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MOST COMPELLING RESEARCH QUESTIONS IN NAFLD MANAGEMENT 

• Which biomarkers or imaging tools are suitable to screen subjects at risk and 

and/or track meaningful changes in NAFLD progression/regression as part of the 

natural history of disease or in response to treatment strategies? 

• How to identify distinct phenotypes on the basis of integrated models of history, 

histology and omics (genomic, metabolome, proteome and microbiome) (system 

medicine), also taking into account collinearity in organ status (liver, heart and 

pancreas), and the relation between phenotypes and liver disease progression? 

• Should novel regulatory endpoints be established for drug development and 

biomarker approval (FDA/EMA guidance documents) to overcome the risks 

connected to liver biopsy and to be replicable in clinical practice? 

• How to build a comprehensive network including primary care physicians, liver, 

diabetes, obesity specialists for the long-term management of disease, also 

sensitive to patient-reported outcomes, as well as to increase NAFLD awareness 

among healthcare professionals and the community? 

• How to interact with public health authorities to implement the societal changes 

needed to address the obesogenic environment, the social determinants of health 

and food advertising, to facilitate nudging to healthy behavioral changes, thus 

reducing NAFLD burden? 
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HOW PATIENTS WERE INVOLVED IN THE CREATION OF THIS ARTICLE 

After e-mail communication, the manuscript was sent for review to the Liver Pool 

(Federazione Nazionale delle Associazioni di Volontariato per le Malattie Epatiche ed il 

Trapianto di Fegato) and to FEDER (Federazione Diabete Emilia-Romagna). Their 

comments addressed the issues of screening criteria for advanced disease and patients’ 

reported outcomes. The former issue is discussed in a specific chapter; the latter is dealt 

with in the conclusion. The same associations will be contacted for the dissemination of the 

review. 
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3 Abstract 
4 
5 Non-alcoholic fatty liver disease (NAFLD) is a very common medical condition, driven by a 
6 

7 combination of genetic and lifestyle factors, ultimately producing a severe chronic liver 
8 

disease and increased cardiovascular risk. The vast majority of cases are long free living and 

10 totally asymptomatic, hence the difficulty in identifying cases progressing to nonalcoholic 
11 

12 steatohepatitis (NASH), to NASH-cirrhosis and eventually hepatocellular carcinoma for 
13 

timely diagnosis and treatment. Despite advances in the understanding of pathogenic 
15 

mechanism(s) and the identification of liver fibrosis as the most predicting risk factor for 
16 
17 disease progression, no specific compounds have so far been approved by regulatory 
18 

19 agencies. Outside controlled trials, treatment is generally limited to lifestyle intervention 
20 

aimed at weight loss; pioglitazone remains the drug of choice to reduce fibrosis progression 

22 in subjects with diabetes – frequently used off-label also in the absence of diabetes –, 
23 
24 whereas vitamin E is largely used in the paediatric population and may be considered in 
25 

26 adults without diabetes. Several drugs are under investigation according to the agreed targets 
27 

of reduced NASH activity without worsening of fibrosis or fibrosis improvement without 

29 worsening of NASH. Anti-inflammatory, anti-fibrotic agents or metabolism modulators have 
30 

31 been tested either in phase 3 or in phase 2b randomized controlled trials; a few failed, others 
32 

have produced marginally positive results, only a few are currently being tested in extension 
34 studies. The development of non-invasive, easy-to-repeat surrogate biomarkers and/or 
35 
36 imaging tools remains the most critical issue to facilitate clinical studies and limit liver 
37 

38 biopsy. Political commitment and concerted actions of the multiple stakeholders involved in 
39 

prevention and treatment of NAFLD are mandatory to reduce the burden of disease in the 

41 population. 
42 
43 
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3 Introduction 
4 
5 As originally described by Ludwig et al,1 nonalcoholic fatty liver disease (NAFLD) 
6 

7 represents a condition of excessive liver fat accumulation in subjects consuming alcohol at 
8 

doses below risk levels. The condition may be limited to excessive liver fat (NAFL) or 

10 progress to necroinflammation and fibrosis (nonalcoholic steatohepatitis – NASH),1 to 
11 

12 NASH-cirrhosis2 and eventually to hepatocellular carcinoma (NASH-HCC).3 

13 
14 This definition carries two important biases: i) the necessary amount of liver fat remains 
15 

16 undefined; ii) there is no pathogenic insight and it excludes the diagnosis of NAFLD for 
17 

individuals consuming alcohol above an uncertain and debated threshold. The safe limits of 
19 alcohol use, as set by European and American guidelines,4 5 are limited to 20 g/day in females 
20 
21 and 30 g/day in males. Importantly, the definition excludes even modest alcohol intake as 
22 

23 cofactor in liver fat accumulation driven by the metabolic dysfunction. Several studies 
24 

identified insulin resistance, with/without obesity, as the underlying soil associated with 

26 NAFLD,6 7 and identified NAFLD as the hepatic expression of metabolic syndrome (MetS).8 

27 

28 
To overcome the negative definition originally attributed to NAFLD, a proposal was put 

30 forward to change the term NAFLD into MAFLD (Metabolic Associated Fatty Liver 
31 

32 Disease),9 assigning the disease a name linked with its pathogenesis. The new nomenclature 
33 

is not yet accepted by regulatory agencies and dissenting comments have been raised. 

35 

36 The present review will particularly focus on screening methods to select patients for 
37 

treatment, and on randomized clinical trials and real-world data to define treatment effects. 

39 These issues are covered by several clinical practice guidelines; the most recent documents, 
40 
41 frequently used as reference in National guidelines, are compared to detect differences, 
42 

43 strengths and weaknesses (Table 1).4 5 10-12 

44 

45 Search methods 
46 

47 Between January 1980 and May 2020, 15,087 articles were retrieved in PubMed, using the 

48 
search term "non-alcoholic", "fatty liver" OR "steatosis" either [All Fields] OR [MeSH terms] 

50 AND "humans"[MeSH Terms]. After prioritizing articles in English and excluding duplicate 
51 

52 reports, the search included 778 randomized trials and 4,099 review articles. Further manual 
53 

searching for additional articles was done on relevant databases (Clinicaltrials.gov) and by 
55 scrutinizing review articles for missing references. A few additional data published up to 
56 
57 September 30, 2020 were included. 
58 

59 

60 
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3 Epidemiology of NAFLD 
4 
5 The prevalence of NAFLD in the general population is very high (~25%), peaking over 30% 
6 

7 in the Middle East and South America and as low as 13% in Africa.13 Although associated 
8 

with MetS and obesity rates,14 a recent meta-analysis of 84 studies (over 10 million cases) 

10 concluded that, within the NAFLD population, 40.8% of cases (95% confidence interval [CI], 
11 

12 36.6-45.1) were non-obese and 19.2% (95% CI, 15.9-23.0) were definitely lean.15 These rates 
13 

were calculated with body mass index (BMI) adjusted for ethnicity, i.e., <23kg/m2 for 
15 

normalweight and 23.0-27.5 for overweight in Asians. 
16 
17 

The prevalence depends on the method of ascertainment, specific clinical conditions (e.g., 
19 obesity), and stage of disease. Ultrasonography (US) is the reference technique for 
20 
21 epidemiological studies16 and in clinical settings but remains operator-dependent and scarcely 
22 

23 sensitive (only positive for liver fat ≥20-30% of the hepatic parenchyma).17 More sensitive 
24 

and quantitative methods have been developed for clinical trials, whereas surrogate 

26 biomarkers are used for epidemiological studies. Using proton magnetic resonance 
27 

28 spectroscopy (MRS),18 the physiologic amount of liver triglycerides was set at 5.0%.19 

29 

30 Surrogate non-invasive markers include unexplained elevated liver enzymes in subjects with 
31 

metabolic disturbances (namely, alanine aminotransferases-ALT) or specific algorithms (e.g., 
32 
33 fatty liver index-FLI).20 According to the different techniques, the prevalence varies from a 
34 

35 mere 3.2% (elevated aminotransferases, NHANES population),21 to 19% (ultrasonography, 
36 

same population),22 to 34% (Dallas Heart study population, proton magnetic resonance 

38 spectroscopy-MRS),23 with age, gender and ethnicity differences.13 

39 

40 
The prevalence of NASH in the general population varies between 1.5% and 6.5%,13 i.e., one 

42 in 4-5 NAFLD patients, but these estimates are derived from biopsy studies, with a high risk 
43 
44 of selection bias. From a clinical point of view, the prevalence of advanced fibrosis , the key 
45 

46 feature of progressive liver disease and liver-related outcomes,24 is measurable by non- 

47 
invasive bio-markers25 (preferably, NAFLD fibrosis score [NFS],26 Fibrosis-4 index [Fib-4]27 

49 and Enhanced Liver Fibrosis test [ELF™]28). The prevalence of advanced fibrosis (fibrosis, ≥ 
50 

51 F3)29 in the general adult population is estimated around 1.5%, and similar data have been 
52 

obtained by non-invasive imaging methods (transient elastography [TE, Fibroscan™]).30 

54 

55 In obesity and type 2 diabetes (T2DM), prevalence rates are two to four-fold increased,31 

56 
depending on age and comorbidities. The prevalence of NAFLD in T2DM is estimated above 

58 60%,32 with two thirds of biopsied patients with NASH and 10% with advanced fibrosis.33-35 

59 
60 In obesity (BMI ≥ 30kg/m2), the prevalence of NAFLD exceeds 60%,36 but exceeds 90% in 
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3 morbid obesity.37 Of particular concern is the prevalence of NAFLD among children 
4 
5 (approximately 7.6% in the general population),38 rising in parallel with obesity,38 and the 
6 

7 finding that overweight/obesity in childhood/young adulthood increases the risk of liver- 
8 

related morbidity and mortality in later life.39 

10 

11 
12 

13 Natural history of NAFLD 
14 

Liver disease progression may be extremely variable; pure fatty liver (NAFL) does not 
16 

reduce life expectancy, whereas patients with NASH have increased all-cause and liver 
17 
18 related mortality.40 Liver biopsy remains the sole method for a correct disease classification, 
19 

20 but guidelines suggest limiting its use to very specific settings. The NAFLD activity score 
21 

(NAS), computed as sum of steatosis (0-3), lobular inflammation (0-3) and hepatocellular 

23 ballooning (0-2),29 is largely used, but the European SAF (Steatosis-Activity-Fibrosis) score 
24 
25 more precisely identifies the components of disease progression (Figure 1).41 42 Fibrosis is 
26 

27 indeed the most ominous predicting factor; it increases on average by one stage over 14.3 
28 

years in patients with NAFL and 7.1 years in patients with NASH.43 In a recent meta-analysis 

30 on 4428 subjects with biopsy-proven NAFLD, the relative risks for events increased 
31 

32 systematically from stage F2 onwards, to 3.42 (95% CI, 2.63-4.46) for all-cause mortality, 
33 

11.13 (4.15-29.84) for liver-related mortality, 5.42 (1.05-27.89) for liver transplant and 12.78 
35 (6.85-23.85) for liver-related events in stage F4 (cirrhosis) vs. stage F0, irrespective of the 
36 
37 presence of NASH.24 In patients with F4, liver decompensation occurs at rates of 3.3-15.6 per 
38 

39 100 person‐years, depending on Child-Pugh class.44 45 

40 
41 The whole cardiovascular (CV) system is frequently involved, driven by the atherogenic 
42 

43 profile and features of MetS.46 47 CV disease remains the most common cause of death;44 

44 
diffuse atherogenic lesions, such as coronary artery disease 48 and increased carotid intima- 

46 media thickness,49 are more common in NAFLD, independent of traditional risk factors. Left 
47 

48 ventricular failure and altered cardiac energy metabolism have also been described.50 

49 
50 NAFLD doubles the risk of incident T2DM in a meta-analysis incorporating data from 20 
51 

52 observational studies (nearly 117,000 nondiabetic individuals), over a median 5-year follow- 
53 

up.51 The risk is diminished by NAFLD resolution,52 53 pointing to liver fat accumulation as 

55 cofactor in T2DM pathogenesis.54 Finally, the risk of incident chronic kidney disease is 
56 
57 increased by 40% in association with T2DM.55 

58 

59 

60 
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3 Lean NAFLD, although characterized by an apparently lower severity (lower ALT levels, 
4 
5 lower insulin resistance and lower prevalence of features of MetS)56 57 shares a similar or 
6 

7 even higher risk of disease progression.56 58 59 

8 

9 Hepatocellular carcinoma (HCC) and extrahepatic cancers 
10 

11 NAFLD-associated hepatocellular carcinoma (HCC) is the third‐most common cause of HCC 
12 

in the United States (14%),60 with a cumulative incidence of 2.4-12.8% over a median 

14 follow-up of 3.2-7.2 years.61 NAFLD patients with advanced fibrosis (F3-F4) have an almost 
15 

16 7-fold increased risk of HCC compared to controls 60 and the risk can be even higher in 
17 

T2DM and obesity.62 At diagnosis, patients with NAFLD‐related HCC are older and have a 
19 higher prevalence of extrahepatic comorbidities compared with viral- or alcohol-related HCC 
20 
21 individuals, but a lower prevalence of cirrhosis (only two-third of cases),61 leading to less 
22 

23 systematic surveillance and late diagnosis.63 Accordingly, NAFLD-related HCC may receive 
24 

less treatment and more patients are likely to die of their HCC,64 despite a lower prevalence 

26 of cirrhosis leading to higher resection rates (19% vs. 11% in HCV-related HCC).65 

27 

28 
All cancer‐related mortality is also increased, occurring in 1-2% of cases, possibly driven by 

30 metabolic alterations.65 A large community cohort study showed that NAFLD was associated 
31 

32 with a nearly double risk of extrahepatic cancers (particularly uterus, stomach, pancreas and 
33 

colon) during a median follow-up of 8 years.66 The association with incident cancer risk is 
35 stronger in NAFLD than in obesity,66 suggesting that NAFLD might be the link between 
36 
37 obesity and cancer.67 

38 

39 

40 

41 
Approach to treatment - Screening 

43 The natural history of NAFLD underlines the importance of timely diagnosis to reduce the 
44 
45 burden of disease and the direct and indirect costs, potentially amenable to prevention and 
46 

47 early diagnosis. The issue of effective screening in the community and in selected cohorts 

48 
becomes mandatory to define treatment strategies, but not all screening criteria are fulfilled 

50 for NAFLD.68 In particular, we still lack an easy-to-repeat, cheap and community-acceptable 
51 

52 test to assess disease severity, and treatment is limited to lifestyle intervention. EASL 
53 

guidelines suggested universal screening for NAFLD in patients with metabolic diseases,5 

55 according to resource availability. The position was criticized,69 70 although limited to 
56 
57 patients at higher risk of disease progression, and, as of 2019, the U.S. guidelines do not 
58 

59 support screening.4 Universal screening is not cost-effective,71 but the cost-utility of 
60 
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3 screening procedures to select patients for biopsy, follow-up and treatment is high, 
4 
5 particularly in younger patients (below 45),72 73 and programs for referral of patients with 
6 

7 advanced disease to diagnostic procedures are needed. Two strategies are supported by all 
8 

guidelines, with differences in relation to setting: i) community screening, ideally by primary 

10 care physicians, using cheap, non-invasive surrogate markers of steatosis and fibrosis – listed 
11 

12 in Supplementary Table –, in particular FLI, FIB-4, NAFLD Fibrosis score (NFS) and ELF 
13 

test,20 26-28 ii) screening by non-invasive markers, also including transient elastography,74 75 by 
15 

specialists (i.e., diabetes specialists) in subjects at higher risk of disease progression. In both 
16 
17 cases, patients identified with advanced disease should by referred to hepatologists for 
18 

19 definite diagnosis (including liver biopsy), appropriate follow-up and treatment. Biopsy is 
20 

mandatory for patients entering clinical trials, as well as in case of conflicting results or 

22 competing diagnoses (Table 1). 
23 
24 

Primary care physicians are at the forefront in the community for early selection of at-risk 

26 cases. A two-step screening procedure by FIB-4 index and ELF test (tools having a high 
27 

28 negative predictive value) reduced unnecessary referrals to liver specialists by 81%, and 5- 
29 

30 fold increased the referral of cases with advanced fibrosis versus standard care.76 This 
31 

strategy also increased the detection of cases with cirrhosis in the community. Transient 
32 
33 elastography as second step or as sole diagnostic procedure was similarly cost-effective.77 

34 

35 Effectiveness is likely to further increase in selected cohorts at higher risk of progression to 
36 

HCC, as diabetes cohorts. However, NAFLD awareness among primary care physicians and 

38 non-liver specialists remains scarce,78 79 and this unconsciousness is also shared by patients. 
39 
40 
41 

42 Pathophysiologic approach to treatment 
43 

44 While simple steatosis is a reflection of non-progressive dysfunctional metabolism, NASH is 
45 

46 a chronic liver disease that may progress undiagnosed for years, eventually emerging with 

47 
liver failure and HCC. The burning question is why in some individuals a metabolic disease 

49 will translate into a progressive liver disease. Although NASH stems from the combination 
50 

51 between environmental and genetic factors (Figure 2), reducing its aetiology to obesity 
52 

comorbidity does not do justice to a far more complex disease. Unravelling the network of 
54 interacting factors that drive NASH development is essential for risk stratification and 
55 
56 provides a roadmap of potential therapeutic targets. 
57 
58 Lipotoxicity 
59 

60 
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3 The earliest events initiating NAFLD reside in an absolute or relative calorie excess, as 
4 
5 confirmed by the link between NAFLD and obesity. Limited physical activity, sedentary 
6 

7 behaviors,80-82 TV and computer watching 83 84 are complementary aspects of calorie 
8 

imbalance, irrespective of BMI. Increased substrate flux will overload adipose tissue 

10 compartments, leading to dysfunctional adipose tissue, spill-over of free fatty acids into non- 
11 

12 adipose tissues, de novo lipogenesis and disposal of lipids inside the liver. This process has 
13 

been described by Unger as “lipotoxicity”,85 and occurs primarily in the liver (NAFLD), in 
15 

the pancreas (nonalcoholic fatty pancreas, favouring T2DM), in the heart and diffusely in the 
16 
17 arterial circulation (atherosclerotic CV disease). Under such circumstances, the liver, adipose 
18 

19 tissue, muscle and gut interact via cytokine, growth factor and adipokine secretion, with the 
20 

liver taking centre stage in metabolic regulation. These multiple insults would synergistically 

22 drive the development and progression of NAFLD, particularly in genetically predisposed 
23 
24 individuals.86 NASH is much less prevalent than simple steatosis in the general population 
25 

26 and does not correlate with steatosis severity.87 This suggests that most people with fatty liver 
27 

are able to compensate for stressors that drive the progression to NASH in other individuals. 

29 Triglycerides are not per se hepatotoxic, and hepatocyte injury is likely generated by toxic 
30 

31 precursors or products of triglyceride metabolism. Besides free fatty acids, candidate 
32 

lipotoxic lipids include mono and diglycerides, ceramides, dihydroceramides and 
34 lysophosphatidyl choline species, as well as hepatic cholesterol accumulation, which may be 
35 
36 responsible for necroinflammation, 88 89 while other lipids (mono- and poly-unsaturated fatty 
37 

38 acids) may exert a protective role.90 Increased de novo lipogenesis from carbohydrates, 
39 

specifically fructose, 91 92 are expected to produce similar lipotoxic effects; consumption of 

41 sugar-sweetened beverages containing either fructose or sucrose (converted to fructose and 
42 
43 glucose in the gut) may be even more toxic than lipids in promoting NASH.93 Uncontrolled 
44 

45 and incomplete lipid oxidation, oxidative stress and activation of the unfolded protein 

46 
response are two well-characterized pathways that promote cell death in NASH. 

48 
Gut microbiota 

50 
An altered microbiome (i.e., ‘dysbiosis’) may contribute to liver damage. Human studies 

51 
52 document a faecal microbiome signature characterized by increased Proteobacteria and 
53 

54 Bacteriodetes along with a decrease in Firmicutes in patients with obesity and NASH.94 

55 
Mechanistic links between altered microbiome and NASH include increased intestinal 

57 permeability as well as bacteria modulation of the gut-liver axis through intestinal farnesoid- 
58 
59 X receptor (FXR) signalling which regulates the transcription of genes involved in bile acid 
60 
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3 synthesis and transport, lipogenesis and glucose homeostasis, either directly or indirectly, via 
4 
5 release of fibroblast growth factor-19 (FGF19). 
6 
7 Gene polymorphisms 
8 
9 Ethnic differences in hepatic fat accumulation have long been described,95 leading to higher 
10 

11 disease prevalence in subjects of Hispanic and Asian origin, and lower prevalence in Africans 
12 

and African Americans. Genetic differences are in keeping with twin and family studies 

14 showing that steatosis and NAFLD progression to fibrosis and eventually to cirrhosis may be 
15 

16 strong heritable traits.96-98 Since the original finding of a close relationship of liver fat with a 
17 

polymorphism in the patatin-like phospholipase domain-containing 3 gene (PNPLA3),99 

19 other genes accounting for an increased susceptibility to NAFLD have been identified by 
20 
21 genome-wide association studies (Table 1).100 They act through totally different 
22 

23 mechanisms,101 interacting with dietary factors,102 physical activity103 and comorbidities,104 

24 
sometimes producing epigenetic effect.105 Of note, they are also differently associated with 

26 CV disease, potentially driving outcome. A novel gene variant reducing the risk of liver 
27 

28 disease has also been described (a loss-of-function variant of hydroxysteroid 17-beta 
29 

30 dehydrogenase 13 gene - HSD17B13),106 as well as other polymorphisms linked with specific 
31 

proteins in selected cohorts, offering a rationale for treatments.101 

32 
33 

Fibrogenic response 
35 Progression to liver fibrosis reflects the convergent impact of environment, metabolism, 
36 
37 microbiome, genetic risk factors and comorbidities on cell death. In turn, dying hepatocytes 
38 

39 trigger regenerative responses, enriching the liver with regenerative cell (myofibroblasts, 
40 

immune cells, and liver-cell progenitors).107 Liver fibrosis is the result of repeated and 

42 protracted wound healing, ultimately driven by hepatic stellate cells, and reflects the net 
43 
44 balance between fibrogenesis and fibrosis degradation. In NASH, ongoing fibrogenesis does 
45 

46 not proceed linearly from simple fatty liver to NASH to cirrhosis. Rather, progression 

47 
appears to result from repetitive necro-inflammatory bouts interrupted by anti-inflammatory, 

49 reparative immune responses. Over time, futile regenerative responses also perpetuate the 
50 

51 stimulus for neoplasia, increasing the risk of liver cancer. 
52 
53 According to the above mechanisms, treatment targets include attempts to repristinate calorie 
54 

55 balance, lipid and glucose homeostasis, to reduce oxidative stress and systemic and local 
56 

(hepatic) inflammatory signals, or to modulate stellate cell activation and fibrogenesis. 

58 Pleiotropic drugs such as FXR-agonists and glucagon-like peptide-1 receptor agonists, hit 
59 
60 more than one target within the injury milieu. As both the mechanisms leading to NASH and 
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3 their phenotypic expression are highly heterogeneous, treatment should theoretically be 
4 
5 tailored to individual patients and potentially consider combination therapy. 
6 

7 
8 

9 Accepted NAFLD Treatment 
10 

11 Lifestyle 
12 

Lifestyle intervention is the backbone and, at present, the sole treatment of NAFLD, as long 

14 as no drugs are approved by regulatory Agencies. The favourable effects of weight loss on 
15 

16 surrogate biomarkers and imaging tests have been extensively demonstrated in real-world 
17 

observational studies, but only a few RCTs are available and very few are based on histologic 
19 outcomes. An exhaustive analysis of this issue is outside the scope of this article, and several 
20 
21 comprehensive reviews are available.108-111 The targets of calorie restriction and physical 
22 

23 activity are consistent among guidelines (Table 1). Both aerobic and resistance exercise and 
24 

no specific diets are generally suggested, with a general indication to reduce simple sugars, 

26 industrial fructose and saturated fats, and with a preference for the Mediterranean diet in the 
27 

28 European recommendations.5 We shall discuss the most relevant observational studies and a 
29 

30 few recent RCTs, offering clues to NAFLD management (Table 2).112-119 

31 

32 The first solid evidence for the beneficial effects of intensive lifestyle intervention (ILI) 
33 

programs on NAFLD came from studies conducted using the strategy of the Diabetes 
35 Prevention Program,120 based on cognitive-behavioural treatment carried out by a dedicated 
36 
37 team. In individuals with/without T2DM,112 113 ILI significantly reduced body weight and 
38 

39 intra-hepatic fat, assessed by MRS,126 and improved liver histology.113 Of note, beneficial 
40 

effects were also observed in control individuals achieving pre-defined weight loss targets 

42 (weight loss ≥7% of initial body weight).113 The results were confirmed in a much larger 
43 
44 sample of individuals with ultrasonographic-detected NAFLD, where ILI was also associated 
45 

46 with improved metabolic and CV risk factors.114 In a community-based study, ILI-treated 

47 
subjects had a higher probability of NAFLD remission and reduced fibrosis (MRS and 

49 transient elastography) vs. standard care.115 In the same population, a 7-10% weight loss was 
50 

51 later confirmed to achieve clearance of liver fat in NAFLD with obesity, whereas a 3-5% was 
52 

similarly effective in lean NAFLD (BMI <25 kg/m2),121 underlining the universal importance 
54 of diet and exercise to reduce NAFLD prevalence and disease progression, also improving 
55 
56 health-related quality of life.122 

57 
58 Despite its observational nature, in 2015 the large Cuban experience signed a landmark step 
59 
60 in support of the effectiveness of ILI in NAFLD, considering the large sample size and the 
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3 histologic assessment (293 cases, 261 follow-up biopsies).116 The study confirmed a dose- 
4 
5 response between weight loss at 12 months and NASH remission and set 10% weight loss as 
6 

7 the target for fibrosis regression. Unfortunately, no data have been published on long-term 
8 

follow-up, as well as on weight loss maintenance, the critical issue in behavioural treatment. 

10 

11 ILI requires a dedicated team, rarely present in liver units, and continuing patient/therapist 
12 

interaction, limiting participation and adherence and increasing costs. These limits may be 

14 partly overcome by e-technology; in 278 motivated, young NAFLD patients, weight loss 
15 

16 targets, dietary adherence and physical activity could be similarly achieved and maintained at 
17 

2-year follow-up by a web-based program, compared with a group-based educational 
19 approach, after adjustment for baseline differences.117 The opportunities offered by new 
20 
21 technologies for continuing motivation, support and education towards lifestyle changes need 
22 

23 to be exploited. They will allow to reach larger groups of at-risk patients. 
24 
25 Finally, very few studies directly compared ILI and pharmacotherapy in NAFLD patients, 
26 

27 using drugs approved for obesity or T2DM. A 26-week RCT did not demonstrate any 
28 

difference between liraglutide (3mg/day) and ILI on weight loss, biochemistry and measures 

30 of fibrosis.118 However, ILI was associated with sustained weight loss maintenance and 
31 

32 reduced liver fat at follow-up, whereas weight regain and hepatic fat re-accumulation 
33 

occurred after liraglutide stop.119 

35 

36 Bariatric surgery 
37 

Bariatric surgery very effectively promotes weight loss and weight loss maintenance; the 

39 effects on body weight largely exceed the 10% weight loss target associated with liver fat 
40 
41 clearance, NASH resolution and fibrosis reversal. Accordingly, surgery candidates as a 
42 

43 possible treatment to reduce NASH burden in patients fitting the agreed criteria for the 
44 

management of obesity (BMI ≥40 kg/m2 or BMI ≥35 with comorbidities). Roux-en-Y-gastric 

46 bypass and sleeve gastrectomy are the procedures of choice,37 123 and surgical treatment 
47 

48 becomes cost-effective in subjects at high risk of progression (F3 fibrosis).124 

49 
50 The evidence supporting bariatric surgery is exclusively derived from observational studies, 
51 

52 where liver histology was measured at surgery and follow-up.125 In 1236 cases, NAFLD 
53 

improvement, including fibrosis regression, was associated with 5-year post-surgery weight 
55 loss.123 Notably, NASH persistence one year after surgery was associated with less weight 
56 
57 change (BMI, -9.1±1.5 kg/m2) vs. NASH resolution (-12.3±0.6). In a retrospective analysis of 
58 

59 a large insurance database, NAFLD patients with obesity who underwent bariatric surgery 
60 
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3 were less likely to progress to cirrhosis vs. matched cases not receiving surgery (hazard ratio, 
4 
5 0.31; 95% confidence interval, 0.19-0.52).126 In a bariatric French cohort prospectively- 
6 

7 submitted to repeated biopsies, at 5 years NASH resolved, without fibrosis worsening, in 
8 

54/64 patients (84.4%; 95% CI, 73.1-92.2), while fibrosis decreased progressively along the 

10 years in 70.2% and completely disappeared in 56% of all cases (95% CI, 42.4-69.3), 
11 

12 including 45.5% of patients with bridging fibrosis at baseline.127 Cirrhosis per se does not 
13 

contraindicate bariatric surgery, but requires a precise evaluation of hepatic functional 
15 

reserve, portal hypertension and CV risk factors.128 

16 
17 

Very recently, also bariatric/metabolic endoscopy has been proposed to facilitate rapid and 
19 large weight loss, particularly in type 2 diabetes. These procedures include endoscopic sleeve 
20 
21 gastroplasty, endoscopic small-bowel by-pass and duodenal mucosal resurfacing. Although 
22 

23 apparently safe and effective in the short-term,129 130 many more data on histological 
24 

outcomes and adverse events are needed for their extensive clinical application. 

26 

27 

28 
Drug treatment suggested by current clinical practice guidelines 

30 Based on evidence from longitudinal studies, patients with intermediate and advanced 
31 

32 fibrosis (F2-F4 fibrosis) are at greatest risk of overall and disease-specific mortality and have 
33 

been identified as the target population for investigational drugs in phase 2-3 trials. As 
35 patients who are in pre-cirrhotic stages are not at short-term risk for liver-related outcomes, 
36 
37 regulatory authorities accepted histological features as surrogates of liver-related events for 
38 

39 accelerated or conditional approval with the requirement that additional studies are 
40 

undertaken to demonstrate if short-term changes translate into reduced progression to 

42 cirrhosis and its complications.131 The reversal of NASH (with no worsening of fibrosis) or 
43 
44 the improvement of fibrosis (without NASH deterioration) are the endpoints for pre-cirrhotic 
45 

46 patients, while in the cirrhotic population the main goals are to avoid decompensated 

47 
cirrhosis, hepatocellular carcinoma, liver transplant and mortality. Thus, phase 2b and phase 

49 3 trials require pre- and post-treatment liver biopsies to establish efficacy, a limitation that 
50 

51 could change significantly in the future as newer non-invasive diagnostic methods are 
52 

validated against biopsy. 

54 

55 No specific agents have so far been approved; nonetheless pioglitazone and vitamin E are 
56 

frequently prescribed off label, following the results of large randomized studies with 

58 histologic end-points. Many more drugs have received or are undergoing evaluation in 
59 
60 registered trials. 
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3 Pioglitazone 
4 
5 Pioglitazone is an antidiabetic agonist for peroxisome proliferator-activated receptor- 
6 

7 (PPAR-), a member of a nuclear receptor family of proteins that modulate several responses, 
8 

9 including insulin sensitivity. Its use in NAFLD has been proposed to counteract insulin 
10 

resistance. Several RCTs and a meta-analysis 132 have consistently demonstrated an 

12 improvement in biochemistry and histology following pioglitazone administration at doses of 
13 

14 30-45 mg/day vs. placebo. In the PIVENS trial, also testing the effects of vitamin E, 
15 

pioglitazone did not significantly improve NASH (34% vs. 19% in placebo), but 
17 aminotransferase levels were reduced, as were steatosis and lobular inflammation.133 In 101 
18 
19 subjects with prediabetes or T2DM, pioglitazone (45 mg/day) was particularly effective, 
20 

21 achieving the primary outcome (≥2 point improvement in NAS score without fibrosis 
22 

worsening) in 58% of cases (vs. 17% in controls) and producing NASH resolution in 51% 

24 and change in fibrosis stage (-0.5 points; 95% CI, 0.0-0.9).134 A more recent meta-analysis in 
25 

26 197 NASH patients and 195 controls confirmed that pioglitazone was associated with 
27 

28 improvement of advanced fibrosis (OR, 4.53; 95% CI, 1.52-13.52) and in NASH resolution 
29 

(OR, 3.51; 95% CI, 1.76-7.01).135 Pioglitazone discontinuation is accompanied by an abrupt 
30 
31 increase in ALT, possibly heralding NASH recurrence.136 This makes pioglitazone the long- 
32 

33 term pharmacologic treatment of choice, irrespective of T2DM. Notably, pioglitazone 
34 

produces beneficial effects also on the CV system;137 138 adverse events include increased 

36 body weight and an increased risk of non-osteoporotic fractures. 
37 

38 
Vitamin E 

40 Vitamin E has been proposed for the treatment of NAFLD, considering its anti-apoptotic and 
41 
42 anti-oxidant properties, with conflicting results.132 Following a series of negative data, in the 
43 

44 PIVENS trial at the dose of 800IU/day, vitamin E was significantly better than placebo on 

45 
NASH improvement (49% vs. 19%, respectively), as well as in reducing steatosis and lobular 

47 inflammation, without significant effects on fibrosis (41% vs. 31%; average change in score, 
48 

49 -0.3 vs. -0.1). Accordingly, the U.S. guidelines consider the use of vitamin E in patients with 
50 

biopsy-assessed NASH without diabetes or cirrhosis,4 a recommendation not shared by the 
52 European guidelines.5 A very recent trial in biopsy-proven NASH with T2DM, comparing 
53 
54 vitamin E (800 IU/day) vs. vitamin E and pioglitazone (45mg/day) or placebo on the primary 
55 

56 outcome (NAS reduction ≥2 points without worsening of fibrosis), found that only the 
57 

combination therapy achieved the target (combination, 54%; vitamin E alone, 31%; placebo, 

59 19%), although both treatments increased the rate of NASH resolution (43%, 33%, 12%, 
60 
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3 respectively).139 Fibrosis did not improve. As to safety, the evidence for increased all-cause 
4 
5 mortality associated with a dose of 800IU/day, derived from an old meta-analysis, is no 
6 

7 longer supported by data.140 Vitamin E is the treatment of choice for paediatric NAFLD.4 

8 

9 
10 Phase 3 drugs and hints at phase 2 (Tables 4-6) 
11 

12 Farnesoid X receptor (FXR) agonists 
13 

The farnesoid X receptor (FXR) belongs to the nuclear receptor superfamily mainly 
15 

expressed in the liver, intestine, kidney and, to a lower extent, in adipose tissues. It regulates 
16 
17 a wide variety of target genes critically involved in the control of bile acids, lipids and 
18 

19 glucose (via augmented insulin sensitivity).141 One of the many consequences of FXR 
20 

activation is a decreased expression of enzymes involved in de novo lipogenesis; the release 

22 of fibroblast growth factor-19 (FGF19) from the intestine upon bile acid binding to FXR, 
23 
24 major downstream mediators of FXR, potentiates FXR activity 141 and produces additional 
25 

26 metabolic effects (PPAR- activation and suppressed gluconeogenesis), decreased appetite 
27 

and increased energy expenditure. Several FXR-activating drugs with differing structural 

29 characteristics and pharmacodynamic effects are thus under investigation in NAFLD. 
30 
31 

Obeticholic acid (OCA), a 6α-ethyl derivative of chenodeoxycholic acid (CDCA), is a first- 

33 in-class selective FXR agonist, originally described for its anticholestatic and potentially 
34 
35 broader hepatoprotective properties. The addition of the ethyl group to CDCA – the natural 
36 

37 FXR agonist in human – approximately 100-fold multiplies its FXR agonistic activity.141 

38 

39 A phase 2B clinical trial of OCA (25 mg/day of oral OCA vs. placebo for 72 weeks) was 
40 

terminated early following an interim pre-planned analysis at 24 weeks because of overt 
42 histological efficacy (≥2 points decrease in NAS, without worsening of fibrosis). 46/102 
43 
44 patients in the OCA group (45%) improved liver histology compared to 21/99 in placebo 
45 

46 (relative risk 1.9, 95% CI 1.3‐2.8).142 

47 
48 Obeticholic acid is currently being evaluated in phase 3 trial (REGENERATE, Intercept 
49 

50 Pharmaceuticals) at doses of 10 and 25 mg/day vs. placebo in NASH with fibrosis; liver 
51 

biopsies were scheduled at screening, at 18 and 48 months, and at the end of study. The 

53 results of the interim 18‐month analysis in 931 patients with F2‐F3 fibrosis have been 
54 

55 recently published.143 Improvement in fibrosis was achieved in 12% placebo-treated patients, 
56 

57 18% in the 10‐mg OCA, and 23% in the 25‐mg OCA group. The NASH resolution endpoint 
58 

was not met in the whole intention-to-treat population (8%, 11% and 12%, respectively). 
59 
60 However, a post-hoc analysis showed that approximately twice as many patients in 25 mg 
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3 OCA achieved NASH resolution vs. placebo, both by intention to treat (23% vs. 12%; relative 
4 
5 risk, 1.9; 95% CI, 1.4-2.8) and per-protocol (29% vs. 16%, relative risk, 2.2; 95% CI, 1.4- 
6 

7 3.2).143 The evaluation is ongoing, to be completed by October 2022. Based on more than 
8 

1,700 patients treated with OCA, a dossier was submitted to the U.S. Food and Drug 

10 Administration (FDA) for regulatory approval, but the agency required additional efficacy 
11 

12 and safety data to support accelerated approval, while continuing the long-term phase.144 

13 
14 Consistent with other OCA studies, dose-dependent pruritus, mild-to-moderate in severity 
15 

16 and increased LDL cholesterol,141 responsive to statin treatment, were the most commonly 
17 

reported adverse events,142 143 frequently leading to discontinuation. Combination studies of 
19 OCA with lipid-lowering agents are ongoing. 
20 
21 

Other FXR-ligands are in earlier stages of clinical development. Tropifexor, a non-bile acid- 

23 derivative FXR agonist with potent activity on fibrosis in experimental NASH models,145 is 
24 
25 being evaluated in a phase 2, adaptive design NASH study (FLIGHT-FXR, Novartis). 
26 

27 Treatment has been reported to cause a transient increase in serum ALT that decline with 
28 

time, whereas the expected advantages vs. OCA on pruritus do not appear to be not fulfilled. 

30 

31 Another double‐blind, multi‐centre, phase 2b RCT is evaluating the safety and efficacy of a 
32 

combination of tropifexor and cenicriviroc (see below) in patients with biopsy‐proven NASH 
33 
34 and advanced fibrosis (stages F2/F3).146 Cilofexor, another non-steroidal FXR-ligand, is 
35 

36 being evaluated alone or in combination with the acetyl-CoA carboxylase (ACC) inhibitor 
37 

firsocostat and results are pending. In a phase 2 RCT, cilofexor alone was reported to 

39 decrease steatosis by over 30% at MRI-PDFF in 39% of cases at a daily dose of 100 mg for 
40 
41 24 weeks, in 14% at 30mg and in 13% on placebo, without any significant effect on fibrosis, 
42 

43 measured by biomarkers and MRS-elastography.147 

44 

45 Elafibranor and Lanifibranor 
46 

47 Elafibranor is an oral, once-daily, first-in-class drug acting via dual agonism of PPAR- 
48 

receptors, with proven efficacy in animal models of NASH and fibrosis. The pivotal phase 2 

50 study (GOLDEN-505, GENFIT) tested elafibranor (80 and 120 mg vs. placebo) over 52 
51 
52 weeks in 276 patients with diagnosis of NASH and fibrosis (F0-F3); the primary outcome 
53 

54 was set as defined by regulatory agencies, with several secondary outcomes.148 The response 
55 

rate was higher than placebo only in the 120-mg arm (19% vs 12%; OR, 2.31; 95% CI: 1.02- 

57 5.24), and was more pronounced with increasing baseline severity. In post hoc analysis, the 
58 

59 exclusion of patients with mild activity revealed a significant effect of elafibranor 120 mg vs. 
60 
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3 placebo (OR, 3.52; 95% CI: 1.32-9.40) in most severe cases (234 patients with NAS ≥4), 
4 
5 doubling the proportion of responders. Both doses improved liver function tests and lipid 
6 

7 parameters, and fasting serum glucose (-0.98 mmol/L at 120 mg) and HbA1c (-0.46%), in 
8 

patients with T2DM (40% of total). Finally, elafibranor was safe and well tolerated. 

10 

11 Elafibranor was thus moved into a larger, confirmative phase 3 trial (RESOLVE-IT, 
12 

GENFIT), to measure 4-year efficacy. At interim analysis, released on May 11, 2020, the trial 

14 did not achieve the expected results. The response rate on primary endpoint was 19.2% for 
15 

16 elafibranor vs. 14.7% for placebo and the improvement of ≥1 fibrosis stage (key secondary 
17 

endpoint) was 24.5% vs. 22.4%, respectively.149 The trial was terminated early. 

19 

20 Another pan-PPAR agonist (lanifibranor, Inventiva) recently completed a phase 2b, biopsy- 
21 

controlled study in 247 NASH patients receiving either 800 or 1200mg/day of active drug vs. 

23 placebo for 6 months. The primary endpoint was a 2-point reduction in the activity part of the 
24 
25 SAF score [combining inflammation and ballooning] without worsening of fibrosis; the key 
26 

27 secondary endpoints were NASH resolution without worsening of fibrosis and improvement 
28 

of fibrosis without NASH worsening). The results, released on 15 June 2020, show that 

30 lanifibranor met both the primary (41% and 49% at the two doses vs. 27% on placebo) and 
31 

32 the two secondary endpoints on intention to treat (33% and 45% vs. 19%; 34% and 44% vs. 
33 

9%).150 The drug received the FDA designation as breakthrough therapy on 12 October 2020, 
35 intended to expedite the development of drugs candidate for serious or life-threatening 
36 
37 conditions.151 

38 
39 Thyroid hormone receptor β agonists 
40 
41 Thyroid hormone receptor β (THR-β) is responsible for regulating specific metabolic 
42 

43 pathways in the liver, frequently impaired in NAFLD, making NAFLD a condition of 
44 

"hepatic hypothyroidism".152 Resmetirom (MGL-3196- Madrigal Pharmaceutical) is a once 

46 daily, oral, highly selective agonist of THR-β specifically acting in the liver, without 
47 

48 systemic effects (mediated through THR-α in the heart and bone).152 The mechanism by 
49 

which resmetirom reduces hepatic fat in NASH is probably dependent on the restoration of 
51 

normal mitochondrial function and increased β oxidation. 
52 
53 

Resmetirom was initially tested in a phase 2 quadruple-blind (participant, care provider, 
55 investigator, outcome assessors) RCT on 125 participants with ≥10% liver fat content at 
56 
57 MRI-PDFF and biopsy-proven NASH (fibrosis F1-F3 and disease activity).153 The primary 
58 

59 outcome was the relative change from baseline in MRI-PDFF. Compared with placebo, 
60 
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3 resmetirom significantly reduced MRI-PDFF from baseline, both after 12 weeks (least 
4 
5 squares mean difference, -22.5; 95% CI, -32.9 to -12.2) and after 36 weeks (-28.8; -42.0 to - 
6 

7 15.7), reduced the markers of liver injury and fibrosis, and finally reduced disease activity 
8 

and prompted NASH resolution at liver biopsy in the drug-respondent cohort. Resmetirom 

10 was generally well tolerated. The most common adverse events were diarrhoea and nausea. 
11 
12 

Two phase 3 resmetirom trials, MAESTRO-NASH and MAESTRO-NAFLD1, are ongoing. 

14 MAESTRO-NASH is estimated to be completed in 2024. It will include 2000 adults with 
15 

16 biopsy-proven non-cirrhotic NASH and fibrosis. MAESTRO NAFLD1 study has recently 
17 

started and will include 700 adults with MRI-PDFF liver fat fraction ≥8% and suspected 
19 NASH, randomized into four arms: open label, placebo (double-blind), resmetirom 80 mg 
20 
21 (double-blind), resmetirom 100 mg (double-blind). The primary outcome is the incidence of 
22 

23 adverse events after 52 weeks of treatment. 
24 

25 A second selective THR-β agonist (VK-2809, Viking Therapeutics) is currently being tested 
26 

27 in a phase 2b trial in subjects with biopsy-proven NASH for 52 weeks. The results of a daily 
28 

dose of 5 mg, 10 mg, or 10 mg on alternate days or placebo were extremely interesting, with 

30 an overall responder rate on >30% relative reduction in MRI-PDFF at 12 weeks of 88% vs. 
31 

32 17% in placebo.154 Notably, alternate-day administration produced results comparable to the 
33 

5 mg/day dose, and lower doses are being tested in phase 2b (1-2.5 mg). The drug was safe 

35 and well tolerated, with no serious adverse events reported in the course of the study. 
36 
37 

Cenicriviroc 

39 Cenicriviroc is a once-daily oral drug that blocks two chemokine receptors, CCR2 and CCR5, 
40 
41 involved in inflammatory and fibrogenic pathways. CCRs normally link C-C motif 
42 

43 chemokine ligand, overexpressed in liver injury by activated Kuppfer cells or damaged 
44 

hepatocyte.155 Cenicriviroc inhibits monocyte recruitment, thereby modulating the hepatic 

46 macrophage pool toward less inflammatory and less fibrogenic macrophages. 
47 
48 

Cenicriviroc has an established anti-inflammatory and antifibrotic activity in animal models 

50 of liver disease; in humans it has been used in HIV infection and, more recently, in NASH. In 
51 

52 the phase 2 CENTAUR study (Tobira Therapeutics),156 cenicriviroc has been tested in 289 
53 

participants with biopsy proven NASH (NAS≥4), and liver fibrosis (stages F1-F3). The 
55 primary endpoint was reached in a similar proportion of subjects on CVC (n=145, 16%) and 
56 
57 placebo (n=144, 19%; OR, 0.82; 95% CI, 0.44-1.52), and NASH resolution was similarly not 
58 

59 different (8% vs. 6%; OR, 1.40; 95% CI, 0.54-3.63). However, twice as many subjects on 
60 
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3 cenicriviroc achieved improvement in fibrosis by ≥1 stage and no worsening of NASH vs. 
4 
5 placebo (20% vs. 10%; OR, 2.20; 95% CI, 1.11-4.35). There were no differences in body 
6 

7 weight and noninvasive biomarkers; safety and tolerability were comparable to placebo. 
8 

9 The 2-year results have recently been published, with a group of placebo-treated patients 
10 

11 moved to cenicriviroc: group A (cenicriviroc for 2 years), group C (placebo for 2 years) and 
12 

group B (crossover group). The primary endpoint (≥2-point improvement in NAS with ≥1- 

14 point improvement in either lobular inflammation or hepatocellular ballooning, no worsening 
15 

16 of fibrosis) was again not met.157 
17 
18 A phase 3 cenicriviroc study (AURORA) in currently ongoing. It will involve up to 2000 
19 

20 adults, aged 18-75 years with NASH and fibrosis F2-F3, that will be followed-up for 5 years. 
21 

Primary efficacy endpoints will also include time to occurrence of first adjudicated event: 

23 death, histopathologic progression to cirrhosis, liver transplant, model of end-stage liver 
24 
25 disease (MELD) score ≥15, ascites, hospitalization due to liver failure. 
26 
27 The TANDEM trial is a phase 2b 48-week study in 200 adult patients with NASH and biopsy 
28 

29 proven fibrosis (F2-F3) that will evaluate the safety and efficacy of a combination of 
30 

31 cenicriviroc and tropifexor (LJN452, Novartis) in patients with NASH and fibrosis.146 

32 

33 Aramchol 
34 

Aramchol is a synthetic lipid molecule obtained by conjugating cholic acid and arachidic 
36 acid. Aramchol inhibits the liver enzyme stearoyl coenzyme A desaturase (SCD), reducing 
37 
38 fatty acid synthesis while increasing fatty acid oxidation, with a lipid lowering effect, mainly 
39 

40 via upregulation of the ABCA1 cholesterol transporter. Aramchol was shown to reduce liver 
41 

fat in animal models with diet-induced fatty liver.158 

43 

44 In a phase 2 randomized, double-blind, placebo-controlled trial, aramchol (100-300 mg/day) 
45 

or placebo were administered to 60 patients with biopsy-confirmed NAFLD (six with NASH) 

47 (NCT01094158). The primary aim was to test whether aramchol would safely and effectively 
48 

49 reduce liver fat concentration (MRS-assessment). Over 3 months, liver fat content decreased 
50 

by 12.6-22.1% in patients given 300 mg/day aramchol, by 2.9-28.2% with 100-mg aramchol, 
52 

and increased in the placebo group. No serious adverse events were observed.159 

53 
54 

A second multicentre, randomized, double blind, placebo-controlled phase 2b study evaluated 
56 the efficacy and safety of higher aramchol doses (400 and 600 mg) in NASH with overweight 
57 
58 or obesity and diabetes or pre-diabetes (247 subjects, 52 weeks, and 13-week follow-up). The 
59 

60 primary outcome was percent change in intra-hepatic triglyceride concentration measured by 
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3 MRS; histology was a secondary outcome. The study, only reported in abstract form,160 

4 
5 confirmed that a larger number of patients in the aramchol 600 mg arm achieved NASH 
6 

7 resolution without worsening of fibrosis (16.7% vs. 5% in placebo; OR, 4.74; 95% CI, 0.99- 
8 

22.66), also improving biochemistry. A phase 3 RCT (ARMOR) is recruiting 2000 patients at 

10 high risk of progression. Subjects are randomized to receive aramchol 300 mg bid or 
11 

12 matching placebo. Primary outcomes are the effects on liver histology at 52 weeks and the 
13 

effects on composite long-term outcomes (all-cause mortality, transplant, hospitalization due 
15 

to hepatic decompensation) at 5 years. 
16 
17 

Glucagon-like peptide-1 receptor agonists 
19 Glucagon-like peptide-1 (GLP-1) is an intestinal hormone released from L-cells in the small 
20 
21 intestine in response to meals with multiple metabolic effects: it stimulates insulin secretion 
22 

23 and inhibits glucagon secretion, increases energy disposal, delays gastric emptying and 
24 

improves satiety.161 GLP-1 analogues are commonly used to treat diabetes, and several 

26 studies incidentally reported a significant reduction of liver fat in response to treatment.162 

27 

28 
Liraglutide is a long-acting human GLP-1 analogue licensed for glycaemic control in patients 

30 with type 2 diabetes. A meta-analysis based on individual patient data of registration trials 
31 

32 with liraglutide (LEAD program, 2241 patients with elevated aminotransferase levels) 
33 

confirmed a significant reduction of liver enzymes in response to treatment, and a trend 
35 towards reduced steatosis in the LEAD-2 study). Daily injection of liraglutide for 48 weeks 
36 
37 improved NASH histology in a small phase 2 study (Liraglutide Efficacy and Action in 
38 

39 NASH – LEAN study).163 9/23 patients who received liraglutide (39%) had resolution of 
40 

NASH compared with 2/22 (9%) on placebo (relative risk, 4.3; 95% CI, 1.0–17.7). Notably, 

42 treatment with liraglutide was associated with significant weight loss (mean difference vs. 
43 
44 placebo, -4.4 kg; 95% CI, -7.2 to -1.6). Adverse events included gastrointestinal disorders in 
45 

46 81% of liraglutide-treated patients and 65% in the placebo group. 
47 

48 A phase 2 study of semaglutide, a longer-acting, weekly dosing GLP-1 analogue, has recently 
49 

been completed. A preliminary release after 72 weeks of therapy announced that 33/56 
51 

patients (59%) with fibrosis F2-F3 met the usual primary end-point with the highest dosage 
52 
53 tested (0.4 mg) vs. 10/58 patients (17%) in the control arm.164 Among patients taking the 0.1- 
54 

55 0.2 mg doses, 40% and 36% achieved the end-point, respectively. Semaglutide is very 
56 

effective on weight loss; a phase 3-4 trial in obesity reported a mean weight loss of 14.9% 

58 with semaglutide 2.4 mg/week for 68 weeks vs. 2.4% in placebo, and additional weight loss 
59 
60 at follow up (to 17.4%), contrary to placebo-treated individuals who regained weight.165 
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3 Synergistic effects may be achieved by combining GLP-1RAs with lifestyle intervention,166 

4 
5 with gastric inhibitory polypeptide (GIP) or glucagon receptor agonists. Treatment with a 
6 

7 GIP/GLP-1 combined agonist, tirzepatide, improved several NASH biomarkers vs. placebo 
8 

and, in part, vs. dulaglutide, another weekly-dosing GLP-1 receptor agonist.167 Differences 

10 were partly explained by the larger weight loss achieved by tirzepatide treatment. 
11 
12 

Drugs for selected cohorts 

14 Individuals with T2DM constitute a relevant cohort of NASH patients, at higher risk of 
15 

16 disease progression, and requiring pharmacologic control of their metabolic defects. A few 
17 

classes of antidiabetic agents have demonstrated significant effects on liver enzymes and 
19 surrogate biomarkers of steatosis and fibrosis, potentially reducing the risk of end-stage liver 
20 
21 disease. Trials with GLP-1RAs have previously been discussed; several cohort studies are 
22 

23 also available supporting a beneficial effect of long-acting GLP-1RAs,168 potentially making 
24 

these drugs the treatment of choice in the presence of NASH, also improving CV outcomes. 

26 

27 MSDC-0602 (Cirius Therapeutics), an insulin sensitizer of the tiazolidinedione class acting 
28 

through modulation of mitochondrial-pyruvate carrier with minimum PPAR- activity, 

30 although failing primary and secondary histologic outcomes in the general NASH population, 
31 
32 fulfilled some end-points in the T2DM subset;169 accordingly, a specific trial is still ongoing 
33 

34 in NASH with fibrosis and diabetes. 
35 

36 Gliflozins, the sodium-glucose cotransporter-2 inhibitors (SGLT-2Is), by blocking glucose 
37 

38 resorption from the proximal tubule, promote glycosuria, calorie waste and weight loss. This 
39 

possibly translates into reduced lipid burden to the liver. Most approved gliflozins have been 
40 
41 tested for their effects on biomarkers of steatosis and fibrosis,170-172 and other compounds are 
42 

43 under scrutiny, but very few histologic data are available. A network meta-analysis of 29 
44 

RCTs confirmed that gliflozin treatment was significantly associated with weight loss ≥5% 
46 vs. placebo (dapagliflozin 10 mg: OR, 8.57; 95% credible interval, 2.71-27.44; empagliflozin 
47 
48 25 mg: 10.20; 4.59-28.93).173 

49 
50 Unfortunately, very few comparative analyses exist on the impact of different antidiabetic 
51 
52 treatments on liver disease progression in NAFLD with diabetes.174 

53 
54 Other compounds 
55 

56 Several other drugs, not discussed above and acting on different biochemical processes, are 
57 

under investigation in phase 2 trials. Among them, nor-ursodeoxycholic acid (1500 mg/day), 
59 

also under testing in primary biliary cholangitis, showed a reduction of serum ALT vs. 
60 
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3 placebo in a 12-week RCT (mean difference, -27.8; 95% CI, -34.7 to -14.4) without relevant 
4 
5 side-effects, but too few data on MRS-PDFF and liver stiffness were available to derive firm 
6 

7 conclusions.175 Much interest has also been given to an engineered version of fibroblast 
8 

growth factor (FGF)-19 and to pegylated FGF-21, able to stimulate adiponectin secretion, 

10 thus reducing insulin resistance and inflammation, as well as to reduce body weight. 
11 
12 

13 
14 Placebo & risk stratification in clinical trials 
15 

16 Stratification is essential to define treatment effectiveness. T2DM highly impacts on the 
17 

response rate of drugs; as an example, in the CENTAUR study,156 the primary end point was 
19 achieved in 20% of cases in the experimental arm vs. 10.4% on placebo (OR 2.20); however, 
20 
21 the drug was much more effective in subjects without diabetes (OR, 3.84; 95% CI, 1.26-11.7) 
22 

23 vs. diabetes patients (1.40; 0.59-3.35). 
24 

25 Active changes in lifestyle may contribute to the heterogeneous and often high rate of 
26 

27 “placebo response”, driven by possible modifications in lifestyle during trial (Hawthorne 
28 

effect). In a recent systematic review and meta-analysis of placebo groups from 39 histology- 

30 based RCTs of adults with NASH,176 25% of patients in the placebo groups (95% CI, 20%- 
31 

32 30%) improved activity by ≥2 points, and 21% improved fibrosis, liver fat and liver enzymes. 
33 
34 A very recent document by the Liver Forum highlighted that only 26% of pharmacologic 
35 

36 RCTs had nutritional counselling and/or exercise recommendations, 22% had undefined 
37 

recommendation and 52% did not report interventions.177 A similar bias is present in studies 

39 involving nutritional counselling and/or physical activity, where the placebo response was 
40 
41 variable.177 Clinical trials in diabetes and obesity confirm the importance of stable lifestyle 
42 

43 prior to screening, as well as the need for improved delivery and reporting of lifestyle 
44 

recommendations. The Liver Forum recommends that patients enrolled should: 1) be 

46 evaluated at screening for current diet and exercise habits; 2) have lifestyle stability prior to 
47 

48 baseline screening; 3) be individually counselled on improving diet and physical activity, and 
49 

decreasing sedentary behaviour; 4) all these practices should be appropriately documented 
51 

throughout the trial.177 Finally, changes in body weight and physical activity should be 
52 
53 recorded and included in final analysis to avoid potential biases. Quantification of alcohol 
54 

55 intake is also a challenging matter, with consistent variability across drinking patterns within 
56 

NAFLD threshold, likely to influence the results.178 Finally, gene polymorphisms associated 

58 with NASH (PNPLA3 I148M and TM6SF2 E167K), are likely to impact on trial response. 
59 
60 
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3 
4 
5 Follow-up and Surveillance 
6 

7 The presence of NASH and significant fibrosis prompt to systematic follow-up and 
8 

surveillance, but four intertwined questions are still unanswered, both in community patients 

10 and in selected cohorts following a liver biopsy: a) who should be monitored? b) who should 
11 

12 be responsible for surveillance? b) by which instruments? c) how frequently? 
13 
14 European guidelines suggest that patients at low risk of progression might be reconsidered at 
15 

16 2-year interval by surrogate biomarkers and eventually by ultrasonography or transient 
17 

elastography.5 This time interval is expanded to three years in NICE guideline.10 Metabolic 
19 improvement is associated with reduced steatosis, measurable by FLI, largely heralded by 
20 
21 weight loss.179 Imaging modalities for a precise quantification of steatosis (e.g., MRI-PDFF) 
22 

23 should be limited to research settings.180 

24 
25 Surrogate serum markers of hepatic inflammation, including ALT, show an overall 
26 

27 correlation with the risk of fibrosis progression in large cohorts but are scarcely predictive of 
28 

progression/regression on an individual basis. Nevertheless, sustained reduction or 

30 normalization of elevated ALT can be considered clinically meaningful end-points.181 

31 
32 

Considering the obvious limitations to an extensive use of liver biopsy, changes in non- 
33 
34 invasive biomarkers of fibrosis and transient elastography are at present the best tools to 
35 

36 monitor disease progression,74 although very few data are available on day-to-day variability 
37 

and their correspondence with histological changes. A better performance is expected by new 

39 biomarkers reflecting fibrogenic activity,182 or by MRE-elastography (15% worsening of 
40 
41 liver stiffness on MRE is associated with fibrosis progression at histology).183 

42 
43 Monitoring and surveillance of patients with NAFLD need to be tailored on disease severity 
44 
45 and resource availability,5 in a complex network including primary care physicians as well as 
46 

47 specialists of different branches. This will help detect early hepatic decompensation, 

48 
prompting treatment and eventually inclusion in the waiting list for transplantation,184 with 

50 limits due to CV comorbidities.185-187 

51 
52 

There are no specific strategies for NASH-induced HCC screening, excluding the evidence- 
53 
54 based procedures for cirrhosis (6-month ultrasonography),188 but more than half of HCC arise 
55 

56 in non-cirrhotic patients. Although the incidence is insufficiently high to deserve universal 
57 

surveillance in non-advanced patients, the lack of systematic surveillance in pre-cirrhotic 

59 stages may be the reason for late HCC diagnosis.63 We need to prospectively acquire 
60 
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3 information on cohorts of patients with NASH, in order to define high-risk patients who 
4 
5 should undergo surveillance at earlier stages. 
6 

7 
8 

9 Conclusions 
10 

11 Forty years after the original description of NAFLD, we have learnt a lot regarding its 
12 

epidemiology and natural history, its pathogenesis, the underlying genetic background and 

14 the risks associated with disease progression, as well as the costs associated with disease. The 
15 

16 condition produces a relevant impact on patients’ quality of life, as it is expected to become 
17 

the principal liver disease in future decades. However, we still lack a satisfactory treatment, 
19 and weight loss remains the treatment of choice. A matter of concern is the demonstration 
20 
21 that epigenetic drives and/or obesity in childhood or young adulthood might be linked with 
22 

23 the risks of cancer and liver failure in later life by a fil rouge,39 189 190 having liver fat 
24 

accumulation as common mechanism.66 

26 

27 The very high number of patients cannot be managed by specialists, and only selected cohorts 
28 

at high risk of progression should be referred to their care. Initial experiences of network 

30 healthcare have provided interesting results,76 and need to be exploited to larger samples. 
31 

32 Meanwhile, accurate profiling of NAFLD individuals will help dissect different phenotypes 
33 

to refine drug treatments, as well as plan sequential treatments based on disease stage. 

35 

36 Preventive healthcare strategies based on food-related policies to counteract the epidemics of 
37 

obesity remain a priority to reduce the burden of NAFLD in the general population. Political 

39 commitment and concerted actions of the multiple stakeholders involved in prevention and 
40 
41 treatment should be mandatory, but very few European countries have so far defined policies 
42 

43 to tackle NAFLD in the community.191 The proactive involvement of patients’ associations is 
44 

highly recommended to include patient-reported outcomes among relevant targets of future 

46 large-scale randomized and observational studies.192 193 

47 
48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
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Recommendation EASL-EASD-EASO5 AASLD4 NICE10 Asian-Pacific11 12
 

Diagnosis (after excluding Steatosis by imaging or Steatosis by imaging or Any evidence of excessive liver Steatosis by ultrasonography or 

alcohol and secondary histology or unexpectedly high histology fat, regardless of liver enzymes. transient elastography as first step 

causes) liver enzymes  Use the fatty liver index (FLI) if (where available) 

   testing adults for NAFLD  

Community screening Non cost-effective Not considered Non effective Cost-effectiveness unknown 

Screening in high-risk All subjects with one or more Not mentioned. Not mentioned. Consider that Considered in subjects with type 2 

patients features of metabolic syndrome  NAFLD is common in type 2 diabetes and obesity 

   diabetes and metabolic syndrome  

Screening by non-invasive NFS or Fib-4, followed by NFS, Fib-4 and elastography ELF test Biomarkers and imaging effective 

tests elastography   (no specific test) 

Genetic screening Not cost-effective Not mentioned Not mentioned Cost-effectiveness unknown 

Screening for Define cardiovascular and Define cardiovascular and Define cardiovascular and Define the presence of all features 

complications diabetes risk diabetes risk diabetes risk of metabolic syndrome 

Follow-up Not at risk of progression, every Not defined Every 3 years in subjects not at Not mentioned 
 2 years; at risk, every 6 months  risk of progression; if at risk, use  

   NICE guidelines for cirrhosis  

Liver biopsy Mandatory in drug trials Consider in subjects at risk for Gold standard, but not feasible When the diagnosis is unclear, or 
  NASH or advanced fibrosis also in patients at risk when fibrosis assessment by 
  and/or to exclude other  noninvasive tests is inconclusive. 

  coexisting liver disease   

Treatment: Diet & weight Dietary restriction (deficit 500- Dietary restriction (deficit Consider NICE guidelines for Consider a multidisciplinary 

loss 1,000 kcal/day) 500-1,000 kcal/day) obesity and weight gain approach. Dietary restriction (deficit 

 Prefer Mediterranean diet No specific diet prevention. No specific diet 500-1,000 kcal/day). 

Treatment: Physical Aerobic or exercise training Aerobic or exercise training Consider NICE guidelines for Aerobic or resistance exercise 

activity (150-300 min/week), 3-5 (>150 min/week) obesity and weight gain (moderate-intensity ≥150 min/week 

 sessions  prevention or vigorous-intensity ≥75) 

Treatment: Drugs Pioglitazone (off label in the Pioglitazone and Vitamin E in Consider pioglitazone in diabetic Consider pioglitazone for short-term 
 absence of diabetes) patients with/without diabetes, and vitamin E in non-diabetic use in diabetes or prediabetes. 
 Vitamin E not indicated respectively cases with advanced fibrosis Consider vitamin E in non-cirrhotic, 
 Other drugs not indicated Other drugs not indicated (only in secondary or tertiary care non-diabetic NASH. Other drugs 

   settings) not indicated 
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3 
4 
5 Table 2 
6 

7 Genes involved in NAFLD and in NAFLD progression 

8 

9 Gene Metabolic effects Prevalence in NAFLD and clinical significance 

10 

11 Patatin-like 

12 phospholipase 

13 domain-containing 
14 3 (PNPLA3 I148M 
15 variant- Adiponutrin) 
16 
17 Transmembrane 6 

18 superfamily 

19 member 2 

20 (TM6SF2 E167K 
21 variant) 

22 
23 

Membrane bound
 

24 
O-acyltransferase

 

25 
domain-containing

 

26 
7 (MBOAT7)

 

27 
28 Glucokinase 

29 regulator (GCKR 

30 P446L variant) 

31 
32 Hydroxysteroid 17- 

33 beta dehydrogenase 

34 13 (HSD17B13) 

35 

36 

The mutated protein 
accumulates on the surface of 
lipid droplets preventing export 
from hepatocytes and favouring 
inflammation in hepatic stellate 
cells by interaction with retinol 

Decreased lipid secretion in 
VLDL, leading to reduced 
circulating lipids (both 
cholesterol and triglycerides) 

 

 
The variant promotes changes in 
hepatic phosphatidylinositol 
acyl-chain remodelling. 

 
The variant impairs glucokinase 
inhibition in response to 
fructose-6-phosphate, thus 
blocking fatty acid oxidation 

The truncated protein has a 
reduced enzymatic activity 

• 10% vs. 5% in Caucasian populations (10-15% in 
Asian populations); 16% in NASH, 35% in NASH- 
cirrhosis and 45% in NASH-HCC. 

• To be considered as possible marker of disease 
progression 

 

• 13% vs. 7.2% in subjects of European ancestry, in 
3.4% in African- and 4.7% in Hispanic-Americans 

• Increased risk of NASH and advanced fibrosis 

• Reduced risk of cardiovascular disease (Hazard 
Ratio, 0.67), totally explained by low cholesterol 
levels 

• Increased risk of NAFLD along the whole disease 
spectrum 

• Predisposes to cirrhosis in alcohol abusers 

 

• Associated with steatosis in children and adults, and 
with the presence of obesity, irrespective of ethnicity 

• In NAFLD, it predicts the risk of fibrosis (F1 or 
more) 

• Loss-of-function variant of the gene protects against 
chronic liver disease (both alcoholic and non- 
alcoholic) and reduces the risk of progressive NASH 

• It reduces the negative effects of PNPLA3 variant 

37 At present, genome-wide screening for genes at risk of NAFLD and NAFLD progression is not advised by 
38 international and national guidelines 
39 
40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
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5 

19 

3 Table 3 
4 

Principal lifestyle intervention studies for NAFLD treatment 

6 Author, 

7 year 

8 

Type of study, 
No. of pts 

Treatment and duration Study target & outcome 
measures 

Results 

9 Lazo et al, 

10 2010 112 

11 

12 
13 Promrat et 

14 al, 2010 113 

15 
16 

17 

18 
Sun et al, 

20 2012 114 

21 
22 

23 Wong et al, 

24 2013 115 
25 

26 

27 
28 Vilar-Gomez 

29 et al, 2015 

30 116 
31 

32 
33 

Khoo et al, 
34 

2017 118 119 

35 
36 

37 

RCT 
96 T2DM 

 

 
RCT 
31 biopsy 
proven NASH 

 

 
RCT 
1087 NAFLD 
(Ultrasounds) 

 
RCT 
154 NAFLD 
(IHTG ≥5% and 
high ALT) 

 
Cohort study 
293 biopsy- 
proven NASH 

 

 
Pilot RCT 
24 obese MRI- 
diagnosed 
NAFLD 

Intensive LS intervention 
(ILI, n=46) vs. diabetes 
support & education (DSE, 
n=50); 12 months 

Intensive LS intervention 
(ILI, n=21) vs. standard care 
(SC, n=10); 48 weeks 

 

 
LS-treated (LS, n=724) vs. 
basic education (SC, n= 
363); 12 months 

 
Intensive LS intervention 
(ILI, n=77), standard care 
(SC, n=77); 12 months 

 

 
All treated by intensive LS 
intervention (ILI), 261 cases 
had follow-up biopsies; 52 
weeks 

 
Liraglutide (3 mg/day, 
n=12) vs. LS (diet and 
exercise, n=12); 26 weeks + 
26 weeks of weight loss 
maintenance 

7-10% WL. Biochemistry; intra- 
abdominal fat (steatosis ≤5.5% 
IHTG at MRS) 

 
WL ≥ 7%, improved 
biochemistry; reduced NAS (≥3 
points) or post-treatment NAS ≤ 
2; NASH remission at histology 

 
WL and liver enzymes; energy 
intake ≤ 25-30 kcal/kg BW; PA 
≥23 METs/h/wk + 4 METs of 
exercise. Visceral fat area by CT 

NAFLD remission (IHTG content 
< 5%), WL, changes in ALT, 
improvement in fibrosis (transient 
elastography) 

 
NASH resolution without fibrosis 
worsening; NAS improvement 
(≥2 points); improved histological 
lesions (≥1 point) 

 
WL, biochemistry, MR 
elastography 

 
 
Data collected as part of the LookAhead study. At one year, ILI 
participants lost more weight (WL -8.0% vs. -0.5%) and had a larger 
decline in IHTG content (-50.8% vs. -22.8%) vs. participants in DSE 

 
WL, 9.3±SD 7.5% in ILI vs. 0.2±6.1 in SC; NAS target reached in 
72% vs. 30% (SC). In subjects who achieved ≥7% WL, liver fat, 
ballooning and lobular inflammation were improved, irrespective of 
treatment arm. Percent WL correlated with reduced ALT, steatosis 
and activity 

WL larger in LS (-11.6% vs. 0.4% in SC); liver enzymes, IR and 
parameters of MetS showed a larger improvement in LS vs. SC at 6- 
and 12-monts. VFA was reduced in LS at 12-mo. 

 
ILI was associated with NAFLD remission (64% vs. 20% SC; 
difference 44%, 95% CI 30–58%), normal ALT (53%) and reduced 
fibrosis. 39% of ILI patients and no patient in SC had WL ≥ 10% 
(difference 39%; 95% CI 28–50%). 97% of cases who achieved 10% 
WL target had NAFLD remission. 

WL was ≥5% in 30% of cases. NASH remission was observed in 
25%; NAS reduction in 47%, fibrosis regression in 19%. The amount 
of WL was independently associated with improvement in all 
histological parameters (ORs 1.1-2.0). WL ≥10% was associated 
with NASH remission (90% of cases) and fibrosis regression in 45%. 

Similar reduction in BW (-3.5 kg in both arms), liver enzymes  

and liver stiffness (LS, -0.21 kPa; liraglutide, -0.26); liraglutide as 
effective as structured LS modification. at 52 weeks, the LI group 
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significantly regained 
weight (+1.8 ± 2.1 kg), and 
IHTG content (4.0 
± 5.3%), that were unchanged 
in the LS group 
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3 Mazzotti, 

4 2018 117 

5 

6 

7 

8 

9 

10 

Observational, 
cohort study 716 
ultrasonography- 
assessed NAFLD 

Web-based LS program 
(WEB, n=278) vs. group- 
based intervention (GROUP, 
n=438); Follow-up, 2 years 

WL ≥10%, changes in liver 
enzymes, surrogate markers of 
steatosis and fibrosis (FLI, NFS, 
Fib-4) 

Attrition rate was higher in WEB (OR, 1.87; 95% CI 1.20–2.90 at 6 
months and OR 2.95; 95% CI 2.04–4.26, at 2 years). The 10% WL 
target was reached in 20% (WEB) vs. 15% (GROUP). 10% WL after 
two years was only associated with baseline BMI (OR 1.43; 95% CI 
1.13-1.81 per BMI/5). After adjustment for confounders and attrition, 
the probability of reaching long-term 10% WL was not reduced in 
WEB (OR 0.70; 95% CI 0.38–1.27) vs. GROUP care. 

11 Abbreviations: BW, body weight; CT, computed tomography; Fib-4, Fibrosis-4 index; FLI, Fatty Liver Index; IHTG, intra-hepatic triglyceride; IR, insulin resistance; LS, 
12 lifestyle; MetS, metabolic syndrome; MRS, magnetic resonance spectroscopy; MRI, magnetic resonance imaging; NAS, NAFLD activity score; NFS, NAFLD fibrosis score; 

13 NS, not significant; PA, physical activity; RCT, randomized controlled trial; SC, standard care; VFA, visceral fat area; WL, weight loss. 
14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 
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33 

3 Table 4. Therapies for NASH in phase 3 development 
4 
5 Drug Trial code 

6 Name (Pharma) 
7 

No. of 
Patients 

Study population Route of 
delivery 

Time to surrogate 
end-point (biopsy) 

Primary Endpoint Long-term clinical 
outcome* 

8 ANTI-INFLAMMATORY, ANTI-FIBROTIC 
9 

Obeticholic acid
 

10 143 (FXR
 

11 
agonist)

 

12 

NCT02548351 
REGENERATE 
(Intercept) 

2480 NASH with fibrosis 
F2/F3, NAS score ≥4 
Fibrosis F1 and diabetes, 
obesity, or inflammation 

oral 72 weeks ≥1 stage improvement of fibrosis 
w/o worsening of NASH OR NASH 
resolution w/o worsening of fibrosis 

Time to first event 

 
 
 
 
 
 

 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 
*Long term outcomes include all-cause mortality, transplant, hospitalization due to hepatic decompensation 

34 °Recent early termination after interim analysis 
35 

Abbreviations: CCR2-CCR5, chemokine receptor 2-5; EOS, end-of-study; FXR, farnesoid-X receptor; NAS, NAFLD activity score (sum of steatosis (0-3), lobular
 

36 

37 inflammation (0-3), hepatocellular ballooning (0-2); PPAR, peroxisome proliferator-activated receptor; SDC-1, stearoyl-CoA desaturase modulator; THR-β (thyroid hormone 

13  

14 Cenicriviroc 157
 NCT03028740 2000 NASH with fibrosis oral 52 weeks ≥1 stage improvement of fibrosis Time to first event (up 

15 (dual AURORA  F2/F3, NAS score ≥4   w/o worsening of NASH to EOS, about 5 years) 

16 CCR2/CCR5 (Allergan)       

17 antagonist)        

18 
METABOLISM MODULATORS 

19 

 Elafibranor 149 

(dual PPAR- 

α/δ agonist)° 

NCT02704403 
RESOLVE-IT 
(Genfit) 

2000 NAS score ≥4 
Fibrosis F1/F2/F3 
(F1, limited number) 
BMI ≤45kg/m2

 

oral 72 weeks NASH resolution (no ballooning, 
inflammation 0-1, no progression of 
fibrosis w/o worsening of 
steatohepatitis 

Time to first event (up 
to EOS, about 4 years) 

Resmetirom NCT03900429 2000 NASH with fibrosis oral 52 weeks NASH resolution, no worsening of % subjects experiencing 

(THRβ agonist) MAESTRO-  F2/F3   fibrosis >1 event (up to 54 

 NASH (Madrigal)  High risk F1   Composite clinical outcome months) 

Aramchol NCT04104321 2000 NASH with fibrosis oral 52 weeks NASH resolution, no worsening of % subjects experiencing 

(SCD-1 ARMOR  F2/F3, NAS score ≥4   fibrosis OR ≥1 stage improvement >1 event (up to 5 years) 

modulator) (Galmed)  overweight/obese,   of fibrosis, no worsening of NASH  

   prediabetes/T2DM     
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38 receptor β. 
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5 

3 Table 5. 
4 

Therapies for NASH in late phase 2 development 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

Drug Trial code 

Name (Pharma) 

No of 

Patients 

Study population Route of 

delivery 

Surrogate end-point 

Time to end-point 

Primary Endpoint 

METABOLISM MODULATORS 

Aldafermin 
(NGM282) 

(FGF19) 

NCT03912532 
ALPINE 2/3 
(NGM) 

152 NASH, fibrosis F2/F3 subcutaneous Biopsy 
24 weeks 

% patients achieving histological treatment 
safety and tolerability 

BFKB8488A 
(bi-specific 

FGF21/KLB ab) 

NCT04171765 
BANFF 
(Genentech) 

260 NASH, fibrosis F2/F3 
liver fat ≥8% 

subcutaneous Biopsy 
52 weeks 

NASH resolution without worsening of 
fibrosis 

Icosabutate 
(structurally 

enhanced w-3 FA) 

NCT04052516 
ICONA 
(NorthSea) 

264 NASH, fibrosis F1-F3 
NAS score ≥4 
liver fat ≥10% 

oral Biopsy 
52 weeks 

NASH resolution without worsening of 
fibrosis 

Lanifibranor 150
 

(Pan-PPAR agonist) 
NCT03008070 
NATIVE 
(Inventiva) 

247 NASH oral Biopsy 
24 weeks 

≥2 points reduction of SAF score without 
fibrosis progression 

Licogliflozin 
(SGLT-1/2) 

NCT03205150 
(Novartis) 

110 NASH, fibrosis F1-F3, 
elevated ALT or BMI 
≥27kg/m2 (≥23kg/m2, Asian) 
A1c 6.5-10% 

oral MRI 
12 weeks 

change in ALT 

MSDC-0602K 169
 

(mTOT modulator, 
Insulin sensitizer) 

NCT03970031 
MMONARCh 
(Cirius) 

402 NASH, fibrosis + T2D oral Biopsy 
52 weeks 

change in HbA1c 
NASH resolution without worsening of 
fibrosis 

Norursodeoxycholic 
acid 175 (homolog of 
ursodeoxycholic) 

EudraCT2018- 
003443-31 (Dr. 
Falk) 

363 NASH, fibrosis oral Biopsy 
72 weeks 

NASH resolution without worsening of 
fibrosis 

Pegbelfermin 
(PEG-FGF21) 

NCT03486899 
FALCON 1 
(BMS) 

160 NASH, fibrosis F3 
score≥1 for each NAS 
component 

subcutaneous Biopsy 
24 weeks 

≥1 stage improvement of fibrosis, no 
worsening of NASH or NASH resolution, 
no worsening of liver fibrosis 
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3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 Abbreviations: FA, fatty acid; FGF, fibroblast growth factor; FXR, farnesoid-X receptor; HbA1c, glycosylated haemoglobin; JNK, c-Jun N-terminal kinases; KLB, βKlotho; 

24 MRI, magnetic resonance imaging; mTOT, mitochondrial target of thiazolidinediones; PEG, pegylated; PPAR, peroxisome proliferator-activated receptor; SDC-1, stearoyl- 

25 CoA desaturase modulator; SGLT, sodium-glucose cotransporter; THR-β (thyroid hormone receptor β. 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

Semaglutide 164 

(GLP-1 receptor 

agonist) 

NCT02970942 
(Novo Nordisk) 

320 NASH, fibrosis F2/F3 
NAS score ≥4 

subcutaneous Biopsy 
72 weeks 

NASH resolution without worsening of 
fibrosis 

Tirzepatide 167 

(dual GLP-1/GIP 
agonist) 

NCT04166773 
SYNERGY- 
NASH (Eli Lilly) 

196 NASH, fibrosis F2/F3 
BMI ≥27kg/m2

 

subcutaneous Biopsy 
52 weeks 

NASH resolution without worsening of 
fibrosis 

VK2809 154
 

(THRβ agonist) 
NCT04173065 
VOYAGE 
(Viking) 

337 NASH, fibrosis F1/F2/F3 
NAS score ≥4 
liver fat ≥8% 

oral Biopsy 
52 weeks 

change in liver fat 

ANTI-INFLAMMATORY, ANTI-FIBROTIC 

CC-90001 
JNK-1 inhibitor 

NCT04048876 
(Celgene) 

300 NASH, fibrosis <F4 
NAS score ≥4 
BMI 35-45kg/m2

 

oral Biopsy 
52 weeks 

≥1 stage improvement of fibrosis 

Tropifexor 
(FXR agonist) 

NCT02855164 
FLIGHT-FXR 
(Novartis) 

351 NASH, elevated ALT 
liver fat ≥10% 

oral MRI 
12 weeks 

safety and change in ALT and AST 
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3 Table 6. 
4 

5 Trials for NASH-cirrhosis in late stage development 
6 

7 Drug Trial code N. of Study population Route of Surrogate end-point Primary outcome 

8 Name (Pharma) Patients administration Time to end-point 

9    
10 Aldafermin (NGM282) NCT04210245 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
28 

150 NASH, fibrosis F4 subcutaneous Biopsy ≥1 stage improvement in fibrosis, no 

29 Abbreviations: FGF, fibroblast growth factor; FXR, farnesoid-X receptor; HVPG, hepatic vein pressure gradient; MRE, magnetic resonance elastography; MRI, magnetic 

30 resonance imaging; NAS, NAFLD activity score (sum of steatosis (0-3), lobular inflammation (0-3), hepatocellular ballooning (0-2); PEG, pegylated. 
31 

32 
33 

34 

35 

36 

(FGF19) ALPINE 4 
(NGM) 

(compensated cirrhosis) 
liver fat ≥8% (MRI) 

48 weeks worsening of NASH 
Adverse events 

Belapectin 
(Galectin-3) 

NCT04365868 162 
NASH-CX 
(Galectin) 

NASH, fibrosis F4 intravenous 
HVPG ≥6mmHg 

HVPG 
52 weeks 

Change in HVPG 

Obeticholic acid 
(FXR agonist) 

NCT03439254 919 
REVERSE 
(Intercept) 

NASH, fibrosis F4 oral Biopsy 
78 weeks 

≥1 stage improvement of fibrosis, no 
worsening of NASH or NASH resolution, 
no worsening of fibrosis 

Pegbelfermin 
(PEG-FGF21) 

NCT03486912 152 
FALCON 2 
(BMS) 

NASH, fibrosis F4 subcutaneous Biopsy 
48 weeks 

≥1 stage improvement of fibrosis, no 
worsening of NASH 

Semaglutide SC 
(GLP-1 receptor 

agonist) 

NCT03987451 69 
(Novo Nordisk) 

NASH, fibrosis F4 subcutaneous 
NAS score ≥3 
BMI ≥27kg/m2

 

stiffness >14kPa (MRE) 

Biopsy 
48 weeks 

≥1 stage improvement of fibrosis, no 
worsening of NASH 
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6 

16 

 
 

 
1 

2 
3 Figure 1 
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48 

4 
Histologic classification of NAFLD, according to the European Steatosis-Activity-Fibrosis 

5 
(SAF) score.42 

7 

8 
9 
10 Legend 
11 
12 NASH is diagnosed by hepatocellular ballooning (HB) ≥ 1, independent of steatosis and 
13 

14 lobular inflammation. Steatosis grade does not enter in the definition of disease severity 
15 

Note that steatosis may disappear in subjects with advanced fibrosis; necro-inflammation too 

17 tends to decrease, but less sharply than steatosis. Both steatosis and necroinflammation may 
18 
19 fluctuate during the years in response to intercurrent events. 
20 

21 

22 

23 

24 

25 

26 

27 

28 

29 
30 

31 

32 

33 

34 

35 
36 

37 Figure 2 
38 Pathogenesis and progression of NAFLD. 
39 

40 
41 

Legend 
42 
43 Note that the disease may proceed totally asymptomatic to cirrhosis or liver failure, 
44 

45 sometimes heralded by events associated with cardiovascular risk. 
46 
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Histologic classification of NAFLD, according to the European Steatosis-Activity-Fibrosis (SAF) score.42
 

28 
Legend

 

29 
NASH is diagnosed by hepatocellular ballooning (HB) ≥ 1, independent of steatosis and lobular

 

30 inflammation. Steatosis grade does not enter in the definition of disease severity 

31 Note that steatosis may disappear in subjects with advanced fibrosis; necro-inflammation too tends to 

32 decrease, but less sharply than steatosis. Both steatosis and necroinflammation may fluctuate during the 

33 years in response to intercurrent events. 
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1 

2 Supplementary Table 1. 
3 Most commonly used non-invasive markers for the diagnosis of NAFLD and for the assessment of disease severity 

4 
5 Validation study Strengths/Limitations 

6    
7 Biomarkers* 

8 

9 Steatosis 
10 Fatty liver index (FLI) 1 vs. US in the general population, AUROC 0.85 Two values (<30 and >60) to exclude or confirm the presence of 
11 steatosis 
12 

Hepatic steatosis index (HSI) 2 In a US-assessed NAFLD cohort, AUROC 0.81 Only validated in a Korean population
 

13 
14 Steatohepatitis 
15 NASH Test ™ 3 In a biopsy-assessed NAFLD cohort (training and 
16 validation group), PPV 0.66 and NPV 0.72 for the 
17 diagnosis of NASH 

18 
19 Fibrosis 
20 NAFLD fibrosis score (NFS) 4 In a biopsy-assessed NAFLD training (n=480) and 
21 validation cohort (n=253). AUROC 0.84 for the global 
22 cohort. Two values (<-1.455 and ≥0.676) to exclude or 

23 confirm advanced fibrosis. 
24 

Enhanced liver fibrosis (ELF) ™ 5 In a biopsy-assessed NAFLD cohort, AUROC 0.90 for
 

25 
severe fibrosis, 0.82 for moderate, 0.76 for no fibrosis.

 

26 
Improved diagnostic performance by inclusion of

 

28 additional markers 

NASH defined as NAS ≥5, non-NASH as NAS ≤2. Patented by 
Biopredictive, Paris, Fr, accessible on payment. 

 

 
25% of cases classified as indeterminate. By applying the 
NAFLD fibrosis score, liver biopsy could have been avoided in 
75% (549 of 733) of patients in the total cohort. 

 
82% and 88% of liver biopsies could be potentially avoided for 
the diagnosis of severe fibrosis using ELF and the combined 
panel, respectively. 
Accessible on payment. 

29 FibroTest ™ 6 In a biopsy-assessed NAFLD cohort, AUROC 0.81 Combined with Acti-Test. Patented by Biopredictive, Paris, Fr, 
30 accessible on payment. 
31 

32 Fibrometer ™ 7 In a biopsy-assessed NAFLD cohort. Based on several 
33 variables, modified along the years. AUROC 0.94 
34 

Fibrosis-4 index (FIB-4) 8 In a biopsy-assessed NAFLD cohort, AUROC 0.80. Two
 

35 
values (< 1.3 and >2.67) to rule out or rule in advanced

 

36 
fibrosis (28% undetermined)

 

38 AST/Platelet Ratio Index (APRI) 9 In biopsy-assessed NAFLD cohort, AUROC 0.87. Best 
39 cut-offs to rule out and rule in advanced fibrosis are 0.454 

40 and 0.918, respectively 

Developed in patients with hepatitis C and in alcoholic hepatitis. 
Produced by Echosens, Paris, France 

Based on simple, easily accessible variables. The test outperforms 
in comparison to six different markers of fibrosis in 541 adults 
with NAFLD 

Developed in patients with hepatitis C. Based on very simple and 
accessible variables 



 

 

14 

26 

28 
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1 

2 Hepamet Fibrosis Score (HFS) 10 In biopsy-assessed NAFLD training Spanish (n=758) and 
3 validation multiethnic cohort (n=1,694). AUROC 0.85 for 
4 the global cohort. Two values (< 0.12 and ≥0.47) to rule 
5 out or rule in advanced fibrosis. 

 
Limited by need of non-routine tests (e.g., insulin). Not affected 
by BMI, high liver enzymes, diabetes. In liver unit samples, it 
outperforms compared with Fib-4 and NFS, limiting the “grey” 
intermediate zone. 

6    
7 Imaging 

8 

9 Steatosis 
10 Ultrasounds 11 Scoring system (0-6) validated in 94 biopsy-assessed 
11 NAFLD and in general population. AUROC 0.980 

 

 
No possibility to distinguish NASH on the basis of 
ultrasonography 

12 
Controlled attenuation parameter

 

13 
(CAP) 12 

450 biopsy-assessed NAFLD patients. AUROC 0.87 (95% 
CI, 0.82-0.92) 

Cutt-offs for steatosis mild, moderate, severe set at 302 dB/m, 
331 dB/m, and 337 dB/m, respectively. 

15 Magnetic resonance imaging (MRI) 13 Meta-analysis of 10 studies with patients of different 
16 disease severity. 
17 Mean sensitivity, 82.0–97.4% and specificity, 76.1– 
18 95.3%. 

19 

20 Fibrosis 

MRI outperforms ultrasonography and CT scanning for all groups 
of steatosis severity. 
Usefulness limited by costs and availability of instruments for 
these analyses 

21 Transient elastography (TE) 
22 (Fibroscan™) 14 

23 
24 

Magnetic resonance elastography 
25 

(MRE) 15
 

27 
*Components of biomarkers: 

452 biopsy-assessed liver patients. Failure rates 14%. 
AUROC for advanced fibrosis 0.831 
Accuracy of fibrosis stage, 80.8%. 

104 biopsy-assessed NAFLD 
AUROC 0.82 (95% CI 0.74-0.91) 

In a retrospective analysis (mean follow-up 6.4 yrs), TE was the 
best tool predicting liver-related mortality, outperforming several 
blood fibrosis tests 

Outperforms TE, also for stage assessment. Exclusively available 
for research 

29 FLI: BMI, waist circumference, triglycerides, ◻-glutamyl-transferase; 
30 HSI: BMI, aspartate and alanine aminotransferases; 
31 NASH test: age, sex, ◻-glutamyl-transferase, bilirubin, haptoglobin, apoprotein A1, α2 macroglobulin, aspartate and alanine aminotransferases, cholesterol, 
32 triglycerides; 
33 NFS: age, blood glucose, BMI, platelets; 

34 ELF: hyaluronic acid, tissue inhibitor of metalloproteinase-1, amino-terminal pro-peptide of type III collagen; 
35 Fibrometer: age, aspartate aminotransferases, platelet count, prothrombin index, α2 macroglobulin, hyaluronic acid, urea (with modifications); 
36 FibroTest: -glutamyl-transferase, bilirubin, haptoglobin, apoprotein A1, α2 macroglobulin; 
37 FIB-4: age, aspartate and alanine aminotransferases, platelets; 
38 APRI, aspartate aminotransferase, platelet: 
39 Hepamet: Age, sex, aspartate aminotransferase, albumin, HOMA (fasting glucose and insulin levels), diabetes, platelets. 

40 



Page 53 of 54 BMJ 

41 

42 

43 

44 

45 

46 

https://mc.manuscriptcentral.com/bmj 

 

 

41 

42 
43 https://mc.manuscriptcentral.com/bmj 
44 
45 

46 





Page 53 of 54 BMJ 

41 

42 

43 

44 

45 

46 

https://mc.manuscriptcentral.com/bmj 

 

 

6 

 

 
1 

2 Note that no imaging tools are available for NASH 
3 

4 Abbreviations not in the table: AUROC, area under the receiver operator characteristic; BMI, body mass index; CT, computed tomography; NAS, NAFLD 
5 

activity score; NPV, negative predictive value; PPV, positive predictive value; US, ultrasonography
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