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Abstract
Background: The prevalence of non-alcoholic fatty liver diseasnd non-alcoholic

steatohepatitis (NAFLD/NASH) is increasing. NAFLDXSH may progress to cirrhosis and
hepatocellular carcinoma. However, most patients WAFLD/NASH will die from a vascular
cause. There are no currently approved pharmaoalbfyeatments for NASH/NAFLD. A large
number of clinical trials have been, or are beingdertaken; however, the challenge is the
assessment of the clinical endpoint.

Scope of review: The main objective of this narrative review wasetmluate the efficacy of
drugs used in clinical trials for the treatmentNAFLD/NASH that included a liver biopsy as
the gold standard. A literature search was camwigdusing 3 databases (PubMed, Scopus, and
Google Scholar) to identify the clinical trials thacluded liver biopsy assessment before and
after treatment. Interventional clinical trials @8) involving 18 different agents, alone and in
combination, were identified.

Major conclusions: Pioglitazone is the only agent that has shownisterd benefit and efficacy

in a number of clinical trials. Pentoxifylline, ightazone and ursodeoxycholic acid had both
positive and negative results from clinical trialhere is also evidence for vitamin E and
metformin. Other drugs including bicyclol, cysteami bitartrate, L-carnitine, liraglutide,
obeticholic acid, oligofructose, selonsertib, signn, and statins each had a single clinical study.

There is an urgent need for further research mftaid.
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I ntroduction

Non-alcoholic fatty liver disease (NAFLD) is an reasing global public health problem and a
common cause of chronic liver disease [1] (the dweidie prevalence of NAFLD is estimated at
approximately 25%) [2]. The prevalence of NAFLDrigng in parallel with the increase in type
2 diabetes mellitus (T2DM) and obesity and NAFLDpredicted affect >30% of the US adult
population [3].

The classical definition of NAFLD is hepatic stesifoin the absence of other liver disease [4]. In
NAFLD, fat accumulates in the liver as a resulirafreased free fatty acid delivery to the liver,
increasing triglyceride synthesis, decreasingyagtide export and reducing beta-oxidation [5].
NAFLD patients commonly have insulin resistance) (tRat enhances lipolysis from adipose
tissue [5]. Liver biopsy in NAFLD shows hepatic atesis without inflammation or
hepatocellular injury (hepatocyte ballooning) [Bfiwever, between 10-25% of NAFLD patients
show inflammatory infiltration leading to non-aladit steatohepatitis (NASH). Approximately
25% of patients with simple steatosis, may progresNASH in 3 years [4]. NASH is
characterized by hepatic steatosis and lobulaanmihation accompanied by hepatocyte injury
(e.g. in the form of ballooning) in the presencealbsence of fibrosis [6]. The exact prevalence of
NASH is currently unknown due to the need for aiibiopsy for a definitive diagnosis [4].
NAFLD/NASH can progress to cirrhosis, HCC (hepalioéa carcinoma), and can be an
indication for liver transplantation [7]. NASH ireases the risk of both liver-related morbidity
and mortality as well as chronic kidney diseasediosascular disease and cancer [2; 3]. Of
concern is that the progression from NAFLD to NABHnore aggressive and rapid in children
[2].

Despite the increasing numbers of patients, theee lianited therapeutic approaches and
currently there are no approved drug treatmentN®FLD and NASH [7]. In recent years, an
increasing number of emerging therapies have uonderglinical evaluation [8]. In this context,
an important challenge in the field of assessingSNANAFLD therapeutics is to accurately
assess the response to treatment [7]. The goldathto determine the progression or regression
is a liver biopsy [9]. Non-invasive tests such &pdtic enzymes, imaging, NAFLD fibrosis
score, Fibroscan and FibroMeter may help NASH diagnby identifying fibrosis [2; 5; 10] but

remain surrogate markers.



Sear ch strategy

For this narrative review, randomized controligdls for the treatment of NAFLD and/or NASH
that used liver biopsy assessment before and @éiatment were identified using 3 databases
PubMed, Scopus and Google Scholar. The key words {/eon-alcoholic fatty liver disease”
OR *“nonalcoholic fatty liver disease” OR “non-aladic steatohepatitis” OR “nonalcoholic fatty
liver disease” OR NAFLD OR NASH OR “fatty liver”) WD (biopsy OR histology OR
histopathology OR histopathologic OR histologicdR Gistopathologic OR histopathological)
AND (trial OR “clinical trial” OR “randomized contiled trial”) (Table 1). We excluded studies
based on a liver biopsy performed only at the b@gm of the trial and not as an endpoint
evaluation. We only included agents with evidentefticacy based on histological outcome
(Table 2). Clinical trials on agents showing lack of histgical efficacy, were excluded. Only
articles written in English language were included.

In the included studies, the NAFLD activity SCOMAS) was defined as the unweighted sum of
the scores for steatosis (0-3), lobular inflammati@-3) and ballooning (0-2); this score ranged
from O to 8. A decrease in HOMA-IR (log homeostassessment model analysis for IR) score
represented improved insulin sensitivity. The NA&ttivity index represented the sum of scores
for parenchymal inflammation (0-4), cellular injuf®-4) and steatosis. Liver tests reported
included alanine transaminase (ALT), aspartatestmamnase (AST), alkaline phosphatase

(ALP), gamma glutamyl transpeptidase (GGT), albuamid bilirubin T able 3).

Bicyclol

Bicyclol is a derivative of dimethyl-4, 4'-dimethg®, 6, 5', 6-'dimethylene dioxybiphenyl-2, 2'-
dicarboxylate (DDB) which is a synthesized analoglia traditional Chinese medicine from the
herbFructus Schizandrae. Bicyclol may be effective for treating chronicpagitis B and C viral
infections (in China) as well as protection agalipstl injury and oxidation [11].

Patients (n=31) with NAFLD and impaired fastingalge (IFG) were enrolled in a randomized
open label controlled trial of bicyclals vitamin E. After lifestyle changes and a daily elas
1500 mg/day metformin, the treatment groups reckerther bicyclol 25 mg three times daily or
vitamin E (a-tocopherol) 100 mg three times daity 24 weeks. Steatosis, inflammation,
hepatocellular ballooning, and NAFLD activity sceréNAS) decreased in both groups after

treatment. However, decreases in histopathologidi@mmation (-1.25vs 0.6) and NAS (-2.68



vs 1.94) in the bicyclol group were significantly ingped compared with vitamin E. In addition,
bicyclol significantly reduced serum ALT activitypZ.6 vs 51.87 U/L) compared with the
vitamin E group. In this study, 1.79% of the pat$ewho received bicyclol reported abdominal
distension and mild diarrhea during the study whil@% of patients in control group reported
mild abdominal distension and dizziness. There were@abnormal laboratory results related to
either study drugs [12].

Cysteamine Bitartrate (CB)

Cysteamine [{-mercapto-ethylamine) bitartrate (CB) is an appdogieug in the USA and EU for
nephropathic cystinosis in adults and children [I3}steamine is a sulphydryl compound that
can prevent paracetamol-induced hepatic necrosisliaar damage in paracetamol poisoning
[14; 15].

In a randomized placebo-controlled double-blindedl,t 169 children with NAFLD activity
scores>4 received either cysteamine bitartrate delayeelassd (CBDR) or placebo twice daily
(300 mg for those weighing 65 kg, 375 mg for thaséghing >65-80 kg, and 450 mg for those
weighing >80 kg) for 52 weeks. The primary outcowees a decrease in the NASx# points
without worsening fibrosis; the secondary outconesvany decrease in histological features.
There were significantly more patients showing raprovement in lobular inflammation in the
CBDR group compared with the placebo (@6 21%). In apost hoc analysis of children
weighing <65 kg, those taking CBDR had a 4-fold better chaofchistological improvement.
While there was no significant difference betweenugs in the primary outcome measure,
patients receiving CBDR had significant changethesecondary outcomes with a reduction in
the mean activities of serum ALT (-38 -8 U/L), AST (-31vs -4 U/L) and GGT (-10ss -1)

compared with placebo. Other biochemical paramelieraot differ between groups [16].

Docosahexaenoic Acid (DHA)

DHA acid may be effective in liver steatohepat#iace it can decrease liver triglycerides in
NAFLD [17,18].

In a randomized, double-blind placebo-controlledl t43 obese NAFLD children with vitamin
D deficiency received daily 500 mg DHA plus 800 \ltamin D or placebo for 12 months. The

major limitation of this study was that only thedtment group had a liver biopsy the end of



study due to ethical reasons. DHA plus vitamin Batment reduced the NAS (from 5.40 to
1.92), steatosis (from 2.25 to 1.0), ballooningifir1.6 to 0.46), lobular inflammation (from 1.5
to 0.88) and portal inflammation (from 1.6 to 1.0).addition, DHA and vitamin D improved
AST (-8.55vs 0 U/L) and ALT (-15.75vs 7.75 U/L) compared with the placebo group.
Moreover, triglycerides, low-density lipoprotein atésterol (LDL-C) and body mass index
(BMI) decreased in the treatment group togetheh waitpersistent and significant increase in
vitamin D levels. None of treated patients devetbbgpercalcemia and/or nephrotoxicity and no
adverse events were reported [19].

In another randomized placebo-controlled clinicaltinvolving children with NASH, 40
participants received lifestyle modification plukgebo, or lifestyle modification plus a mix
containing 250 mg of DHA, 39 Ul of vitamin E and12fhg of choline every day for 6 months.
All patients were recommended to follow a hypodalaliet (25-30 kcal/kg/day) and to engage
in twice-weekly 1-h physical activity during the&tment, and for a further 6 months of follow-
up. The limitation of this trial was that the enfdstudy, liver biopsy was only performed in the
active treatment group for ethical reasons. Sigaift improvements in steatosis (1M351.85),
ballooning (1.35vs 0.60) and NAS (4.3%s 2.65) were found at the end of study liver biopsy
compared with baseline. Severe steatosis (grasas83ignificantly decreased from 50% to 5%
of patients. Significant improvements in ALT (frd8.5 to 35.3 IU/L) and fasting glucose levels

were seen only in the treatment group. No advereete were reported [20].

L-carnitine

L-carnitine is a quaternary amine that may prevkatdevelopment of NASH [21]. It has been
shown that L-carnitine limits oxidative stress, ueds lipid levels and controls inflammatory
responses [22]. Furthermore, it mediates the t@mhspf long-chain fatty acids across the
mitochondrial membrane. Thereby, L-carnitine faaies the removal of fatty acids
accumulating in mitochondria that lead to unbaldnleepatic fat turnover resulting in steatosis
[23; 24].

In a randomized and controlled clinical trial, 7A8H patients received 2 L-carnitine 1g tablets
plus diet or placebo plus diet per day at the sdasage and regimen for 24 weeks. L-carnitine
caused a reduction in steatosis (-2188-1.11), hepatocellular injury (-1.9% -1.19), portal
inflammation (-1.49s -1.07), fibrosis (-1.31/s -0.85) and NASH activity index (6.2 -3.63)



compared with placebo. Each of the component feataf the NASH-activity index (steatosis,
parenchymal inflammation, and hepatocellular injumyproved significantly. The mean NASH-
activity score decreased from 9.42 to 3.19. Ove8a% had improvement in fibrosis scores and
97% of patients had a histological response. Thehgmical parameters AST (-71vg -46.1
IU/L), ALT (-58.4 vs -37.4 IU/L), GGT (-37.6vs 20.4 IU/L) were also significantly improved,
compared with placebo. In addition, compared widtgbo, the patients in the L-carnitine group
showed significant improvements in total choledtek®L-C, plasma glucose, HOMA-IR, C-
reactive protein (CRP), and tumour necrosis faldiF)-a [23].

Liraglutide

Liraglutide, a FDA (Food and Drug Administratiorppaoved medication for treating T2DM, is
a long-acting analogue of human glucagon-like plepli (GLP-1) [25; 26]. GLP-1 is an incretin
hormone that induces insulin secretion and decsegiseagon secretion [26]. In addition, GLP-1
decreases energy intake and body weight by pradgngastric emptying and inducing satiety
[26]. There is an association between NAFLD andafaic syndrome that increases the risk of
T2DM, dyslipidemia and obesity [27]. Furthermor&adlutide was shown to have anti-
inflammation activity [28]. Therefore, GLP-1 receptinalogue therapy may have potential for
the treatment of NAFLD and NASH patients. GLP-le@ors are present in hepatocytes and it
was shown that liraglutide may directly reduce fivierosis and steatosis in an vivo study
[26].

In a multicentre, double-blinded, randomized, pteeeontrolled phase 2 trial of subcutaneous
injections of liraglutide, 52 patients who were mweight with histological evidence of NASH
received 1.8 mg daily liraglutide or placebo forw&eks. There were significantly more patients
showing an improvement in hepatocyte ballooning \132%, p=0-05) and steatosis (&3
45%, p=0-009) in the liraglutide compared with gi@cebo group. Indeed, 39% of patients in
the liraglutide groupvs 9% of patients in placebo group (p=0-019) had solution of
histologically defined NASH. Fewer patients in thmaglutide group showed progression of
fibrosis compared with placebo (& 36%, p= 0-04). Serum GGT activity was significantl
reduced in the liraglutide group compared with plecebo group (-33.7 and -7.2 U/L, p=0.010).
Most adverse events were grade 1 (mild) to gra@@dlerate) in severity and were transient.



They were similar in the 2 treatment groups, wite éxception of gastrointestinal disorders that

were more frequent with liraglutide including naaiséiarrhea and abdominal pain [29].

Metformin

Metformin, an insulin sensitizer used to treat DRy be a promising option for NAFLD [30].
The action of metformin as an antidiabetic agerthisugh decreasing gluconeogenesis in the
liver, increasing the uptake of glucose in the nejsenhancing oxidation of fatty acids in
adipose tissue, and improving insulin sensitiva¥][

In an open label, randomized trial, nondiabetid\#9-LD patients received 2 g/day metformin
for 12 months. The control group received 800 Itawiin E (n=28) or a weight-reducing diet.
The important limitation of this study was thattla¢ end of study liver biopsy was carried out
only in the metformin group for ethical reasonsstHliogical assessment showed a significant
decrease (compared with baseline) in the necromflation score (from 1.88 to 1.23, p=0.012),
fibrosis score (from 2.88 to 2.18, p=0.012), andS¥Aindex (from 6.53 to 4.47,<6.0001).
Treatment with metformin significantly improved gser ALT and AST activities (compared
with vitamin E and placebo). The number of casdbk winormal ALT at the end of the study in
the metformin group were greater than in the dretug and in the vitamin E group. In the
metformin group \(s the diet group) fasting glucose, insulin, HOMA weesignificantly reduced.
No side effects were reported [32].

In a controlled trial, 48 patients with NAFLD werandomly assigned to either metformin or
placebo for a period of 6 months. Individuals reedi1 tablet (500 mg metformin or placebo)
per day, followed by weekly titrations until a mapal daily dose of 2500 mg or 3000 mg (if
bodyweight was$90 kg) was reached after 4 or 5 weeks. No diffezsretween metformin and
placebo groups were observed for liver steatosfsS-Ncore, liver transaminases or markers of
insulin resistance or inflammation. Changes in seactivities of ALT and AST did not differ
between the groups. In contrast, beneficial effeétsnetformin were observed on changes in
body-weight, serum levels of cholesterol, LDL-Cuggse and HbA. Two patients in the
metformin group dropped out of the study due tdrgagestinal complications and incidence of
exanthema [30].

A prospective randomized placebo-controlled trealaluated the effects of diet, exercise and

placebo compared with diet, exercise and metforiminl2 months in 19 nondiabetic patients



with IR and NASH. Both groups received dietary maoarendations for weight loss and exercise
4 times/week. The treatment group received longrgehetformin 500 mg/day (titrated to 1000
mg/day). There were no differences between the dupyg for steatosis, ballooning, intra-
acinar/portal tract inflammation, fibrosis and NAShere were, however, significant
improvements in steatosis and NAS across all studhyects. ALT activities decreased by 40.7
IU/L in the placebo group, 21.5 IU/L in the treatmhgyroup and 31.6 IU/L overall. AST
activities decreased by 20.1 IU/L, 5.7 IU/L and2LBJ/L, respectively. However, the differences
between the 2 groups did not differ for ALT, ASTL.PRAor other biochemical parameters [33].

In a randomized, double-blind, double-dummy, placeimntrolled trial conducted in 173
NAFLD children and adolescents; participants reegi800 IU of vitamin E or 1000 mg of
metformin or placebo daily for 96 weeks. Balloonidggeneration score was significantly
improved in both the metformin group (-Ov8 0.1) and in the vitamin E group (-Ovs 0.1)
compared with placebo. NAS (-1v8 0.7) was significantly reduced and resolution &3 (58

vs 28%) was significantly increased in the vitamingEbup compared with placebo. Serum
biochemistry parameters did not differ between mhetformin group and vitamin E groups
compared with placebo. For those taking metforraniverse effects included dose-dependent
nausea, vomiting, and diarrhea, although the redoseverity or frequency of adverse events
between treatment groups were not significant. Fikidren in the placebo group, 1 in the
metformin group and none in the vitamin E groupadeped diabetes, though this difference was

not statistically significant [34].

Obeticholic acid (OCA)

Obeticholic acid (OCA; &-ethyl-chenodeoxycholic acid) is a bile acid analgf CDCA
(chenodeoxycholic acid) with a 100-fold higher @itfy, compared to CDCA, for the farnesoid X
receptor (FXR) [35]. FXR is a promising target fdAFLD therapy because it is a nuclear
receptor that plays several roles including regaadf lipid metabolism and modulation of liver
growth [35]. OCA has anti-cholestatic and hepatotgxtive properties [36].

In a phase 2, multicenter, double-blind, placebetadled, parallel group, randomized clinical
trial in 283 non-cirrhotic NASH participants reced’25 mg daily OCA orally or placebo for 72
weeks. Histological assessment showed significaptavement (treatmens placebo group) in
fibrosis (35vs 19%, p=0.03), hepatocellular ballooning #631%, p=0.030), steatosis (&%



38%, p=0.001) and lobular inflammation (8835%, p=0.006). The scores for fibrosis (-0s2
0-1, p=0.010), hepatocellular ballooning (-0-& -0-2, p=0-030), steatosis (-0-8s -0-4,
p=0-0004), lobular inflammation (-0\& -0-2, p=0-0006), and NAS (-1vé -0.7, p<0-0001)
were significantly decreased by OCA compared wiklicgbo. Furthermore, compared with
placebo, treatment with OCA significantly improv&tT (-38 vs-18 U/L, p<0-0001), AST (-27
vs -10 U/L, p=0-0001), GGT (-3¥s -6 U/L, p<0-0001) activities, and bilirubin (A& 0.6
pmol/L, p= 0-002). However, OCA treatment increasetdl cholesterol and LDL-C, and
decreased high-density lipoprotein cholesterol (HDLcompared with placebo. Clinical adverse
events were generally mild to moderate in seveaitd were similar in the 2 groups for all
symptoms except pruritus. Pruritus was reporte@3f6 of OCA-treated patients and 6% of
placebo-treated patients [37].

In a phase 3 randomized placebo-controlled tridl pdtients with NASH and severe fibrosis
received OCA 10 mg/day, OCA 25 mg/day, or placeiol8 months. The primary endpoints
were either fibrosis improvement with no worsenofgNASH or NASH resolution with no
worsening of liver fibrosis. Results showed thatemaily OCA 25 mg achieved one primary
endpoint (fibrosis improvement with no worsening\N#&SH) in 23% of participants (p=0-0002)
while the other primary endpoint was not met. Pasien this group showed improvements in
hepatocellular ballooning (35% compared with plagep=0-001) and lobular inflammation
(44% compared with placebo, p=0-032). Pruritus, Wes most common adverse event that
affected 51% of the patients in OCA 25 mg/day grd2g# of the OCA 10 mg/day treatment
group, and 19% of the placebo group [38].

Resmetirom

Resmetirom is a liver-targeted agent that bindscidyhormone receptd¥-to counteract the
toxicities associated with thyroid hormone excdasgély mediated through thyroid hormone
receptore) [39]. Resmetirom could improve NASHa enhancing hepatic fat metabolism and
attenuating lipotoxicity [39].

In a randomized, double-blind, placebo-controlléeddg NASH patient, fibrosis stage 1-3,
(N=125) received resmetirom (MGL-3196) or placeldongg/day for 36 weeks. Results showed
that resmetirom reduced hepatic fat compared wabgho (—37- s —8.5%, p<0-0001). NAS

was significantly reduced in treatment group coragawith placebo group. The proportion of

10



patients with a&2-point reduction in NAS with at least a 1-pointuetion in ballooning or
inflammation was significantly greater in the treant group compared with placebo (46% vs
19%, p=0-017). Furthermore, resmetirom significartiduced ALT, AST, and GGT compared
with placebo [39].

Pentoxifylline (PT X)

PTX, a methylxanthine derivative, is a non-selexfphosphodiesterase inhibitor which causes
vasodilatory effects [40]. PTX is reported to desee inflammation by inhibiting the production
of TNFa that is recognized to promote inflammatory readdian the development of NAFLD
[41]. PTX was initially used in the treatment ofammittent claudication and then for treatment
of peripheral artery disease and liver injurieshsas alcoholic hepatitis and NASH [42].

In a randomized controlled trial, 30 NASH patiergseived 1,200 mg PTX or placebo for 12
months. Both histological and biochemical featudés$ not differ between groups. Adverse
events were mild, most frequently headache andrabdd cramps, and did not differ between
groups [43].

In another randomized placebo-controlled trial &pby-confirmed NASH patient received 400
mg PTX 3 times/day or placebo for 1 year. Treatnsggnificantly improved steatosis score (-
0.85vs -0.04, p<0.001), lobular inflammation (-0.450.08, p=0.023), fibrosis (-0.2s 0.4, p=
0.038), and NAS (-1.6/s -0.1, p<0.001) compared with placebo. An improveted 30% or
more in ALT activity from baseline was observedhe treatment (57%) compared with placebo
group (23%), p=0.016. Adverse effects were simitatboth groups with common adverse

events being nausea and vomiting [44].

Pioglitazone

Pioglitazone is currently used as an antidiabagiena [45]. Pioglitazone is a thiazolidinedione
which targets insulin resistance and adipose tislgéunction that cause liver lipotoxicity in
fatty liver disease [3]. Pioglitazone acts by biglito the PPAR (peroxisome proliferator-
activated receptor gamma) that plays a key rolgid metabolism and glucose regulation [45].
In a placebo-controlled trial, 55 patients with mmed glucose tolerance or T2DM and NASH
received a hypocaloric diet (a reduction of 500lkiey) plus 45 mg pioglitazone daily or a

hypocaloric diet plus placebo for 6 months. Histidal improvement in the pioglitazone group

11



was significantly more than placebo group; steat®bvs 38%, p= 0.003), ballooning (54
24%, p= 0.02), lobular inflammation (&5 29%, p= 0.008) and necroinflammation (&538%,
p= 0.001). Treatment (compared with placebo) sicauiftly decreased AST activity (\& -19
U/L, p= 0.04) and ALT activity (-3%s -21 U/L, p <0.001). Furthermore, pioglitazone |loeg
triglycerides, fasting plasma glucose and insudwels. Mild oedema and fatigue developed in 1
subject who received pioglitazone, but no otherasky effect were observed [46].

In another randomized, placebo-controlled trial,nohdiabetic patients received standard diet,
exercise, and either 30 mg/day pioglitazone or gidacfor 12 months. Histological features
including hepatocellular injury (p= 0.005), MalleBenk bodies (p=0.004), and fibrosis (p=
0.05) were reduced in the pioglitazone group coexgbarith placebo. ALT (-37.¥s-6.9 U/L, p=
0.009) and GGT (-121.¥s -6 U/L, p= 0.002) activities were reduced in threatment compared
with the placebo group. No adverse events werereéddn the pioglitazone treatment group
compared with the placebo group [47].

In a randomized placebo controlled trial, 247 NA®Htients without DM received 30 mg
pioglitazone daily, 800 IU vitamin E, or placebor {66 weeks. Compared with placebo,
treatment with pioglitazone and vitamin E signifidg improved steatosis (69 and & 31%,
p<0.001, p=0.005), lobular inflammation (60 and\s435%, p=0.004, p=0.02), hepatocellular
ballooning (NS and 50s 29%, p=0.08, p=0.01), NAS (-1.9 and -¥9-0.5, p<0.001, p<0.001),
with a resolution of NASH (47 and 36 21%, p= 0.001, p= 0.05) in pioglitazone and vitafai
compared with placebo, p value for pioglitazaa@lacebo and p value for vitaminvg placebo,
respectively. Furthermore, serum biochemical festsignificantly improved in the pioglitazone
and vitamin Evs the placebo group, respectively: ALT (-40.8 and.G3ss -20.1 U/l, p<0.001,
p=0.001), AST (-20.4 and -21\& -3.8 U/I, p<0.001, p<0.001), GGT (-21.1 and -1¥s0-4.0
U/l, p<0.001, p=0.003), and ALP (-12.0 and -9s33.8, p=0.004, p=0.008) activity (p value for
pioglitazonevs placebo and p value for vitaminvg placebo, respectively) [48].

In another randomized, double-blind, placebo-cdiettotrial, 101 patients with prediabetes or
T2DM and NASH received either 45 mg/d pioglitazameplacebo for 18 months. Treatment
improved the steatosis score (-M4 -0.2, p<0.001), inflammation (-0.8s -0.1, p<0.001),
ballooning (-0.6vs -0.2, p=0.001) and fibrosis (-0 0, p=0.039) compared with placebo.
Resolution of NASH in the pioglitazone group (518@s significantly greater than with placebo
(19%), p<0.001. The percentage of patients that }2gboint reduction in NAS without
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worsening of fibrosis was significantly greater thre pioglitazone group compared with the
placebo group, p<0.001. Compared with placebo,lipgagne treatment significantly decreased
AST (p=0.001) and ALT p<0.001 activities, decreaseglyceride (p=0.018), HDL-C levels

(p<0.001) and liver fat content (p<0.001). Commalvease events were musculoskeletal,
respiratory/otolaryngologic, and gastrointestinalt khere was no difference between the

pioglitazone and placebo groups [49].

Prebiotics

Gut microbiota dysbiosis is considered to be a rdmuting factor to NASH development.
Prebiotics are substrates which are selectively bgethe host microorganisms. Prebiotics alter
the gut microbiota by increasing the growth andvagt of health-promoting bacteria [50].
Oligofructose is a prebiotic which enhanBgdobacterium and reduceClostridium cluster Xl
and | [51]. In addition, oligofructose can lowemg®a triglycerides, cholesterol and very low
density lipoproteins [50].

A randomized trial evaluated the effectsBifi dobacterium longum with fructo-oligosaccharides
in the treatment of NASH. Patients (n=66) receiv&éidobacterium longum with fructo-
oligosaccharides 2.5 g and lifestyle modificatior.(diet and exercise) or placebo and lifestyle
modification for 24 weeks. There was significarduetion in steatosis (2.22 1.5, p<0.05) and
the NAS (6.22vs 4.29, 0.05) compared with placebo. Moreover, treatmeghiBicantly
reduced AST (-69.6s -45.9 IU/mL - The authors use IU/mL within the &bst and text and
IU/L within the table but the correct units are lpably 1U/dL - p<0.05), LDL-C (-0.84vs -0.18
mmol/L, p<0.001), CRP (-2.95s -0.7 mg/L, p<0.05), TNFe (-0.45vs -0.12 ng/mL, g0.001),
HOMA-IR (-1.1vs-0.6, p<0.001), and serum endotoxin (-4%<2-30.6 pg/mL, g0.001)[52].

In a placebo-controlled, randomized pilot trial fpdtients with NASH (NAS>5) received
oligofructose (8 g/day for 12 weeks followed by délay for 24 weeks) or placebo. Prebiotic
therapy significantly decreased steatosis and Né@pared with placebo. Treatment did not
alter ALT, ALP and GGT activities. There were novaibe events from consuming oligofructose
[51].

Rosiglitazone
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Rosiglitazone, an antidiabetic drug, improves imsusensitivity [53]. IR leads to fat
accumulation in the liver and to the developmerd progression of steatohepatitis. As such,
rosiglitazone may be useful in the treatment of INAS/ reversing IR [54]. However, evidence
on its effect in increasing the risk of cardiovdacievents has caused its withdrawal in many
countries and limited its use.

In a placebo-controlled trial, 63 patients with fBg-proven NASH were randomly assigned to
either rosiglitazone (4 mg/day for the first mofdHowed by 8 mg/day thereafter) or placebo for
a period of one year. More patients treated witkigldazone than receiving placebo had
significantly improved steatosis (4% 16%) and normalized transaminase levels (83 %).
There were no improvements in other histologicalapeeters. The main adverse effect was
weight gain (mean gain of 1.5 kg in the rosiglitagogroupvs 1 kg in the placebo group;
p<0.01), while the main reason for dose reductisofthtinuation was the incidence of painful
swollen legs [54].

In a randomized trial, 53 NASH patients receivesi@day rosiglitazone or placebo for 2 years.
There was no difference in the biochemical pararaetehistological features [55].

In another randomized controlled-trial, 137 NASHigeats received rosiglitazone 4 mg twice-
daily, rosiglitazone 4 mg and 500 mg metformin &vaaily, or rosiglitazone 4 mg twice-daily
and losartan 50 mg once-daily for 48 weeks. Serurmeatransferases were reduced in all 3
groups but did not differ between groups. There maslifference between treatment groups for
all of the histological parameters. No differencgwreen treatment groups for adverse events
was detected [56].

Selonsertib

Activation of apoptosis signal-regulating kinasABK1), in the setting of oxidative stress, can
lead to activation of stress response pathwayswbegens hepatic apoptosis, inflammation, and
fibrosis. Therefore, selonsertib, a selective iithibof ASK1, could be useful for the treatment

of NASH [57].

In a multicenter randomized control trial, 72 NASHtients received either 6 or 18 mg of
selonsertib orally once daily with or without onweekly injections of 125 mg of simtuzumab or

simtuzumab alone for 24 weeks. Simtuzumab is a hized monoclonal antibody against lysyl

oxidaselike molecule 2, an enzyme involved in the extriadat matrix remodeling through
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crosslinkage of collagen and elastin. Due to thok laf effect of simtuzumab on histological
parameters, selonsertib groups with and without ttiomab were pooled. Treatment
significantly improved histological parameters wahreduction in fibrosis (43, 30 and 20%),
patients with progression to cirrhosis (3, 7 ané&o20patients with>1 point reduction in NAS
(52, 41 and 60%), patients wit2 point reduction in NAS (23, 19 and 20%), steata4di point
reduction (32, 30 and 20%), lobular inflammatieh point reduction (32, 22 and 20%), and
ballooning>1 point reduction (16, 33 and 30%) on selonser8bnig + simtuzumab group,
selonsertib 6 mg + simtuzumab group, and simtuzugnaop, respectively. Compared with
baseline, treatment reduced serum ALT (-8, -6 &d/L), AST (-5, -4, and -3 U/L), and GGT
(-7, -2 and -2 U/L) activities in the selonserti® thg + simtuzumab group, selonsertib 6 mg +
simtuzumab group, and simtuzumab group, respegtikbreover, triglyceride (-21, 12 and -30
mg/dL), total cholesterol (-10, -5 and -13 mg/dHpL-C (-2, 1, and 2 mg/dL), LDL-C (-10, -5
and -25 mg/dL), and HOMA-IR (0.98, 2.17, and -0.B®)els were significantly changed in the
selonsertib 18 mg £ simtuzumab group, selonsertitga: simtuzumab group, and simtuzumab
group, respectively. The highest number of advergents in the selonsertib groups were

headache and nausea [57].

Silymarin

Silymarin is a mixture of flavonolignans and polgplolic compounds derived from the milk
thistle plant Silybum marianum that were used Fa treatment of liver disease. Silymarin has
anti-inflammatory, antifibrotic and antioxidant jperties that may be beneficial in NAFLD
patients [58].

In a randomized, double-blind, placebo-controllgdl,t 99 biopsy-proven NASH and NAS
received 700 mg silymarin or placebo 3 times/day 48 weeks. Compared with placebo,
treatment with silymarin significantly improved fisis in patients (fibrosis change: -0.184 in
silymarin groupvs +0.100 placebo group, p=0.026). Triglyceride lsvelere significantly
improved in the silymarin group (-0.28 +0.04 mmol/L, p=0.017). There were no significant
differences in adverse events and discontinuatiotise silymarin and placebo groups [58].

In a multicenter double-blind placebo controlledhlir the effect of standardized silymarin
preparation (Legaldf) was tested. Legal6nis a proprietary milk thistle seed extract

standardized to a silymarin content of 140 mg/cEpINASH without cirrhosis patients with
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NAS >4 (n=78) receive Legal6m20 mg, 700 mg, or placebo three times per day8oweeks.
The histological improvement between groups was sighificantly different. However,
improved steatosis and lobular inflammation in ttegalorf group was more than for the
palcebo group but failed to show a statisticalgngicant histological improvement. There were

no significant differences in adverse events antbegreatment groups [59].

Ursodeoxycholic Acid (UDCA)

UDCA is a natural bile acid with several hepatoective activities [60]. UDCA reduces
oxidative stress and has antiapoptotic effectsrtiaat be of benefit in NAFLD/NASH [61].

In a randomized clinical trial, 166 NASH patieneceived between 13 and 15 mg/kg/day of
UDCA or placebo for 2 years. There was no diffeeehetween UDCA and placebo groups in
biochemical or histological features. A trend togghigher incidence of gastrointestinal adverse
events in the UDCA compared with the placebo greas noted; however, the rate of clinical
adverse events was similar in both groups [60].

In a double-blind, randomized, placebo-controlleidlt 185 NASH patients received 23-28
mg/kg/day UDCA or placebo for 18 months. Treatmetth UDCA significantly improved
lobular inflammation (-0.5¥s -0.19 in placebo). However, other histopatholdgieatures did
not differ between groups. Compared with placeb@,TGctivity significantly improved in the
UDCA group (-52.42ss -16.84 U/L). Diarrhea was the side effect in thBQ@A group (11 in
UDCA groupvs 1 in placebo group). No patient dropped out duadweerse effects of UDCA
[61].

In a randomized placebo-controlled trial, 48 NAS&tignts received UDCA (12-15 mg/kg/day)
plus vitamin E (400 IU twice a day) (UDCA/Vit E),CA with placebo (UDCA/P), or placebo/
placebo (P/P) for a period of two years. Steatess improved in the UDCA/Vit E group
(p<0.05). None of the histological parameters alteredthe UDCA/P group. There were
significant decreases in the ALT and AST activiilreshe UDCA/Vit E group (§0.05), and the
ALT activity in UDCA/P group (p0.05). Vitamin E and UDCA appeared safe and their
combination was well-tolerated with no patient dvofs as a result of side effects [62].

Vitamin E
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Oxidative stress is implicated in NASH pathogeneSiserefore, vitamin E as an antioxidant
may be effective for the treatment of NASH [63].

Twenty nondiabetic and non-cirrhotic subjects WMIASH received vitamin E alone (400
IU/day) vs vitamin E (400 IU/day) and pioglitazone (30 mg/dayombination therapy produced
a significant decrease in steatosis cytologicalobaing, Mallory’s hyaline, and inflammation,

compared with vitamin E alone. Both groups wereilainwith respect to AST, ALT, and ALP

activities. Combination therapy of pioglitazone awtamin D significantly increased the

metabolic clearance of glucose and decreased atneglfasting free fatty acid (FFA) and insulin
levels [63].

Cenicriviroc (CVC)

CVC is dual antagonist of chemokine receptor (C@REs 2 and 5. Its anti-antifibrotic and
inflammatory effects are mediated by CCR2 and CGQGiickade. CVC has demonstrated
antifibrotic activity in animal models of liver amdnal fibrosis [64].

A randomized, double-blind, placebo-controlledltdasessed CVC for the treatment of NASH
with liver fibrosis. Patients with NASH, NAS4, and liver fibrosis stages of 1-3 received CVC
150 mg or placebo orally for 1 year. The primarycome was defined as a NAS improvement
(2 points) with no worsening fibrosis. Secondaryticomes were defined as a resolution of
steatohepatitis with no worsening of fibrosis; dibis improvement by 1 stage with no worsening
of steatohepatitis. The primary endpoint did ndfedibetween the CVC and placebo groups;
however, the fibrosis improvemeand no worsening of steatohepat{# subjects who achieved
improvement in fibrosis) was significantly greaterthe CVC group compared with placebo (20
vs 10%, p=0.023). Tolerability and safety of CVC veasnparable with placebo [64].

Elafibranor

Elafibranor a peroxisome proliferator activatedeqore. (PPARx) and peroxisome proliferator
activated receptos-(PPARS) dual agonist. PPARagonists have shown efficacy in improving
liver histology in NASH. Elafibranor improves lipigetabolism, insulin sensitivity, and reduces
inflammation [65].

Ratziu et al. evaluated the safety and efficacyelafibranor in a randomized, double-blind

placebo-controlled trial; 276 patients with NASHthaut cirrhosis received elafibranor 80 mg,
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elafibranor 120 mg, or placebo daily for 52 weekbe primary outcome was no fibrosis
worsening; however, this did not differ between éhafibranor and placebo groups. A greater
proportion of subjects with a resolution of NASHagut worsening fibrosis was observed in the
120 mg elafibranor group compared with the placgtowup (19vs 12%). Liver enzymes, lipids,
and markers of systemic inflammation were reducedthe elafibranor 120 mg group.

Elafibranor was well tolerated but produced a rmilctease in serum creatinine levels [65].

Statins

Besides the well-known cholesterol-lowering effestatins are also reputed for the lipid-
independent pleiotropic effects that justify theise in different patient populations not
necessarily having hypercholesterolemia [66-724ti8¢ may be recommended in patients with
NAFLD/NASH for their lipid-lowering, antioxidant ahanti-inflammatory effects as well as a
decrease in the associated increased cardiovasaskaf73]. Well-conducted clinical trials
aimed at verifying their effect on liver inflammati and fibrosis have not been conducted.
However, a large observational cross-sectional icaniter study showed statins to be safe in
NAFLD subjects, with no hepatotoxic effect, andhwlieneficial effects on steatosis, NASH and
fibrosis [74]. A small prospective study with nontml arm on 20 subjects with NASH,
metabolic syndrome and dyslipidemia treated wituv@astatin monotherapy for 12 months also
showed a benefit [75]. This effect may be partiaplained by a reduction in Tumor Necrosis
Factore (TNF-o) levels; TNFe is known to play a role in the pathogenesis of NASS]. In
conclusion, in line with current guidelines [76fatins may be prescribed in NAFLD subjects to
treat dyslipidemia, prevent cardiovascular riski &eneficial effects on the liver [77; 78]. No

specific indications are available on which statirdose should be prescribed.

Ezetimibe

Ezetimibe is a LDL-C lowering agent, which can bensidered as a safe option for lipid
lowering in NAFLD patients [79]. In a randomizedntwlled trial, the effect of ezetimibe
(10 mg/day) in combination with a standard energy dnd exercise was tested in 32 NAFLD
patients for a period of 6 months. Fibrosis stagd hallooning score were improved with
ezetimibe treatment. However, ezetimibe increasguhtic long-chain fatty acids and HRA

which calls for further evaluation [80].
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Conclusions

NAFLD has become a growing public health problenthwio licensed therapeutic agents to
date. The cornerstone of current management isrglietnd lifestyle intervention to achieve
weight loss, along with the optimization of metabaisk factors, such as diabetes mellitus and
dyslipidemia. However, these goals are difficultingplement mainly due to poor adherence.
Therefore, in selected cases the off-label useagfications with demonstrated effects on NASH
histological features could be considered. Inssdinsitizers, such as pioglitazone and liraglutide,
and hepatoprotective agents, such as vitamin E,lreahe preferred options in clinical practice
up to now. The optimal duration of these therapetitals has not been established yet, and no
firm recommendations are available, so that theeoirmanagement of the more severe patients
(i.e. those with NASH and advanced liver fibrosssnainly left to the individual experience of
treating physicians and local practice [6; 76; 8ajith the aim of bridging this gap, many
clinical trials have been conducted with differénérapeutic agents and promising results in
some cases. The different pathophysiological pagBwanvolved in NAFLD/NASH
improvement are presentedkigure 1. Of these drugs, those with evidence of efficaaydal on
liver biopsy are of particular importancé&able 1). Pioglitazone and vitamin E have shown
benefits on NASH histological features and are entlty the only recommended agents in
current clinical guidelines [6; 76]. Pentoxifyllirend ursodeoxycholic acid have both positive
and negative results from clinical trials and néedher clarification. Similar results also for
rosiglitazone, whose prescription is however hamgdry its withdrawal in many countries.
Despite its effect in improving IR, two meta-anaysoncluded against the any effect of
metformin on liver histology of patients with NAFL&nd NASH [82; 83].

Bicyclol, cysteamine bitartrate, L-carnitine, litaide, obeticholic acid, oligofructose,
selonsertib, silymarin, and statins each just fagegle clinical study each; there is a need for
further confirmation of their efficacy. The samevde of evidence also applies to viusid, a
nutritional supplement consisting of glycyrrhizicid ascorbic acid and zinc, which has been
shown to improve histological indices of NAFLD irsegle randomized, controlled trial with a
follow-up of 6 months [84].

The stages of clinical development of the mentiomierdgs are as follows: rosiglitazone
(NCT00492700, NCT00492700), ursodeoxycholic aci€C{R0470171), cysteamine bitartrate
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(NCTO00799578), elafibranor (NCT01694849), cenicoei (NCT02217475) and L-carnitine
(NCT01617772) are in phase 2. Pentoxifylline (NCZ®D670), vitamin E (NCT00655018),
metformin (NCT00303537), obeticholic acid (NCT0238&, NCT03439254), and selonsertib
(NCT03053063, NCT03053050) are in phase 3. Piaglita and silymarin (NCT02973295) are
in phase 4 of clinical trials (NCT00994682, NCT0®220). While some drugs such as
metformin and pioglitazone previously received ittagaproval (for other diseases), other agents
need to be evaluated for their safety additionahtefficacy for NAFLD/NASH. Therefore, in
the near future, we may have new approved therapeadents for the treatment of
NAFLD/NASH.

However, appraising the available literature, samical points deserve consideration. First of
all, the bulk of presented drugs are supported bsingle clinical trial. As such, further
investigations will be needed to confirm their effen NAFLD/NASH, and to date many of
them cannot be considered with optimism regardiegy iearly introduction into clinical practice.
Second, even when multiple trials have been coedudhe sample of enrolled subjects is
generally limited and short treatment periods haften been tested. Greater (>300-400 subjects)
and more prolonged (>36-48 months) trials shouldiégigned. They should include repeated
liver biopsies during treatment, in order to ret@dequate statistical power to determine
histological outcomes. They should also accuratelyord long-term adverse effects. In this
regard, excessive concerns on the ethical impedwmtity of liver biopsies for assessing inclusion
and efficacy criteria should be considered in refato the projected burden of NAFLD/NASH.
Finally, given available data, the most promisinggdon the scene seems to be OCA, which
showed a significant improvement of liver fibrogis18% (10 mg dose group) and 23% (25 mg
dose group) of subjects in the interim analysisitefphase 3 trial. However, the relevant
proportion of subjects experiencing moderate t@sepruritus (28% and 51% for the 10 mg and
25 mg dose groups, respectively) leaves concerngsaeal practice tolerability. All in all, it
should be observed that, also in the best scenaties currently available molecules
demonstrated a significant improvement of NASH anditer fibrosis in only a minority of
patients, as such other drugs should be identifipdssibly acting on alternative
pathophysiological pathways, and tested for thafety and efficacy. The interesting field of
long noncoding RNAs should be regarded with attengiven the novel insights into their role

in NASH and liver fibrosis development [85].
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The focus of the present review was to introduaséhagents that have documented efficacy
based on the currently diagnostic gold standadiver biopsy. While biopsy represents the
most valid results, it is as an expensive methatlélkposes the patients to particular risks due to
its invasive nature. Besides, biopsy cannot repiebe status of entire liver tissue [86].

These limitations have made the use of biopsy fog &creening trials and large-scale studies a
less preferred option, thereby blunting the paceradiable discovery of new drugs for
NAFLD/NASH through clinical studies. Inevitably, lass invasive, low-cost and noninvasive
diagnostic method is needed. Considering NAFLD HA&H as multifactorial diseases, no sole
alternative indicator could reliably predict clinlooutcome or therapeutic beneficial effects [87].
Recently, developments in multi-omics analyses lapened new windows to the pathogenesis
of diseases such as NAFLD and NASH. Particuladyaaced integrated analysis of serum/liver
cellular lipids in NAFLD patients have revealed stamtial metabolic pathways implicated in
disease progression. These surrogate markers bagalerable potential to identify risk factors
and contribute to the monitoring of treatment faxMLD/NASH [87; 88].

Legend to Figurel
Possible mode of action of agents used in clirticals for non-alcoholic fatty liver disease and

steatohepatitis that used pre- and post-treatmamtbiopsy as the endpoint.
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Table 1. Characteristics of liver biopsy-based cemide controlled trials in non-alcoholic liver

disease and non-alcoholic steatohepatitis.

Population | Comparator| Treatmen Effect | Adverse
Agent (Type & group Age Dose t duration | 1 eventd Ref.
Number) (Week)
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Bicyclol NAFLD Vitamin E | Adults 25 mg three | 24 Mild [12]
with IFG 100 mg 3 times abdominal
31 times daily daily distension
and
dizziness
Cysteami | NAFLD Placebo Adolescents | twice daily 52 Gastrointesti| [16]
ne activity (300-450 mgq) nal adverse
Bitartrate | scores of 4 age events
(CB) or higher dependent
169
Docosahe| NAFLD Placebo Children and | daily DHA 24 - [19]
xaenoic | and vitamin adolescents | (500 mg)
Acid Plus | D plus vitamin
Vitamin deficiency D (800 IV)
D 43 once daily
Docosahe| NASH Placebo Children and | combining 24 - [20]
xaenoic | 40 adolescents | 250 mg of
acid- DHA, 39 Ul
choline- of vitamin E
vitamin E and 201 mg
of choline
L- NASH Placebo Adults 2 g/day 24 Nausea, [23]
Carnitine | 74 moderate
headache,
and
abdominal
pain
Liraglutid | NASH Placebo Adults subcutaneoug 48 Diarrhea, [29]
e 52 injections of constipation
liraglutide , and loss of
(8 mg appetite
daily)
Metformi | NAFLD Vitamin E | Adults 2 g/day 48 - [32]
n 55 OR
prescriptive
weight-
reducing
diet
Metformi | NAFLD Placebo Adults 500 mg/day | 24 - [30]
n 48 increased
every week
until
2500 mg or
3000 mg
Metformi | NASH Placebo Adults 500 mg daily | 48 - [33]
n 19 diet and
exercise
Metformi | NAFLD Placebo Adolescents | Daily dosing | 96 Nausea, [34]
n 173 1000 mg of vomiting,
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metformin

and diarrhea

Obetichol | NASH Placebo Adults 25 mgdaily | 72 Pruritus [37]
ic acid 283
Obetichol | NASH Placebo Adults 10or25mg | 72 Pruritus [38]
ic acid 931 daily
Pentoxify | NASH Placebo Adults 400 mg 3 48 Headache | [43]
lline 30 times daily and
abdominal
cramps
Pentoxify | NASH Placebo Adults 400 mg 3 48 Nausea [44]
lline 55 times a day
Pioglitaz | type 2 Placebo Adults 45 mg daily | 24 Fatigue and | [46]
one diabetes mild lower-
and NASH extremity
55 edema
Pioglitaz | NASH Placebo Adults 30 mg/day 48 Fluid [47]
one 74 retention
Pioglitaz | NASH Placebo Adults 30 mg daily | 96 - [48]
one without
diabetes
247
Pioglitaz | NASH Placebo Adults 45 mg/d 72 Weight [49]
one 101 gain*
Prebiotic | NASH Placebo Children and | 8 g/day for 36 - [51]
(Oligofru | 14 adolescents | 12 weeks
ctose) followed by
16 g/day
for 24 weeks
Prebiotic | NASH Placebo Adult Bifidobacteri | 24 - [52]
(Bifidoba | 66 and um longum
cterium lifestyle with fructo-
longum modificatio oligosacchari
with n des 259
fructo-
oligosacc
harides)
Rosiglita | NASH Placebo Adults 4 mg/day 48 Weight [54]
zone 33 for the first gain*
month and 8
mg/day
thereafter
Rosiglita | NASH Placebo Adults 8 mg/day 96 Asthenia, [55]
zone 53 muscular
cramps,
swollen legs
andweight
gain
Rosiglita | NASH 4 mg of Adults 4 mg twice- | 48 - [56]
zone 137 rosiglitazon daily
e and 500
mg of
metformin
twice-daily
or
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4 mg of

rosiglitazon
e twice-
daily
and 50 mg
of losartan
once-daily
Selonserti| NASH and | 125 mg of | Adults 6 or 18 mg of| 24 Headache, | [57]
b stage 2 or 3| simtuzuma selonsertib nausea,
liver b with or once daily sinusitis,
fibrosis without nasopharyn
72 selonsertib gitis,
upper
abdominal
pain, back
pain, and
fatigue.
Silymarin | NASH and | Placebo Adults 700 mg, 3 48 Ureteric 58]
a NAFLD times daily calculi
activity
score 4 or
more
99
Silymarin | NASH Placebo Adults 420 mg, 700 | 48 Ureteric [59]
(Legalon | without mg, 3 times calculi
®) cirrhosis daily
with NAS
>4
Ursodeox | NASH Placebo Adults between 13 | 96 Gastroin- [60]
ycholic 166 and 15 testinal
Acid mg/kg/d adverse
events
Ursodeox | NASH Placebo Adults 23-28 72 Diarrhea* [61]
ycholic 185 mg/kg/day
acid
Vitamin NASH UDCA Adults 12-15 mg - 96 - [62]
E with 48 with per kg per
Ursodeox vitamin E day
ycholic OR with vitamin
Acid UDCA E 400 IU
with twice a day
placebo
OR
placebo/
placebo
Vitamin NASH vitamin E | Adults vitamin E 24 - [63]
E with 20 (400 (400 IU/day)
pioglitazo IU/day) and
ne pioglitazone
(30 mg/day)
Vitamin NASH Placebo Adults 800 IU daily | 96 Weight [48]
E without gain*
diabetes
247
vitamin E | NAFLD Placebo Adolescents | Daily dosing | 96 - [34]
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173 of 800 IU of
vitamin E
Cenicrivi | NASH, Placebo Adults 150 mg daily | 48 + Arrhythmia | [64]
roc with NAS>
4, and liver
fibrosis
stages of 1-
3
252
Elafiboran | NASH Placebo Adults 80-120 mg 52 +2 mild [65]
or without daily increase in
cirrhosis serum
creatinine
levels*
Statin NASH untreated | Adults - 24 + - [74]
107
Ezetimib | NAFLD untreated | Adults 10 mg/day 24 + - [80]
e 32
Resmetir | NASH Placebo Adults 80 mg/day 36 + Transient [39]
om 125 mild
diarrhea and
nausea*

T Positive effect of drugs defined as an improvenireat least in one histological feature.

2 Although there was no difference between grougikérprimary outcome, patients receiving CBDR haphificant
improvement in secondary outcomes.

3 Biopsy at the end of therapy was done only intteatment group for ethical reasons.

* Adverse events did not differ by treatment groxpept those were marked with star (*).

DHA: Docosahexaenoic AcidliFG: impaired fasting glucos& AFLD: non-alcoholic fatty liver diseasHAS:
NAFLD activity score NASH: non-alcoholic steatohepatitidDCA: Ursodeoxycholic acid

Table 2. Changes in histological features of therlivith different therapeutic agents.

Agent Steatosis Fibrosis Hepatocyte Lobular NAS Ref
ballooning inflammation

Bicyclol - - - | | [12]

Cysteamine - - - l - [16]

Bitartrate (CB}

L-carnitine ! | N | N [23]

Liraglutide™ 1 - 1 - - [29]
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Metformin - - ! - - [34]
Vitamin E - - ! - ! [34]
Obeticholic acid | | ! ! ! ! [37]
Obeticholic acid | - ! I" 1 - [38]
Pentoxifylline 1 ! - ! ! [44]
Pioglitazone 1 ! ! ! ! [46]
(48]
[49]
Prebiotic 1 - - - ! (51]
(Oligofructose)
Prebiotic 1 - N - ! [52]
(Bifidobacterium
longum
with fructo-
oligosaccharides)
Rosiglitazoné 1 - - - - [54]
Selonsertib | ! - ! ! [57]
Silymarin - ! - - - [58]
UDCA - - ! - - [61]
DHA Plus ! - l ! ! [19]
Vitamin D2
DHA Plus ! - ! - ! [20]
Vitamin E &
choline?
UDCA Plus ! - - - - [62]
Vitamin E
Pioglitazone Plus | - - ! ! - (63]
Vitamin E
Cenicriviroc - 1! - - - [64]
Statin 1 ! - - - [74]
Ezetimibe - ! ! - - [80]
Resmetirom - - - - ! [39]
N: Not determined
1: Increase
|: Decrease

-: Not significantly effected

! Data derived from percentage of "patients with ioyement" in histological parameters.

2 Results of treatment at the end of the study coeth&n the baseline because the liver biopsy aettieof the
study was performed in the active group alone floical reasons.

DHA: Docosahexaenoic AcitNAS: NAFLD activity score UDCA: Ursodeoxycholic acid

Table 3. Alterations in liver function indices witlifferent therapeutic agents.

ALT AST ALP GGT Albumin Bilirubin Ref
Bicyclol l - N - N N [12]
Cysteamine l l - ! N N [16]
Bitartrate (CB)
L-carnitine | | N ! - N [23]
Liraglutide - - - | - - [29]
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Metformin l l [32]

Obeticholic acid l l 1 ! - ! [37] [38]

Pentoxifylline | - N N N N [44]

Pioglitazone l l l l l - [46][47]
(48] [49]

Prebiotic - l N N - - [52]

(Bifidobacterium

longum

with fructo-

oligosaccharides)

Selonsertib | | N ! N N [57]

UDCA l - N ! N N [62] [61]

DHA Plus Vitamin D | | l N - N N [19]

DHA Plus Vitamin E | | - N - N N [20]

& choline

UDCA Plus Vitamin | | l N N N N [62]

E

Elafibranor l N l l N N [65]

Resmetirom l l - | - - [39]

N: Not determined

1: Increase

|: Decrease

-: Not significantly affected

ALP: Alkaline phosphatas@ L T: Alanine transaminas@,ST: Aspartate transaminadeHA: Docosahexaenoic
Acid, GGT: Gamma glutamyl transpeptidas#)CA: Ursodeoxycholic acid
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Highlights
» There are no currently approved pharmacological treatments for NASH/NAFLD.

 Confirmation foe effective therapies for NAFLD/NASH is challenging due to the limitations of non-

biopsy methods.

» We reviewed the efficacy of drugs used in trials of NAFLD/NASH patients that included a liver biopsy

asthe gold standard.
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