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Abstract

BACKGROUND

Vibration-controlled transient elastography (VCTE) is proposed as a second step of
examination to assess liver fibrosis in patients with nonalcoholic fatty liver disease
(NAFLD) after triaging by the FIB-4 index. Recently, VCTE-based scoring systems,
including FAST, Agile 3+, and Agile 4, emerged to determine the status of NAFLD.
However, the significance of these scoring systems remains unknown in narrowing the
high-risk group of NAFLD patients with comorbidities, including hepatocellular
carcinoma (HCC) and esophagogastric varices (EGV).

AIM
To clarify the significance of VCTE-based scoring systems to narrow the high-risk group

of NAFLD patients with comorbidities

METHODS
We performed a cross-sectional study to investigate the usefulness of VCTE-based
scoring systems and other fibrosis markers to narrow the high-risk group of patients

with NAFLD. FIB-4 index was used for the first triage. Risk groups of FAST, Agile 3+,




and Agile 4 were stratified according to the published data. Among the 191 patients
with NAFLD, there were 26 (14%) and 25 patients (13%) with HCC and EGYV,

respectively.

RESULTS

When 1.3 was used as acutoff value, the FIB-4 index narrowed the risk group
to 120 patients, in which all patients with HCC and/or EGV were included. High risk
group of Agile 3+ could subsequently narrow the risk group. The prevalence of HCC
and EGV at this step were33% (26/80)and 31% (25/80), respectively. In further
narrowing of EGV, Agile 4 aggregated the patients with EGV into 43 patients, of whom
23 (53%) had EGV. FAST failed to narrow the risk group of patients with comorbidities.
When 2.6 was used as a cutoff value of the FIB-4 index, three patients with HCC and

two patients with EGV were missed at the first triage.

CONCLUSION
Agile 3+ and Agile 4 are useful to narrow the NAFLD patient group, in which patients
may have HCC and/or EGV.

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease
worldwide. A subset of patients with NAFLD can progress to liver cirrhosis, in which
patients may have comorbidities, including hepatocellular carcinoma (HCC) and
esophagogastric varices (EGV). Current studies have demonstrated that liver fibrosis is
a prognostic factor of patients with NAFLD because comorbidities of NAFLD are noted
in patients with liver fibrosis(!ll2l. Thus, the assessment of liver fibrosis is essential to
ideptifying patients with comorbidities.

although liver biopsy remains the gold standard to assess liver fibrosis, it is costly

and has a risk of complications, including bleeding. In addition, it is difficult to perform




liver biopsy in all patients with NAFLD because the global prevalence of patients with
NAFLD is approximately 25% [3l. Thus, the demand for noninvasive tests (NITs) to
assess liver fibrosis is expanding. Currently, there are several markers and formulae to
assess liver fibrosis using clinical parameters without liver biopsy [4l. In addition,
imaging studies, including elastography and magnetic resonance imaging (MRI), are
used as NIT's for the assessment of liver fibrosis. Each method has both advantages and
disadvantages. Among NITs, the fibrosis-4 (FIB-4) index is a widely used formula
because this formula uses only 4 components, including age, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and platelet count I°l, which are easily available
not only for hepatologists but also for general physicians. The merits of using the FIB-4
index are high accuracy and low cost °l. In addition, many validation studies have been
performed in chronic liver diseases, including NAFLD. Furthermore, the FIB-4 index is
useful for identifying NAFLD patients with extrahepatic comorbidities, including
cardiovascular diseases [7l. However, elderly patients tend to show a high score. In
addition, there are many patients who show an intermediate risk for liver fibrosis. As a
result, the FIB-4 index is used in the first step to narrow the high-risk group of patients
who may have comorbidities of NAFLD.

FibroScan, a vibration-controlled transient elastography (VCTE), is proposed as the
second step of NIT that can identify such patientsl®l. Liver stiffness measurement
(LSM) E11.9 KPa by FibroScan is highly suspected of liver fibrosis over F4 9. Although
FibroScan shows high sensitivity and specificity in the diagnosis of liver fibrosis, some
patients have unexpectedly high LSM, probably due to the presence of obesity and the
examiners’ skill. Thus, a combination of LSM and laboratory data may reflect a more
accurate status of patients with NAFLD. To this end, FibroScan-based scoring systems,
including FibroScan-AST (FAST)[10l, Agile 3+ [lland Agile 4 [12I, have been developed.
These scoring systems use data obtained from FibroScan and some clinical parameters,
including age, sex, AST, ALT, platelet count, and diabetes status. Among these scoring
systems, FAST was designed to identify NAFLD patients with liver fibrosis F22. Agile
3+ and Agile 4 were designed to identify NAFLD patients with liver fibrosis at F3-




F4 and F4, respectively. Although these FibroScan-based scoring systems are correlated
with liver fibrosis, little data_are available on the significance of identifying NAFLD
patients with comorbidities. Thus, the aim of the present cross-sectional study was to
investigate the utility of these FibroScan-based scoring systems to narrow the high-risk

group of NAFLD patients with comorbidities after triaging by the FIB-4 index.

MATERIALS AND METHODS

Patients

We investigated 191 patients with NAFLD who visited our hospital between April
2019 and March 2022. The diagnosis of NAFLD was made as follows: Steatosis was
determined by an ultrasonographic examination conducted by well-experienced
gastroenterologists. Steatosis pointing out past examinations was included. Men who
used alcohol >30 g/ day and women who used >20 g/day were excluded. Patients with
HBYV infection (positive for HBs antigen), HCV infection (positive for HCV antibody)
and other liver diseases, including autoimmune hepatitis and primary biliary
cholangitis, were also excluded. In addition, we used data obtained from FibroScan as
well as blood tests, including the FIB-4 index and Wisteria floribunda agglutinin-positive
Mac2-binding protein glycosylation isomer (M2BPGi). Diagnosis of diabetes was
defined as a fasting blood glucose > 126 mg/dL, hemoglobin Alc = 6.5% and/or
antidiabetic drug use. All patients in the present study had FibroScan examination as
well as blood tests. This study was approved by the Institutional Review Board of Jichi
Medical University (20-175). The study was performed according to the ethical

guidelines of the Declaration of Helsinki.

ibroScan-based scoring systems
Transient elastography was performed with FibroScan (Echosens, Paris, France), using
an M probe. The FIB-4 index, FAST score, Agile 3+, and Agile 4 were calculated
according to published formulae using age, controlled attenuation parameter (CAP),

LSM, AST, ALT, platelet count, and presence of diabetes (Supplemental Figure 1). The




impact of these parameters on the scoring systems were shown in Supplemental Table
1. Blood data obtained on the same day of FibroScan examination or within 1 mo from
the examination were used (Supplemental Figure 2). CAP and LSM were the mean data
of 10 consecutive examinations.

Risk assessments for each formula and factor are shown in Supplemental Table 2. In
addition, Baveno VI criteria [3l, expanded Baveno VI criteria [, and New NFLD-
cirrhosis criteria ['5l were also assessed in narrowing the risk group of patients with

EGV.

Diagnosis of HCC and EGV

The diagnosis of HCC was made by hepatologists and radiologists using contrast-
enhanced computed tomography (CT) and/or contrast-enhanced MRI and/or contrast-
enhanced ultrasonography. Histologically proven HCC were also added. Form 1 £'were
defined as having EGV in patients who underwent esophagogastroduodenal endoscopy
(EGD)l161171. Patients with histories of HCC and/or endoscopic variceal treatment were
included as shown in Supplemental Figure 2. If patients did not have EGD examination
within 1 year, we interviewed a history of gastrointestinal bleeding from
gastrointestinal varices. If patients reported no history of variceal bleeding, the patient

was defined as having no EGV.

Statistical analysis

Statistical. analyses were performed using Stata 17 (STATA Corporation, College

Station, USA). Sensitivity, specificity, positive predictive value (PPV), and negative

predictive value (NPV) were calculated. For patient background evaluation, analyses
ere performed by the chi-square test or Fisher’s test as appropriate. In addition, the

Mann-Whitney U test was used in a comparison of two groups. In a comparison of

three groups, one-way analysis of variance was used. All p values <0.05 were

considered statistically significant.




RESULTS
The characteristics of NAFLD patients with HCC and/or EGV.

Table 1 shows the characteristics of patients. The median age was 62 years old, 81
(42.4%) were male, and 75 (39.3%)had diabetes. There were 26 patients with HCC
and 25 patients with EGV. Among these patients with HCC and/or EGV, 17 had HCC
alone, 16 had EGV alone, and 9 had both HCC and EGV.

Then, we investigated the scores and values of each formula and marker in patients
with HCC and /or EGV (Figure 1). In FIB-4 and FAST, the maximum and the minimum
of scores were similar among patients with HCC and/or EGV. In Agile 3+, patients
with HCC and/or EGV aggregated into a zone of high score. In Agile 4, LSM, and
M2BPGi, the score and values tended to show a stepwise increase from HCC, EGV, and
both HCC and EVG.

The high to intermediate-risk group of FIB-4 index includes all patients with HCC
and/or EGV.

In a stratification of the FIB-4 index, there were 71, 51, and 69 patients in the low-,
intermediate-, and high-risk groups, respectively. No patients with HCC and/or EGV
were noted in the low-risk group of the FIB-4 index, while three patients with HCC and
two patients with EGV were in the intermediate stage. The remining patients with HCC
and/or EGV were in the high-risk group (Tables 2, 3). Thus, the high to intermediate-

risk group of FIB-4 index is suitable for the first triage.

The high-risk group of Agile 3+ includes all patients with HCC and/or HGV.

Then, we investigated the prevalence of patients with HCC and/or EGV (Tables 2, 3).
When the patients were divided into two groups, including low-risk and high to
intermediate-risk, there were no patients with HCC and/or EGV in the low-risk group
of Agile 3+ (Table 2). In addition, Agile 3+ was the only examination that included all
patients with HCC and/or EGV in the high-risk group (Table 3). As a result, Agile 3+

showed extremely high sensitivity and NPV. In contrast, there were patients with HCC




in the low-risk group of FAST, Agile 4, LSM, and M2BPGi and patients with EGV in the
low-risk group of FAST, Agile 4, and M2BPGi (Table 2), suggesting that FAST, Agile 4,
LSM, and M2BPGi are unsuitable for screening of patients with HCC and/or

EGV. Thus, Agile 3+ is a good tool to narrow the high-risk group of patients with HCC
and/or EGV.

Agile 4 is a potential tool to narrow the patients with EGV.

Although the Agile 3+ could narrow the patients with EGV, we further attempted to
narrow the patients with EGV. Patients with EGV tended to have a more advanced
stage of fibrosis based on Agile 4, LSM, and M2BPGi (Figure 1). Although there were no
patients with EGV in the low-risk group of LSM, the PPV was 21% (Table 2). In contrast,
the high-risk groups of Agile 4 and M2BPGi missed one patient with EGV, their PPVs
were higher than that of LSM. In addition, the PPV of the high-risk group of Agile 4
was 56%, the highest among tests (Table 3). Despite the high-risk group of Agile 4
missed two patients with EGV, Agile 4 is a potential tool to narrow the risk group of
patients with EGV.

veno VI and its derivatives did not work in our patient group.
Baveno VI criteria, expanded Baveno VI criteria, and new NAFLD-cirrhosis criteria,
using LSM and platelet count, are simple tools to rule out patients with varices needing
treatment. There were 13 (52%),17 (68%), and 19 patients (76%) with EGV who were
defined as “rule out “of the Baveno VI criteria, expanded Baveno VI criteria, and new
NAFLD-cirrhosis criteria, respectively (Table 4). Thus, it was difficult to narrow the

patients with EGV using a combination of LSM and platelet count.

Agile 3+ and Agile 4 are good tools to narrow the patients with HCC and/or EGV.

We applied our patient group to determine whether VCTE-based scoring systems
and other fibrosis markers can narrow the risk group of patients with HCC and/or EGV
after triaging by the FIB-4 index (Figure 2a). There were 26 patients with HCC (14%)




and 25 patients with EGV (13%) among 191 patients. At the first triage using the FIB-4
index at 1.3 (high to intermediate-risk group), we could narrow the risk group
to 120 patients, in whom all patients with HCC and/or EGV were included. In the first
step, the prevalence of HCC and EGV was 22% (26/120) and 21% (25/120), respectively.
Then, we narrowed the patients using Agile 3+ at the second step, in which all patients
with HCC and/or EGV were included. When the high to intermediate-risk group of
Agile 3+ was used, the prevalence of HCC was27% (26/95)and 26% (25/95),
respectively. When the high-risk group of Agile 3+ was used, the prevalence of HCC
was 33% (26/80) and 31% (25/80), respectively. Because the low-risk group of Agile 4,
LSM, and M2BPGi included patents with HCC, further narrowing was difficult without
missing patients with HCC.

Then, we attempted to narrow the patients with EGV. The high to intermediate and
high-risk of Agile 3+ groups subsequently narrowed the patients with
EGV. Although the high to intermediate-risk group of LSM successfully narrowed the
risk group without missing patients with EGV, the prevalence was a small increase, up
to 33% (25/75). In contrast, high-risk group of Agile 4 could concentrated the patients
with EGV. Although the high-risk group of Agile 4 missed two patients (8%), the
prevalence of patients with EGV increased to 53% (23/43). Thus, Agile 4 is a good tool
to further narrow the risk group of patients with EGV.

Based on our results, sorting patients using the FIB-4 index, Agile 3+, and Agile 4 is a
potential screening method to narrow the high-risk group of NAFLD patients with
comorbidities (Figure 2b).

DISCUSSION

The requirement for NITs to narrow the risk group of patients with comorbidities is
expanding because a quarter of people in the world have NAFLD, a risk factor for HCC
and/or EGV. The FIB-4 index, which is simple and inexpensive, was used in the first
triage to narrow the high-risk group of NAFLD patients with comorbidities. However,

there remain many patients even after triage. In the present study, we demonstrated




that Agile 3+ and Agile 4, VCTE-based scoring systems, were good tools for further
narrowing the high-risk group of patients with HCC and/or EGV at the second and
third steps, respectively.

Agile 3+, developed by Yonoussi's group, was suitable to narrow the risk group of
patients with HCC and/or EGV in the present study. Agile 3+ has been designed to
optimize PPV and reduce cases of intermediate stage (gay zone) among patients with
advanced liver fibrosis [11l. Our data demonstrated that Agile 3+ had high sensitivity
and high NPV for HCC and EGV. Although the number of patients in the high-risk
group of Agile 3+ was larger than that of other scoring systems and fibrosis markers,
Agile 3+ did not miss the patients with HCC and/or EGV, which is contrast to other
tools, including FAST, Agile 4, LSM, and M2BPGi. Indeed, all patients with HCC
and/or EGV were included in the high-risk group of Agile 3+, suggesting that Agile 3+
is useful for screening patients with HCC and/or EGV. Because the background liver of
NAFLD patients with HCC is often characterized by less fibrosis [18], fibrosis markers
sometimes fail to identify patients with HCC. Some patients with HCC were included
in the low-risk group of Agile 4, LSM, and M2BPGi. The Agile 3+ scoring system
includes age, AST, ALT, platelet count, LSM, sex, and diabetes. Because old ageand
diabetic individuals are prone to HCCI"], it is reasonable to include these variables in
the scoring system to find HCC.

Agile 4, also developed by Yonoussi’'s group, was suitable to narrow the high-risk
group of patients with EGV. Agile 4 was designed to identify patients with NASH
cirrhosis. Agile 4 showed high specificity and high PPV for EGV. There were 23
(92%) and 24 patients (96%) with EGV in the high- and high to intermediate-risk
groups, respectively. We also applied our patient group to the Baveno VI criteria,
expanded Baveno VI criteria, and New NAFLD-cirrhosis criteria, which are
combinations of LSM and platelet count. However, more than half of the patients were
included in the rule-out group. In the Asian cohort, the Baveno VI criteria performed
better than the expanded Baveno VI criteria [20], suggesting that Asian people may have

EGV at lower LSM and higher platelet counts than people in the USA and Europe.




Although it remains unknown why the Baveno VI criteria and its derivatives did not
work in the present study, further studies are required. As a result, Agile 4 can be used
at the third step to identify patients with EGV.

FAST failed to narrow the high-risk group of patients with HCC and/or EGV. FAST
showed low sensitivity to identify such patients. In addition, there were 10 (38%) with
HCC and 6 patients (23%) with EGV in the low-risk (rule out) group, respectively.
FAST, designed for identifying patients with NAFLD activity score 24 and fibrosis stage
(FE2), is calculated using LSM, CAP, and AST. However, the FAST score did not
include risk factors for HCC, including age, sex, and diabetes. The association between
the grade of CAP, fat content in the liver, and HCC remains unknown. Izumi et al
reported that CAP was significantly lower in the HCC group than in the non-HCC
group in patients with NAFLDI2!. Indeed, our data revealed that CAP tended to be low
in patients with HCC (data not shown). Thus, FAST is unlikely suitable for the
screening of patients with HCC and /or EGV. However, patients with high FAST scores
should be followed up because these patients have a risk of progressive NASH in the
future.

There are a couple of mitations in the present study. Our study is a single-center
study, and the number of patients examined was small. Thus, the bias of NAFLD
population is noted. In a previous study, the proportions of patients in the low- and
high-risk FIB-4 index groups were 58.3% and 10.2%, respectively, among patients with
biopsy-proven NAFLDI2I. The proportions in the present study showed small size of
the low-risk group (37.2%) but large size of the high-risk group (36.1%). In addition, a
total of 42 patients (22.0%) had HCC and/or EGV among patients with NAFLD.
Because our hospital is a referral center, patients with comorbidities were aggregated
into our hospital. In addition, the present study counted patients with histories of HCC
and/or EGV, suggesting that scores of FIB-4 and Agile 3+ may be higher than those
when comorbidities first developed. Thus, prospective study will clarify the

significance of Agiles for finding patients with HCC and/or EGV. At least, the stream




from FIB-4 index to Agiles worked in narrowing the high-risk patients with HCC
and/or EGV in the present study.

CONCLUSION

In conclusion, Agile 3+ and Agile 4 can narrow the high-risk group of patients who may
have HCC and/or EGV after triaging by the FIB-4 index. Because Agile 3+ and Agile 4
share common parameters, including LSM and clinical data, they have a potential use in

screening for such patients.
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Research background
It is necessary to narrow the high-risk group of nonalcoholic fatty liver disease
(NAFLD) patients with comorbidities, including hepatocellular carcinoma (HCC) and

esophagogastric varices (EGV).

Research motivation
Although the FIB-4 index is an excellent formula to narrow the high-risk group, there

remain many patients to be ruled out.

Research objectives
This study aimed to assess the utility of VCTE-based scoring systems to narrow the risk

group of nonalcoholic fatty liver disease with comorbidities

Research methods
We performed a cross-sectional study to investigate the usefulness of VCTE-based
scoring systems and other fibrosis markers to narrow the high-risk group of patients

with NAFLD.

Research results




The high-risk group of Agile 3+ could narrow the patients with HCC and/or EGV
without missing one patient. The high-risk group of Agile 4 showed a high PPV for
patients with EGV.

Research conclusions
The brand new VCTE-based scoring systems, Agile 3+ and Agile 4, are useful to narrow
the NAFLD patient group, in which patients may have HCC and/or EGV.

Research perspectives
Agile 3+ and Agile 4 will be used for screening of NAFLD patients with HCC and/or

EGV.
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