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Abstract

Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in developed countries, with a prevalence
that is increasing. In addition to being a disease of the liver, NAFLD is associated with an increased risk of type 2 diabetes
mellitus, chronic kidney disease, and cardiovascular disease, with the latter being the most common cause of death in patients
with NAFLD. A large number of agents have been trialed in patients with NAFLD or nonalcoholic steatohepatitis (NASH),
with or without comorbidities. However, no pharmacologic agents are yet specifically licensed for the treatment of NAFLD.
Current treatment guidelines focus on lifestyle modification (diet and exercise, aiming for weight loss) and pharmacologic
treatment of comorbidities. Some guidelines suggest the use of pioglitazone (off-label for nondiabetic patients) or vitamin
E in select patients with NASH; however, they also note that there are safety concerns with these agents. Essential phospho-
lipids (EPLs) have been safely used for many years as hepatoprotection in patients with liver disease and are recommended
as supportive treatment by some NAFLD treatment guidelines. In this narrative review, we discuss the evidence surrounding
the use of various agents as treatments in patients with NAFLD or NASH, with a focus on EPL.

Introduction

Key Points

Although nonalcoholic fatty liver disease is a huge bur-
den on healthcare systems, no pharmacologic agents are
yet specifically licensed for this condition.

Some guidelines suggest the use of agents that limit
hepatic damage as a potential treatment option.

Many small-scale studies show that essential phospho-
lipids are a promising supportive treatment for these
patients; further large well-designed trials are required to
confirm these findings.
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Nonalcoholic fatty liver disease (NAFLD), the most com-
mon chronic liver disease in developed countries, is char-
acterized by the accumulation of liver fat in the absence
of competing etiologies [1]. The worldwide prevalence of
NAFLD has been estimated at approximately 25% [2, 3];
however, it is markedly higher in patients who are obese or
have type 2 diabetes mellitus or dyslipidemia [3-5]. As the
prevalence of obesity and accompanying complications con-
tinues to rise, so does the prevalence of NAFLD [3, 6]. It has
been predicted that, in the USA, the prevalence of NAFLD
will increase by 21% from 2015 to 2030 [6].

Isolated steatosis (or nonalcoholic fatty liver [NAFL]) is
characterized by fat accumulation in at least 5% of hepato-
cytes and may be associated with mild chronic inflammation
[1, 5]. Up to 25% of patients with NAFLD will progress to
nonalcoholic steatohepatitis (NASH), which can be defined
as hepatic steatosis with histologic lobular inflammation
and ballooning degeneration of hepatocytes [3, 5]. NAFLD
can also lead to liver cirrhosis, fibrosis, hepatocellular car-
cinoma, or end-stage liver disease [5]; some patients with
NAFLD may develop cancer without going through fibrosis
or cirrhosis, so intervention is needed to treat early-stage
NAFLD. Therefore, the goals of therapy in NAFLD are to
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prevent or slow the development of liver damage and to pre-
vent the development of comorbidities, including cancer and
cardiovascular disease [7].

Liver biopsy is the gold standard in the diagnosis of
NASH. Additionally, the presence of metabolic syndrome
is a strong predictor for the presence of steatohepatitis in
patients with NAFLD, and physicians should exercise a high
level of awareness of the chance of NAFLD and NASH in
patients with type 2 diabetes mellitus [2]. According to the
NASH Clinical Research Network, diagnostic categories for
NAFLD are as follows:

e Not NAFLD (< 5% steatosis, by definition)

o NAFL, not NASH (> 5% steatosis, with or without lobu-
lar and portal inflammation)

e Borderline steatohepatitis, zone 3 or borderline steato-
hepatitis, zone 1 (most, but not all criteria for steatohepa-
titis present, with accentuation of steatosis or injury in
zone 3 or zone 1, respectively)

¢ Definite steatohepatitis (all criteria present, including
steatosis, hepatocellular ballooning, and lobular inflam-
mation)

The amount of fibrosis can vary across these categories
from zero to any amount (up to cirrhosis). Stage 1 is zone
3 (perivenular), perisinusoidal, or periportal fibrosis; stage
2 is both zone 3 and periportal fibrosis; stage 3 is bridging
fibrosis with nodularity; and stage 4 is cirrhosis [2].

NALFD is not simply a disease of the liver; it is also
an independent risk factor for type 2 diabetes mellitus and
cardiovascular disease [3, 5]. NAFLD increases the risk of
cardiovascular mortality [3, 5, 8], and cardiovascular disease
is the most common cause of death in patients with NAFLD,
with liver-related complications the second most common
cause [9]. NALFD is also associated with an increased risk
of chronic kidney disease, even after taking potential con-
founders into account [10, 11].

Although NAFLD presents a significant healthcare bur-
den, no direct pharmacologic treatments are yet specifically
licensed for this condition [3]. Current management of
NAFLD involves lifestyle intervention and pharmacologic
treatment of comorbidities [5]. Lifestyle intervention gen-
erally focuses on weight loss, which can result in reduced
liver fat [5S]. However, implementing and maintaining diet
and exercise programs to achieve weight loss is often chal-
lenging [5]. Additionally, although the majority of patients
with NAFLD are overweight, a proportion of them do have
a normal body mass index (BMI), with their disease referred
to as lean NAFLD [3]. Some recently published treatment
guidelines from China and Latvia suggested the possibility
of using pharmacological and nutraceutical substances to
limit hepatic damage (sometimes referred as “hepatopro-
tective” substances) in patients with NAFLD [12—14]. One
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such agent is the highly purified extract of polyenylphos-
phatidylcholine (PPC) from soybeans, which has been used
for many years in patients with liver disease [13, 15]. This
essential phospholipid (EPL) formulation is now a recom-
mended option in NAFLD treatment guidelines from Russia
[16], China [12], Latvia [14], and Poland [17], and, in 2017,
EPL accounted for > 45% of the “hepatoprotective” agents
sold in Russia [13]. The aim of this narrative review is to
discuss the use of these agents as supportive treatment in
patients with NAFLD or NASH, with a focus on the data
surrounding the use of EPL.

Search methodology

A search of PubMed and Embase databases was under-
taken (from inception through to August 2018 initially and
updated in December 2020) to identify studies in which EPL
was used to treat NAFLD, NASH, or nonspecified fatty liver
disease. Relevant medical subject heading (MeSH) terms
were used for the disease names and for EPL as well as pos-
sible brand names and generic names. We also conducted a
search of clinical databases for gray literature from China
and Russia, where EPL is widely used for these indications.
The results were manually reviewed to identify prospective
clinical studies in which EPL was administered to patients
with NAFLD/NASH or nonspecified fatty liver disease.

A similar search of PubMed was also undertaken to iden-
tify research relevant to other “hepatoprotective” agents in
the treatment of NAFLD/NASH for a brief overview of other
agents that may potentially limit hepatic damage.

Overview of essential phospholipid (EPL)
and literature search results

As described earlier, EPL is the highly purified extract of
PPC from soybeans. The probable mechanism through which
EPL limits liver damage has been described in animals [18].
Phospholipids are essential components of mammalian cells
and lipoproteins [19], which are necessary for the formation,
regeneration, and activity of membranes, including those of
hepatocytes. In in vitro and animal studies, EPL has been
shown to restore membrane structure and fluidity, inhibit or
correct fibrotic processes, influence apoptosis, and modu-
late lipid metabolism and has also been shown to have anti-
inflammatory and antioxidant properties [15].

Russian NAFLD guidelines recommend EPL 1800 mg/
day (2 x 300 mg capsules, three times a day) for 12-24
weeks as supportive treatment for patients with NAFLD
[16]. Latvian NAFLD guidelines also state that the antioxi-
dant and antifibrotic effects of EPL makes their use justified
in patients with NAFLD or NASH [14]. Chinese guidelines
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recommend that patients with biopsy-proven NASH, or
those suspected to have NASH or advanced fibrosis, should
be considered for therapy to limit liver damage, and EPL
is mentioned as one option [12]. However, the guidelines
state that there is insufficient evidence to recommend one
option over another and suggest that patients use one of the
recommended agents for a year and monitor for effectiveness
(reduction of serum aminotransferase levels) [12]. The Pol-
ish guidelines state that oxidative stress is one of the most
important links to the pathogenesis of NASH and includes
EPL in its list of antioxidant agents but states that most of
these agents do not have enough evidence to recommend
their use [17]. In a survey study conducted in Polish doctors
(N = 1322, mostly gastroenterologists and internal medicine
specialists), EPL was the most recommended therapy (49%)
for patients with NAFLD, followed by ursodeoxycholic acid
(UDCA, 48%) [20].

The literature search identified 49 studies investigating
oral EPL in patients with NAFLD/NASH or nonspecified
fatty liver disease without other liver pathologies and with or
without comorbidities, including diabetes mellitus and obe-
sity. Of these, we excluded 29 trials in which nonstandard
“hepatoprotective” agents were used (for example, Chinese
herbal products) or did not focus sufficiently on NAFLD.
The 20 remaining trials are outlined in Tables 1, 2 and 3.
Of these, 12 studies were conducted in China [21-32], four
were conducted in Russia [33-36], and one each in the
UAE [37], India [38], Poland [39], and Italy [40]. In total,
16 of the studies were randomized [21-32, 34, 35, 38, 39];
of these, two were double-blind trials [38, 39], one was a
single-blind controlled trial [25], and the others were open
label or did not describe blinding [21-24, 26-32, 34, 35].
The four non-randomized studies were open-label [24, 33,
36, 40]. The duration of the trials ranged from 2 weeks to
24 months, and the EPL dosage, where stated, was most
commonly 456 mg three times a day (1368 mg/day) [22-26,
28-30, 32, 34], followed by 1800 mg/day [33, 35, 37, 39,
40] or 1800 mg three times a day [36]. Data for one of the
prospective observational studies were available from the
primary publication of study results [36] and subsequent
secondary publications [41, 42].

Efficacy

Common efficacy endpoints in the trials included the fol-
lowing: resolution/improvement of symptoms, hepatic
ultrasound, liver function markers (including alanine ami-
notransferase [ALT], aspartate aminotransferase [AST], and
gamma glutamyl transferase [GGT]), serum lipid markers,
liver/spleen computed tomography (CT) ratio, and overall
response rate (based on one or more of the aforementioned
endpoints) [22, 25, 27, 29]. Overall response rate was gener-
ally defined as the proportion of patients in which treatment

was highly/markedly effective plus the proportion in which it
was effective plus, in some trials, as the proportion of cured
patients. The definitions of these criteria differed between
the papers; however, most were similar to the following:

e Cured: symptoms resolved completely, normal liver func-
tion and blood lipid markers, B-mode ultrasonography
showing normal liver size/morphology

¢ Highly/markedly effective: clinical signs significantly
improved or disappeared, liver function and blood lipid
markers restored or close to normal, B-mode ultrasonog-
raphy showing normal liver size/morphology

e Effective: clinical signs somewhat improved, liver func-
tion and blood lipid markers restored or significantly
lowered, liver size/morphology improved

e [Ineffective: above criteria worsened or did not improve

In the majority of these studies, EPL treatment (as mono-
therapy or in combination with other agents) had a positive
effect on the outcomes assessed in patients with NAFLD
(Table 1), NASH (Table 2), or other/nonspecific fatty liver
disease (Table 3).

Nonalcoholic Fatty Liver Disease (NAFLD)

Of the 17 studies in patients with NAFLD, 11 were in
patients with NAFLD alone and six were conducted in
patients who had comorbidities (Table 1). Overall, EPL
improved NAFLD symptoms, liver function parameters, and
liver ultrasonographic features of NAFLD from baseline in
both types of study population.

Two noncomparative > 24-week trials [36, 37] provided
evidence supporting the use of EPL for the treatment of
NAFLD both in patients with NAFLD alone (group A in
the trial by Dajani et al. [37]) and in those with NAFLD
and comorbidities: type 2 diabetes mellitus or mixed hyper-
lipidemia (groups B and C, respectively) in the Dajani et al.
[37] trial and type 2 diabetes mellitus, obesity, hypercho-
lesterolemia, or hypertension in the MANPOWER trial
[36]. Indeed, most patients in the latter trial had two or
more comorbidities (79.6% of 2843 patients) [36]. After 6
months in the Dajani et al. [37] trial, transaminase levels
were reduced in 80.5% of patients in group A (mean reduc-
tion in ALT and AST, 54.6 and 48.7 1U, respectively), 84.1%
of patients in group B (ALT — 44.9 IU; AST — 40.5 IU),
and in 87.5% of patients in group C (ALT — 52.9 IU; AST
— 49.2 TU). After the EPL dose reduction, the transaminase
levels rose slightly but decreased again to normal or just
above the upper limit of normal after 3 months (P < 0.01).
Liver ultrasonography after 6 months showed an improve-
ment in 29.2% of patients in group A, 23.4% in group B,
and 20.2% in group C; of these, 5.3% of patients in group
A, 3.7% in group B, and 4.8% in group C had normal liver
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Table 2 Overview of clinical studies of oral essential phospholipids in patients with nonalcoholic steatohepatitis

References Study design Duration Treatment (1)

(months)

EPL or PPC
dosage, mg/
day

Efficacy Tolerability LOE

NASH only

Buyeverov et al. 2008 Open-label 6
[33] (25)
B: Metformin (15)

Zhan et al. 2013 [32] RCT 6 A: PPC + lifestyle

interventions (n = 42)

B: PPC (n = 40)

NASH with diabetes

Sasetal. 2013 [34]  RCT 6
(152)

B: Metformin (37)

A: EPL + metformin

A: PPC + metformin

1800 A > B: AST |and GGT No significant AEs 2b
| [both P < 0.05]
Both groups: ALT |,
TG |, glucose | [A
vs. B, P =NS]
Both groups: AST |, NR 2b
ALT |, GGT | [all
P < 0.01 vs. baseline]
A only: FBG |, TC |,
TG |, HDL-C 1, and
BMI |[all P < 0.05
vs. baseline]; | in %
pts severe fatty liver
(US) [P < 0.01 vs.
baseline]
A>B:AST |, ALT
1,GGT |, TG |,
HDL-C 1, and BMI |
[all P< 0.05]

1336

1368 A:ALT |, AST |, NR 1b
GGT |[all P < 0.05];
US texture improved
in 66.4% of pts
[P =0.02 vs. base-
line]
A > B: Slowing of
hepatic fibrogenesis
[P =0.03]

AE adverse event, ALT alanine aminotransferase, AST aspartate aminotransferase, BMI body mass index, EPL essential phospholipids, FBG fast-
ing blood glucose, GGT gamma glutamyl transferase, HDL-C high-density lipoprotein cholesterol, LOE level of evidence, NASH nonalcoholic
steatohepatitis, NR not reported, NS not significant, PPC polyene phosphatidylcholine, pts patients, RCT randomized controlled trial, TC total

cholesterol, 7G triglycerides, US ultrasound

ultrasonography results after treatment. Additionally, elas-
tography results showed an improvement in liver stiffness
in 14.2% of patients in group A (mean reduction 3.1 kPa
[range 0.5-6]), 26.1% of patients in group B (mean — 3.4
kPa [range 0.3-6.9]), and 20.2% of patients in group C
(mean — 3.1 kPa [range 0.5-5.5]) [37]. Improvements in
liver function parameters and liver ultrasonography were
also observed in the MANPOWER trial (Table 1) [41, 42].
This was despite a significant proportion of patients with
diabetes mellitus and patients with overweight/obesity not
receiving specific pharmacotherapy for these comorbidities
(almost 15% of patients with diabetes mellitus and 40% of
patients with overweight/obesity) [36].

Results of comparative studies generally confirmed that
EPL given as adjunctive therapy to metformin [23, 26] or
standard care [30] in patients with diabetes mellitus, and as
an adjunctive therapy to sibutramine in patients with obesity
[35], was associated with better NAFLD clinical outcomes

than with comorbidity-specific treatment alone (Table 1).
Effects on blood lipid levels and ultrasound results were
significantly more marked in the groups receiving EPL in
addition to metformin than in those receiving metformin
alone [23, 26].

Results varied when EPL monotherapy was compared
with other putative NAFLD treatments in patients with
NAFLD [27, 29] or with NAFLD and diabetes mellitus/obe-
sity [38]. Both UDCA [27] and metformin monotherapy [29]
were significantly more effective than EPL monotherapy in
terms of overall response rate and improvements in triglycer-
ide levels and other parameters in two trials in patients with
NAFLD (Table 1). In contrast, EPL was superior to UDCA
for symptom reduction and liver improvements—as shown
by ultrasonography—in patients with NAFLD and diabetes
mellitus or obesity [38].

Both EPL monotherapy and EPL as add-on ther-
apy to probiotics for the treatment of NAFLD provided
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improvements from baseline in lipid levels and fatty liver
(assessed by ultrasonography); however, significantly bet-
ter improvements in ALT, AST, and tumor necrosis factor
(TNF)-a levels were observed in the EPL plus probiotics
group (Table 1) [28]. In the group receiving EPL mono-
therapy, after treatment for 30 days the proportion of patients
with mild fatty liver decreased from 52% at baseline to 38%,
and the proportion with moderate fatty liver decreased from
48 to 40% [28].

Only one study specifically examined the efficacy and
safety of EPL in elderly patients with NAFLD, evaluating
EPL plus fenofibrate compared with fenofibrate plus inosine
[25]. EPL plus fenofibrate was associated with a superior
response rate (Table 1) and a lower rate of adverse drug
reactions than fenofibrate plus inosine (but outcomes 5.9
vs. 11.7%).

Nonalcoholic steatohepatitis (NASH)

In two comparative trials, EPL in combination with met-
formin improved liver function in patients with NASH and
diabetes mellitus [34] and in patients with NASH alone [33]
(Table 2). In the latter trial, EPL plus metformin was supe-
rior to metformin monotherapy for improvements in AST
and GGT levels [33]. EPL plus metformin showed a long-
term advantage over metformin alone in the trial in patients
with NASH and diabetes mellitus: the majority of EPL plus
metformin recipients had significant reductions from base-
line in ultrasonographic signs of fatty liver (81.6% of 114)
and in blood glucose levels (86.0%) [34]. This treatment
group also had a significant reduction in steatosis, whereas
the patients receiving metformin monotherapy had a signifi-
cant increase in steatosis [34].

When EPL was added as supportive pharmacotherapy to
lifestyle interventions for NASH, NAFLD outcomes were
generally superior than with lifestyle interventions alone,
including liver function, blood lipid levels, and BMI [32]
(Table 2). The proportion of patients with severe fatty liver
on ultrasonography decreased from 37.5 to 25.0% in those
receiving EPL (not significant) and from 40.5 to 4.8% in
those receiving EPL and lifestyle interventions (P<0.01 vs.
baseline and vs. EPL alone) [32].

Other/Nonspecified fatty liver disease

In a further six studies where the fatty liver disease was
not classified as NAFLD or NASH, all were comparative,
and all but two of them included fewer than 100 patients
(Table 3). Overall, EPL treatment—whether as monotherapy
or as add-on therapy—was associated with improvements in
clinical symptoms, liver enzyme and blood lipid levels, and
ultrasonography measures.

In patients with fatty liver disease, EPL was superior to
vitamins plus inosine [21] and to herbal medicines [24] on
some but not all liver function and serum lipid level measures
(Table 1). When EPL was given as add-on therapy to other
NAFLD treatments, in combination with silybin meglumine
it was superior to being given in combination with reduced
glutathione for most efficacy endpoints (Table 1), includ-
ing liver ultrasonography assessments [22]. The number of
patients with severe fatty liver on CT was reduced from 17 to
4 1in group A and from 16 to O in group B, whereas the number
with moderate fatty liver decreased from 36 to 4 in group A
and from 34 to 14 in group B (all P < 0.05 vs. baseline and A
vs. B). The number of patients with no fatty liver or mild fatty
liver increased from O to 25 and from 24 to 47, respectively,
in group A and from O to 14 and from 23 to 42, respectively,
in group B (all P < 0.05 vs. baseline and A vs. B).

In patients with fatty liver due to diabetes mellitus, EPL as
add-on therapy to insulin or lifestyle intervention improved
NAFLD outcomes better than insulin [39] or lifestyle inter-
vention [31] alone. Similarly, EPL plus a hypocaloric diet
was significantly more effective than a hypocaloric diet alone
at improving ultrasonography, biological variables, liver
enzymes, and bilirubinuria in patients with obesity and hepa-
tobiliary disorders related to unbalanced diets [40] (Table 3).

Safety

Of the 25 studies, nine included at least some mention of safety
(Tables 1, 2 and 3) [22, 24, 25, 29, 30, 33, 36, 38, 39]. How-
ever, only three studies reported any safety data [22, 25, 30];
in the other papers, the reporting was limited to a statement
that there were no adverse events [36], or no adverse events
that were significant [24, 29, 33], disconcerting [38], or treat-
ment related [39].

Of the studies that reported adverse events, the most com-
monly reported were mild gastrointestinal events. For instance,
in an 8-week, randomized, parallel-group study in patients
with fatty liver disease, abdominal discomfort was reported
by 2/76 patients receiving EPL plus silybin meglumine and
by 3/74 patients receiving EPL plus reduced glutathione; these
events resolved with symptomatic treatment [22]. Moreover,
where reported, the most common adverse drug reactions
of EPL in elderly patients with NAFLD [25] or those with
NAFLD and type 2 diabetes mellitus [30] included mild gas-
trointestinal dysfunction, diarrhea, or dizziness/headaches.

Other supportive treatments for patients
with NAFLD or NASH

A number of other agents have been trialed in patients with
NAFLD or NASH, with or without comorbidities (Fig. 1).
Pharmacologic treatments for patients with NAFLD/NASH
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are often aimed at treating comorbidities, including diabetes
mellitus, hypertension, obesity, and dyslipidemia [5, 12].

A summary of the efficacy/effectiveness and safety of
various therapeutic approaches in NAFLD is presented in
Fig. 2.

Antidiabetic treatments

NAFLD is often associated with type 2 diabetes mellitus,
and a number of antidiabetic drugs have been assessed for
the treatment of NAFLD. Pioglitazone has been assessed
in NAFLD with or without coexisting diabetes (the latter
being off label) [43] and has been shown to induce histologic
improvement, including reductions in steatosis, ballooning,
inflammation, and advanced fibrosis [5, 8]. However, these
protective effects appear to be temporary, and relapse is
common after the medicine is discontinued [44, 45]. The
adverse effects of pioglitazone, namely weight gain, fracture
risk, possible congestive heart failure, and bladder cancer
have limited its use [43]. A number of guidelines have sug-
gested that pioglitazone may be used in certain patients with
NASH [14, 45], NASH and prediabetes or diabetes mellitus
[12, 17, 43], or NASH with advanced fibrosis [46], after
careful assessment of comorbidities that may increase the
risk of common adverse events. Metformin has also been
shown to temporarily improve serum aminotransferases [44]
but has no effect on liver fat or liver histology in patients
with NAFLD [8, 12]; therefore, metformin may be used in
patients with NAFLD and insulin resistance or type 2 dia-
betes mellitus [12] but not specifically for the treatment of
NAFLD or NASH [2, 43]. Other antidiabetic drugs that may
have beneficial effects in NAFLD include glucagon-like pep-
tide-1 (GLP-1) agonists and sodium-glucose cotransporter-2
(SGLT-2) inhibitors; however, the results of further trials are
needed before any recommendations can be made about their
use in patients with NAFLD or NASH [5].

Dietary supplements

A number of supplements or over-the-counter preparations
have been assessed in patients with NAFLD. One such agent
is vitamin E, which may be able to improve steatosis, inflam-
mation, and hepatic ballooning in patients with NASH [45].
The potential use of vitamin E in patients with NASH was
referred to in many guidelines, but most state that further
trials are required before any firm recommendations can be
made [12, 14, 17, 43, 45]. The long-term safety of vitamin
E may be of concern [5, 14, 17, 45].

Silymarin, an antioxidant extracted from the milk this-
tle plant, has also shown hepatoprotective properties in
patients with NAFLD [47] through its anti-inflammatory,
anti-apoptotic, antifibrotic, and endocrine-metabolic and
choleretic effects [47]. In a meta-analysis of small trials in
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patients with NAFLD (published in 2017), silymarin (as
monotherapy or in combination with other agents) slightly
reduced serum ALT and AST levels [48]. However, the
authors concluded that these reductions were not clini-
cally relevant and that larger, well-designed trials were
necessary [48]. An earlier review (published in 2016)
included five small trials in patients with NAFLD/NASH;
three of these were double-blind, placebo-controlled tri-
als (all of which were included in the above-mentioned
review) and two compared silymarin with active compara-
tors [49]. In two of the placebo-controlled trials, silymarin
reduced ALT and AST levels by significantly more than
placebo. In one of the active comparator trials, silyma-
rin, pioglitazone, and metformin all significantly reduced
ALT and AST levels from baseline, but pioglitazone was
significantly more effective than silymarin at improving
triglyceride, fasting blood sugar, and insulin levels. In the
other active comparator trial, vitamin E and silymarin both
significantly reduced ALT and AST levels from baseline
[49]. In a more recent randomized, double-blind trial, the
proportion of patients with an improvement from baseline
in the NAFLD activity score did not differ significantly
between silymarin and placebo [50]. The utility of orally
administered silymarin is limited by the fact that absorp-
tion from the gastrointestinal tract is low (20-50%), so
the bioavailability is poor [51]. Silymarin inhibits some
cytochrome P450 enzymes, meaning drug—drug interac-
tions are possible, although they are unlikely at standard
silymarin doses [51]. Silymarin is among the agents men-
tioned by the Chinese and Latvian NAFLD guidelines,
with both noting that it is safe but that further data are
required [12, 14]. The Polish guidelines include silymarin
on the list of antioxidant agents but state that, for most of
these agents, there is insufficient evidence to recommend
their use [17].

S-adenosyl-L-methionine (SAMe) is available as an oral
dietary supplement in the USA, Canada, and Italy and as a
prescription medication in several countries, including Rus-
sia, China, Germany, and India [52]. Currently, it is not com-
monly used for NASH or NAFLD but rather for more severe
liver disease. It plays an important role in the biosynthesis of
phospholipids but has poor bioavailability after oral admin-
istration [52]. A meta-analysis of 11 studies in a total of 705
patients with chronic liver disease (seven different types,
and one study only in patients with NASH) showed that
SAMe improved AST and total bilirubin levels but not ALT
levels [53]. An observational study in 250 Indian patients
showed that SAMe significantly improved signs, symptoms,
and disease burden parameters associated with intrahepatic
cholestasis due to NAFLD (an uncommon clinical conse-
quence of NAFLD) [54, 55].

Other medications that may be useful in NAFLD include
glutathione and glycyrrhizic acid. Oral glutathione has



259

Antifibrotic agents
¢ RAS blockers

e Pentoxyphl line Insulin resistance leading . .
. o v In NASH, ductular reaction to the accumulation of Insulin sensitizers
Anti-lysyl oxidase . - - . h q
mab activates a periportal fibrogenetic hepatocellular fatty acids, Exercise
« DUR-928 pathway for fibrogenesis that is which in the presence of TZD
parallel to the deposition oxidant stress, ATP depletion, ;
¢ GR-MD-02 . - > - Metformin
o of subsinusoidal collagen and mitochondrial Obeticholic acid
¢ Cenicriviroc in zone 3 by HSCs which dysfunction may cause SUIENEIE el
can lead to cirrhosis. injury in the steatotic liver. RG-125
* Diet weight loss /
* Exercise
* Drug induced weight loss Stellate TG
l cells synthesis
Oxidative stress mainly caused by ROS leads to damage
of cellular macromolecules with consequent depletion
] FFA of ATP and NAD, DNA damage, alterations in protein .
\ stability, destruction of membranes and the release Orlistat
of pro-inflammatory cytokines which progressively cause
T cytosolic fatty acids accumation.
TGs
¢ Bariatric Surgery
e
Targeting oxidative stress
¢ Lipid lowering agents
¢ Anti-oxidants, vitamin E
* Glucagonmimetics ‘
¢ GFT505
e EPL
e Silymarine
Bacterial translocation a feature of
dysbiosis leads to mitochondrial
damage by increasing ROS in Kupffer
cells and hepatocytes. Probiotics
Mitochondrial dysfunction and & prebiotics
overproduction of ROS contribute
to apoptotic/necrotic cellular damage
in NASH.

Fig. 1 Pathophysiologic mechanisms of different treatments for non-
alcoholic fatty liver disease [44]. ATP adenosine triphosphate, DNA
deoxyribonucleic acid, EPL essential phospholipids, FFA free fatty
acid, HSCs hepatic stellate cells, NAD nicotinamide adenine dinu-

shown some efficacy in small pilot studies in patients with
NAFLD [56, 57] or NASH [56]; however, further larger tri-
als are needed before this treatment can be recommended.
Glycyrrhizic acid (extracted from the root of the licorice
plant) is commonly used in China in patients with chronic
liver diseases [12], generally in combination with EPL. Stud-
ies in mice suggested that glycyrrhizic acid may be protec-
tive against NAFLD [58], and one small study showed that,
as an active ingredient of licorice root, it can reduce ALT
and AST levels in patients with NALFD [59]. The drug has
been shown to cause edema, hypokalemia, and thrombocy-
topenia [59].

cleotide, NASH nonalcoholic steatohepatitis, RAS renin-angiotensin-
system, ROS reactive oxygen species, 7G triglycerides, 7ZD thiazoli-
dinediones. Reproduced from Dajani et al. [44] under the CCBY-NC
agreement

Bile acids

Clinical properties of the bile acid UDCA include anti-
apoptotic effects, improving hepatic insulin sensitivity, and
reducing serum TNFa levels and endoplasmic reticulum
stress, suggesting it may be effective in treating NAFLD.
However, results of trials in patients with NAFLD or NASH
have been inconsistent, and there are also toxicity concerns
with UDCA, including possible genotoxicity [44]. Liver
function needs to be monitored monthly during the first
3 months of UDCA therapy, followed by every 3 months
thereafter [60].

A\ Adis



260

Very high

UDCA

A

High

Vitamin D

'Vitamin E* (+ Vitimin C)

Resveratrol

Medium

. Essential phiospholipids

Phyllanthus

Level of existing scientific evidence

Low

Garlic__ Glycyrrhizic acid
. .Metadoxine
Coenzyme Q10 ilymarin
) .S Artichoke
Ademetionine

Lack of improvement
or deterioration

Low probability
of improvement

Medium probability
of improvement

High probability
of improvement

Very high probability
of improvement

Likelihood of improvement of clinically meaningful parameters

Fig.2 Schematic representation of the level of existing data sup-
porting the efficacy/effectiveness and safety of various therapeutic
approaches [67]. For ursodeoxycholic acid (UDCA), vitamin D, res-
veratrol, Phyllanthus, garlic, coenzyme Q10 (ubiquinone), ademetio-
nine, milk thistle seed extract (Silymarin), and glycyrrhizin there are
no conclusive data on the impact of these ingredients on the course
of nonalcoholic fatty liver disease or there is a lack of significant dif-
ference between the effect of these ingredients and placebo/no-treat-
ment regimens. For metadoxine and artichoke there are some limited
data on therapeutic effect, but the probability of a positive impact is

Investigational agents

Phase II and III trials in patients with NAFLD are being con-
ducted for a number of other agents, including elafibranor
(a peroxisome proliferator-activated receptor [PPAR]-a
and PPARS agonist), selonsertib (which inhibits apopto-
sis signal-regulating kinase 1), cenicriviroc (a C—C motif
chemokine receptor-2/5 antagonist) [5], and obeticholic acid
(modified bile acid) [44].

Discussion

As the most common chronic liver disease in developed
countries, with a prevalence that is increasing, NAFLD
presents a significant healthcare burden [1, 3, 6]. However,
although there are some promising agents in the pipeline, no
pharmacologic treatment is currently specifically licensed
for the treatment of NAFLD [5].

Treatment guidelines recognize the lack of specific phar-
macologic agents and generally focus on lifestyle modifi-
cation and treating comorbidities [12, 14, 17, 43, 45, 46].
Noting that it is off label for patients without diabetes, piogl-
itazone is suggested by a number of guidelines as a possible
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low. For vitamin E, or vitamin E in combination with vitamin C, and
essential phospholipids, these active ingredients have demonstrated
a positive effect on the course of nonalcoholic fatty liver disease.
Evidence was considered to be at least one randomized controlled
trial (RCT) with a placebo-controlled arm or no-treatment arm, and
N = 50 in the group; or at least two RCTs with a placebo or no-treat-
ment arm as control. *However, for vitamin E, there is a potential risk
of adverse effects (arrow) after long-term use at high doses. The pic-
ture is (generally provided and) adapted from Pavlov et al. [67]

treatment for patients with NASH or advanced fibrosis [12,
14, 17, 43, 45, 46]. Many guidelines also recognize the
potential of vitamin E treatment in patients with NASH [12,
14, 17, 43, 45]. Howeyver, there are safety concerns with both
pioglitazone and vitamin E. Russian, Chinese, and Latvian
guidelines suggested using an agent to limit hepatic dam-
age, with EPL specifically recommended by the Russian and
Latvian guidelines; silymarin is also recommended in the
Latvian guidelines [12, 14, 16].

EPL has been extensively evaluated in patients with
NALFD. Although many of the trials covered in our review
are relatively small, together they provide a body of evi-
dence suggesting that EPL is a useful agent for the support-
ive treatment of patients with NAFLD. In almost all trials,
EPL as monotherapy or in conjunction with other treat-
ment improved serum levels of liver function markers and
lipids and, where assessed, improved or resolved fatty liver
as assessed by ultrasonography (Tables 1, 2 and 3). In the
largest trial reviewed here reporting on NAFLD symptoms,
EPL significantly improved NAFLD symptoms, as well as
reducing ALT and AST levels in patients with NAFLD only,
NAFLD with diabetes mellitus, or NAFLD with hyperlipi-
demia [37]. In the largest trial overall, both liver enzyme
levels and liver ultrasonographic features were significantly
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improved by EPL as adjunctive therapy in patients with
NAFLD and comorbidities [41, 42]. In trials comparing EPL
with other treatments, EPL was significantly more effec-
tive than herbal medicine [24], vitamins plus inosine [21],
and sibutramine [35] and significantly more effective than
UDCA in one small double-blind trial [38], but less effective
in another small trial in which no blinding was reported [27].
EPL was also less effective than metformin in a small trial
in patients with NAFLD, although there were improvements
from baseline in both treatment arms [29].

The addition of EPL to metformin significantly improved
the efficacy compared with metformin alone in two trials
in patients with NAFLD and diabetes mellitus [23, 26] and
in trials in patients with NASH [33] and NASH with dia-
betes mellitus [34]. The addition of EPL also significantly
improved the efficacy of standard treatment in patients with
NAFLD and diabetes mellitus [30], of lifestyle interven-
tions [31] or insulin [39] in patients with fatty liver due to
diabetes, and of a hypocaloric diet in patients with obesity
and hepatobiliary disorders related to unbalanced diets [40].
Compared with EPL monotherapy, the efficacy of EPL was
improved by the addition of probiotics in one trial [28] and
of lifestyle interventions [32] in another trial. Results from
a large observational study in Russia supported the premise
that EPL is beneficial when used as an adjunctive therapy
in patients with newly diagnosed NAFLD and metabolic
comorbidities [36, 41, 42].

When safety data were reported, EPL was generally very
well-tolerated with a low incidence of adverse events and
no reported serious adverse events. The most commonly
reported adverse events were mild gastrointestinal events.

As this is a narrative review, we did not perform any
meta-analyses. However, a meta-analysis of seven trials in
patients with NAFLD and obesity or type 2 diabetes mel-
litus has been conducted [61]. Direct meta-analysis of four
studies (total n = 445) showed that EPL plus antidiabetic
treatment reduced levels of ALT, triglycerides, and choles-
terol from baseline by significantly more than antidiabetic
treatment alone. Patients were also more likely to experience
overall improvement with EPL plus antidiabetic treatment
than with antidiabetic treatment alone. Cohort meta-analysis
of four studies (total n = 357) showed that 58% of patients
receiving EPL demonstrated significant clinical benefit,
whereas cohort meta-analysis of two studies showed EPL
reduced AST and ALT levels from baseline [61]. Addition-
ally, a Cochrane analysis of trials of EPL in patients with
NAFLD has been planned and will include studies in all
languages and from any year [13].

Our review is not without limitations. First, many of the
studies with EPL were small and of short duration, which
prevents definitive conclusions from being drawn, particu-
larly about the long-term efficacy of EPL. The studies were
also heterogeneous with regard to design, endpoints, and

concomitant therapies. Although most studies noted that
patients were given dietary guidance/advice and advised to
undertake exercise, the diet and exercise recommendations
were not standardized between studies. Endpoints varied
between studies; few used histological analysis and none
used “hard” clinical endpoints such as progression to cirrho-
sis or cardiovascular events, so the impact of EPL on these
disease outcomes has not been proven. Current surrogate
endpoints such as ultrasonography and liver enzyme levels
lack sensitivity, and most studies in this review used a com-
bination of at least two surrogate endpoints to assess efficacy
as recommended by regulatory authorities [62]. The 2019
recommendations on clinical study endpoints by the Liver
Forum is an important step in improving clinical research
standards in this field [62].

Although we conducted a comprehensive search of data-
bases and identified studies from sources outside of these
databases, we cannot be sure that further research has been
undertaken that we were unable to identify. Similarly, nega-
tive studies are less likely to be published, so our data are
likely to reflect this publication bias in favor of positive
research, particularly in the years prior to the requirement
for clinical trial registration [63, 64].

In this review, we have discussed biomarkers and liver
function, and it should be noted that it has yet to be shown
conclusively that treatments that effect these biomarkers
have a resulting effect on fibrosis and mortality. While the
biomarkers ALT and GGT have traditionally been viewed
as being surrogate markers of liver fat [65] and may not
be direct markers of histological improvement, emerging
information suggests that liver fibrosis may be a dynamic
process and that the rate of development of fibrosis disease
is directly related to changes in disease activity [66].

In conclusion, although many of the trials were relatively
small, there is a large body of evidence suggesting that EPL
is a promising treatment for patients with NAFLD and is
generally well-tolerated. Further large, well-designed trials
on the role of EPL would be beneficial.
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