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What Does the Future Hold for Patients 
With Nonalcoholic Steatohepatitis: 
Diagnostic Strategies and Treatment 
Options in 2021 and Beyond?
Naim Alkhouri,1* Monica Tincopa ,2* Rohit Loomba,3** and Stephen A. Harrison4,5**

Nonalcoholic steatohepatitis (NASH) can progress to cirrhosis and its complications, including hepatocellular carci-
noma. Given that the majority of patients with NASH are asymptomatic, developing screening strategies to identify 
those individuals at risk for progressive NASH remains a highly unmet need. Furthermore, noninvasive tests that 
accurately predict disease progression as part of the natural history of NASH or regression in response to treat-
ment are urgently needed to decrease the reliance on repeat liver biopsies. To date, there are no US Food and Drug 
Administration (FDA)-approved medications for NASH that can resolve steatohepatitis and lead to fibrosis regression. 
The lack of FDA-approved therapy has led to apathy in diagnosis and referral for specialty care. However, several 
therapeutic agents are rapidly progressing through the different phases of clinical trials with several already in phase 3 
programs. In this review, we provide a summary of recent developments in NASH diagnostics and therapeutics that 
are likely to shape the future management of this underdiagnosed and undertreated disease. (Hepatology Communications 
2021;5:1810-1823).

Nonalcoholic fatty liver disease (NAFLD) has 
emerged as the most common chronic liver 
disease worldwide, with a reported global 

prevalence as high as 25%.(1) The high prevalence 
of NAFLD is contemporaneous with epidemics of 
obesity, type 2 diabetes, unhealthy dietary patterns, 
and sedentary lifestyle. The spectrum of disease can 
range from a benign nonprogressive clinical course to 
a serious state of hepatocellular injury, inflammation, 
and fibrosis known as nonalcoholic steatohepatitis 
(NASH), which may then progress to cirrhosis and 
its complications, including hepatocellular carcinoma 
(HCC).(2-5)

A recent study prospectively evaluated the preva-
lence of NASH based on liver biopsy assessment in 
a large cohort of middle-aged adults in the United 
States who were asymptomatic. The cohort consisted 
of 664 individuals with a mean age of 56  years and 
mean body mass index (BMI) of 30.48  kg/m2.(6) 
This study demonstrated that 14% of middle-aged 
Americans had evidence of NASH while approxi-
mately 6% had evidence of significant fibrosis. NASH 
has become the leading cause of liver transplantation 
in women in the United States and the second leading 
cause in men after alcohol-associated liver disease.(7) 
Screening for NAFLD in high-risk populations and 
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identifying those with NASH and significant liver 
fibrosis (fibrotic NASH) are the first steps to mod-
ify the natural history of the disease, although more 
data are needed to establish the accuracy and cost 
effectiveness of different noninvasive tests (NITs) and 
screening strategies.(8,9)

Despite its high burden on the health care sys-
tem, there are no US Food and Drug Administration 
(FDA)-approved medications for fibrotic NASH. 
However, recent data presented in 2020 provide hope 
for the future. The aim of the current review is to pro-
vide an update on recent advances in NASH diagnos-
tics and therapeutics with a focus on data presented 
at The Liver Meeting Digital Experience (TLMdX) 
in 2020.

Diagnostic Considerations
IDENTIFYING PATIENTS AT 
HIGH RISK IN NEED FOR 
PHARMACOLOGIC TREATMENT

In current clinical practice , a liver biopsy is required 
to assess the grade of steatosis, lobular inflammation, 
hepatocyte ballooning, and fibrosis in order to meet 
diagnostic criteria for NASH.(10,11) The initial three 
components are collectively assessed as the NAFLD 
activity score (NAS), and a separate stage is assigned 
for fibrosis.(12) Using NAS and fibrosis staging, which 
have been applied in the NASH Clinical Research 
Network, an NAS score of 5-8 is considered diagnostic 
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for NASH and NAS scores of 3-4 are considered 
borderline for NASH, although the gestalt diagno-
sis of NASH by the pathologist and the presence of 
ballooning are also required. Among patients with 
NASH, individuals with NAS ≥ 4 and ≥F2 have been 
used to distinguish individuals with high-risk features 
of NASH.(13) Multiple studies have highlighted that, 
among the histologic parameters of NASH, fibro-
sis stage is most closely linked with risk of clinical 
outcomes.(14-16) Clearly, there are several important 
limitations of liver biopsy that create barriers in diag-
nosis and risk stratification of NASH. This includes 
but is not limited to the invasive nature of the proce-
dure with risk for clinical complications, like bleeding, 
suboptimal inter-reader reliability, and concern for 
sampling error.(17,18) Artificial intelligence methods, 
including machine learning, have been developed to 
address issues with inter-reader reliability of NASH 
biopsies. These methods have shown high concor-
dance with expert pathologist interpretations and may 
represent a useful mechanism to standardize histo-
logic scoring for NASH in the future.(19)

Serologic/Circulating Biomarkers
Circulating biomarkers represent an ideal approach 

for risk stratification as serologic testing can be done 
with relative ease, although some testing is propri-
etary and others are not routinely available in clinical 
practice. Two of the most commonly used serologic-
based biomarkers for risk stratification in NASH are 
the fibrosis-4 (FIB-4) index and the NAFLD fibrosis 
score (NFS). Both of these clinical decision aides are 
offered as mechanisms to help risk stratify patients 
with NAFLD by American Association for the Study 
of Liver Diseases guidelines.(11) The NFS is com-
puted based on platelet count, albumin, and aspartate 
aminotransferase (AST)/alanine aminotransferase 
(ALT), combined with three clinical parameters (age, 
BMI, and insulin resistance).(20) The key strength of 
the NFS is its accurate categorization of likelihood of 
having advanced fibrosis or cirrhosis (area under the 
receiver operating curve [AUROC], 0.85; sensitivity 
[Sn], 90%; specificity [Sp], 60%; negative predictive 
value [NPV], 88; positive predictive value [PPV], 
82%).(21) The NFS has limitations in discriminating 
between lower stages of fibrosis, and approximately 
30% of patients will be categorized as having an 
“indeterminant” NFS.(22,23) FIB-4 is calculated using 

platelets, AST, ALT, and age and in a meta-analysis 
was shown to identify advanced fibrosis in NAFLD 
with accuracy similar to NFS.(24) Similar to these two 
models, the metabolomics advanced steatohepatitis 
fibrosis (MASEF) score was constructed using lip-
ids, BMI, platelets, AST, and ALT to detect high-risk 
NASH. In a cohort of 551 patients with NAFLD with 
liver biopsies, the MASEF score had an AUROC of 
0.91 with Sn 58% and Sp 94%.(25)

There are several other circulating biomarkers 
that have been extensively evaluated for fibrosis risk 
stratification in NASH. The enhanced liver fibrosis 
(ELF) panel consists of the following three extracel-
lular matrix turnover proteins: hyaluronic acid, tissue 
inhibitor of metalloproteinase 1, and N-terminal pro-
collagen III-peptide. When used to assess likelihood 
of advanced fibrosis or cirrhosis, the ELF panel has 
had excellent performance characteristics, with an 
AUROC of 0.90, Sn 80%, and Sp 90%.(26,27) Pro-C3 
is another marker of collagen synthesis that has been 
evaluated to predict risk of advanced fibrosis and cir-
rhosis. When used in isolation, Pro-C3 had an excel-
lent AUROC of 0.91 with an NPV of 97% and PPV 
of 56%.(28) Pro-C3 has been incorporated in combina-
tion with other parameters to identify advanced fibro-
sis in NAFLD and NASH. The FIB-C3 and ABC3D 
scores incorporate Pro-C3 in combination with age, 
BMI, platelet count, and diabetes to correlate with the 
severity of steatohepatitis and fibrosis among patients 
with NAFLD. Both scores yielded high diagnostic 
accuracy, AUROC of 0.83 and 0.81, Sn 75% and 
66%, and Sp 75% and 75% for FIB-C3 and ABC3D, 
respectively.(28) A similar algorithm that also incor-
porates Pro-C3 with age, diabetes, and platelet count 
(ADAPT) was shown to accurately identify patients 
with NAFLD and advanced fibrosis.(29) Cytokeratin 
18 (CK-18) is a major intermediate filament pro-
tein in hepatocytes that has been extensively studied 
as a potential biomarker in NASH, both in isolation 
and in combination with other serologic markers and 
clinical variables. A recent study evaluated the utility 
of CK18 and wisteria floribunda agglutinin-positive 
Mac-2-binding protein (M2BP) to classify patients 
with NAFLD according to disease severity. A combi-
nation of M2BP and CK18 predicted the presence of 
fibrotic NASH with an AUROC of 0.88.(30)

A blood-based biomarker panel (NIS4) comprised of 
microRNA (miR)-34a-5p, α2 macroglobulin, YKL-40, 
and glycated hemoglobin yielded similar performance 



Hepatology Communications,  Vol. 5, N o. 11,  2021 ALKHOURI, TINCOPA, ET AL.

1813

characteristics, with an AUROC of 0.80 and an NPV 
of 77.9% to rule out at-risk NASH.(31) In evaluating 
different screening methods to identify patients with 
at-risk NASH (NAS  ≥  4 and F  ≥  2), a sequential 
approach using NIS4 with either FIB-4 or transient 
elastography yielded the highest PPV.(32) NIS4 levels 
have also been shown to help predict risk of fibrosis 
progression among individuals with NASH.(33)

The steatosis-associated fibrosis estimator (SAFE) 
score, developed using different machine learning 
methods, was compared to FIB-4 and NFS. The SAFE 
score incorporated age, sex, BMI, diabetes, AST, ALT, 
alkaline phosphatase (ALP), hematocrit, platelets, 
gamma-glutamyl transpeptidase (GGT), albumin, and 
globulin and outperformed FIB-4 and NFS to pre-
dict >F2 among patients with NAFLD.(34) A second 
machine learning model constructed using data among 
adults with diabetes and suspected NAFLD included 
AST, ALT, platelets, triglycerides, and high-density 
lipoprotein (HDL) and yielded an AUROC of 0.77 to 
distinguish NASH from NAFLD.(35) Machine learn-
ing methods have also been used to try and identify 
individuals with NAFLD at risk for rapid disease pro-
gression. A Light Gradient Boosting Model yielded an 
AUROC of 0.77 to identify fast progressors (6 months 
to 3 years) from index diagnosis of NAFLD/NASH to 
cirrhosis or HCC. Fast progressors had higher mean 
age, ALP, AST, AST/ALT ratio, bilirubin, rate of 
change of ALP, and anxiety diagnoses. Fast progressors 
also had lower mean albumin, low-density lipoprotein 
(LDL), hematocrit, platelets, and triglycerides.(36)

Whole-transcriptome cell-free messenger RNA 
has been used to identify patients with NAFLD with 
clinically significant fibrosis (F  ≥  2). It was able to 
identify 50% of patients with at least 90% probability 
of clinically significant fibrosis.(37)

Imaging Biomarkers
Imaging biomarkers have shown great promise to 

accurately characterize fibrosis in NASH. The pri-
mary modalities that have been investigated include 
vibration-controlled transient elastography (VCTE), 
magnetic resonance elastography (MRE) ± proton 
density fat fraction (PDFF), and multiparametric MR 
imaging (MRI) (LiverMultiScan). In a prospective 
head-to-head comparison of VCTE, two-dimension 
shear wave elastography (SWE), and MRE, MRE 
had the highest diagnostic accuracy for the detection 

of stage 4 fibrosis (AUROC, 0.92) and the highest 
intra/interobserver reproducibility among patients 
with biopsy-proven NAFLD.(38-40) For a detailed dis-
cussion on imaging tests for NASH and fibrosis, we 
refer the readers to an excellent recent review on the 
topic by Ajmera and Loomba.(41)

Combining circulating biomarkers with imaging 
data has been shown to enhance diagnostic accu-
racy to risk stratify NASH and identify those with 
NAS  ≥  4 and ≥F2. The FibroScan + AST (FAST) 
score was developed to predict the presence of NASH 
with fibrosis by combining the following parameters: 
liver stiffness measurement by VCTE as a biomarker 
for fibrosis, controlled attenuated parameter (CAP) 
as a biomarker for steatosis, and AST as a biomarker 
of activity.(42) The score was initially developed in a 
cohort in the United Kingdom and then validated in 
seven additional international cohorts. Based on the 
knowledge that MRI-PDFF is the most accurate 
method to quantify liver fat and that MRE is the most 
accurate imaging test to determine baseline fibrosis 
stage, the MRI and AST (MAST) score was devel-
oped to detect patients with NASH with NAS  ≥  4 
and F ≥ 2. In the derivation cohort that included 103 
patients with biopsy-proven NAFLD, MAST had an 
AUROC of 0.93, Sn 85%, and Sp 86%, and in the 
validation cohort (n = 244), the AUROC was 0.86.(43) 
A study of 694 patients with biopsy-proven NASH 
who underwent multiparametric MRI demonstrated 
that the combination of corrected T1 (cT1), fat, AST, 
and glucose yielded excellent diagnostic accuracy to 
identify patients with high-risk NASH.(44)

Jung and colleagues(45) conducted a prospective 
assessment in a well-characterized cohort of patients 
with biopsy-proven NAFLD who underwent a liver 
biopsy as well as a contemporaneous MRE; the aim 
was to identify patients with stage 2 fibrosis or higher. 
A combination of MRE ≥ 3.3 kPa plus FIB-4 ≥ 1.6 
(MEFIB) yielded a PPV of 97% in the training 
cohort. They then validated their findings in a geo-
graphically and ethnically distinct cohort residing in 
Japan with a similarly robust PPV.(45) MEFIB appears 
to have the highest PPV among all NITs for detection 
of stage 2 fibrosis or higher in NAFLD. Further head-
to-head comparative studies are needed to establish 
hierarchy of these NITs in NAFLD. A summary of 
NITs that are currently commercially available in the 
United States, including both serologic and imaging 
biomarkers, is presented in Table 1.
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MONITORING RESPONSE TO 
PHARMACOLOGIC AGENTS

Methods to Monitor Response to 
Therapy

The FDA endpoints for NASH clinical trials have 
focused on NASH resolution without worsening of 
fibrosis or fibrosis improvement of at least one fibrosis 
stage without worsening of steatohepatitis. Both his-
tologic endpoints require a repeat liver biopsy at the 
end of treatment.(46)

Emerging evidence from a series of investigator-
initiated studies done at the University of California 
at San Diego followed by several large multicenter, 
randomized, controlled trials have helped establish a 
well-validated criteria, defined as ≥30% relative decline 
in MRI-PDFF, as recently proposed by Loomba and 
colleagues.(47-49) MRI-PDFF response is associated 
with higher odds of both ≥2-point improvements in 
NAS with at least 1-point improvement in lobular 
inflammation or ballooning as well as NASH reso-
lution.(50) Further studies are needed to document 
whether MRI-PDFF response is associated with 
improvements in fibrosis.

Given the variability in interpretation of histologic 
changes in response to treatment by pathologists, 
machine learning techniques were applied to liver 
histology assessment using data from the Safety and 
Efficacy of Selonsertib in Adults with NASH and 
Bridging (F3) Fibrosis (STELLAR 3) or Cirrhosis 
(F4) (STELLAR 4) trials of selonsertib and the Study 
to Evaluate the Safety and Efficacy of Selonsertib, 
Firsocostat, Cilofexor, and Combinations in 
Participants With Bridging Fibrosis or Compensated 
Cirrhosis Due to NASH (ATLAS) trial of selonsertib, 
firsocostat, and cilofexor. Using these data, researchers 
developed the Deep Learning Treatment Assessment 
(DELTA) liver fibrosis score to reflect changes in 
fibrosis stage from baseline to week 48.(51) DELTA 
scores correlated with changes in NITs, such as ELF 
and VCTE, among treatment responders.

Several NITs have been used as surrogate mark-
ers to assess response to treatment in NASH clini-
cal trials. Data from the Randomized Global Phase 3 
Study to Evaluate the Impact on NASH with Fibrosis 
of Obeticholic Acid Treatment (REGENERATE; 
NCT02548351) trial of obeticholic acid (OCA) in 
NASH was used to evaluate NIT-based OCA efficacy 

endpoints among patients treated with OCA 25 mg or 
placebo. Those in the OCA arm showed statistically 
significant improvements in AST-to-platelet ratio 
index (APRI), FIB-4, ALT, FibroSure, and VCTE 
compared to placebo.(52,53) A secondary analysis eval-
uated changes in FibroMeter, FibroMeter VCTE, 
and FAST among participants in REGENERATE 
and demonstrated improvement in these NITs among 
those in the OCA arm.(54) Treatment with OCA also 
results in dose-dependent improvements in cT1 and 
liver fat content on multiparametric MRI.(55)

Using data from 252 patients in the Efficacy and 
Safety Study of Cenicriviroc for the Treatment of 
NASH in Adult Participants With Liver Fibrosis 
(CENTAUR), Pro-C3 and Pro-C3 composite score 
(ADAPT and FIB-C3) levels significantly decreased 
among patients with fibrosis improvement. Pro-C3, 
ADAPT, FIB-C3, ELF, APRI, FIB-4, NFS, and CK-
18 M30 and M65 were all reduced among patients 
with regression in their NAS.(56) Histologic changes 
were also significantly correlated with reductions 
in MRI-PDFF, ELF, and Pro-C3 among patients 
with NASH treated with 36  weeks of resmetirom 
(MGL-3196).(57)

Data from 339 patients in the Study to Evaluate 
the Safety, Tolerability, and Efficacy of MSDC-0602K 
in Patients With NASH (EMMINENCE) trial of 
MSDC-0602K and a meta-analysis of 17 NASH tri-
als that included 3,717 patients evaluated the correla-
tions between changes in biomarkers and histologic 
response.(58) This study found that a combination of 
AST, CK-18, and hemoglobin A1c (HbA1c) changes 
best predicted overall liver biopsy changes in response 
to NASH pharmacotherapy. This composite score 
could distinguish between patients with and without 
NASH resolution without worsening of fibrosis with 
an AUROC of 0.78 and for fibrosis improvement 
without NASH worsening with an AUROC of 0.75. 
Patients with NASH treated with NGM282 similarly 
demonstrated improvements in NITs, including Pro-
C3, ELF and cT1.(59)

Therapeutic Agents for 
NASH

There are no FDA-approved medications for 
NASH; however, both vitamin E as an antioxidant 

https://clinicaltrials.gov/ct2/show/NCT02548351
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and pioglitazone as an insulin sensitizer showed some 
efficacy against NASH in randomized control trials 
(RCTs).(60,61) The lack of efficacy of vitamin E on 
liver fibrosis and several adverse events associated 
with pioglitazone, such as weight gain and edema, 
have limited the use of these two agents by hepatol-
ogy providers.

The FDA provided a path forward for conditional 
approval of NASH drugs if they achieve histologic 
efficacy endpoints defined by either (a) resolution of 
NASH without worsening of fibrosis or (b) regression 
of fibrosis by at least one stage without worsening of 
NASH.(62-64) Acceptable outcomes for phase 2a trials 
include improvement in liver steatosis as determined 
by MRI-PDFF percentage or fibrosis as determined 
by imaging or blood biomarkers. However, when 
assessing a new NASH drug, several aspects need to 
be taken into consideration in addition to hepatic effi-
cacy endpoints. Given the fact that cardiovascular dis-
ease remains the main cause of mortality in patients 
with noncirrhotic NASH,(65) the effects of any new 
drug on cardiovascular risk factors, such as the met-
abolic syndrome (MetS), and its components, such as 
obesity, diabetes, and dyslipidemia, should be evalu-
ated. Furthermore, adverse events of special interest, 
such as gastrointestinal side effects or pruritus, may 
affect how the drug is tolerated and its impact on 
patients’ quality of life and patient-reported outcomes. 
For these reasons, we have created the NASH Drug 

Score Card to help evaluate the potential impact of 
new drugs and facilitate comparison between different 
classes of medications (Fig. 1).

Three drugs are currently in phase 3 RCTs for the 
treatment of noncirrhotic NASH. OCA is a farne-
soid X receptor (FXR), which is a nuclear receptor 
that regulates bile acid synthesis(66) and lipid/glucose 
homeostasis and modulates liver fibrosis.(67) OCA 
was evaluated in the phase 3 REGENERATE trial 
where patients were randomized to OCA 10  mg or 
25 mg daily versus placebo for 18 months. Histologic 
assessment of patients with NASH and F2-F3 fibro-
sis demonstrated significant improvement in fibrosis 
by one stage in 23% of patients on OCA 25 mg daily 
compared to 12% of those on placebo (P  =  0.0002), 
although there was no significant effect on NASH 
resolution. In terms of adverse events, compared to 
placebo, OCA was associated with higher rates of 
pruritus, and increases in LDL cholesterol and biliary 
events, including gallstones and cholecystitis.

Resmetirom is a thyromimetic that targets the 
thyroid hormone receptor beta, the major receptor 
expressed in the liver with an established role in reg-
ulating hepatic triglyceride and cholesterol metab-
olism.(68-70) Resmetirom was studied in a phase 2b 
RCT that included 125 patients treated for 36 weeks. 
Compared to patients treated with placebo, those 
treated with resmetirom had significantly higher rates 
of relative liver fat reduction on MRI-PDFF at both 

FIG. 1. The NASH Drug Score Card. A useful tool to evaluate the potential impact of new drugs and facilitate comparison between 
different classes of medications. Abbreviations: AE, adverse event; GI, gastrointestinal; HOMA-IR, homeostasis model assessment of 
insulin resistance; TG, triglyceride.
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weeks 12 and 36 and higher rates of NASH resolu-
tion at week 36 (6.5% with placebo vs. 27.4% with 
resmetirom, P  =  0.02), although there was no sig-
nificant effect on fibrosis regression.(71) Importantly, 
resmetirom was well tolerated and had positive effects 
on the atherogenic dyslipidemia associated with 
NAFLD with improvement in triglyceride and LDL 
cholesterol. This drug is being currently evaluated in 
two large phase 3 RCTs that will evaluate its efficacy 
on achieving histologic NASH resolution at 52 weeks 
of treatment in the Study to Evaluate the Efficacy 
and Safety of MGL-3196 (Resmetirom) in Patients 
With NASH and Fibrosis (MAESTRO-NASH) 
(NCT03900429) trial and explore its potential ben-
efits on dyslipidemia and cardiovascular endpoints in 
the MAESTRO-NAFLD-1 (NCT04197479).

Aramchol is a bile acid and a fatty acid (cholic acid–
arachidic acid) conjugate that inhibits the stearoyl-
coenzyme A (CoA) desaturase-1 enzyme leading to 
down-regulation of liver steatosis. In the phase 2b 
Clinical Trial to Evaluate the Efficacy and Safety of Two 
Aramchol Doses Versus Placebo in Patients With NASH 
(ARREST RCT) (NCT02279524), 247 patients with 
NASH were randomized to receive aramchol at 400 mg 
or 600 mg daily versus placebo for 52 weeks.(72) Aramchol 
decreased liver fat and improved liver enzymes, and the 
600 mg daily dose showed a trend toward higher NASH 
resolution rates compared to placebo (16.7% and 5%, 
respectively, P = 0.051). The Clinical Study to Evaluate 
the Efficacy and Safety of Aramchol in Subjects With 
NASH (ARMOR) is a phase 3 RCT (NCT04104321) 
that plans to evaluate the safety and efficacy of aramchol 
in 2,000 patients with NASH and F2-F3 fibrosis, with 
the primary histologic endpoint being NASH resolu-
tion/fibrosis improvement at 52 weeks.

Update on NASH 
Therapeutics From TLMdX

The results of several RCTs that evaluated the 
safety and efficacy of different NASH drugs were pre-
sented at TLMdX. Several therapeutic agents showed 
promising results in terms of histologic response. Due 
to space limitation, we will only discuss those agents 
with histologic data while acknowledging the fact 
that several other promising agents were effective in 
improving NITs. We provide an example in Table 2 on 

how to evaluate these agents using the NASH Drug 
Score Card. It is important to note that direct com-
parison cannot be made between these agents because 
they are in different phases of drug development and 
lack conclusive phase 3 histologic and long-term out-
comes data. Intriguing proof-of-concept data were 
presented on the potential for combination therapy 
to increase the efficacy of NASH treatment. On the 
other hand, some agents failed to show significant 
histologic improvement in phase 2b and 3 trials.

PROMISING NEW THERAPEUTIC 
AGENTS WITH HISTOLOGIC DATA

Efruxifermin(73)

Efruxifermin is a synthetic fibroblast growth factor 
21 (FGF21) analog with a long half-life and balanced 
potency on the three FGF receptors (FGFR), FGFR1c, 
FGFR2c, or FGFR3c. The Phase 2a, Randomized, 
Double-Blind, Placebo-Controlled Study Evaluating the 
Safety and Efficacy of Efruxifermin in Subjects With 
NASH (BALANCED; NCT03976401) evaluated 
three doses of weekly efruxifermin injections (28  mg, 
50 mg, or 70 mg) for 16 weeks, with the primary end-
point being liver fat reduction on MRI-PDFF at week 
12 and only patients reducing their liver fat by 30% or 
more being eligible for repeat liver biopsy at week 16. 
All efruxifermin dose groups met the primary endpoint, 
with statistically significant absolute reductions in liver 
fat of 12%-14% and relative fat reduction >60%.

In the 16-week analysis of histologic data in the MRI-
PDFF responders, 48% had fibrosis regression by one 
stage without worsening of NASH and 28% achieved at 
least a two-stage fibrosis improvement. Moreover, 48% 
of responders achieved NASH resolution with no wors-
ening of fibrosis. In terms of effects on MetS, efruxi-
ferimin was associated with improvements in weight, 
insulin resistance, and dyslipidemia. Efruxifermin will be 
evaluated in an innovative adaptive phase 2b/3 pivotal 
study in patients with biopsy-confirmed NASH to be 
initiated in the first half of 2021.

Aldafermin(59,74)

Aldafermin is a modified FGF19 agonist that reg-
ulates bile acid synthesis and lipid homeostasis.(75) 
Patients with NAFLD exhibit a deficiency in FGF19, 
making it an attractive therapeutic target. The results of 

https://clinicaltrials.gov/ct2/show/NCT03900429
https://clinicaltrials.gov/ct2/show/NCT04197479
https://clinicaltrials.gov/ct2/show/NCT02279524
https://clinicaltrials.gov/ct2/show/NCT04104321
https://clinicaltrials.gov/ct2/show/NCT03976401
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a 24-week RCT that included 78 patients with paired 
liver biopsies who were randomized 1:2 to receive daily 
placebo (n = 25) or aldafermin 1 mg (n = 53) subcuta-
neously were presented at TLMdX. In terms of effi-
cacy endpoints, NASH resolution with no worsening 
of fibrosis and fibrosis improvement with no wors-
ening of NASH were achieved in a higher percent-
age of patients in the aldafermin group compared to 
placebo (24% vs. 9% and 38% vs. 18%, respectively), 
although the difference was not statistically significant. 
Interestingly, significantly higher percentage of patients 
in the aldafermin arm achieved both NASH resolution 
and fibrosis improvement (22% vs. 0%, P  =  0.015). A 
rapid and significant decline in ALT, AST, and fibrosis 
biomarkers was seen with aldafermin treatment.

Lanifibranor(76)

Lanifibranor is a pan-peroxisome proliferator-
activated receptor (PPAR) agonist with well-balanced 
efficacy for PPARα, δ, and γ.

In the Phase 2b Study in NASH to Assess IVA337 
(NATIVE) (NCT03008070), a double-blind RCT, 
247 patients were randomized to receive once daily 
lanifibranor at 800  mg or 1,200  mg or placebo for 
6 months. The mean age was 54 years, 42% had type 
2 diabetes, and 76% had significant fibrosis (F2/
F3). Lanifibranor 1,200  mg daily compared to pla-
cebo showed impressive efficacy on hepatic outcome, 
including significant reduction of the steatosis activity 
fibrosis score (SAF) (49% vs. 27%, P < 0.01), NASH 
resolution with no worsening of fibrosis (45% vs. 19%, 
P < 0.001), improvement of fibrosis with no worsening 
of NASH (42% vs. 24%, P < 0.01), and the combined 
endpoint of NASH resolution plus fibrosis regres-
sion (31% vs. 7%, P  <  0.001). In terms of effects on 
MetS, both doses significantly increased HDL cho-
lesterol and decreased serum triglycerides and lowered 
HbA1c in diabetics. However, there was a significant 
weight increase of 2.4 and 2.7 kg in the 800-mg and 
1,200-mg arms. Lanifibranor was well tolerated with 
low discontinuation rate due to adverse events (<5%).

Semaglutide(77)

Semaglutide is a glucagon-like peptide 1 recep-
tor agonist (GLP-1RA) approved for treatment in 
patients with T2D and has been shown to lead to sig-
nificant weight reduction in patients with nondiabetic 
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obesity.(78,79) At TLMdX, the results of a placebo-
controlled phase 2b RCT (NCT02970942) that 
included 320 patients with NASH and F1-F3 fibrosis 
were presented. Patients were randomized to sema-
glutide daily injections at 0.1, 0.2, and 0.4 mg or pla-
cebo for 72 weeks. In patients with significant fibrosis 
(F2-F3, n  =  230), the primary endpoint of NASH 
resolution was achieved by a significantly greater 
proportion of patients on all doses of semaglutide 
(58.9% in the 0.4-mg daily arm compared to 17.2% 
in the placebo arm, P < 0.0001). Unfortunately, there 
was no significant fibrosis improvement in the sema-
glutide arms compared to placebo (P  >  0.05 for all). 
Dose-dependent improvements in ALT, AST, and 
biomarkers of fibrosis were seen with semaglutide. As 
expected, semaglutide use was associated with signifi-
cant reduction in weight and HbA1C.

COMBINATION THERAPY(80)

Given the biological heterogeneity of NASH, com-
bining therapies with complementary mechanisms may 
provide optimal benefit.(81) The ATLAS trial random-
ized 392 patients with advanced disease (bridging fibro-
sis in 44% and cirrhosis in 56%) to several combination 
regimens. This trial demonstrated that the combination 
of firsocostat (acetyl-CoA carboxylase [ACC] inhibitor 
that inhibits de novo lipogenesis) and cilofexor (FXR 
agonist) was numerically more effective than placebo in 
improving fibrosis by one stage or more without wors-
ening in NASH (21% vs. 11%, P = 0.17), providing fur-
ther support to the concept of combination therapy.(82)

A phase 2 trial evaluated the safety and efficacy 
of semaglutide, a GLP-1RA, alone and in combina-
tion with the FXR agonist cilofexor and/or the ACC 
inhibitor firsocostat in 108 patients with noncirrhotic 
NASH. There was greater reduction in ALT, liver fat 
on MRI-PDFF and CAP, liver stiffness on transient 
elastography, and the FAST score in the combination 
arms compared to semaglutide monotherapy, especially 
with the triple combination regimen (semaglutide + 
cilofexor + firsocostat). Reductions in body weight, 
AST, GGT, and ELF were noted in all groups. The 
most common adverse events were gastrointestinal 
related to semaglutide, with minimal pruritus/increase 
in LDL noted in the cilofexor-containing arms and 
increase in triglycerides noted in the firsocostat arms. 
Overall, the results demonstrated that combinations 
of semaglutide with cilofexor and/or firsocostat were 

well tolerated and may provide additional benefits 
versus semaglutide monotherapy.

FAILED THERAPEUTIC AGENTS

Elafibranor(83)

Results from an interim analysis of the Phase 3 Study 
to Evaluate the Efficacy and Safety of Elafibranor Versus 
Placebo in Patients With Nonalcoholic Steatohepatitis 
(RESOLVE-IT; NCT02704403) RCT evaluating 
once-daily 120  mg of elafibranor for 72  weeks were 
presented at TLMdX. The trial did not meet its pri-
mary endpoint of NASH resolution without worsening 
of fibrosis (19.2% with elafibranor compared to 14.7% 
with placebo) or its secondary endpoint of fibrosis 
improvement of at least one stage (24.5% with elafibra-
nor compared to 22.4% with placebo). Other key sec-
ondary endpoints related to metabolic parameters were 
not achieved.

Tropifexor(84)

Data from the Study of Safety and Efficacy of 
Tropifexor (LJN452) in Patients With NASH 
(FLIGHT-FXR; NCT02855164) phase 2 RCT were 
presented at the TLMdX. In that trial, 152 patients with 
NASH and F2-F3 fibrosis were randomized to receive 
tropifexor 140  μg, 200  μg, or placebo for 48  weeks. 
Despite achieving high rates of liver fat reduction by 
≥30% on MRI-PDFF and marked reduction in liver 
enzymes in the tropifexor arms (55%-68%), there was 
no difference in the rates of NASH resolution or fibrosis 
regression. Pruritus was more common in the tropifexor 
arms, and there was a modest increase in LDL choles-
terol. Combination trials of tropifexor with other agents 
may provide further clarity on the path for developing 
tropifexor as a treatment for fibrotic NASH.

Putting This All Together: 
How Will Patients With 
NASH Be Managed in the 
Future?

We foresee a future where patients at high-risk for 
NAFLD will be screened and risk stratified based 

https://clinicaltrials.gov/ct2/show/NCT02970942
https://clinicaltrials.gov/ct2/show/NCT02704403
https://clinicaltrials.gov/ct2/show/NCT02855164
https://clinicaltrials.gov/ct2/show/NCT02855164
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on cost-effective and accurate NITs. Those with sus-
pected fibrotic NASH will be referred to a subspecial-
ist for consideration of pharmacologic treatment. The 
choice of the first-line treatment will depend on dis-
ease severity (e.g., patients with F3 will require agents 
with proven antifibrotic activity), adverse event profile 
(e.g., patients with extensive coronary artery disease 
may benefit the most from drugs such as semaglutide 
while avoiding drugs that may increase cardiovascular 
risk or worsen dyslipidemia), and patient preference 
(e.g., some patients may elect not to use drugs that 
require subcutaneous injection or intravenous infu-
sion if effective oral alternatives are available). Once 
treatment with the first-line drugs or regimen starts, 
assessment for efficacy by NITs should be determined 
at 12-18 months with one of the following outcomes:

1.	 Adequate response: continue to current drug and 
continue to monitor for efficacy with NITs on a 
yearly basis.

2.	 Partial response: if the first-line drug is well toler-
ated, consider add-on therapy with another drug 
that has a complementary mechanism of action.

3.	 Futility/lack of response: switch to another drug 
with a different mechanism of action.

In conclusion, we believe that the management of 
NAFLD/NASH will have a complete transformation 
in the next 10 years. More patients will be identified 
by large-scale screening strategies in at-risk popula-
tions and triaged noninvasively with accurate tests 
to the best management strategies that will rely on 
personalized lifestyle interventions and effective ther-
apeutic agents.
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