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ABSTRACT

Nonalcoholic fatty liver disease (NAFLD) is currently the most common liver disease worldwide, the
prevalence of which had progressively increased over the past 10 years where other liver diseases remained at
the same prevalence rates or are expected to decrease as in the case of hepatitis C virus (HCV). The treatment
of NAFLD is of prime concern to health care professionals and patients due to the significant mortality
and morbidity it implies; the problem is further escalated by the fact that standard of care medications
targeting NAFLD remain experimental and without evidence base. Treatment nowadays is focused on
lifestyle modification and managing the comorbid associated diseases, with a possible role for some hepatic
protective agents. This review presents all the medications that had been proposed and used for the treatment
of NAFLD with or without scientific rationale and includes agents for weight loss, insulin sensitizers, drugs
that reduce blood lipids, glucagon-mimetics, drugs that may reduce fibrosis, angiotensin receptor blockers,
and medicines believed to reduce endoplasmic reticular stress such as vitamin E, ursodeoxycholic acid, and
S-adenosyl methionine. A quick review of the newer agents that proved to be promising such as obeticholic

acid and GFT505 and the medicines that are still in the pipeline is also presented.
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Nonalcoholic fatty liver discase (NAFLD) is probably
the most common liver disorder in the world."! Globally,
NAFLD is pandemic with an estimated prevalence of
20%-30% in Western countries and 5%-18% in Asia, which
is expected to increase over time. The prevalence is rising
in recent years due to changes in dietary habits being more
westernized and owing to increase of sedentary lifestyle
thus placing a worry on NAFLD becoming the main
cause of liver disease among young adults and children.?!
There is a considerable need to treat NAFLD patients
because they have a 1.7-fold increase in standardized
age and gender-matched mortality.’! The most common
cause of death in patients with NAFLD and nonalcoholic
steatohepatitis (NASH) is cardiovascular events, but
they also have an increased liver-related mortality rate
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particularly when advanced fibrosis, cirrhosis, and
hepatocellular carcinoma (HCC) develop.?# Currently,
there is no medicine that can be considered as the
standard of care for the treatment of NASH.PI Al
available medications that are recommended for the
treatment of NAFLD patients target the established
pathophysiologic mechanisms of NASH in accordance
with the presence of an associated disease and remains
experimental with inconsistent supporting evidence-based
responses. The need for an effective medicinal agent
is high, particularly when NAFLD is isolated without
other comorbidities. Until then, treatment should focus
on lifestyle modifications, therapeutic medicines used
for associated conditions, and probably liver-protecting
agents. Figure 1 shows the different pathophysiologic
mechanisms of NAFLD and the medicines targeting each
of these mechanisms.
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Figure 1: Diagram showing the different pathophysiologic mechanisms: Insulin resistance, oxidative stress, lipogenesis, fibrogenesis, and
dysbiosis with medicines and therapeutics targeting each of these mechanisms

LIFESTYLE MODIFICATIONS AND WEIGHT LOSS

Life style modifications include attention to patient’s physical
activity and in addition to that of encouraging weight loss,
which could be achieved by dietary control in conjunction, in
some instances, of medicines that help losing weight such as
orlistat, or of bariatric surgery. Lifestyle modification should
be stressed as being central to all therapeutic modalities
despite the difficulties in implementing it by the patients.

Weight loss

In a recent meta-analysis of randomized trials, it was observed
that weight loss of at least 7% is effective in improving
histological disecase activity, although it was achieved by less
than 50% of patients.!! A greater weight loss (up to 10%)
may be needed to improve necro-inflammation as well.l”)
The optimal dietary composition for NAFLD patients is
variable as per different authors but physicians should plan
a clear target that genuinely leads to loss of weight through
carbohydrate and lipid restriction. The Mediterranean
dietary pattern has gained interest as it showed that it might
have a beneficial effect on both prevention and resolution of
the metabolic syndrome.®! It should be watched, however,
that severe caloric restriction should be avoided, as it may be
harmful and lead to decompensation of liver function thus
aggravating NAFLD.!

Physical activity

It is known that physical activity reduces the risk of
impaired fasting glucose, type 2 diabetes mellitus (T2DM),
insulin resistance (IR), hypertension, dyslipidemia, and
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the metabolic syndrome, which are main conditions that
co-exist with NAFLD and contribute to its pathogenesis.
Two analyses carried out in the cohort of the Look AHEAD
Study-a multicenter prospective study that compared
intensive lifestyle intervention, including caloric restriction
and at least 175 min of moderate acrobic physical activity
per week, to standard care in diabetic subjects-reported that
after 1 year of intervention there was a significant decrease
in hepatic fat content and a reduced incidence of NAFLD
in patients randomized to the intensive lifestyle group.!'%!!!
Improving physical activity is the most powerful determinant
of lifestyle intervention to correct metabolic indices, and the
elevated liver enzymes due to NAFLD. Patients who could
perform a 150- to 300-min exercise per week for 16 weeks had
a significant improvement in their hepatic steatosis. In this
respect both aerobic and endurance exercises were found to
have a positive impact on steatosis even if the patient could
not lose weight.

Orlistat

The results from studies evaluating treatment with orlistat
were inconsistent. An earlier randomized controlled study
showed that orlistat improved alanine transaminase (ALI’)
and steatosis for NAFLD patients.!'” Whereas a subsequent
randomized controlled trial (RCT) showed that orlistat
in combination with calorie restriction and vitamin E
(800 IU/day) did not enhance weight loss, improve liver
enzymes, or improve histopathology compared with calorie
restriction and vitamin E only.’ In that study, the authors
found that = 9% weight loss resulted in improved histology
irrespective of whether patients received orlistat or placebo.



Of note, when treatment with orlistat is initiated, it should
be discontinued after 12 weeks if patients have been unable
to lose at least 5% of the body weight as measured at the
start of therapy. Furthermore, treatment duration should
not be greater than 1 year as there is potential for fat-soluble
vitamin deficiency if continued for longer."!

Bariatric surgery (gastric bypass)

NAFLD per se is not an indication for bariatric surgery.!”!
However, bariatric surgery-induced weight loss appears to
have beneficial effects on lipid profile, hepatic steatosis,
steatohepatitis, as well as reducing long-term mortality. %7
The type of surgery seems to be relevant to the effect on
NAFLD; gastric bypass produces the largest sustained weight
loss compared with other bariatric procedures.! Because
long-term outcome data about bariatric surgery as a specific
treatment for NAFLD is lacking, bariatric surgery cannot be
considered as a primary treatment for NASH. Surgery should
be considered, however, as a firstline option for the treatment
of obesity in adults with a body mass index (BMI) greater
than 50 kg/m?. It is also important to note that bariatric
surgery should be avoided in subjects with advanced cirrhosis
and portal hypertension because rapid weight loss in these
patients may increase the risk of hepatic decompensation.®
More RCTs may be needed to validate the fact that bariatric
surgery could be contemplated as a firstline treatment for
NASH. el

Therapeutic medicines

The medicines that are being used in the management
of NAFLD in every day practice include the standard
medications that are usually used to treat the associated
conditions. Table 1 summarizes the common medicines used
in this respect and their role in treating NAFLD. However,
evaluation of investigational trends targeting pathological
concepts of the disease itself is being considered and so is
the situation with newer medicines in development in the
pipeline. Table 2 displays the most important medicines being
investigated or studied for future production. Traditionally
some conventional medicines and phytomedications have
been used in certain cultures, together with hepatoprotective
agents in the management of NAFLD; these drugs are briefly
discussed in the following sections.

Insulin sensitizers

These include medicines that affect hepatic liver partitioning
by decreasing insulin resistance, modifying adipocyte
differentiation, inhibiting vascular endothelial growth
factor (VEGF)-induced angiogenesis, decreasing leptin
and increasing adiponectin levels, and decreasing levels of
certain interleukins (eg, IL-6).%! Metformin, rosiglitazone,
and pioglitazone had been used in this respect alone or in
different combinations with other medicines.!®”

Treatment of non alcoholic fatty liver disease, an over view.

Clinical experience revealed variable results with
metformin with temporary improvement of transaminases
but most studies that were done did not have a histologic
proof. 2!

Only pioglitazone was believed to induce a convincing
etfect, however, it should be noted that relapse was common
when these medicines were stopped and hence it should
be used for a very long period of time, which raises worries
with pioglitazone about the risk of cardiovascular events, ¢!
increase in body weight, ! increase in fracture risk, 66656
and increase in the incidence of bladder and prostatic
cancer.®® Pioglitazone also appeared to work best and have a
better prognosis in the nondiabetic patient where its effects
seem to be least relevant to clinical outcome (steatosis,
ballooning).®’!

Drugs that reduce blood lipids

Fibrates, peroxisome proliferator-activated receptor
(PPAR)-a agonists, were found to have anti-inflammatory
and antifibrotic effects on the liver of experimental
animals. In particular they were successful in preventing
tamoxifen-induced steatosis in rats. In humans, however, this
was not confirmed. A pilot study revealed that gemfibrozil
had resulted in biochemical improvement of transaminases,
but histologic data were lacking. "

Statins appeared to have some good effect in NAFLD in
many open-label studies”! particularly atorvastatin,*”)
which has been extensively studied in the literature.
Given the lack of evidence to show that patients with
NAFLD and NASH are at increased risk for serious
drug-induced liver injury from statins, statins can be
used to treat dyslipidemia in patients with NAFLD and
NASH." However, until more RCTs with histological
endpoints prove their efficacy, statins should not be used
to specifically treat NASH alone.I!!

Rosuvastatin used for NAFLD had also improved glucose
intolerance, insulin sensitivity, and liver histology”"!! in
a dose-dependent manner. Animal experiments in obese
mouse model indicated that it would change the fat
distribution from visceral to subcutancous fat depot./”?!
Consequently, rosuvastatin therapy may be of great help
to patients with metabolic syndrome because it has a wide
range of beneficial pleiotropic effects.”>” In a case study
when rosuvastatin was combined with pioglitazone they led
to rapid and sustained improvement of biochemical and
ultrasonographic markers of resistant, severe NAFLD.["

Ezetimibe which blocks Niemann-Pick C1-Like 1 (NPCI1L1)
pathway of hepatic cholesterol uptake!™7¢ to lower hepatic
free and total cholesterol stores emerged as a promising
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Table 1: Medicines that are used for treatment of associated comorbid disease and may benefit NAFLD at the

same time
Intervention Selected studies Conclusion
Medicine Category Main author Design Transaminases Fibrosis Conclusion of all included studies
Metformin Insulin sensitizer ~ Marchesinil?” Pilot Improved NA Variable results were obtained
Bugianesil?" RCT Improved positive response  with metformin showing temporary
Uygunt? RCT Improved No change improvement of ALT but most studies
Lavinel?® RCT No effect No change did not present a histologic proof
Maazal?4 RCT No effect No change
Pioglitazone  Insulin sensitizer ~ Shadid?® oL Improved NA Pioglitazone induced a modest
Aithal®® RCT Improved Positive response  histological effect, but it should be
Sanyal?” RCT Improved Positive response  used for a very long period of time
Mahady!?®! Meta- Improved Positive response  due to common relapse, which
analysis increases the risk of adverse events
Atorvastatin Lipid partitioning Foster?9 RCT Improved Positive response  Statins have a good effect on NAFLD
Gomez® oL Improved NA patients, most of the open-label
Horlander" oL Improved NA studies lacked histological evidence
Kiyicit® oL Improved NA
Ezetimibe Lipid partitioning Park!! oL Improved Positive response  The long-term ezetimibe therapy can
Loombat¥ RDBCT  Improved Positive response lead to improvement in metabolic,
biochemical, and histological
abnormalities of NAFLD. (a promising
agent for treatment of NAFLD)
Vitamin E Anti-oxidant Lavinel® oL Improved NA Vitamin E is the most widely
Hasegawal®® Pilot Improved NA assessed antioxidant; the proper
Harrison®”! RCT Improved Improved FS dosage needed to induce a beneficial
RCT histologic change, and long-term
tolerance is to be evaluated. The
efficacy of vitamin E in diabetes and
NASH-related cirrhosis is also limited
Sylimarine Antioxidant Cacciapuoti®®  OL Improved NA Sylimarin appeared to reduce the
Solhil*! RCT Improved NA transaminases when used in NAFLD
Hashemi®“"! PCT Improved NA
Pentoxyfylline  Anti-fibrotic Wenjun1! Review  Improved Positive response  significantly reduced the serum
Zein#2 RCT Improved Positive response  transaminase and steatosis, lobular
inflammation, and fibrosis and led
to significant reduction in BMI, and
fasting glucose
ARBs Anti-hypertensives  Georgescut! RCT Improved Positive response  Data from human studies are limited
with probable Abu Dayyeh  OL NA No effect and contradictory. Some ARBs such
antifibrotic effect Lugo-baruqui!  OL Improved NA as telmisartan, candesartan, and
Yokohamal*6! Pilot Improved Positive response losartan can be beneficial in treating
NASH/NAFLD and its consequences.
RCTs are required
EPL Hepatoprotector Gonciarz] RCT Improved Mild response Many clinical trials indicated that EPL
Arvind®“® RCT Improved NA protected the liver in NAFLD with an
Dajani®? oL Improved Positive response  improvement in clinical symptoms,

liver function, and liver structure
evaluated by ultrasonography
imaging. Improvement of fibrosis
indicated by elastography was
documented in ref.14%

drug for NAFLD.!””! Animal studies in high fat/high
cholesterol-fed mice and FOZ/FOZ mice had documented
its antisteatotic,/* antiapoptotic, anti-inflammatory, and

94

Volume 22, Number 2
Jumada Al Thani 1437H
March 2016

The Saudi Journal of
Gastroenterology

antifibrotic therapeutic effects. Ezetimibe has been tested
alone, and in combination with weight loss and/or orlistat./”®l
More studies are needed in humans to confirm this concept.
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Table 2: Investigational medicines and specific medicines targeting NAFLD or its pathologic components being

produced in the pipeline

Medicine Category Reference
EPA-E Poly-unsaturated fatty ~ Kajikawal®"
acid Naokil" oL
Sanyall2
Multistrain biotic Probiotic Yan-yan Mal®®

Status
Animal experiment

RPCT

Meta-analysis

Comment

Results controversial. EPA treatment seemed to be
safe and efficacious for patients with NASH, in some
studies, with others showed no significant effect on the
histologic features of NASH

Probiotic therapies can reduce liver aminotransferases,

L. rhamnosus Vajro®4 oL total-cholesterol, TNFa and improve insulin resistance
L. bulgaricus Abenavolit®® RCT in NAFLD patients. Modulation of the gut microbiota
represents a new treatment for NAFLD
Simtuzumab Anti-lysyl oxidase MAB  Naokil®®! RCT phase Il Antibody-mediated LOXL2 inhibition effectively
(GS-6624) suppressed collagen cross-linking during experimental
liver fibrosis progression in vivo
Obeticholic acid Farnesoid X receptor Mudaliart®” DBRCT In phase 2 trial, OCA was well tolerated, increased
(FXR) agonist insulin sensitivity, and reduced markers of liver
inflammation and fibrosis in patients with type 2
diabetes mellitus and NAFLD
GFT505 PPAR a/d agonist Carioul®®! DBRCT Pre-clinical and clinical data had revealed improvement
Staels!®! of insulin resistance, decrease in triglycerides and
LDL levels and significant improvement of the liver
transaminases
DUR-928 Regulatory new Durcet® Animal experiment http://www.durect.com/wt/durect/page_name/
chemical entity for lipid DUR-928. Accessed on May, 25" 2015
homoeostasis
GR-MD-02 Galactin inhibitor Trabert®" Animal experiment Phase | clinical study evaluated the safety, tolerability,
Harrison(®? preclinical and drug pharmacokinetics for single and multiple
doses of GR- MD-02 when administered to human
patients of NASH with advanced fibrosis
Aramchol Arachidic and Cholic Safadil®! RCT Aramchol is safe, tolerable, and significantly reduces
acid liver fat content in patients with NAFLD
RG-125 (AZD4076) Insulin sensitizer Regulus report ¥4 Preclinical Reduces liver fat and improves steatosis
Cenicriviroc CVC CCR2 and CCR5 Sanyal®®! Preclinical RCT Dual inhibitor of the chemokine receptors CCR2 and
pathway inhibitor CCRS pathways which is important for inflammation

and fibrosis. Indicated for the treatment of nonalcoholic
steatohepatitis, or NASH, in patients with liver fibrosis

MEDICINES THAT TARGET ANTIOXIDANT
ACTIVITY AND REDUCE ENDOPLASMIC
RETICULAR STRESS

Vitamin F was studied extensively alone and in combination
with pioglitazone, vitamin C, “essential” phospholipids
(EPL), sylimarin, and metformin with variable results
and a general consensus that its effects are very limited
and dubious.” Vitamin E is currently the most widely
assessed antioxidant;”71 several questions yet need to be
answered, including the proper dosage needed to induce
a beneficial histologic change, long-term tolerance, and
efficacy of vitamin F in particular subsets, such as diabetes
and NASH-related cirrhosis. Based on the available
evidence, vitamin E (RRR-o-tocopherol) is currently only
recommended in NASH adults without diabetes or cirrhosis
and with aggressive histology.”’7¥ Validation is needed in
children before its use can be recommended, although
a recent study indicated that Vitamin E has been shown

to be effective and safe in improving NASH histology in
children.”) A meta-analysis warned that the high doses of
vitamin E that are usually effective to treat NASH should be
used with extreme caution as they had increased all-cause
mortality®”* from any disease, prostatic cancer,””7" and
hemorrhagic strokes.”778 Longer follow-up of RCTs are
needed to assess long-term vitamin E safety.””!

Ursodeoxycholic acid

Ursodeoxycholic acid (UDCA) was theoretically believed
to improve patients with steatosis,” however, results of
treatment with UDCA were variable and nonconclusive.
Recent multicenter clinical studies of large scale populations
with UDCA in NAFLD and NASH revealed inconsistent
and disappointing results;75*%!! hence UDCA was not
recommended by the AASLD, EASL, and ACG for the
treatment of NAFLD or NASH as per their treatment
guidelines.>®! Furthermore, UDCA is known to inhibit
DNA repair, co-enzyme A, cyclic AMP, p53, phagocytosis,
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and induction of nitric oxide synthetase.® This renders
it with a possible genotoxic effect.®™ UDCA toxicity is
related to its interference with drug detoxification, being
hydrophilic and antiapoptotic, which leads to a remarkable
list of unanticipated toxicity events.!®!

Glucagonmimetics

The Glucagonmimetics, including the dipeptidyl
peptidase-4(DPP-4) inhibitors (sitagliptin, vidagliptin,
saxigliptin, linagliptin, and alogliptin),®' and the GLP-1
agonists (Exanitide,® Liraglutide®® and Exenidin-45)
appeared to reduce hepatocyte steatosis!®! and improve
survival of the hepatocyte by enhancing the unfolded protein
response (UPR) and promoting macroautophagy.’¥ The
serum DPP-4 activity invariably increases in cirthosis and
several liver discases.!®® This increase is correlated with
the prognosis of liver disease.[®! DPP-4 activity was higher
in NASH patients when compared with controls and the
activity correlated with BMI. These changes in NASH might
result either primarily from the underlying liver disease or
secondary to insulin resistance.®!

A study on NASH aimed at developing markers such ase
DPP-4 that would enable detecting patients with high risk
of progressive fibrosis and to develop effective treatment
for the disease suggested that DDP-4 inhibitors could be
potential candidate for NASH treatment.!®! Incretin-based
therapies, including DPP-4 inhibitors and GLP-1 analogues
have appreciable experimental and clinical data available in
this respect so far.

GLP-1 analogues are known to improve insulin resistance
and are even more attractive because they have anorexigenic
potential leading to weight loss, serum glucose and lipids
improvement.®! Those, as well as DPP-4 inhibitors, might
also be involved in direct pathways of liver fat elimination.!¥’)
A growing body of literature suggests that GLP-1 and DPP-4
activity have numerous effects on the cells of various organs.
The data regarding GLP-1 analogues and DPP-4 inhibitors
action on hepatocytes are convincing, but so far only T2DM
patients with NAFLD/NASH have been studied with incretin
analogues or DPP-4 inhibitors.® Further studies are needed
in order to assess the long-term effect of incretin-based
therapies on NAFLD.

MEDICINES TARGETING NALFD-INDUCED
FIBROSIS

Pentoxifylline, the phosphodiesterase inhibitor (PDEI), had
been investigated in the management of NAFLD-induced
fibrosis. A few RCTs, several open-label studies, and a
meta-analysis have shown that it may have an antioxidant/®
and antifibrotic effect.!® Pooled results showed that
pentoxifylline significantly reduced the serum transaminase
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activity in NAFLD patients compared with placebo. #5687 [t

also significantly improved steatosis, lobular inflammation,
and fibrosis and led to significant reduction in BMI, and
fasting glucose, ¥ but did not significantly affect the serum
tumor necrosis factor-o. (TNFar) 15657 and adiponectin levels
when compared with placebo.*! It is therefore a potential
agent that may be useful to induce regression or at least halt
fibrosis progression.*7 It is generally safe and effective. 5657
Patients with T2DM and advanced proliferative retinopathy
or tendency to retinal bleeding should use this medicine
under strict observation and close follow up.

POSSIBLE ROLE FOR THE RENIN-ANGIOTENSIN
SYSTEM

Angiotensin Receptor Blockers (ARBs) are also in the focus
of investigation as a possible treatment for NAFLD.I¥! It
is believed that ARBs by targeting the pancreatic effects of
angiotensin should be able to preserve an adequate insulin
secretion and acquire a better metabolic balance.®! Several
clinical and research studies documented these effects and
had shown that ARBs improve the intracellular insulin
signaling pathway, provide better control of adipose tissue
proliferation and adipokine production, produce more
balanced local and systemic levels of various cytokines,
prevent fibrosis, and slow down the vicious cycle that links
steatosis to necroinflammation.® There are a few RC'Ts on
the effects of ACE-I or ARB in patients with NAFLD and
most data are from retrospective studies, pilot prospective
studies and post hoc analyses of clinical trials. Accordingly,
more and larger RCTs are needed to directly assess the

effectiveness of ACE-I and ARBs in NAFLD.

S-adenosyl methionine

S-adenosyl methionine (SAMe) is a medication that has
been used for some chronic liver disorders.® SAMe is a
nutritional supplement that theoretically exerts its effect
by donating a (CH3) group to an acceptor substrate in the
trans-methylation process, and other metabolic reactions
involving substrates, such as nucleic acids, proteins, lipids,
and secondary metabolites.® It was initially recommended
for the treatment of depression, osteoarthritis, noncalculous
chronic cholecystitis, cholangitis,” intrahepatic cholestasis,
and liver damage caused by drugs (antibiotics, antiviral
preparation, and tricyclic antidepressants). There are a
few uncontrolled pilot studies in the literature about its
therapeutic applications in humans with no strong evidence
base yet furnished; most of the data we know are based
mainly on animal studies.

A clinical study evaluating its potential use in NAFLD is
being investigated and is in phase IIL"" It is noteworthy
that, this medicine should be used with extreme caution
in patients with bipolar disorders where depression could



be converted to mania, in patients with Parkinson’s disease
which could worsen with the use of SAMe and in patients
planned for or undergoing any surgery because of its effects
on the central nervous system.

Polyunsaturated fats 3n PUF (ethyl-eicosapentaenoic
Acid EPA-E)

Animal experiments demonstrated that EPA-E attenuates
progression of hepatic fibrosis that has already developed
in steatohepatitis.” Moreover, the antifibrotic effect of
EPA-E may be mediated by direct inhibition of reactive
oxygen species (ROS) production, which involves a
TGF-B-stimulated signaling pathway and/or fatty acid
oxidation. These mechanisms, independent of the effect
against triglyceride accumulation, may contribute to the
therapeutic efficacy of EPA-E in NASH patients. A few
clinical pilot studies indicated that it may exert a positive

effect on reducing hepatic triglycerides and improving
NAFLD.P0

In one of these studies using highly purified EPA-E the
serum alanine aminotransferase levels were significantly
improved, and serum free fatty acids, plasma soluble TNF
receptor 1 and 2 levels, and serum ferritin and thioredoxin
levels, which may reflect hepatic oxidative stress, were
significantly decreased. Body weight, blood glucose, insulin,
and adiponectin concentrations remained unchanged.
Hepatic steatosis and fibrosis, improved in seven out of
the 23 patients endorsing post-treatment biopsy.”!) More
research is ongoing to evaluate this concept and to furnish
convincing evidence that it really might work; however, in
a recent large scale phase II trial, EPA-E reduced subjects’
levels of triglyceride as compared with placebo but had
revealed no significant effect on the histologic features of
NASH. P

Probiotics

It is well known that dysbiosis may lead to insulin resistance,
and obesity by virtue of bacterial translocation. Both are
important components of the metabolic syndrome and
NAFLD."? Bacterial translocation leads to mitochondrial
dysfunction by causing an increased production of ROS
in the Kupffer cells and hepatocytes, by upregulating
nitric oxide synthetase (NOS) through the activation of
both endothelial and inducible NOS.P*! Furthermore LPS
compounds that arise from bacterial translocation will
also activate the Kupffer cells and induce them to produce
pro-inflammatory cytokines besides the ROS.[5355.9294
The net result will be fat accumulation in the liver.””
Clinical research had shown that bacterial translocation
from the gut to the liver has an important role in the
pathogenesis of NAFLD with its entire spectrum.!
Re-instating the microbiota of the gut therefore appears

Treatment of non alcoholic fatty liver disease, an over view.

an interesting target to ameliorate dysbiosis and probably
treat NAFLD.P*%%4 The preliminary results of research
testing different probiotic preparations in this respect
had yielded encouraging results and indicated that it
could be an emerging therapeutic tool of potential great
benefits.”! It remains to decide how and when to use this
modality of treatment.

Obeticholic acid

Obeticholic acids (OCAs) are modified bile acid that change
the body metabolism of lipids and might be beneficial for
NASH.P"! It was found to improve insulin sensitivity,*”%!
and reduce serum triglyceride levels.”” OCAs were initially
recommended as a monotherapy for primary biliary cirthosis
and were being investigated in NAFLD.P”)

NASH-FLINT study is a multicenter, randomized,
double-blind, placebo-controlled, phase IIb clinical trial
of treatment with either OCA or placebo in patients with
NASH. "I The trial aimed to determine if administration of
the farnesoid X receptor (FXR) ligand OCA for 72 weeks
to subjects with biopsy evidence of NASH will result in
improvement in their liver disease!™ as measured by changes
in the NAFLD activity score (NAS). An interim analysis,
however, found that OCA showed improved efficacy on
NASH-related liver health (P = 0.0024) and supported a
decision to not perform end-of-treatment biopsies in 64 of
the patients. Forty-five percent of the patients in the OCA
group who were meant to have biopsies showed improved
liver histology versus 21% of the patients in the placebo
group (RR'1.9,95% CI 1.3-2.8; P = 0.0002).! Results also
showed increases in total low-density lipoprotein (LDL)
cholesterol and decreases in high-density lipoprotein
(HDL) cholesterol in the OCA treatment group; it was then
decided to discontinue treatment but continue the study. No
continued cholesterol increases were seen after discontinuing
OCA. Furthermore, improvements in liver enzymes with
OCA were not sustained after discontinuing treatment.
The authors noted that further research is needed to better
understand the long-term effects of OCA on cholesterol and
arterial atherosclerosis.*!

GFT505

GFT505 is a unique PPAR0L/S agonist.”! PPARovactivation,
in combination with PPARB/d agonism, improves steatosis,
inflammation, and fibrosis in preclinical models of NAFLD,
identifying a new potential therapeutic area.” Preclinical
and clinical data had revealed improvement of insulin
resistance,!” decrease in triglycerides” ! and LDL levels,
and significant improvement of the liver transaminases with
this product.”™ GFT505 had no induction of PPAR-driven
genes in the skeletal muscles and hence will not produce
any myalgia."!
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Anti-lysyl oxidase (mab)

Anti-lysyl oxidase is a promising monoclonal antibody still
in phase Il evaluation, which is believed to halt fibrosis
and probably reverse some cirrhotic changes associated
with NAFLD by inhibiting lysyl oxidase-like 2(LOXL2),
which promotes the cross-linking of type I collagen (a key
component in the core regulatory pathway of fibrogenesis).
This effect is expected to be exerted in a wide range of liver
diseases leading to fibrosis and cirrhosis, regardless of the
etiology.P®!

Metreleptin

The effect of leptin treatment is different when circulating
leptin levels are low, normal, or high."" When the levels
are low, leptin supplementation acquires adiponectin-like
properties which render it appealing as a therapeutic target
for NAFLD by decreasing hepatic and systematic IR and
attenuating liver inflammation and fibrosis, as indicated from
the hepatoprotective effect of the recombinant adiponectin
against NASH.I" Recombinant leptin (metreleptin)
administered in patients with NAFLD and lipodystrophy
decreased hepatic volume and steatosis, although had
no effect on hepatic inflammation and fibrosis.'"") The
discovery of adiponectin analogues, such as osmotin (a ligand
for the yeast homologue of the adiponectin receptor), might
provide a therapeutic alternative. """

Roflumilast and pioglitazone

Roflumilast and pioglitazone combination therapy is
hypothesized to produce additive anti-inflammatory and
hepatoprotective effects without overlapping toxicities. A
randomized, double-blind, controlled, multicenter proof of
mechanism phase Il study is ongoing; it aims to evaluate the
effect of roflumilast plus pioglitazone versus roflumilast and
pioglitazone monotherapy versus placebo on liver enzymes
and liver fat content based on MRI in patients with NASH
after 4 months of treatment.!'%"

Vitamin D

NAFLD patients have decreased serum 25-hydroxy vitamin
D concentrations, suggesting that vitamin D may play a role
in the development of NAFLD.!"") NAFLD and Vitamin D
deficiency are often found associated, and while this is not
unexpected, given their similar associations with obesity
and sedentary lifestyle, a growing body of evidence points
to a closely linked and potentially causative relationship
between Vitamin D deficiency and NAFLD.!"%2 However it
should be mentioned that vitamin D deficiency does exist
with many other diseases and even in normal subjects as well
hence a cause and effect relationship is extremely difficult
to conclude. Vitamin D supplement in the treatment of
NAFLD is not studied properly yet and the research seems
to be in its earliest stages.
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Testosterone replacement

Androgens may have a role in the pathogenesis of NAFLD
particularly in hypogonadal men, those on testosterone
replacement as well as the hypogonadism associated with
obesity. Testosterone replacement in the hypogonadal
men causes a significant reduction in weight, BMI, waist
circumference, and circulating TNFo.'%! In obese men with
obstructive sleep apnea, testosterone treatment reduced liver
fat as measured by computed tomography (CT) without
a reduction in BMI or weight."" Although altered liver
enzymes are poorly predictive of steatohepatitis, testosterone
administration has also been shown to decrease alanine
transaminase and aspartate transaminase.!'""

Pradigastat

Arandomized, multicenter, double-blind, placebo-controlled,
parallel-group, 24-week pilot study!®! is ongoing to
assess the efficacy, safety, and tolerability of LCQ908
(Pradigastat) in patients with nonalcoholic fatty liver disease
(NCT01146522). The purpose of core part of this study is
to determine whether LCQ908 effectively lowers liver fat,
as assessed by MRI and to assess its safety and tolerability
profile in subjects with NAFLD. No study results are available
yet.

Medicines in the pipeline

DUR-928 is an endogenous, small-molecule, new chemical
entity that modulates the activity of several nuclear
receptors, which play an important regulatory role in lipid
homeostasis, inflammation, and cell survival and may have
broad applicability in metabolic diseases such as NAFLD
and NASH. It may also play an important role in protecting
against acute kidney injury (AKI) and other types of acute
organ Injury. A systems biology study involving over 23,000
genes showed that DUR-928 modulates the activity of more
than 240 genes, including ACC, FAS, HMGR, Cyp7Al, LXR,
PPARy, NFkB/IxB, TNFa, 1L-1a, IL-6, COX-2, PCSK9,
and others. The biological activity of DUR-928 has been
demonstrated in different animal models including NASH. %)

GR-MD-02 is a carbohydrate-based galectin inhibitor
that had shown in preclinical data from animal models
of NASH with fibrosis to reduce hyaluronic acid in 33%
of treated animals, as compared with the untreated ones.
Phase [ clinical study evaluated the safety, tolerability, and
drug pharmacokinetics for single and multiple doses of
GR-MD-02 when administered to human patients of NASH
with advanced fibrosis. The medicine was safe and well
tolerated and there were no serious adverse events reported.
FibroTest®, was significantly reduced by GR-MD-02
treatment. The treatment effect was due to a statistically
significant reduction of alpha-2 macroglobulin, one of the
components of the score. %



Aramchol is a novel synthetic lipid molecule obtained by
conjugating two natural components, cholic acid (a primary
bile acid) and arachidic acid (a saturated fatty acid), through
a stable amide bond. In a randomized, double-blind,
placebo-controlled study of patients with biopsy-confirmed
nonalcoholic fatty liver discase (NAFLD) or NASH,
aramchol (300 mg daily for 3 months) was associated
with lower liver fat content (a mean of 13% less), which is
statistically significant compared with an increase in liver
fat (a mean of 6% more) in patients who received placebo
with improvement in endothelial function, levels of alanine
aminotransferase and adiponectin. No serious or drug-related
adverse events occurred in the treated patients. !

RG-125 (AZD4076) an anti-microRNA targeting
miR-103/107 function appeared to be unique insulin
sensitizer. Inhibition of miR-103/107 leads to a sustained
reduction in fasting glucose and fasting insulin levels and
decrease in liver triglycerides and steatosis. Research is
evaluating the effect of RG-125 on patients with NAFLD
or NASH. Y

Cenicriviroc CVC is a dual inhibitor of the chemokine
receptors CCR2 and CCRS5 pathways, which play a key role
in the cycle of inflammation and fibrosis. CVC has been
shown in clinical trials to bind to both CCR2 and CCR5
targets. Food and Drug Administration has granted Fast
Track designation to CVC for the treatment of NASH, in
patients with liver fibrosis. A global randomized Phase IIb
study CENTAUR (NCT02217475) of CVC versus placebo in
patients with NASH and liver fibrosis is being carried out.®”!

Phytomedication

Yo Jyo Hen Shi Ko

Yo jyo hen shi ko (YHK) is a Chinese herb that in a rat model,
had prevented NASH, promoted weight loss, lowered serum
aminotransferases, and reduced visceral fat."%! [t appeared
that it has an antioxidant, hypoglycemic, antifibrotic, and
lipid-lowering properties!!”!”! and acts by promoting an
increase in PPARo and microsomal triglyceride transfer
protein with a decrease in PPARy mRNA contents. In a
small clinical study of cight patients, after discontinuing
YHK the AL returned toward baseline at week 12. The
mean decrease in ALI compared with that of baseline was
significantly greater in the YHK group than in the placebo
group at both week 4 and week § (P = 0.036, for both).!""!

Folic acid

Folate deficiency is believed to affect NAFLD by causing
a disturbance in hepatic methionine metabolism, which
was shown to promote hepatic steatosis in the murine
model.1%) Low levels of vitamin B12 and folate were also
observed in NASH and NAFLD patients but these low levels
were not associated with either insulin resistance or the

Treatment of non alcoholic fatty liver disease, an over view.

severity of liver disease.'”” Neither vitamin B12 nor folate
levels were significantly different within any histological
category, including steatosis grade, fibrosis stage, lobular
inflammation, portal inflammation and ballooning."" A
6-month open-label pilot study of folic acid for the treatment
of NAFLD did not show any improvement in serum aspartate
and alanine aminotransferase levels (P = 0.5 and 0.6,
respectively) in 10 patients with NASH.!1%

Resveratrol

Resveratrol could protect the liver from NAFLD by
reducing triglyceride accumulation and improving insulin
resistance. " Typical features of NAFLD, including
histological changes, fibrosis, insulin resistance, oxidative
stress, and inflammation were ameliorated by resveratrol
treatment of knockout mice.!""" This is achieved by
activating AMP-activated protein kinase and reducing the
activity of nuclear factor-xB (NF-kB) through the restoration
of its inhibitor [kBo.."™ Therefore RSV has the therapeutic
potential for preventing or treating NAFLD and IR-related
metabolic disorders through regulating autophagic and
IkBo-NF-kB pathways. 1!

Anthocyanins

Anthocyanin, from different plant foods, have been
shown to improve features of experimental NASH, 12
such as oxidative stress,!">!! dyslipidemia,!"?) liver
steatosis, "3 and inflammation""®! in rodents. ACN-rich
foods can be promising for the prevention of NAFLD and
its complications.!'" Purified anthocyanins may prevent
the progression of liver damage related to NAFLD by three
independent mechanisms: Inhibition of lipogenesis by
reducing Srebple, promotion of lipolysis by induction of
PPARa activity, and reduction of oxidative stress by induction
of antioxidant enzymes. The effects of anthocyanins on lipid
metabolism seem to be dependent on the activation of the
AMPK pathway in hepatocytes!'" by targeting protein kinase
C, zeta (PKCE) thus they may contribute to the prevention
and treatment of steatotic liver associated with obesity and
T2DM.1"21 Additional studies are required to clarify the
molecular mechanisms and to test the specific effect of
single compounds and food extracts in vitro and in vivo.!'"!
Randomized controlled studies are warranted to test foods
on histological damage or noninvasive biomarkers of liver
damage progression in patients with NASH. ')

Quercetin

Treatment with quercetin may help to delay the progression
of NAFLD, possibly by adjusting the balance of inflammatory
cytokines. NAFLD rats have higher serum levels of IL-18
but lower levels of IL-10 than their healthy counterparts
and these differential cytokine expressions may be related
to liver inflammation and steatosis.!""*! It was found that the
intracellular lipid content was significantly reduced following

99

Volume 22, Number 2
Jumada Al Thani 1437H
March 2016

The Saudi Journal of
Gaslroenterology



Dajani and AbuHammour

quercetin therapy, which also strongly affected cellular lipid
accumulation in a dose-dependent manner."™ Quercetin
with allopurinol contributed to the reduction of liver
inflammation and lipid accumulation under hyperglycemic
conditions by inhibiting hepatic thioredoxin-interacting
protein (TXNIP); this may have therapeutic implications
for prevention of type 1 diabetes-associated NAFLD. 1!

Acarbose

Acarbose is an alfa-glucosidase inhibitor, which can lead to
an increase in the total adiponectin levels.""” Together with
pioglitazone, they decreased HbAlc values by 0.49% and
0.63%, respectively, in 17 patients with T2DM and 16 for
pioglitazone during three months treatment.""”! Treatment
with acarbose and pioglitazone increased the serum levels of
total adiponectin by 2.1-fold and its high molecular weight
isoform by 3.6-fold, which makes the combination a useful
agent for the treatment of NAFLD.!""”! Both ezetimibe and
acarbose improved metabolic and biochemical abnormalities
in patients with NASH; however, these effects were more
prominent with ezetimibe.""s! The combination therapy
with ezetimibe and acarbose for 24 weeks also improved the
histopathological findings in a mouse model of NAFLD 1!

Coffee

Coffee consumption is a popular lifestyle choice worldwide;
at least 50% of US adults consume coffee on a daily
basis. 1201211 Beneficial effects of coffee have been observed
in multiple chronic medical conditions including T2DM,
Parkinson discase, prostate cancer, hepatitis C virus (HCV),
HCC, and more recently, NAFLD."?" Moreover, a large
population-based study found that increasing coffee intake is
associated with a modest decrease in all-cause mortality. 120121
Coffee has inverse relationships with both T2DM and
hepatic fibrosis in patients with NAFLD.!"2%! Relationships
were explored between coffee intake and insulin resistance
(IR) with respect to NAFLD histological severity.!"" In
one of large studies, among 782 participants (24% of them
having diabetes), NASH was present in 79%. Coffee intake
was shown to be inversely associated with advanced fibrosis
among NAFLD patients with lower HOMA-IR .20

HEPATOPROTECTIVE AGENTS

Historically speaking, several compounds have been
claimed to have a theoretical protective effect on the liver
cells, which in some patients could be clinically relevant
and had been applied in practice either on empiric, local
experience, or traditional management basis. Some of
these products are available as nutritional supplements
and may have a convincing rationale, whereas some others
such as “essential phospholipids (EPL) may have evidence
furnished on research basis. These medicines included
N-Acetyl Cysteine, Choline Bitartrate, Artichoke Extract,
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Dandelion Root, taraxacin and inulin, Turmeric (curcumin),
Milk Thistle Extract (Silymarin), Essential phospholipids,
UCDA, vitamin E, S-Adenosyl Methionine, Ganoderma
spores, traditional Chinese medicine, including Gansu and
some herbal compounds.

Phosphatidylcholine (PC), a main component of EPL, is one
of the most important support nutrients for the liver and is
considered as a universal building block for cell membranes,
which regulate the vast majority of the activities that make
up life. PC helps recovery and maintenance of the consistency
of the hepatocytes; it activates the phospholipid-depending
enzymes!'??l and improves lipid metabolism by accelerating
synthesis of lipoproteins in the liver. Studies have demonstrated
that EPL will activate synthesis of RNA and as a result lead
to the normalization of protein metabolism. It exerts a
good effect on glycogenesis and improves the detoxification
function of the liver. All of these effects may lead to a reduction
of the fatty infiltration of the hepatocytes.!'”! Many clinical
trials indicated that EPL protected the liver against damage
in patients diagnosed with NAFLD with an improvement in
clinical symptoms, liver function, and liver structure evaluated
by ultrasonography imaging. [#12+132!

In an open-label observational study,!”** we looked into the
efficacy of EPL as an adjunctive agent in treating 324 patients
of primary NAFLD or NAFLD associated with comorbid
clinical conditions such as T2DM and hyperlipidemia. It
was concluded from the study that there was a significant
improvement for all symptoms, general and gastrointestinal,
and a significant reduction of the elevated transaminases
(P < 0.001 baseline vs endpoint) associated with NAFLD
discase. The study had also demonstrated a mild but
noteworthy improvement in fatty infiltration (P = 0.7) as
concluded from changes of liver ultrasonography as well as
a positive impact on liver stiffness measurement associating
fibrosis of the liver as indicated from liver elastography.
Fxtended treatment scemed to further benefit patients
leading to stabilization of liver function and maintaining
recovery.

Silymarin and silibinin, the active products of milk thistle have
shown in several pharmacological studies hepatoprotective,
antioxidant, anti-inflammatory, and antifibrotic propertics;
in addition, they stimulate protein biosynthesis and liver
regeneration and have immunomodulatory activity. They
also improve insulin resistance, reduce lipidperoxidation, and
restore GSH levels, which makes it another suitable herb for
use against liver steatosis.!¥#1%°]

CONCLUSION

A decade of clinical trials involving a diversity of
pharmaceutical agents targeting the pathological concepts



of NAFLD did not reveal a single intervention that has
convincingly improved all important outcomes for all NASH
patients. Therefore, in 2015, there was no single medication
that can be recommended as a target-specific agent for
routine clinical use for all patients of NAFLD. It remains that
the best available treatment should be instructing patients
to follow a reasonable dictary plan and a tailored exercise
program. Together with this, patients should be treated
for any associated comorbid discase in accordance with a
specific medicine from the list of medications discussed in
this review. Liver protection should be an important part of
the management plan complementing lifestyle modification
and other medications that the patient may be taking. A
liver-protective agent such as EPL or sylimarin may be added
to the management plan. EPL had emerged as an important
additive nutritional support that has a favorable effect on
most NAFLD patients. There is no enough convincing
evidence to support the use of medicines that were long
used on empiric basis such as vitamin E, UDCA, and SAMe
for treatment of NAFLD, hence they are not recommended
in most guidelines as standard treatment of NAFLD. The
impact of the treatment adopted for fibrosis caused by NASH
Is not convincing so far, although pentoxyfylline may have
some effect. The anti-lysyl oxidase monoclonal antibodies,
proposed to reduce fibrosis and reverse cirrhosis may be
the choice in this respect. The new medications in the
pipeline being currently evaluated such as OCA, GFT505,
metreleptin, and pradigastat and the probiotics should
provide a hope for the future as target-specific agents when
they furnish good clinical evidence after phase III results.
Testosterone replacement may be indicated for hypogonadal
men. For the very obese patients, weight reduction surgery
may improve NASH but data of long-term outcome and
enough RCT are lacking.
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