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Abstract

Liver fibrosis is the most important prognostic factor in patients with nonalcoholic fatty liver
disease (NAFLD). Several noninvasive markers for fibrosis, including blood-based markers and
imaging based-markers have been developed. Indirect fibrosis markers (e.g., fibrosis-4 index and
NAFLD fibrosis score) consist of standard laboratory data and clinical parameters. Given its
availability and high negative predictive value for advanced fibrosis, these markers are suitable
for screening at primary care. Blood-based fibrogenesis markers (enhanced liver fibrosis and
N-terminal propeptide of type 3 collagen), ultrasound-based modalities (vibration-controlled
transient elastography, point shear wave elastography [SWE], and two-dimensional SWE), and
magnetic resonance elastography have high diagnostic accuracy for liver fibrosis and are suitable
for diagnosing liver fibrosis at secondary care centers. Sequential use of these markers can
increase diagnostic accuracy and reduce health care costs. Furthermore, combining noninvasive
makers may assist in identifying candidates for pharmacological trials and reducing screening
failure. Emerging data suggest that these noninvasive markers are associated with liver-related
events (hepatocellular carcinoma and decompensation) and mortality. Furthermore, delta change in
noninvasive markers over time is also associated with time-course change in fibrosis, liver-related
event risk, and mortality risk. However, the association between liver fibrosis and cardiovascular
disease (CVD) risk is still controversial. CVD risk may decrease in patients with decompensated
liver disease and noninvasive markers may be useful for assessing CVD risk in these patients.
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Therefore, noninvasive markers may be utilized as measures of fibrosis as well as real-time
prognostic tools, in place of liver biopsy.

Keywords

cardiovascular disease (CVD); fibrosis; hepatocellular carcinoma (HCC); nonalcoholic fatty liver
disease (NAFLD); noninvasive

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the leading cause of chronic liver disease

and affects about one-fourth of the population worldwide.1-2 A subset of patients with
NAFLD progress to nonalcoholic steatohepatitis (NASH), hepatocellular carcinoma (HCC),
liver failure, and death.2 NAFLD-related HCC has been increasing along with the rising
prevalence of obesity and diabetes mellitus.* Furthermore, NAFLD is associated with
metabolic dysfunction and cardiovascular disease (CVD) is the main cause of death in
NAFLD.> Therefore, NAFLD has emerged as a major burden to national health care systems
and the global economy.5.

Liver fibrosis is the most important prognostic factor for liver-related morbidity and
mortality in patients with NAFLD and accurate diagnosis of liver fibrosis is important in
clinical practice.8 Liver biopsy is the gold standard for the assessment of liver fibrosis.10.11
However, liver biopsy has several limitations including sampling variability, and intra- and
inter-observer reproducibility as well as its invasive nature and has potential risks including
pain, infection, bleeding, perforation and rarely death.12 To circumvent the limitations

of liver biopsy, several noninvasive modalities have been developed and used in clinical
practice.13-15 High diagnostic accuracy of noninvasive modalities including serum-based
markers and imaging-based modalities have been reported.13 Furthermore, recent studies
have demonstrated noninvasive markers are associated with liver-related morbidity and
mortality. In this review, we will discuss and compare the diagnostic accuracy among
noninvasive markers of fibrosis. In addition, we review the clinical utility of noninvasive
fibrosis measures as prognostic tools in patients with NAFLD.

NONINVASIVE FIBROSIS MARKERS IN NAFLD

Blood-based markers for liver fibrosis

Given the high prevalence of NAFLD, simple and widely available noninvasive modalities
are needed. Since blood-based fibrosis markers may be performed without specialized
equipment and are relatively inexpensive, these are good candidates for use in the general
population. Several blood-based markers including indirect markers (e.g., fibrosis-4 index
[F1B-4],16 NAFLD Fibrosis Score [NFS],1” and mac-2 binding protein glycosylation isomer
[M2BPGi]) and direct markers for fibrogenesis (e.g., Enhanced Liver Fibrosis Score [ELF],
type IV collagen 7S, N-terminal propeptide of type 3 collagen [Pro-C3]) have been
developed and are used in clinical practice.

Hepatol Res. Author manuscript; available in PMC 2022 December 02.
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Indirect fibrosis markers

FIB-4 is composed of age, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and platelets.18 NFS is composed of age, body mass index (BMI), impaired fasting
glucose/diabetes, AST, ALT, platelets, and albumin.1” Since FIB-4 and NFS require only
standard laboratory data and clinical parameters, these markers are suitable for use in

the general population. In a meta-analysis including 13046 patients with biopsy-proven
NAFLD, the area under the receiver operating characteristics (AUROC) of FIB-4 and NFS
for advanced fibrosis (histological fibrosis stage 3 or 4) were 0.84 and 0.84, respectively.18
The diagnostic accuracy of FIB-4 and NFS were higher than other indirect blood-based
markers but lower than imaging-based modalities. One utility of FIB-4 and NFS is that
negative predictive values (NPV) of FIB-4 (<1.3) and NFS (<-1.45) for advanced fibrosis or
cirrhosis are high (>90%). In Japanese biopsy-proven NAFLD, NPV of FIB-4 for advanced
fibrosis was 98%,1° and therefore, these markers can be used to exclude patients with
advanced fibrosis or cirrhosis, who are at high risk of liver-related morbidity or mortality.2°
Based on these results, the American Association for the Study of Liver Diseases and the
Japanese Society of Hepatology recommend FIB-4 and NFS as an initial screening method
in primary care.21-23

Mac-2 binding protein glycosylation isomer (M2BPGi) has been developed in Japan as a
serum fibrosis marker and has been used mainly in Asia. M2BP, a secreted glycoprotein
present in the extracellular matrix, is associated with cell adhesion and correlates with
liver fibrosis.2425 Specific glycan structures of M2BP change as liver fibrosis progresses,
and liver fibrosis is evaluated by measuring the proportion of M2BP with altered glycan
structure.28 The change in the M2BP glycan structure is detected using the lectin Wisteria
floribunda agglutinin and was found to be correlated with the progression of fibrosis. In

a study that included 289 patients with biopsyproven NAFLD, the AUROC of M2BPGi
for advanced fibrosis was0. 879 and it was higher than FIB-4 (AUROC: 0.857) and NFS
(AUROC: 0.808).2” M2BPGi value of 1.0-1.2 COl is considered as an optimal threshold
for advanced fibrosis in patients with NAFLD.28 Another study that compared M2BPGi
and FIB-4 demonstrated that optimal cutoff values of M2BPGi for advanced fibrosis
were similar in age-differ groups, while those of FIB-4 increased in parallel with age.2°
Therefore, although thresholds of FIB-4 vary by age, M2BPGi can measure liver fibrosis
independent of age and may be useful for assessing liver fibrosis in the general population.30
However, further validation studies are needed, especially in other regions outside Asia.

Direct fibrosis markers

Indirect fibrosis markers such as FIB-4 and NFS can estimate liver fibrosis, but they

do not reflect directly fibrogenesis. To overcome this deficiency, direct fibrosis markers
that reflect fibrogenesis have been developed. Enhanced liver fibrosis (ELF) consists of
three components: type Il procollagen peptide, hyaluronic acid, and tissue inhibitor of
metalloproteinase-1. A meta-analysis that included 11 studies in patients with NAFLD
demonstrated that the AUROC of ELF for advanced fibrosis was 0.83, with a sensitivity of
73% and specificity of 80%.3! ELF thresholds of 7.7 for excluding fibrosis and 10.18 for
detecting advanced fibrosis were proposed in the study. Another study that investigated the
diagnostic accuracy of ELF in 829 patients with NAFLD demonstrated that the AUROC for

Hepatol Res. Author manuscript; available in PMC 2022 December 02.
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advanced fibrosis was 0.81. Furthermore, the performance of ELF was similar regardless of
age or diabetes mellitus.32 Another study demonstrated that the diagnostic accuracy of ELF
is comparable to an imaging-based modality.33

Type IV collagen 7S is a fragment of type IV collagen, which consists basement membrane.
Basement membrane increase as liver fibrosis increases and type IV collagen 7S is
associated with liver fibrosis. In a study that included 874 patients with biopsy-proven
NAFLD, the diagnostic accuracy of type IV collagen 7S for advanced fibrosis was higher
than other fibrosis markers including FIB-4 and NFS, regardless of diabetes mellitus
status.3* Other studies also demonstrated high diagnostic accuracy of type IV collagen 7S
for liver fibrosis in patients with NAFLD.35:36

The accumulation of excess extracellular matrix (ECM) leads to liver fibrosis progression,
PRO-C3 is released during ECM formation (type I11 collagen) and PRO-C3 reflects the
dynamic activity of the formation and degradation of ECM.37 In a study that included

431 patients with biopsy-proven NAFLD, the AUROC of PRO-C3 for detecting advanced
fibrosis was 0.81-0.83, and the diagnostic accuracy was similar with available noninvasive
markers (e.g., FIB-4 and NFS).38 To improve the diagnostic accuracy, a PRO-C3 based
fibrosis algorithm that included age, presence of diabetes, PRO-C3, and platelet counts
(ADAPT) was proposed.3® When ADAPT was used, the AUROC for advanced fibrosis
improved to 0.86-0.87. Another study that included 517 patients with biopsy-proven
NAFLD demonstrated that the diagnostic accuracy of ADAPT for advanced fibrosis was
higher than other noninvasive markers such as FIB-4.39 Since ELF, type IV collagen 7S
or PRO-C3 reflect fibrogenesis, it may be useful for determining treatment response or
longitudinal changes in liver fibrosis. However, the validation studies are relatively small
compared to FIB-4 or NFS, and further data are needed.

Imaging-based modalities for liver fibrosis

Recent advances in technology make it possible to measure liver stiffness, which is

a reflection of liver fibrosis, using ultrasound-based modalities or magnetic resonance
imaging (MRI)-based modality (magnetic resonance elastography [MRE]). Ultrasound-
based modalities include vibration-controlled transient elastography (VCTE), point shear
wave elastography (pSWE), and two-dimensional SWE (2D-SWE). Each modality is based
on a different principle, but all modalities measure liver stiffness and can be used for
assessing liver fibrosis.

Vibration-controlled transient elastography

VCTE (FibroScan®) was first developed as an ultrasound-based noninvasive modality to
measure liver stiffness.# In a meta-analysis comparing the diagnostic accuracy between
VCTE and serum fibrosis markers, the AUROC of VCTE for advanced fibrosis was 0.85-
0.88 and it was higher than serum fibrosis markers (0.76-0.84).18 Since the diagnostic
accuracy of VCTE is well validated and VCTE has higher diagnostic accuracy than serum
markers, it is widely used in clinical practice. However, one limitation of VCTE is the high
failure rate (5%—-27%).4! Obesity is associated with measurement failure of VCTE,*2 and

Hepatol Res. Author manuscript; available in PMC 2022 December 02.
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to mitigate measurement failure, an obesity specific (XL) probe has been developed.*3 By
combining the use of M and XL probes, measurement failure can be reduced to <10%%**

Shear wave elastography

One disadvantage of VCTE is that the operator is blind to the exact location of the area
being assessed. This may increase the failure rate of VCTE. On the other hand, SWE

(both pSWE and 2D-SWE) is incorporated into standard B-mode ultrasound the area of
interest being assessed may be visualized simultaneously, thereby reducing measurement
failure.#® In a study investigating 291 patients with NAFLD using VCTE and pSWE
contemporaneously, measurement failure occurred in 14.4% with VCTE and 0.7% with
PSWE.6 In a meta-analysis that included 13 studies for patients with NAFLD, AUROC

for advanced fibrosis was high as 0.94. However, the cutoff value had a relatively large
range (1.33-2.20 m/s).4” 2D-SWE can measure a larger area in the liver than VCTE or
pSWE, which may allow for a more accurate assessment of liver stiffness. In a study that
investigated 981 patients with chronic liver disease with 2D-SWE, measurement failure
occurred in 2.1%.48 In studies that compared the diagnostic accuracy of 2D-SWE and VCTE
in patients with NAFLD, the diagnostic accuracy of 2D-SWE for significant fibrosis (F2-4),
advanced fibrosis, and cirrhosis was comparable to VCTE.4%%0 pSWE and 2D-SWE can
measure liver stiffness with comparable diagnostic accuracy to VCTE and less measurement
failure. However, validation studies of 2D-SWE are relatively smaller than VCTE, and
further investigation is needed. Several SWEs are made by different manufacturers and
compatibility between SWEs has not been verified yet. Therefore, this point also should be
validated in a future study.

Magnetic resonance elastography

MRE can measure liver stiffness throughout the liver.5 Although sampling error is a
disadvantage of liver biopsy or ultrasound-based elastography, a more accurate assessment
of liver fibrosis is possible with MRE. MRE has a low measurement failure rate (<5%).13 In
a meta-analysis including 230 patients with biopsy-proven NAFLD, the diagnostic accuracy
for significant fibrosis, advanced fibrosis or cirrhosis was higher in MRE than VCTE.52 The
AUROC of MRE for significant fibrosis, advanced fibrosis, or cirrhosis was >0.90.53:54 In

a study that compared observer reproducibility among MRE, VCTE, and 2D-SWE, infra-
and inter-observer reproducibility were higher for MRE than VCTE and 2D-SWE.#9 In

a recent meta-analysis including 82 studies with 14609 patients with NAFLD, AUROCs

for advanced fibrosis were 0.85 for VCTE, 0.91 for MRE, 0.86 for pPSWE, and 0.75 for 2D-
SWE. Similarly, AUROC:s for cirrhosis were 0.89 for VCTE, 0.90 for MRE, 0.90 for pSWE,
and 0.88 for 2D-SWE.?> MRE has the highest diagnostic accuracy for liver fibrosis among
noninvasive modalities, and MRE is suitable for use as an inclusion criteria or primary
endpoint in early phase NASH clinical trials instead of liver biopsy.56:57 Characteristics of
each noninvasive modality are summarized in Table 1.

Novel biomarkers

Emerging data suggest that the dysregulation of gut microbiome has been implicated in the
progression of NAFLD to advanced fibrosis and cirrhosis, and liver fibrosis may be detected
using a gut-microbiome-derived signature.8 In a study investigating patients with NAFLD

Hepatol Res. Author manuscript; available in PMC 2022 December 02.
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and their first-degree relatives, gut-microbiome derived signatures can detect patients with
NAFLD-cirrhosis and the utility was validated in their first-degree relatives.>® Furthermore,
the utility of a gut-microbiome derived signature for detecting cirrhosis was examined

in a geographically distinct cohort and high diagnostic accuracy (AUROC >0.90) was
validated.89 Gut-microbiome signatures are associated with liver fibrosis in real-time, and
may be useful as a non-invasive marker for treatment response, therapeutic targets, or future
fibrosis progression. However, further studies are required.

Limitations and confounding factors of noninvasive markers

Limitations and confounding factors of each noninvasive marker are summarized in Table
2. FIB-4 and NFS include age in the formula. Therefore, these values change vary by age
and the diagnostic accuracy decreases in elderly and younger patients.® To mitigate these
limitation, an age-specific threshold has been proposed.®2:63 However, this limits the utility
of FIB-4 and NFS when applied in a large population. On the other hand, M2BPGi is not
affected by age and may be more appropriate for use in a large population.2® However,
M2BPGi values increase in patients with viral hepatitis.28:64 Therefore, etiology-specific
thresholds of M2BPGi are needed. Type 11 collagen is found in not only in liver but also
other organs.55:66 Therefore, type 111 collagen level increases in other fibrotic disease such
as lung disease and kidney disease and the diagnostic accuracy of ELF or PRO-C3 is
influenced by these diseases.

Obesity is associated with an increasing risk of VCTE measurement failure. Measurement
failure can be reduced by using XL probe. When the diagnostic accuracy between standard
(M) probe and XL probes were compared, the diagnostic accuracy was similar, but probe-
dependent cutoff values were needed.67:68 Therefore, further study is required to examine
compatibility between probes. There are limited data on the association between obesity
and SWE. Food intake increases liver stiffness due to an increase in portal blood flow

and it decreases the diagnostic accuracy of VCTE, pSWE, and 2D-SWE.59 Patients who
have contraindications to MRI, such as pregnancy or claustrophobia are not able to undergo
MRE. Furthermore, iron overload leads to measurement failure and decrease the diagnostic
accuracy of MRE.”0 Another limitation of MRE is its high cost and low availability.

Combining noninvasive modalities

To detect liver fibrosis using noninvasive markers, two thresholds (rule-in and rule-

out thresholds) have been proposed. Therefore, a subset of patients are classified as
indeterminate and require further investigation. To mitigate this limitation, combination/
sequential use of noninvasive markers has been proposed.’! A study including 3202
biopsy-proven NAFLD demonstrated that FIB-4 followed by ELF or VCTE can reduce
the indeterminate subgroup of patients with acceptable performance.’? Recent studies
including a meta-analysis also demonstrated a sequential combination, FIB-4 or NFS
followed by VCTE increase the diagnostic accuracy than FIB-4 or VCTE alone with
decreasing indeterminate patients.”374 Indeterminate patients usually require a liver biopsy
to discriminate advanced fibrosis, therefore combining noninvasive modalities is a useful
strategy for reducing the need for liver biopsy. Furthermore, this strategy can be used in
primary care centers. NPV of FIB-4 (< 1.3) for advanced fibrosis is comparable to MRE,

Hepatol Res. Author manuscript; available in PMC 2022 December 02.
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and therefore, FIB-4 can be used as the initial screening modality at primary care.”® Patients
with FIB-4 <1.3 have a low risk of advanced fibrosis and these patients do not need a
referral to specialist care.” Only patients with FIB-4 1.3 require further investigation.
Using this two-step strategy, patients with advanced fibrosis may be accurately detected and
unnecessary referrals reduced, resulting in substantial cost savings.”7:"8

Candidates for pharmacological trials

There is currently no approved drug for the treatment of NASH. In phase 3 pharmacological
trials in NASH, liver biopsy is necessary for the enrollment in trials, but a high screening
failure rate (>70%) by liver biopsy is a major issue.”® To mitigate this, developing a
noninvasive strategy is pivotal and a strategy for efficiently identifying patients for clinical
trials has been proposed.80

Significant fibrosis (histological fibrosis stage =2) is used as inclusion criteria and MEFIB
index (the combination of FIB-4 and MRE) for detecting patients with significant fibrosis
has been proposed to identify suitable candidates.8! Patients with significant fibrosis can

be detected using the MEFIB index (FIB-4 =1.6 and MRE =3.3 kPa) and the diagnostic
accuracy of the MEFIB index was higher than FIB-4 alone or MRE alone.81 NASH (at least
one grade of lobular inflammation, steatosis, and ballooning) with significant fibrosis (F=
2) and NAFLD activity score (combining lobular inflammation, steatosis, and ballooning
score) = 4 is also used as inclusion criteria for pharmacological clinical trials. To detect
these patients, FibroScan-AST score (combination of liver stiffness by VCTE [FibroScan],
controlled attenuation parameter by FibroScan, and AST: FAST) has been proposed.82 The
diagnostic accuracy of FAST was investigated in eight independent international cohorts
and high diagnostic accuracy (AUROC: 0.74-0.95) was confirmed. Other studies also
demonstrated the utility of FAST score.83:84 Therefore, MEFIB and FAST can be used

as screening tools for detecting candidates for clinical trials and these contribute to reducing
screening failure and excess liver biopsy. In a study comparing the diagnostic accuracy
between MEFIB and FAST for significant fibrosis, MEFIB has higher diagnostic accuracy
than FAST for significant fibrosis.8> Therefore, MRE and MRE-based indices are useful

for detecting candidates for pharmacological trials in centers that are using MRI-based
assessment, and VCTE (FibroScan)-based assessment may be used in centers where MRI is
not readily available.

Liver steatosis =5% or =10% is the key inclusion criteria for pharmacological trials

in NASH. Ultrasound-based modalities and multiparametric MRI could be estimated
liver steatosis noninvasively and have high diagnostic accuracy for liver steatosis.14-51.86
Furthermore, these modalities could be estimated liver steatosis at the same time with

the noninvasive assessment of liver fibrosis. Therefore, these modalities may be useful

to decrease a screening failure rate and unnecessary liver biopsy. However, an effective
screening strategy including liver fibrosis and steatosis as candidates for pharmacological
trials has not been established yet and a further investigation is needed.

Hepatol Res. Author manuscript; available in PMC 2022 December 02.
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Screening strategy for liver fibrosis in patients with NAFLD

A screening strategy for liver fibrosis in patients with NAFLD is summarized in Figure

1. Since FIB-4 and NFS can be calculated using only standard laboratory data and has a
high NPV for advanced fibrosis, FIB-4 (< 1.3) or NFS (<-1.45) is recommended to exclude
patients with advanced fibrosis.?1-23 Patients with FIB-4 <1.3 or NFS < —1.45 do not need
further screening, while patients with FIB-4 =1.3 or NFS = —1.45 should be referred to
specialist centers. At the specialist center, further investigation using direct either direct
fibrosis markers, VCTE, or MRE is advised. Thresholds of ELF > 10,87 VCTE =10 kPa,88
or MRE >3.6 kPa2 for advanced fibrosis can be used and patients with exceeding these
thresholds are a high probability of advanced fibrosis. Since patients with advanced fibrosis
are at high risk for liver-related morbidity and mortality (detailed in next section), aggressive
intervention and screening for complications are needed in these patients. Furthermore, rapid
promotion of clinical trials in NASH is unmet needs but a high screening failure rate (>
70%) by liver biopsy is a major issue. Patients within the MEFIB index (FIB-4 = 1.6 and
MRE = 3.3 kPa) or FAST = 0.67 are more likely to be a candidate for clinical trials,

and enrollment in clinical trials can be considered in these patients. Using this strategy,
unnecessary and excessive liver biopsies can be avoided, contributing to reduced health care
cost and burden. Patients who do not fulfill these criteria (e.g., patients with FIB-4: 1.3-1.6)
have a low risk of fibrosis and could be follow-up. However, an adequate follow-up interval
is not evaluated well, and further investigation is needed on this issue.

PREDICTION OF PROGNOSIS USING NONINVASIVE MARKERS

Noninvasive markers and liver-related events

Liver fibrosis is a significant prognostic factor for comorbidity and mortality in patients
with NAFLD and patients with advanced fibrosis are at high risk for the development of
liver-related events including HCC and decompensation and mortality.89 Emerging data
suggest that noninvasive markers for liver fibrosis are significantly associated with the
development of liver-related events and mortality in patients with NAFLD as well as other
chronic liver disease.%0-92 Patients with NAFLD and a high level of blood-based markers
(e.g., FIB-4 > 2.67 or NFS >0.675) are at high risk for liver-related events.?3:94 Furthermore,
since FIB-4 or NFS can be measured easily using standard laboratory data, the association
between liver-related events and these markers can be evaluated in the general population.
In studies investigating the general population, liver-related events risk increased in patients
with a higher FIB-4 or NFS.% Similarly, the significant association between liver stiffness
measured by VCTE or MRE and liver-related events has been reported and increased liver
stiffness by VCTE or MRE is associated with increased risk for liver-related events.%6.97
Therefore, these noninvasive markers may be used as a prognostic marker for liver-related
events in place of a liver biopsy.

One advantage of these noninvasive markers is that it can be measured repeatedly and
the delta change over time can be evaluated. In a study including patients who received a
paired liver biopsy, change in FIB-4 or MRE was associated with change in histological
fibrosis stage, suggesting that fibrosis progression/regression can be estimated using
repeat measurement of noninvasive markers.%8-190 |n studies investigating the change in

Hepatol Res. Author manuscript; available in PMC 2022 December 02.
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noninvasive markers (e.g., FIB-4 or VCTE), the delta change in noninvasive markers was
associated with time-course deterioration/improvement risk of liver-related events.101-103
Therefore, change in fibrosis and risk for liver-related events can be evaluated by repeat
measurement of noninvasive markers, avoiding the risks of repeated liver biopsies. Recent
studies demonstrated that MRI-based assessment is better than liver biopsy in assessing
quantitative changes in liver features.104-106 Therefore, noninvasive markers may be more
useful to assess disease progression in clinical practice and noninvasive markers can be used
as a real-time fibrosis and prognostic marker in NAFLD.

Noninvasive markers and cardiovascular events

When comparing CVD events occurrence between patients with NAFLD and control (non-
NAFLD), patients with NAFLD have a higher risk for CVD than control.107 However,
among patients with NAFLD, the association between liver fibrosis and CVD risk is still
controversial. In a study that investigated 10422 patients with biopsy-proven NAFLD,
CVD risk increased as liver fibrosis increased.198 In a study including 101 patients with
biopsy-proven NAFLD, coronary artery lesions are more common in patients with NASH
than in those with simple steatosis.19® However, in a study that investigated 1773 patients
with biopsy-proven NAFLD, there was no significant association between CVD incidence
and liver fibrosis.119 In another study including 458 patients with biopsy-proven NAFLD
and fibrosis stage 3 or 4, CVD incidence was higher in patients with F3 than those with
F4.111 Among studies investigating the general population, an increased FIB-4 score was
associated with increased risk of CVD.112113 |n 3 study that used MRE as a noninvasive
marker, CVD incidence was higher in patients with moderate-advanced fibrosis (MRE: 3.0—
4.7 kPa) than those with cirrhosis including decompensation cirrhosis (MRE >4.7 kPa).%7
One possible reason for this discrepancy is the distribution of liver fibrosis among studies.
In patients with decompensated cirrhosis, arterial pressure, systemic vascular resistance and
serum cholesterol levels decrease.}14115 Dye to these phenomena, CVD risk may decrease
in patients with severe liver stiffness (decompensation). However, liver biopsy is usually
avoided among decompensated patients because of the high risk for complications and these
patients were rarely included in biopsy-based studies. Therefore, further investigation is
needed regarding the association between liver fibrosis and CVD risk. Among patients with
decompensated liver disease, the use of noninvasive markers for fibrosis are safer and may
be more appropriate than liver biopsy.

Noninvasive makers and mortality

Several studies demonstrated the significant association between noninvasive markers and
mortality, and the association is similar to the association between noninvasive markers

and liver-related events. Therefore, mortality risk increases as noninvasive markers increase.
In a study investigating 5033 patients with NAFLD, high NFS (>0.675) was associated
with increased mortality with the relative risk of 4.54.116 Another study also revealed the
significant association between NFS and mortality in patients with NAFLD as well as in
the general population.117:118 [_jver stiffness by imaging modalities is also associated with
mortality.?0119 In a study investigating 2373 patients with chronic liver disease, the hazard
ratio of MRE for mortality was 1.17 with each 1-kPa increase in MRE-based stiffness.120
Similarly, the hazard ratio of cirrhosis defined by MRE (>4.7 kPa) was 2.90 compared to

Hepatol Res. Author manuscript; available in PMC 2022 December 02.
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those with minimal fibrosis (<3 kPa). Noninvasive markers are associated with liver-related
events and mortality and can be used as a real-time monitor. Given a high prevalence of
NAFLD in the general population, the need for non-invasive markers is expected to increase
further.

CONCLUSION

NAFLD is extremely common in the general population and is a significant burden to

the global economy and health care system. Noninvasive assessments of liver fibrosis
have become part of routine clinical care in patients with NAFLD. They may be used

for screening purposes in the general population, as well as for accurate diagnosis in
specialist centers, in place of liver biopsy. Noninvasive markers are significant predictors
of liver-related events and mortality, and a change in these markers can predict change in
prognosis. Therefore, the use of noninvasive markers can potentially reduce the economic
and health burden of NAFLD.
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-V - - -

NAFLD NASH NASH NASH cirrhosis Decompensated

With minimal fibrosis with advanced fibrosis cirrhosis

FIB-4 < 1.3 or NFS < -1.45

| Low risk for advanced fibrosis |

I No need further investigation |

Secondary care

MEFIB index positive (MRE 2 3.3 kPa and FIB-4 2 1.6) or FAST score 2 0.67

|Candidates for pharmacological trials

MRE 2 3.6 kPa, or VCTE 2 10 kPa, or ELF 2 10

|High risk for advanced fibrosis, liver-related morbidity and mortality

FIGURE 1.
Screening strategy for liver fibrosis in patients with NAFLD
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Characteristics of each noninvasive modality for the assessment of liver fibrosis

Accuracy

Blood-based marker

FIB-4 +

NAFLD fibrosis score (NFS)  +

M2BPGi ++

ELF ++

PRO-C3 ++
Imaging-based marker

VCTE +++

pSWE +++

2D-SWE +++

MRE ++++

Validation

+++

+++

++

+++

++

+++

M easur ement
failure

++

Availability

+++

+++

+++

+++

+++

++

-+t

-+t

Cost  Components

+ Age, AST, ALT, platelets

++ Age, BMI, impaired fasting glucose/
diabetes, AST, ALT, platelets, albumin

++

++ Type 111 procollagen peptide,
hyaluronic acid, tissue inhibitor of
metalloproteinase-1

+++
+++
+++

++++

Notes:. Plus signs indicate the score between each modality from low (+) to high (++++).

Abbreviations: 2D-SWE, two-dimensional shear wave elastography; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; ELF, enhanced liver fibrosis; M2BPGi, mac-3 binding protein glycosylatlon isomer; MRE, magnetic resonance elastography; PRO-C3,
N-terminal propeptide of type 3 collagen; pPSWE, point shear wave elastography; VCTE, vibration-controlled transient elastography.
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TABLE 2

Confounders and limitations of each noninvasive modality for liver fibrosis

Confounders Limitation
Blood-based marker
FIB-4, NAFLD fibrosis Age, acute hepatitis, systemic inflammation ~ The diagnostic accuracy decreases in elderly or younger
score patients
Age-specific thresholds are needed
M2BPGi Viral hepatitis, systemic inflammation Etiology-specific thresholds are needed
ELF, PRO-C3 Other fibrotic diseases Validation studies are limited

Imaging-based marker

VCTE Obesity, food intake, acute hepatitis, The diagnostic accuracy decreases in patients with obesity
systemic inflammation Obesity specific probe can be used but the compatibility
between probes is not fully evaluated
pSWE, 2D-SWE Food intake, acute hepatitis, systemic Validation studies are limited
inflammation
MRE Contraindications to MR, iron overload High cost and low availability

Abbreviations: 2D-SWE, two-dimensional shear wave elastography; ELF, enhanced liver fibrosis; M2BPGi, mac-3 binding protein glycosylation
isomer; MRE, magnetic resonance elastography; PRO-C3, N-terminal propeptide of type 3 collagen; pSWE, point shear wave elastography; VCTE,
vibration-controlled transient elastography.
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