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Fatty liver syndrome is an emerging health problem in the world, due to the high prevalence of obesity and alcohol
use disorder. Given the nature of the disease’s advancement to cirrhosis and liver-related complications, it is
important to assess the severity of the disease, which is typically done via a liver biopsy. Due to the limitations and
risks of liver biopsy, the role of noninvasive tests is essential and evolving to stratify the stage of the liver disease,
predict the outcomes, and/or monitor the treatment response. This review is focused on noninvasive tests, including
the use of serum-based biomarkers, ultrasound-based shear wave elastography, transient elastography, and
magnetic resonance elastography in both clinical and research settings
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| 1. Introduction

Hepatic steatosis is found in both non-alcoholic fatty liver (NAFLD) and alcoholic liver disease (ALD), both of which can
coexist. The manifestations of both non-alcoholic fatty liver (NAFLD) and alcoholic liver disease (ALD) are the same,
including simple steatosis to steatohepatitis with or without fibrosis, cirrhosis, and hepatocellular carcinoma. Therefore, we
use the term “Fatty Liver Syndrome” to cover both NAFLD and ALD. The health burden of fatty liver syndrome is
increasing globally along with the emerging prevalence of obesity and alcohol use disorder. Fatty liver syndrome is
becoming one of the most common etiologies of chronic liver disease and liver transplantation B4l Gjven the natural
history of the disease, which can progress to an advanced liver disease and develop complications, it is essential to
assess the severity of the disease. The degree of hepatic fibrosis, regardless of other histologic features (such as
steatohepatitis), is the most important variable to stratify the risk, as this factor can predict the mortality and long-term
outcomes of patients with fatty liver syndrome SISIZIE]

Liver biopsy is the gold standard to evaluate hepatic fibrosis. Since it is an invasive procedure and has limitations,
including a risk of complications, sampling errors, low acceptance by patients, and inconvenience 28, non-invasive tests
have been investigated to stratify the stage of hepatic fibrosis. The histologic staging of hepatic fibrosis has been used in
phase 3 clinical trials, but magnetic resonance elastography (MRE)-based staging of hepatic fibrosis is used currently in
phase 2 clinical trials A, |n this article, we review non-invasive fibrosis tests (NITs), which are mainly categorized into
tests of serum-based biomarkers and imaging tests. Serum-based biomarkers include both simple and complex serum-
based biomarkers. The imaging tests include shear wave elastography (SWE), transient elastography (TE), and magnetic
resonance elastography (MRE).

| 2. Prediction of Mortality and Liver-Related Outcomes

The evidence in the literature suggests that histologic hepatic fibrosis assessed by liver biopsy can predict mortality and
liver-related outcomes. Liver-related outcomes include hepatic decompensation (variceal bleeding, ascites, hepatic
encephalopathy, hepato-renal syndrome, hepato—pulmonary syndrome, hepatic hydrothorax, etc.), liver failure, and
hepatocellular carcinoma RIEIEl These predictions were also explored for non-invasive biomarkers and imaging tests.

2.1. Prediction with Serum-Based Biomarkers

A retrospective multi-center international study of 320 biopsy-proven NALD patients revealed that the NFS, APRI, FIB4-
index, and BARD score were able to estimate liver-related events, mortality, and liver transplantation with a high hazard
ratio (HR). Among those scores, the best predictor was NFS, as its HR values for liver-related events were 7.7 and 34.2,
while the HR for mortality and liver transplantation was 4.2 and 9.8 among intermediate-risk and high-risk groups,
respectively 12, Another retrospective analysis from Sweden investigated the accuracy of non-invasive serum biomarkers
to predict mortality and liver-related outcomes in 646 biopsy-proven NAFLD patients. The AUROCSs of NFS (0.72) and the
FIB-4 index (0.72) were better in predicting mortality than those of BARD (0.62) and APRI (0.52). Similarly, better



AUROCs of NFS (0.72) and the FIB-4 index (0.72) were found compared to those of BARD (0.62) and APRI (0.69) to
predict severe liver-related outcomes, including decompensated liver disease, liver failure, and hepatocellular carcinoma
131 The accuracy of all-cause and liver-related mortality or liver transplantation, as well as liver-related outcomes
including cirrhosis, hepatic decompensation, and hepatocellular carcinoma, were compared between NAFLD patients with
and without diabetes mellitus using APRI and FIB-4. Compared to the NAFLD patients without diabetes mellitus, APRI
and FIB-4 in patients with diabetes mellitus were less accurate in predicting overall mortality/liver transplantation, liver-
related outcomes, and liver-related mortality 24!, The enhanced liver fibrosis score (ELF) is also useful for predicting liver-
related outcomes in patients with NASH and decompensated cirrhosis based on data extrapolated from a phase 2
randomized controlled trial of Belapectin (NCT02462967). Liver related outcomes in this study included the incidence or
worsening of gastroesophageal varices, variceal hemorrhaging, the occurrence of new ascites, hepatic encephalopathy,
an increase in the Child—Turcotte—Pugh (CTP) score of =2 points from baseline or a rise in the MELD score to >15.
Patients with ELF =11.3 were more likely to develop liver-related events with a cox proportional hazard ratio (HR) of 4.81
compared to patients with an ELF <9.8. The AUROC of baseline ELF was 0.67, and that after increasing ELF overtime
was 0.68 for predicting liver-related outcomes 12l Similarly, the AUROCS for the serum biomarkers of FibroTest, FIB4,
APRI, and Forns index were 0.79, 0.65, 0.60, and 0.40, respectively, for predicting non-liver-related mortality and 0.69,
0.64, 0.57, and 0.43, respectively, for predicting overall mortality in patients with ALD (28],

2.2. Predictions with Imaging Tests

The liver stiffness measured by transient elastography provided similar accuracy to the portal pressure measurement
(Hepatic Venous Portal Gradient, HVPG), which is the gold standard to predict portal hypertension at a cut-off of 21.1 kPa,
as shown in a prospective study by Robic et al. 4. Patients higher in transient elastography based liver stiffness,
especially F4 defined by TE, were found to have lower survival in another prospective study of 360 patients with NAFLD
(18] |n a retrospective analysis of NAFLD patients, high baseline TE-based liver stiffness and a change in liver stifiness
within 6 months were associated with hepatic decompensation, hepatocellular carcinoma, liver-related mortality, and
overall mortality (HRs of 1.56, 1.72, 1.96, 1.73, respectively) 19,

Studies have shown that liver stiffness measured by MRE can accurately diagnose portal hypertension defined by HVPG
in chronic liver disease patients [2[21 The baseline liver stiffness value measured by MRE also predicts hepatic
decompensation. Patients with compensated liver disease with baseline liver stiffness value =5.8 kPa had an HR of 4.96
for hepatic decompensation when compared to those with a low baseline value 22, A recent multi-center NAFLD cohort
study demonstrated that the baseline MRE based liver stiffness can predict hepatic decompensation, including ascites,
hepatic encephalopathy, esophageal variceal bleeding, and mortality. The odds of hepatic decompensation increased
3.28-fold with an increase of 1 kPa in liver stiffness over time. The cut-off for the liver stiffness value to predict hepatic
decompensation was 6.48 kPa, with an AUROC of 0.707, 66.7% sensitivity, 80.8% specificity, and 73.7% accuracy. This
study also defined the median cut-offs for individual decompensation events: 7.1 kPa for the occurrence of ascites, 8.85
kPa for hepatic encephalopathy, and 10.1 kPa for esophageal variceal bleeding and mortality (23],

| 3. Non-Invasive Tests to Monitor Treatment Response

Finally, the role of non-invasive tests (both serum biomarkers and imaging tests) in the monitoring of treatment response
is integral in phase 2 clinical trials. A reduction of 10 U/L in alanine aminotransferase (ALT) was shown to be associated
with histologic improvements and NASH resolution 24, Moreover, a reduction of =17 IU/L in ALT was able to predict
histologic response with an AUROC of 0.83 [22], The MRI-proton density fat fraction (MRI-PDFF) non-invasively measures
the percentage of fat in the liver. An absolute reduction of 25% in the MRI-PDFF value was found to be associated with
regression in steatosis with 90% specificity and 58% sensitivity (2. A relative reduction of 230% in the MRI-PDFF value
was associated with improvement in the NAFLD activity score without the worsening of fibrosis [24. When liver stiffness
measured by MRE was evaluated for treatment response among 54 NAFLD patients, a reduction in liver stiffness of at
least 2.3% was associated with fibrosis improvement. Any percentage of relative reduction (=0%) in liver stiffness
measured by MRE can predict fibrosis improvement with 67% sensitivity, 64% specificity, 48% PPV, 79% NPV, and
AUROC of 0.79. Similarly, fibrosis progression can be also detected by MRE-liver stiffness [28. Other complex non-
invasive serum biomarkers, such as ELF, Pro-C3, and liver stiffness measured by TE, were proposed for use in the
monitoring of treatment response 29, When the treatment response assessed by histology was compared with percent
change in NIT tests, AUROC of MRE (0.617) was superior compared to that of MRI-PDFF (0.515), NFS (0.561), FIB-4
(0.585), TE (0.578), and ELF score (0.581) [28!. Further investigations into the non-invasive tests for monitoring treatment
response are warranted.



| 4. Conclusions

In summary, the staging of hepatic fibrosis in fatty liver syndrome is essential. The utilization of non-invasive tests to

assess the staging of liver disease has become an acceptable alternative to liver biopsy. Among the simple non-invasive

biomarkers, the FIB4-index and NFS provide the best accuracy in identifying advanced fibrosis or cirrhosis. New complex

serum biomarkers are presently evolving with promising accuracy. Moreover, the performance of MRE is superior to that
of TE and SWE in assessing hepatic fibrosis. The roles of non-invasive tests are emerging but are not limited to risk

stratification, the prediction of disease outcomes, and the monitoring of treatment response.
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