a randomized controlled trial 
of high-dose pravastatin in patients with compen-

sated chronic liver disease and dyslipidemia 
[ 141 ], the incidence of ALT elevation to more 
than twice the upper limit of normal at the end of 
36-week trial was lower in subjects who received 
pravastatin compared to placebo (7.5 % vs. 
12.5 %), although this did not reach statistical 
signifi cance ( p  = 0.13). Another large study (the 
GREACE study) showed that in patients with 
underlying coronary artery disease and elevated 
transaminases presumably due to NAFLD, those 
who received statin (88 % received atorvastatin) 
experienced an improvement in their liver tests 
compared to those who did not [ 139 ]. More 
importantly, they suffered lower number of car-
diovascular events compared to those with ele-
vated liver tests who did not receive a statin 
(10 % vs. 30 %,  p  < 0.0001). Less than 1 % of 
study subjects discontinued statin due to  elevation 
in transaminase to more than three-times the 
upper limit of normal per study protocol. All 
together, these data suggest that there is no evi-
dence for increased severe hepatotoxicity in 
patients with NAFLD who receive statins.    

    Fibrates 

    Fibrates   are commonly used to treat hypertri-
glyceridemia [ 77 ]. By activating PPAR-α, 
fi brates increase hepatic fatty acid oxidation 
and reduce hepatic triglyceride synthesis and 
VLDL production and export [ 142 ]. In patients 
with the metabolic syndrome, fi brates reduce 
plasma triglyceride, C-reactive protein, and 
interleukin-6 without affecting hepatic or 
peripheral insulin sensitivity or circulating free 
fatty acids [ 143 ,  144 ]. 

 There are a few small studies exploring the 
effects of fi brates on NAFLD with confl icting 
fi brates effects on ALT [ 125 ,  145 ,  146 ]. One 
study showed no effect of 8 weeks therapy with 
fenofi brate on hepatic fat content despite decreas-
ing plasma triglycerides and VLDL [ 147 ]. Two 
studies reported fi brates effect on liver histology 
in NAFLD with one showing improvement only 
in ballooning, while the other reported no 
improvement in histology [ 125 ,  146 ]. Based on 
current available data, fi brates cannot be recom-
mended to treat NASH.    
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    Long-Chain Polyunsaturated 
Fatty Acids  

    Long-chain polyunsaturated fatty acids 
(LC-PUFA)   in the n-3 (omega-3: ω-3) series 
including docosahexaenoic acid (DHA; 
C22:6n-3) and eicosapentaenoic acid (EPA; 
C20:5n-3) are abundant in fi sh and fi sh oil sup-
plements and exert several benefi cial biological 
effects. In addition to lowering triglycerides and 
increasing HDL, LC-PUFA increase circulating 
adiponectin, improve insulin sensitivity, and 
reduce body weight, adipose tissue infl ammation, 
endothelial dysfunction, and coronary artery dis-
ease risk [ 148 – 150 ]. These effects are highly 
desirable in patients with NAFLD in whom car-
diovascular disease is the leading cause of death. 
Based on analysis of the National Health and 
Nutrition Examination Survey (NHANES) 
2003–2008 data, a majority of US adults do not 
consume the recommended daily amount of 
LC-PUFA [ 151 ]. There is also data to suggest the 
LC-PUFA desaturation is altered in NASH with 
imbalance between the pro-infl ammatory (ω-6 
pathway) and the anti-infl ammatory (ω-3) path-
ways [ 152 ]. 

 LC-PUFA have been tested as treatment of 
NAFLD in several studies with reports of 
improved ALT and hepatic steatosis by imaging 
[ 153 – 158 ]. These studies were limited either by 
small size, non-biopsy diagnosis of NAFLD, or 
design issues. A meta-analysis of data pooled 
from these studies showed signifi cant heteroge-
neity among studies but yielded consistent effect 
for LC-PUFA on improving hepatic steatosis 
[ 159 ]. The pooled data could not confi rm 
improvement in transaminases with this therapy. 
A recent study randomized 37 diabetic patients 
with NASH to receive a combination of 
EPA+DHA (4 g/day) or placebo containing corn 
oil for 48 weeks [ 160 ]. There was no change in 
liver enzymes or histology with LC-PUFA in this 
study. In a randomized placebo-controlled study 
of 103 subjects with NAFLD (the WELCOME 
study), 15–18 months treatment with DHA+EPA 
(4 g/day) did not result in signifi cant decrease in 
hepatic fat content or serum markers of fi brosis 
[ 161 ]. The lack of effect was attributed to 

 compliance in the treatment arm and 
 contamination with DHA/EPA in the placebo 
group. There was a signifi cant correlation noted 
between the increase in erythrocytes enrichment 
with DHA and decreasing hepatic fat content. In 
a large multicenter trial of EPA, 243 subjects 
with biopsy-proven NASH were randomized to 
receive placebo, EPA 1800 mg/day, or EPA 
2700 mg/day for 12 months. EPA therapy had no 
effects on ALT, liver histology, or serum levels of 
keratin-18, hyaluronic acid, C-reactive protein, 
or insulin resistance [ 162 ]. Finally, in a recent 
study in 41 patients with NASH but without cir-
rhosis, subjects were randomized to receive 3 g 
of n-3 fi sh oil or placebo for 12 months [ 163 ]. 
Treatment with fi sh oil had no signifi cant effects 
on NASH histological lesions compared to pla-
cebo. Subgroup analysis of subjects who main-
tained or increased their weight during the study 
showed a nonsignifi cant trend for reduction in 
liver fat by morphometric and MRI quantifi ca-
tions in the treatment arm but not by the standard 
semiquantitative scoring of steatosis on liver 
biopsy. To date, no study has yet explored the 
effi cacy of purifi ed DHA alone as a potential 
therapy for NASH. This approach is attractive 
because experimental data suggest DHA may be 
more potent than EPA in suppressing hepatic 
lipogenesis, infl ammation, oxidative stress, and 
fi brosis [ 164 ,  165 ].    

    Angiotensin Antagonists 

   There is  evidence   for a role of the renin- 
angiotensin system in regulating hepatic stellate 
cells and fi brogenesis. Activation of the 
 angiotensin II receptor 1 results in stellate cells 
activation and proliferation, whereas blocking 
this receptor or angiotensin II results in stellate 
cell apoptosis and diminished hepatic fi brosis 
[ 166 – 168 ]. In a cross-sectional retrospective 
study, the use of angiotensin-converting enzyme 
inhibitors (ACEI) or angiotensin receptor block-
ers (ARB) in patients with NAFLD and hyper-
tension was associated with milder degree of 
fi brosis and ballooning [ 169 ]. One study random-
ized 150 patients with NAFLD to receive either 
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losartan or amlodipine for 6 months followed by 
simvastatin [ 170 ]. Losartan resulted in reduction 
in hepatic steatosis, visceral adipose tissue, and 
insulin resistance compared to amlodipine, and 
these effects were further enhanced by adding 
simvastatin. In another study of 54 patients with 
NASH and hypertension, patients were random-
ized to receive one of two ARBs, valsartan or 
telmisartan for 20 months [ 171 ]. ALT, HOMA, 
and liver histology improved in both groups. 
Both drugs resulted in signifi cant reduction in 
steatosis, but only telmisartan signifi cantly 
improved lobular infl ammation, ballooning, 
fi brosis, and the NAFLD activity score.    

    Pentoxifylline 

    Pentoxifylline   is a nonselective phosphodiester-
ase inhibitor that has many putative functions 
including suppression of tumor necrosis factor-α, 
increasing hepatic glutathione, and reducing 
hepatic infl ammation and oxidation of free fatty 
acids [ 172 – 174 ]. 

 It has been tested as a treatment for NASH in 
a few small studies. Earlier reports suggested 
reduction of ALT [ 175 ,  176 ]. One small open- 
label study reported improvement in NAFLD 
activity score with pentoxifylline [ 177 ]. Similar 
results were shown in a randomized controlled 
trial of 55 patients with NASH, with improve-
ment in steatosis, lobular infl ammation, and 
fi brosis, but not ballooning after 1 year of pent-
oxifylline therapy [ 178 ]. However, another ran-
domized study of 30 patients with NASH did not 
show signifi cant improvement in NASH histol-
ogy compared to placebo [ 179 ]. Additional large 
clinical trials are needed to test pentoxifylline’s 
effects of NASH histology.     

    Emerging Therapies 

    Simtuzumab 

    Lysyl oxidases (LOX)    are   a family of extracellu-
lar matrix cross-linking enzymes involved in 
cross-linking collagen and elastin. Simtuzumab 

is a humanized monoclonal antibody to LOX like 
(LOXL) 2 [ 180 ]. Two clinical trials in patients 
with NASH and bridging fi brosis (NCT01672866) 
or cirrhosis (NCT01672879) are currently evalu-
ating its safety and effects on hepatic venous 
pressure gradient, hepatic fi brosis, and overall 
and hepatic event-free survival.    

    GR-MD-02 

   Galectin 3 protein is important in hepatic fi brogen-
esis.  GR-MD-02   is a complex carbohydrate galec-
tin 3 inhibitor that improved fi brosis and portal 
hypertension in toxin-induced cirrhosis and 
resulted in regression of fi brosis in a murine model 
of NASH with fi brosis [ 181 ,  182 ]. The results of 
an early phase 1 trial have recently been presented 
[ 183 ] and demonstrated safety of this compound 
in patients with NASH and bridging fi brosis. This 
compound reduced serum markers of fi brosis 
(FibroTest ®  and Keratin-18) and infl ammatory 
markers (tumor necrosis factor- alpha and interleu-
kin-6 and 8) in studied subjects. A multicenter, 
phase 2 study of GR-MD-02 in patients with 
NASH cirrhosis is underway in the USA.    

    Exenatide 

    Exenatide   is a synthetic glucagon-like peptide-1 
(GLP-1) agonist. It exerts strong regulatory effect 
on postprandial insulin secretion and glucose 
metabolism [ 184 ]. 

 There is early data from animal and human 
studies showing that exenatide reduces free fatty 
acid-induced endoplasmic reticulum stress and 
apoptosis [ 185 ] and results in improvement in 
hepatic steatosis in patients with type 2 diabetes 
by improving sensitivity to fi broblast growth fac-
tor 21 [ 186 – 188 ]. In a small open-label study, 
eight patients with diabetes and biopsy-proven 
NASH received exenatide for 28 week [ 189 ]. 
There was improvement in NASH histological 
lesions which resulted in reduction in the NAFLD 
activity score in fi ve subjects. Fibrosis improved 
by one stage in three subjects and by two stages 
in one and worsened by one stage in one subject, 
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while it remained stable in the other three 
 subjects. Large randomized controlled trials are 
needed to adequately assess exenatide effects on 
NASH histology.    

    Fibroblast Growth Factor 21 

    Fibroblast growth factor 21 (FGF21)   is a member 
of the hormone-like FGF subfamily and is a 
potent regulator of metabolism and energy 
homeostasis [ 190 ,  191 ]. In murine models of 
NAFLD and NASH, FGF21 administration has 
been shown to improve hepatic steatosis, infl am-
mation, and fi brosis [ 192 – 194 ]. In Ossabaw min-
iature swine with diet-induced NASH, FGF21 
administration resulted in improvements in 
hepatic necroinfl ammation and fi brosis, insulin 
sensitivity, and postprandial lipidemia [ 195 ]. No 
clinical trials in humans have yet been under-
taken to evaluate the effects of FGF21 on NASH.    

    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. In a murine model of diet- and streptozoto-
cin-induced NASH, there was reduction in fi bro-
sis and necroinfl ammation in mice receiving this 
agent [ 196 ]. There is currently an ongoing phase 
2 clinical trial (NCT02217475) that is evaluating 
the safety and effi cacy of this agent in improving 
histology in patients with NASH and fi brosis but 
without cirrhosis.    

    GFT505 

    GFT505   is a dual PPAR α and δ agonist that 
improves insulin sensitivity and reduces serum 
triglycerides and low-density lipoprotein while 
increasing high-density lipoprotein levels with 
early animal studies suggesting favorable effects 
on NASH histology [ 197 ,  198 ]. In various mod-
els of liver injury, this agent improved hepatic 
steatosis, fi brosis, and infl ammation [ 199 ]. In 

phase II clinical trials in subjects with the 
 metabolic syndrome, GFT505 resulted in 
improvement in liver enzymes [ 199 ]. There is an 
ongoing phase 2 multicenter randomized clinical 
trial (NCT01694849) that is evaluating the effects 
of 52-week therapy with various doses of 
GFT505 on NASH histological lesions.    

    Cysteamine Bitartrate 

     Glutathione   is an  important   endogenous antioxi-
dant. Cysteamine, a glutathione precursor, is 
more effective at crossing cellular membranes 
than glutathione. It exerts an antioxidant effect 
that is protective against acetaminophen-induced 
liver injury in humans [ 200 ,  201 ]. In a recent 
pilot study, enteric-coated cysteamine was given 
for 24 weeks to 13 children with biopsy-proven 
NAFLD and elevated ALT [ 202 ]. In the 11 sub-
jects who completed the study, 7 had normaliza-
tion or >50 % reduction in ALT. There was also 
an increase in the 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 three doses of cysteamine 
given for 52 weeks on NAFLD histology.      

    Management of Associated 
Metabolic Comorbidities 
and Environmental Risks 

  Patients with NAFLD have high prevalence of 
other components of the metabolic syndrome 
[ 203 – 205 ]. NAFLD is an independent risk factor 
for CVD and type 2 diabetes [ 206 – 210 ], while 
CVD is the leading cause of death in patients 
with NAFLD [ 206 ,  211 ,  212 ]. In addition to 
efforts aimed at improving the liver disease in 
patients with NASH, optimum control of the 
associated metabolic conditions and CVD risk 
factors such as smoking is important to optimize 
the survival of all patients with NAFLD, includ-
ing those without NASH [ 213 ]. Weight reduction 
and excellent control of type 2 diabetes and dys-
lipidemia are recommended for all patients with 
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NAFLD [ 214 ,  215 ]. It is critical to not withhold 
statins from NAFLD patients who have indica-
tions for their use as there is ample evidence as 
summarized above for their safety in patients 
with liver disease including those with NAFLD 
[ 216 ]. Effective lifestyle modifi cations for 
patients with NAFLD are associated with 
improvement in the metabolic and CVD risks 
[ 214 ]. Weight loss induced through lifestyle 
modifi cations or bariatric surgery also results in 
dramatic improvement not only on NAFLD his-
tology but also in associated metabolic condi-
tions [ 42 ,  43 ,  214 ,  217 ]. There is emerging data 
to suggest that with NAFLD resolution, patients 
may be no longer at increased future risk for dia-
betes development [ 218 ]. 

 Of the environmental risks, alcohol consump-
tion warrants special attention. Alcohol effects on 
health and mortality have been the subject of 
continuing debate. In several studies, light to 
moderate alcohol consumption (less than two 
drinks or 40 g a day) increased serum HDL and 
reduced insulin resistance, triglycerides, and risk 
of type 2 diabetes, coronary artery disease, and 
mortality [ 219 – 224 ]. Light to moderate alcohol 
consumption has also been associated with lower 
prevalence of NAFLD and improved insulin sen-
sitivity as suggested by lower HOMA scores 
[ 224 – 227 ]. A recent meta-analysis of pooled data 
from eight cohorts that included subjects with 
modest drinking (less than 40 g/day of alcohol) 
suggested a protective effect for modest drinking 
against NAFLD [ 228 ]. Another recent cross- 
sectional study from the NASH Clinical Research 
Network showed lower incidence of NASH in 
patients reporting modest alcohol consumption 
of <20 g/day [ 229 ]. In addition, modest drinking 
was associated with lower frequency of balloon-
ing and fi brosis compared to no prior alcohol 
drinking history. 

 Despite these favorable reports, long-term 
safety of light to modest alcohol consumption in 
patients with or at risk for NAFLD is not well 
established. Short-term moderate alcohol con-
sumption (16 g/day in women and 33 g/day for 
men) in healthy Swedish subjects for 90 days 
increased intrahepatic fat content by 1.1 % (range 
0.2–3.9 %) [ 230 ]. Alcohol consumption exceed-

ing one drink a day has also been associated with 
increased risk of alcoholic liver disease and death 
from cirrhosis and cancers of the upper gastroin-
testinal tract in large cohort studies [ 220 ,  231 , 
 232 ]. Additionally, in a recent study of patients 
with NASH cirrhosis, any alcohol consumption 
including social drinking pattern was associated 
with signifi cantly increased risk for hepatocellu-
lar carcinoma [ 233 ]. 

 In summary, until prospective long-term stud-
ies assess the safety and benefi ts of alcohol use in 
patients with NAFLD, alcohol consumption 
 cannot be recommended for these patients [ 22 ]. 
A comprehensive approach to identify and cor-
rect associated metabolic conditions and CVD 
risk factors is necessary to optimize the care and 
outcomes of patients with NAFLD.      
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