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Abstract
The prevalence of non alcoholic fatty liver disease (NAFLD) has increased to 25% in 
the general population and could double by 2030. Liver fibrosis is the main indica-
tor of morbidity and mortality and recent estimations suggest a substantial number 
of individuals with undiagnosed advanced liver disease. Strategies to monitor ad-
vanced fibrosis are essential for early detection, referral, diagnosis and treatment 
in primary care and endocrine units, where NAFLD and consequently liver fibrosis 
are more prevalent. Blood-based non-invasive methods could be used to stratify pa-
tients according to the risk of the progression of fibrosis and combined with imaging 
techniques to improve stratification. Powerful new diagnostic tools such as MRE and 
PDFF are emerging and might prevent the need for liver biopsy in the near future. 
The current therapeutic landscape of NAFLD is rapidly evolving with an increasing 
number of molecules that treat key factors involved in its progression, but that still 
have a limited or no ability to effectively reverse fibrosis. Management of this disease 
will probably require a combination of sequential and personalized treatments as a 
result of its complex and dynamic pathophysiology. Lifestyle interventions are still 
the most effective therapeutic option and should be better integrated into patient 
management together with specific programs of bariatric endoscopy/surgery for 
morbidly obese patients.

K E Y W O R D S

advanced liver disease, liver fibrosis, NAFLD, NASH, screening

Key points

•	 Strategies to identify and treat patients with or at risk of advanced fibrosis as a result of 
NAFLD must be given priority.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
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1  | INTRODUC TION

Non-alcoholic fatty liver disease (NAFLD) is known to be the most 
prevalent chronic liver disease worldwide. The estimated pooled 
prevalence in the general population is 25% for NAFLD and ranges 
from 3% to 5% for non-alcoholic steatohepatitis (NASH) with wide 
geographical variations across the world. NAFLD has tradition-
ally been described as a group of nosological entities character-
ized by a high accumulation of fat in the liver cells (steatosis) in 
the absence of any other cause of liver disease, alcohol consump-
tion or steatogenic drug use. However, the last decade has pro-
vided ample evidence of a complex interplay between NAFLD and 
many other diseases, especially type 2 diabetes mellitus (T2DM) 
and obesity, with a prevalence of 55.5% which can reach up to 
90% in extremely obese patients.1 NAFLD alone is a risk factor 
for cardiovascular disease, the most common cause of death in 
these patients. NAFLD has also been associated with the develop-
ment of numerous diseases including extrahepatic malignancies, 
chronic kidney disease, certain endocrinopathies including poly-
cystic ovary syndrome and osteoporosis, brain aging and cognitive 
impairment.2

The spectrum of NAFLD ranges from simple steatosis, a rel-
atively benign form of the disease, to NASH, which may or may 
not be associated with liver fibrosis. NASH and fibrosis seem to 
promote the development of diabetes mellitus, dyslipidaemia and 
arterial hypertension in patients without baseline metabolic dis-
turbances.3 Because of the strong association of this disease with 
general metabolic disorders as well as the coexistence of metabolic 
risk factors with some level of alcohol consumption in a substantial 
proportion of the population, alternative names have recently been 
proposed for this disease such as metabolic associated fatty liver 
disease (MAFLD) or dysmetabolism-associated fatty liver disease 
(DAFLD).4,5 Whatever term best defines or classifies this disease,6 
it is clear that the global increase in obesity and dysmetabolic dis-
orders together with an ageing population makes NAFLD a serious 
public health problem.

Chronic injury from NAFLD inhibits the regenerative capacity 
of the liver because of a state of overnutrition that generates an 
imbalance in the hepatic lipid metabolism that promotes cellular 
stress, apoptosis and liver injury. In these cases, fibrosis is a re-
sult of a complex crosstalk among different organs and also among 
most of the different cell types in the liver, in particular hepatic 
stellate cells (HSCs) and immune cells, which are the key drivers of 
fibrosis. Diet-induced accumulation of lipid overload and intrahe-
patic insulin resistance are considered to be key factors that trigger 

NASH through persistent accumulation of lipotoxic and glucotoxic 
damage, which mainly takes place in hepatocytes. Lipotoxicity 
and glucotoxicity eventually trigger apoptosis and liver injury 
along with a production of pro-inflammatory cytokines, chemo-
kines and damage-associated molecular patterns (DAMPs) which 
upregulate the activation of Kupffer cells and monocyte-derived 
macrophages. This activation further promotes the transdifferen-
tiation of hepatic stellate cells into myofibroblasts. In the long run, 
dendritic cells activate CD4 + T cells, which polarize Th1 and Th17 
into pro-inflammatory lymphocytes worsening liver damage and 
inflammation.

Hepatic fibrosis is an adaptive mechanism whose main goal is to 
repair damaged tissue and is characterized by an accumulation of 
extracellular matrix (ECM). If the insult persists chronic liver injury 
may lead to cirrhosis, which is characterized by a distortion of the 
hepatic architecture generating abnormal blood flow and, in certain 
cases, portal hypertension, the major cause of clinical complications, 
including hydropic decompensation, bleeding events and hepatic 
encephalopathy. Liver fibrosis also progressively restricts normal 
liver regeneration increasing the risk of liver failure, and generates 
a favourable micro-environment for the development of liver cancer 
through mechanisms that have not been completely clarified.7

Although the prevalence of NAFLD is high, not all patients are at 
risk of developing severe complications. In 2017, one meta-analysis 
including 1,495 NAFLD patients evaluating the risk of all-cause 
mortality and liver-related mortality reported a linear increase in 
all-cause mortality as fibrosis progresses and a more sudden in-
crease in liver-related mortality after stage 2.8 A more recent meta-
analysis including 4,428 biopsy-proven NAFLD patients reached a 
similar conclusion. It is important to note that this study did not find 
evidence of an additional risk of NASH compared to patients with 
simple steatosis or NASH and the same stage of fibrosis.9 A nation-
wide longitudinal study evaluating 11,154 participants for a median 
follow-up of 14.5 years with 1795 registered deaths concluded that 
NAFLD per se was not associated with higher mortality [1.05; 95% 
confidence interval [CI]: 0.93-1.19]. On the other hand, high APRI 
(>1.5), NFS (>0.676) and FIB-4 (>2.67) values, three non-invasive 
scores to determine the risk of advanced fibrosis, were associated 
with mortality even after adjustment for other known predictors 
(NFS: hazard ratio, 1.69; 95% CI, 1.09-2.63; APRI: hazard ratio, 1.85; 
95% CI, 1.02-3.37; FIB-4: hazard ratio, 1.66; 95% CI, 0.98-2.82).10 
Overall, these data suggest that although NASH plays a key role in 
driving and/or accelerating the progression of fibrosis in patients 
with NAFLD, liver fibrosis is probably the most important factor to 
be taken into account when evaluating patient prognosis.

•	 Composite scores for the assessment of fibrosis are easy-to-use tools that help identify-
ing patients with minimal or advanced fibrosis, and should be implemented in primary care 
health centres and endocrine units.

•	 Patient management should focus on treating comorbidities and risk factors that are 
more likely to worsen fibrosis and include active and well-designed standardized lifestyle 
interventions.
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1.1 | Screening advanced liver disease in the 
general population

Liver biopsy is still the reference method for the diagnosis of 
NAFLD. It determines the grade of steatosis, necroinflammation 
and fibrosis simultaneously and is still the only available technique 
to effectively diagnose NASH. The staging of fibrosis is usually 
based on the NASH-CRN score, which uses the Kleiner score to 
classify fibrosis, with moderate accuracy for intermediate stages 
because of a variability in inter- and intra-observer agreement of 
almost 25% for overlapping stages of fibrosis.11 Several alternative 
methods have been developed to provide more objective quan-
tification of fibrosis. Morphometry provides a finite-quantitative 
scale of the amounts of collagen, the Collagen Proportionate 
Area (CPA), which has already been used in certain clinical tri-
als for Hepatitis C but it is time consuming and has a non-linear 
relationship with the stage of fibrosis.12 Q-fibrosis, a technique 
that has been shown to improve the underestimation of staging 
in suboptimal biopsies (<15 mm) and under- and over-scoring by 
different pathologists (P <  .001), has recently been modified and 
applied to NAFLD to improve the discrimination between F1 and 
F2 patients.13 Liver biopsy is still the best method to evaluate the 
progression and regression of fibrosis but it is limited by cost, ac-
curacy, a risk of adverse events and invasiveness so that it is un-
suitable for large-scale screening.

Non-invasive techniques (NITs) provide a continuous measure-
ment estimated by the integration of different sets of biological and/
or physical properties in a dynamic algorithm. These algorithms usu-
ally integrate anthropometric parameters and the levels of certain 
components, which can be quantified in serum or blood samples. 
NITs can also be based on a subset of imaging techniques, which 
are usually performed to help estimating liver fat content and/
or liver stiffness, an intrinsic physical property of the liver paren-
chyma. Serum biomarkers range from simple, inexpensive tests 
such as the AST-to- Platelet ratio Index (APRI), Fibrosis-4 (FIB-
4), NAFLD fibrosis score (NFS) or Hepamet Fibrosis Score (HFS) 
to more sophisticated and patented tests such as the FibroTest®, 
Fibrometer®, ELF, Hepascore and PRO-C3. Several potential new 
NITs are currently being investigated and use various combinations 
of cytokines, chemokines, genetic polymorphisms, microRNAs and 
post-translational modified glycoproteins to assess fibrosis. Imaging 
techniques include vibration-controlled transient elastography 
(VCTE or Fibroscan) and magnetic resonance elastography (MRE), 
which use mechanical drivers to generate shear wave and measure 
its velocity using sonographic Doppler or MR techniques, and shear 
wave elastography (pSWE 2D-SWE, 3D-SWE), which uses high fre-
quency ultrasound impulses for shear wave generation from one or 
multiple frequencies in real-time using ultrasound. These methods 
are usually accurate enough to exclude the presence of advanced 
liver disease, but not to effectively classify a significant number of 
patients that remain in the grey zone. None of them has proven so 
far a robust ability to dynamically monitor disease progression over 
time.

The ability of NITs to rule in or rule out liver fibrosis varies sig-
nificantly depending on the cut-off value, which can be modified 
depending on the desired endpoint. Current available NITs have 
usually low to moderate positive predictive values and, therefore, 
a limited ability to confirm significant and advanced fibrosis, which 
often requires additional clinical information for a clear diagnosis. 
In contrast, the negative predictive value (NPV) of NITs is generally 
strong, allowing the clinician to confidently exclude advanced fibro-
sis or cirrhosis. The estimated prevalence of advanced fibrosis and 
cirrhosis in the population being studied, as well as certain comor-
bidities (diabetes, obesity, age), can influence the results of NITs for 
the diagnosis of advanced fibrosis. Differences in ethnicity can also 
influence certain NITs such as FIB-4 and NFS, whose results have 
been shown to be less reliable in South Asians than in Caucasians. 
All of these factors should be taken into consideration in the study 
design as well as the conclusions.14 Table 1 summarizes the ability of 
several NITs to predict significant and advanced fibrosis according to 
four recent metanalyses.15-18

None of the existing NITs provides an analysis of fibrosis compa-
rable to liver biopsy. However, NITs can be used to identify high-risk 
patients in the global population. Implementing targeted diagnos-
tic screening programs in primary care and outpatient clinics could 
greatly reduce the number of patients with undiagnosed advanced 
liver fibrosis, which could represent 6-7% of the population.19 
Screening should be performed in patients with obesity, diabetes or 
individual components of the metabolic syndrome as well as in those 
with increased liver enzymes or steatosis. It is important to note that 
abnormal liver blood enzymes are not specific for the diagnosis or 
exclusion of fibrosis, so they must be incorporated into algorithms or 
associated with other tools to assess the extent of fibrosis.

Most of the algorithms and screening protocols proposed com-
bine a two-stage evaluation. First, a non-invasive test with a single 
cut-off is performed in primary care or endocrinology units to exclude 
patients with a low risk of advanced fibrosis. FIB-4 or NFS are inex-
pensive, easy-to-perform tests with good NPV for the exclusion of 
advanced fibrosis using a single cut off (NFS<−1.455 and FIB4 < 1.3), 
and can be used as a first screening option for intermediate-to-
high–risk patients. Both these tests may be influenced by age and 
should use a different cut-off for patients aged > 65 (NFS < 0.12 
and FIB-4 < 2.0). FIB4 is easier to perform in primary care than NFS 
because the latter also requires albumin. Patients with available 
HOMA-IR scores can also be assessed for advanced fibrosis using 
a single cut off with the Hepamet Fibrosis Score (HFS < 0.12). HFS 
has been shown to be better than NFS and FIB-4 for the exclusion 
of advanced fibrosis, to significantly reduce the grey zone and seems 
to be less influenced by BMI and ALT levels. This test also improves 
classification of non-diabetic patients probably because the formula 
includes the HOMA index (https://www.hepam​et-fibro​sis-score.
eu/) (Figure 1A).20

When advanced fibrosis cannot be excluded, patients should 
then undergo transient elastography. The cut-off for advanced fi-
brosis with TE is confirmed with 8 or 6.2  kPa (M and XL probes, 
respectively) for the exclusion of advanced fibrosis. The XL probe 
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F I G U R E  1   Referral care pathway proposed to improve the detection of advanced fibrosis in primary care or non-specialized units.  
(A) Methods, advantages and disadvantages of NITs proposed in the algorithm. (B) Referral care pathway including cut-off scores.  
Acronyms and abbreviations are included in the abbreviations list.

SNOITATIMILSEGATNAVDASDOHTEM/ALUMROF

FIB-4  age (yr) x AST [U/L]/(platelets [109/L] x (ALT [U/L])1/2

NFS
(-1.675 + 0.037 x age (yr) + 0.094 x BMI (kg/m2) + 1.13 x 
IFG/diabetes (yes = 1, no = 0) + 0.99 x AST/ALT ra�o - 0.013 x 
platelet count (x109/L) - 0.66 x albumin [g/dl])

HFS

1 / (1 + e[5.390–0.986 × age[45–64 years] − 1.719 × age [≥ 65 
years] + 0.875 × male sex − 0.896 × AST[35–69 
UI/L] − 2.126 × AST[≥ 70 UI/L] − 0.027 × albumin[4–4.49 
g/dL] − 0.897 × albumin[< 4 g/dL] − 0.899 × HOMA [2–3.99 with 
no T2D] − 1.497 × HOMA [≥ 4 with 
noT2D] − 2.184 × T2D − 0.882 × platelets[155–219 × 1.000/μL] − 
2.233 × platelets [< 155 × 1.000/μL]) 

1.Cost effec�ve
2. Easy to use and to implement in 
outpa�ent clinics and primary care
3. High nega�ve predic�ve value for 
advanced fibrosis
4.Less sensi�ve to obesity, AST and TD2M 
5. Not sensi�ve to age

1. Low posi�ve predic�ve value.

2.  High percentage in the grey zone.

3. Assesment in non-diabe�cs requires 
HOMA-IR 

TE

TE should be performed by an experienced operator (>100 
examina�ons) following a standardized protocol with the 
pa�ent, fas�ng for at least 2 hours, in the supine posi�on, right 
arm in full abduc�on, on the midaxillary line with the probe-tip 
placed in the 9th to 11th intercostal space with a minimum of 
10 shots with > 60% valid measurementes (IQR <0.3).

1. Higher diagnos�c accuracy than most  
blood based NITs

2. Best validated imaging technique

1. Less available and/or more costly than 
NITs
2. Lack of parenchymal assessment
3. Sensi�ve to ascites, morbid obesity, 
cholestasis, inflamma�on from acute 
hepa��s, and heart failure
4. Operator and experience dependency

MRE

MRE generates mechanical waves generated in a
drum device over the liver are imaged for about 15 seconds
provides a color-coded liver s�ffness map. Use should only be 
considered if the evalua�on with TE is inconclusiv or for 
research purposes.

1. Highest diagnos�c accuracy

2. Not influenced by BMI
severe steatosis & hemochromatosis

1. Cost and availability
2. Limited experience & valida�on
3. Influenced by implanted metallic devices, 
claustrophobia and iron overload.

1.Cost effec�ve

2. Easy to use and to implement in  
outpa�ent clinics and primary care

3. High nega�ve predic�ve value for 
advanced fibrosis

1. Low posi�ve predic�ve value.

2.  High percentage in the grey zone.

3. Sensi�ve to obesity, age, AST and TD2M.

Follow up
(≈ 3 years)

PRIMARY CARE

if any

2. Diabetes

no

3. MetS1. Obesity 4. Hyperechogenic liver

Diet and exercise
reccomendation

Non-invasive assesment 
test to exclude

advanced fibrosis
FIB4 > 1.3 (>65 yo, 2.0) 

NFS > -1.455 (>65 yo, 0.12) 
HFS > 0.12

EVALUATION OF RISK

HOSPITAL FACILITIES

Evaluation by the
Hepatology unit: 

1. MRE (3.4 Kpa) or liver
biopsy 

2. Ultrasound (F4)

CONFIRMATION OF RISK

yes

no

Perform
confirmatory test for

advanced fibrosis
TE > 8 kPa

yes

(A)

(B)
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is highly recommended in obese patients. Advanced fibrosis can 
also be assessed using improved non-invasive blood panels such as 
PRO-C3/ADAPT and ELF (<7.7), or alternative imaging techniques 
such as MRE (3.4 kPa) ir 2D-SWE (8 kPa). Iron-overload can signifi-
cantly influence MRE results and should be assessed with other se-
quences.16,17 Patients above the recommended thresholds should 
be referred to a hepatologist for a possible liver biopsy to confirm 
the diagnosis, or ultrasound to confirm cirrhosis. Patients below the 
threshold should be followed in primary care using serum-based 
NITs if there are no other clinical symptoms suggesting advanced 
liver disease (2-3 years) (Figure 1B).

1.2 | Weight loss: a key cornerstone in 
NAFLD management

Interventions of diet and exercise as well as other strategies to in-
duce weight loss have been shown to be useful for the treatment of 
both NASH and fibrosis, as well as to improve many of the comor-
bidities and risk factors associated with NAFLD. A single-arm trial 
with 293 patients showed that NASH and fibrosis regress in 90% and 
45%, of patients who lost ≥10% weight at 1 year respectively.21 A 
recent meta-analysis that included 22 studies (n = 2588) comparing 
a high percentage of weight loss, no weight loss or less weight loss 
found that after a median of 6 months of intervention weight loss 
was significantly associated with improvements in: 1) ALT (standard-
ized mean difference: –9.81 U/L; 95% CI, –13.12 to –6.50); 2) stea-
tosis (–1.48; 95% CI, –2.27 to –0.70); 3) NAS score (–0.92; 95% CI, 
–1.75 to –0.09); 4) liver stiffness (–1.11 kPa; 95% CI, –1.91 to –0.32), 
but did not find significant changes in: 1) histologic liver fibrosis (–
0.13; 95% CI, –0.54 to 0.27); 2) inflammation (–0.01; 95% CI, –0.10 
to 0.07) or ballooning (–0.11; 95% CI, –0.26 to 0.04).22 This suggests 
that the percentage of weight loss plays an important role in the po-
tential benefit of these interventions because the average weight 
loss observed (–3.61 kg; 95% CI, –5.11 to –2.12) was clearly below 
the 5%-10% decrease in body weight needed to resolve NASH and 
the regression of fibrosis in the previous study.

Regular physical exercise has several beneficial effects on over-
all health. While decreasing body mass and adiposity are not the 
primary outcomes, exercise can mediate several diseases that ac-
company obesity including T2DM and cardiovascular disease (CVD). 
Several studies have shown that weight loss can also result in a dose-
dependent remission of T2DM. A weight loss of ~15 kg, as part of an 
intensive management program, can result in remission of T2DM in 
~80% of patients with obesity and T2DM. An observational analysis 
of participants in the Look AHEAD (Action For Health in Diabetes) 
study (n = 5,145) examined the association between the extent of 
weight loss and changes in CVD risk factors at 1 year and found that 
weight changes were significantly correlated with changes in glycae-
mic control, blood pressure, HDL cholesterol and triglycerides. All of 
these results suggest that significant weight loss has a clear benefit 
in patients with NAFLD and most, if not all of the range of comorbid-
ities and risk factors associated with it.23,24

Nevertheless, diet- and exercise-based interventions have sev-
eral important limitations. The difficulty of long-term adherence 
and the maintenance of initial weight loss are probably one of the 
major drawbacks of this approach, and strategies to improve it are 
needed. A meta-analysis including 49 studies identified several en-
ergy intake-reducing behaviours and energy expenditure-increasing 
behaviours associated with long-term adherence and found con-
sistent evidence that demographic factors were not predictive 
of weight-loss maintenance. On the other hand, behavioural and 
cognitive factors that promote a reduction in energy intake, an in-
crease in energy expenditure and monitoring this balance were pre-
dictive factors. Specifically, self-monitoring factors were found to 
have a PPV for the maintenance of weight loss. Moreover, several 
cognitive-psychological factors also indirectly influence the main-
tenance of weight loss, ie high personal efficacy for exercise and 
weight management.25

Another major limitation is the lack of a general consensus 
for diet and exercise recommendations and of methods to assess 
whether patients are actively following intervention programs. 
Lifestyle protocols are usually at the discretion of the researcher and 
vary from study to study. There is also a risk of site-specific differ-
ences that confound study outcomes even when the same standard-
ized lifestyle recommendations are applied to all participants. The 
Liver Forum Standard of Care Group recently reviewed this topic 
evaluating 46 clinical trials available on PubMed and clinicaltrials.
gov, and showed that 52% of randomized and investigator-initiated 
controlled trials did not describe lifestyle modifications at all, 22% 
had undefined recommendations for diet and/or exercise and 26% 
had nutritional counselling and/or exercise recommendations. 
Interpretation of results is challenging without this basic informa-
tion, especially when early-phase studies also fail to demonstrate a 
therapeutic response in treatment arms compared to placebo. This 
group has provided a series of recommendations for early- and late-
stage studies that will most likely improve assessment of both diet- 
and exercise-based interventions.26

Surgery can be an option in patients in whom diet and exercise 
interventions are difficult. Bariatric surgery provides marked long-
term weight loss and can prevent the development of the risk factors 
of CVD such as T2DM, hypertension and dyslipidemia.27 A recent 
5-year longitudinal study in patients who underwent bariatric sur-
gery reported the resolution of NASH in 84% of patients (n = 64; 
95% CI, 73.1-92.2) and the regression of fibrosis in 70.2% (95% CI, 
56.6-81.6), which completely resolved in 56% (95% CI, 42.4-69.3) 
including 45.5% of patients with baseline bridging fibrosis.36 It is 
interesting to note that in the presence of persistent NASH there 
was no decrease in fibrosis and less weight loss (reduction in BMI 
of 6.3 ± 4.1 kg/m2 in persistent NASH vs 13.4 ± 7.4 kg/m2 in NASH 
resolution; P =  .017).28 A recent meta-analysis including 32 cohort 
studies and 3093 biopsy specimens from bariatric patients showed a 
biopsy-confirmed resolution of steatosis in 66% of patients (95% CI, 
56%–75%), inflammation in 50% (95% CI, 35%–64%), ballooning in 
76% (95% CI, 64%–86%) and fibrosis in 40% (95% CI, 29%–51%). This 
intervention, however, also resulted in new or worsening features 
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of NAFLD, such as fibrosis, in 12% of patients (95% CI, 5%–20%).29 
Finally, this surgery with its associated risk factors cannot be indi-
cated on a large scale to treat a disease as prevalent as NASH thus, 
dietary and exercise-based approaches remain the best strategy to 
manage this disease.

1.3 | Therapeutic landscape for NAFLD

Treatments for NASH and liver fibrosis differ in their mode of action 
but tend to result in one or more of these outcomes: 1. hepatocyte 
protection through active elimination of sources that trigger damage; 
2. inhibition of signals that drive HSC activation; 3. immune modula-
tion and 4. inhibition of fibrotic scar formation and propagation.

Most treatments in late clinical trials that have included a his-
tological evaluation of tissue have been found to have limited or 
no efficacy in reversing NASH and fibrosis (Table  S1). Emricasan, 
a pan caspase inhibitor, did not reach the primary objective of im-
provement in fibrosis without the worsening of NASH (emricasan 
5  mg: 11.2%; emricasan 50  mg: 12.3%; placebo: 19.0%; P  =  .972 
and .972, respectively) or the secondary objective of resolution of 
NASH without worsening of fibrosis (emricasan 5 mg: 3.7%; emri-
casan 50 mg: 6.6%; placebo: 10.5%; P = .070 and .335 respectively) 
[NCT02686762]. Selonsertib, an Ask1 inhibitor, did not improve the 
regression of fibrosis without worsening NASH in F3 patients (10% 
18mg or 12% 6mg vs 13% placebo; P = .49 and P = .93, respectively) 
[NCT03053050], or compensated F4 (14% 18 mg or 13% 6 mg vs 
13% placebo; P  =  .56 and P  =  .93, respectively) [NCT03053063]. 
Elafibranor, a PPAR-α and δ dual agonist, has been shown to resolve 
NASH without worsening fibrosis in a stage 2 trial, but has no effect 
on liver fibrosis. In addition, a recent press release from the Golden 
phase III trial reported that Elafibranor did not meet the primary 
endpoint of histological improvement of NASH (19.2% vs 14.7%; P 
= .066) or fibrosis (24.5% vs 22.4%; P = .44) in the interim analy-
sis [NCT02704403]. Similarly, the GLP-1 inhibitor liraglutide has 
been shown to promote the resolution of NASH in a stage II trial 
(39% vs 9% placebo) but did not significantly improved fibrosis (26 
vs 14%; P = .46) [NCT01237119]. The resolution of NASH has also 
been reported in a preliminary analysis in a stage II trial in which 
diabetic patients with NASH were treated with semaglutide (59% 
vs 17% in placebo) [NCT02970942], another GLP1 analogue. Both 
these agents require further evaluation in larger trials and evalua-
tion for the resolution of fibrosis. Treatment with Aramchol, a liver-
targeted SCD1 modulator, resulted in the resolution of NASH (19.2% 
vs 7.5%; P  =  .0462) as well as resolution of NASH without wors-
ening fibrosis (16.7% vs 5.0%; P = .0514) and also a higher, but not 
significant, proportion of patients with a one-point improvement in 
fibrosis without the worsening of NASH in Aramchol 600mg vs pla-
cebo (29.5% vs 17.5%; P =  .2110) [NCT02279524]. Cenicriviroc, an 
antagonist of C-C chemokine ligands 2 and 5 (CCL2 and CCL5) which 
promote liver fibrosis through activation of inflammatory signalling 
and immune cell infiltration, resulted in a significant reduction of one 
stage of fibrosis after 1 year (20% CVC vs 10% placebo; P = .02) but 

this difference was not significant after 2 years of treatment (15% 
CVC vs 17% placebo) [NCT02217475]. Post-hoc analysis compar-
ing patients with advanced liver disease (F3) showed a greater but 
non-significant improvement in patients treated with CVC (15.8% vs 
4.8% placebo P = .18).30 Finally, Semaglutide has recently proven his 
ability to revert efficiently NASH (59% vs 17%; P <.001) but did not 
significantly improve fibrosis (43% vs 33%; P = .48) [NCT02970942]. 
The numerous reasons for the high rate of failure in these large trials 
were recently reviewed.31,32

There are currently more than 30 on-going trials (≥ stage2) of 
new therapies for NAFLD with a histological evaluation of fibrosis 
(Table S2). Thus far, obeticolic acid, an FXR agonist, is the only com-
pound that has been found to modestly improve fibrosis in a phase III 
clinical trial interim analysis (resolution of fibrosis by at least 1 stage 
without worsening of NASH 23% 25 mg dose vs 12% in placebo). 
This improvement was not accompanied by a resolution of NASH, al-
though several components of the histological NAFLD activity score 
did improve [NCT01473524]. Pioglitazone is a PPAR-γ analogue that 
been shown to promote the resolution of NASH in prediabetic and 
diabetic patients [NCT00994682] but has not been found to signifi-
cantly improve fibrosis in randomized studies (Table S1). However, 
a recent meta-analysis including data from 5 trials suggest that this 
compound could also improve advanced fibrosis (OR, 3.15; 95% CI, 
1.25-7.93; P = .01) and any stage of fibrosis (OR, 1.66; 95% CI, 1.12-
2.47; P = .01), even in non-diabetics (OR, 2.95; 95% CI, 1.04-10.90; 
P  =  .02; for advanced fibrosis and OR, 1.76; 95% CI, 1.02-3.03; 
P = .02 for any stage fibrosis).33

1.4 | Concluding remarks

The management of NAFLD requires a multidisciplinary approach to 
increase detection and referral of patients with advanced fibrosis 
from primary care centres and non-specialist units, mainly endocrine 
to hepatology clinics. Patient management should focus on treating 
comorbidities and risk factors that are more likely to worsen fibrosis 
and include active and well-designed standardized lifestyle interven-
tions. This disease also requires educational programs to improve 
awareness of the impact of this silent disease with long-term asymp-
tomatic periods on quality of life and survival. Educational programs, 
tools and information to central laboratories and outpatient clinics 
as well as strategies to facilitate easy referral of patients between 
professionals are needed.
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