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Highlights Impact and implications
� The FIB-4/LSM two-step approach can predict liver-
related events.

� Reserving LSM for patients with intermediate FIB-4 is
similarly prognostic as LSM for all patients.

� Substituting LSM by the Agile or FAST scores does not
improve prognostication further.
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Metabolic dysfunction-associated steatotic liver disease
(MASLD) is emerging as one of the leading causes of cirrhosis
and hepatocellular carcinoma worldwide, but only a minority of
patients will develop these complications. Therefore, it is
necessary to use non-invasive tests instead of liver biopsy for
risk stratification. Additionally, as most patients with MASLD
are seen in primary care instead of specialist settings, cost and
availability of the tests should be taken into consideration. In
this multicentre study, the use of the Fibrosis-4 index followed
by liver stiffness measurement by vibration-controlled transient
elastography effectively identified patients who would later
develop liver-related events. The results support current rec-
ommendations by various regional guidelines on a clinical care
pathway based on non-invasive tests to diagnose advanced
liver fibrosis.
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Background & Aims: Current guidelines recommend a two-step approach for risk stratification in patients with metabolic
dysfunction-associated steatotic liver disease (MASLD) involving Fibrosis-4 index (FIB-4) followed by liver stiffness measurement
(LSM) by vibration-controlled transient elastography (VCTE) or similar second-line tests. This study aimed to examine the prog-
nostic performance of this approach.
Methods: The VCTE-Prognosis study was a longitudinal study of patients with MASLD who had undergone VCTE examinations at
16 centres from the US, Europe and Asia with subsequent follow-up for clinical events. The primary endpoint was incident liver-
related events (LREs), defined as hepatic decompensation and/or hepatocellular carcinoma.
Results: Of 12,950 patients (mean age 52 years, 41% female, 12.1% LSM >12 kPa), baseline FIB-4, at cut-offs of 1.3 (or 2.0 for
age >−65) and 2.67, classified 66.3% as low-risk and 9.8% as high-risk, leaving 23.9% in the intermediate-risk zone. After clas-
sifying intermediate FIB-4 patients as low-risk if LSM was <8.0 kPa and high-risk if LSM was >12.0 kPa, 81.5%, 4.6%, and 13.9%
of the full cohort were classified as low-, intermediate-, and high-risk, respectively. At a median (IQR) follow-up of 47 (23-72)
months, 248 (1.9%) patients developed LREs. The 5-year cumulative incidence of LREs was 0.5%, 1.0% and 10.8% in the low-,
intermediate- and high-risk groups, respectively. Replacing LSM with Agile 3+, Agile 4, and FAST did not reduce the intermediate-
risk zone or improve event prediction. Classifying intermediate FIB-4 patients by LSM <10 kPa (low-risk) and >15 kPa (high-risk)
reduced the intermediate-risk zone while maintaining predictive performance.
Conclusions: The non-invasive two-step approach of FIB-4 followed by LSM is effective in classifying patients at different risks
of LREs.

© 2025 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver. This is an open access article under
the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).
Introduction
Metabolic dysfunction-associated steatotic liver disease
(MASLD) affects over 30% of the general population and is one
of the leading causes of cirrhosis and hepatocellular carcinoma
(HCC).1 Because of the large number of patients and the fact
that only a small proportion of them will ultimately develop liver-
related complications, it is important to use affordable and
widely available non-invasive tests to assess the severity of
MASLD,2 especially as the majority of patients are seen in
primary care instead of specialist settings.3 Therefore, in 2021,
the American Gastroenterological Association (AGA) recom-
mended a two-step clinical care pathway for the assessment of
* Corresponding authors. Addresses: Department of Internal Medicine, Yonsei University C
1944. (S.U. Kim), or Department of Medicine and Therapeutics, Prince of Wales Hospital,
E-mail addresses: KSUKOREA@yuhs.ac (S.U. Kim), wongv@cuhk.edu.hk (V.W.-S. Wong).
† These authors contributed equally to this work.
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MASLD.4 The Fibrosis-4 index (FIB-4), based on age, aspartate
aminotransferase (AST), alanine aminotransferase (ALT) and
platelet count, serves as the inexpensive first-line test. Patients
with low FIB-4 <1.3 have a low risk of advanced liver fibrosis
and can be safely monitored by primary care. Patients with high
FIB-4 >2.67 should be referred to hepatologists, whereas those
with intermediate FIB-4 of 1.3-2.67 should undergo a specific
second-line test such as vibration-controlled transient elas-
tography (VCTE) or the enhanced liver fibrosis score. This
approach has been largely adopted by other liver and endo-
crine societies.5–8

In the past few years, these non-invasive tests of liver
fibrosis have been shown to be useful for not only diagnosing
ollege of Medicine, Seoul, Republic of Korea; Tel.: 82-2-2228-
Shatin, Hong Kong, China; Tel.: 852-35054205.
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advanced fibrosis but also predicting future liver-related
events.9–11 However, a number of practical questions remain.
In particular, it is unclear if the two-step approach performs well
in detecting patients at risk of liver-related events, and whether
more widespread use of specific second-line tests can signifi-
cantly improve prognostication. The use of dual FIB-4 cut-offs
can also be confusing, and it is unclear if patients with inter-
mediate and high FIB-4 should be handled differently.
Furthermore, the Agile 3+ score, based on liver stiffness mea-
surement (LSM) by VCTE, platelet count, AST, ALT, diabetes,
sex and age, is more accurate than VCTE alone in diagnosing
advanced fibrosis and classifies fewer patients in the interme-
diate zone.12 Whether it is a better second-line test than VCTE
alone deserves further evaluation.

For these reasons, we aimed to evaluate the prognostic
performance of the two-step clinical care pathway and deter-
mine the best approach in the use of non-invasive tests.

Patients and methods

Study design and participants

This was a cohort study of patients with MASLD who had un-
dergone VCTE examination at 16 tertiary centres from the US,
Europe, and Asia, with data collected prospectively at 14 cen-
tres. Details of the study design have been reported previously.10

In brief, we included adult patients aged 18 years or older with
hepatic steatosis diagnosed by histologic methods or imaging
studies and available FIB-4 and VCTE results. Most patients had
hepatic steatosis diagnosed by abdominal ultrasonography. We
excluded patients with other liver diseases such as chronic viral
hepatitis, HIV infection, excessive alcohol consumption (>30 g/
day in men and >20 g/day in women), secondary causes of
hepatic steatosis, or a history of HCC, hepatic decompensation,
liver resection, liver transplant, or other malignancies.

The study protocol was approved by the institutional review
boards of the participating sites and conducted in accordance
with the principles of the Declaration of Helsinki. The patients
provided informed written consent for the prospective pro-
grams at the local sites, but consenting for the current sec-
ondary analysis was waived.

Assessments

At each clinic visit, the investigators recorded the medical history.
BMIwas calculated asweight (kg) divided by height (m) squared. A
venous blood sample was taken after at least 8 h of fasting for
kidney function, liver biochemistry, completebloodcount, glucose
and lipids. Liver stiffness was measured using the VCTE machine
(FibroScan, Echosens, Paris, France) by trainedoperators, and the
patients needed to have at least 10 valid acquisitions.13 FIB-4, the
Agile scores and the FibroScan-aspartate aminotransferase
(FAST) score were calculated according to published for-
mulas.12,14,15 Among patients with liver biopsy, histological
fibrosis stage was determined according to the Nonalcoholic
Steatohepatitis Clinical Research Network scoring system.

Definition of non-invasive approaches

The AGA two-step approach was defined as performing FIB-4 in
all patients, followed by LSM by VCTE using the cut-offs of 8 and
12 kPa among patients with FIB-4 1.3 (or 2.0 if age >−65 years) to
2.67. Low-risk patients were patients with FIB-4 <1.3 (or 2.0 if
Journal of Hepatology, Augu
age >−65 years) or FIB-4 1.3/2.0-2.67 but LSM <8 kPa, while high-
risk patients were those with FIB-4 >2.67 or FIB-4 1.3/2.0-2.67
and LSM >12 kPa. The remaining patients were classified as
intermediate risk. In the AGA clinical care pathway, patients at
intermediate risk were advised to be referred to hepatologists or
receive a risk reassessment after 2-3 years.4 Other two-step
algorithms proposed by EASL and AASLD give slightly
different recommendations for patients at intermediate risk in
terms of the interval of the reassessment.6,7 Modified ap-
proaches examined included i) All patients only received FIB-4; ii)
Using cut-offs of 10 and 15 kPa instead of 8 and 12 kPa for LSM;
iii) All patients received VCTE instead of FIB-4 in the first step; vi)
Patients with FIB-4 >−1.3 (or 2.0 if age >−65 years) received VCTE
in the second step; v) Replacing VCTE with Agile 3+ in the
second step; vi) Replacing VCTE with Agile 4 in the second step;
vii) Replacing VCTE with FAST in the second step; and viii)
Replacing FIB-4 with the LiverRisk score in the first step.

Outcomes

The primary outcome was a composite endpoint of liver-related
events including HCC, hepatic decompensation (ascites, vari-
ceal haemorrhage, hepatic encephalopathy or hepatorenal
syndrome), liver transplant, and liver-related death. Secondary
outcomes included HCC and hepatic decompensation, ana-
lysed separately. The diagnosis of the events was based on
prospective follow-up, medical record review, or validated
registries with positive predictive values (PPVs) of at least 90%.

Statistical analysis

The baseline date was defined as the latter of the date of first
VCTE and the date of blood tests to avoid immortal time bias, as
previously described.10 Data were analysed using R (4.3.1, R
Core Team 2023). Continuous variables were expressed in mean
(SD) or median (25th to 75th percentile [P25-P75]), as appropriate,
while categorical variables were presented as number (per-
centage). Cumulative incidence function of primary and sec-
ondary outcomes was estimated and compared by Gray’s
method and Gray’s test, respectively; non-liver-related death
was treated as a competing event for liver-related events and
HCC, while non-liver-related death and HCC were treated as
competing events for hepatic decompensation, as previously
described.10 The discriminatory performance of non-invasive
approaches was assessed by time-dependent AUCs, account-
ing for competing events.16 Integrated time-dependent AUC was
used to summarise the time-dependent AUCs over 5 years of
follow-up, calculated as an average of time-dependent AUCs
weighted by the estimated probability density of the primary or
secondary outcomes during follow-up; 95% CIs were estimated
using nonparametric bootstrapping with 1,000 bootstrap sam-
ples. Integrated Brier score was used to assess the overall ac-
curacy of the non-invasive approaches, respectively. The
prognostic performance in terms of time-dependent sensitivity,
specificity, PPV, and negative predictive value (NPV) at 3 and 5
years were evaluated, accounting for competing risks based on
Fine and Gray’s method. The modified approaches were evalu-
ated for continuous net reclassification improvement (NRI) and
integrated discrimination improvement index with reference to
the original AGA two-step approach at 3 and 5 years using the
inverse probability weighting estimator.17,18 Decision curve
analysis was used to assess the clinical benefit of using two-
st 2025. vol. 83 j 304–314 305
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step algorithms to inform the decision of referral to secondary
care. It was performed based on the estimated incidence of liver-
related events at 5 years by the two-step algorithms using Fine
and Gray subdistribution hazard model. As the PPV and NPV of
the two-step approach depend on the pre-test probability of the
patient population, a simulation was performed as a sensitivity
analysis to investigate the change in PPV and NPV under
different risks of liver-related events in the patient population
before performing the two-step approach to mimic different
clinical settings. Subgroup analysis was performed among pa-
tients with liver biopsy. The AUC of detecting histological
advanced fibrosis was estimated for each non-invasive
approach with 95% CIs. All statistical tests were two-sided.
Statistical significance was taken as p <0.05.

Results

Participants

From February 2004 to January 2023, we identified 17,949 pa-
tients with at least one VCTE examination. After excluding 4,999
patients according to the inclusion and exclusion criteria, 12,950
patients with both FIB-4 and VCTE results were included in the
final analysis (Fig. 1). Their mean (SD) age was 51.7 (13.9) years;
5,316 (41.1%) were women (Table 1). A total of 4,429 patients
Countries/
regions

South Korea
Hong Kong
UK
Italy
Italy
Japan
China
Sweden
France
Singapore
Malaysia
Spain
Spain
USA
France
UK

No. of
patients

9,556
4,037

709
680
503
474
366
302
283
211
201
180
172
161
99
15

Included centres

Yonsei University School of Medicine
The Chinese University of Hong Kong
Royal Free Hospital
University of Palermo
University of Torino
University of Yokohama
Wenzhou Medical University
Karolinska University Hospital
Angers University Hospital
Singapore General Hospital
University of Malaya
Hospital Puerta de Hierro
University of Seville
Virginia Commonwealth University
University of Bordeaux
University of Birmingham

Low risk
(FIB-4 <1.3/2.0 OR

FIB-4 1.3/2.0 to 2.67
and LSM <8 kPa)

n = 10,553

Fig. 1. Study participant flow. FIB-4, Fibrosis-4 index; HCC, hepatocellular carcino
steatotic liver disease; VCTE, vibration-controlled transient elastography.
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(34.2%) had diabetes and 4,835 (37.3%) had hypertension. A
total of 2,828 patients (21.8%) were from the US or Europe, while
10,122 (78.2%) were from Asia. Among 3,065 patients with liver
biopsy, 1,023 (33.4%) had F3 or F4 fibrosis.

Events

At a median (P25-P75) follow-up of 47.4 (23.3 to 72.3) months,
248 (1.9%) patients developed liver-related events, including
174 (1.3%) patients developing hepatic decompensation and
109 (0.8%) developing HCC. In patients who developed liver-
related events, 16.5%, 25.0%, and 58.5% had a controlled
attenuation parameter <248 dB/m, 248-279 dB/m, and
>−280 dB/m, respectively. The 3- and 5-year cumulative in-
cidences (95% CI) of liver-related events were 1.2% (1.0%-
1.4%) and 2.0% (1.8%-2.4%), respectively. The 3- and 5-year
cumulative incidences (95% CI) of hepatic decompensation
were 0.9% (0.7%-1.1%) and 1.4% (1.1%-1.6%), respectively.
The 3- and 5-year cumulative incidences (95% CI) of HCC were
0.5% (0.4%-0.6%) and 1.0% (0.8%-1.2%), respectively.

Performance of the two-step approach

Among 12,950 patients with MASLD, 8,582 (66.3%), 3,096
(23.9%), and 1,272 (9.8%) had FIB-4 <1.3 (or 2.5 if age >−65
•   3,653 Unavailable FIB-4 index
3,653 patients excluded

Patients with MASLD and
available LSM and FIB-4 index

included in the final analysis
N = 12,950

Patients with MASLD
who underwent

VCTE examination
n = 17,949

(from 16 centers in
12 countries/regions)

Patients with MASLD
and available LSM

n = 16,603

   

•   679 Age <18 years or unknown age
•   598 HCC or hepatic decompensation
before VCTE or no follow-up data
                   

•   69  HCC or hepatic decompensation
within 3 months after VCTE

1,346 patients excluded

Intermediate risk
(FIB-4 1.3/2.0 to 2.67
and LSM 8 to 12 kPa)

n = 595

High risk
(FIB-4 >2.67 OR

FIB-4 1.3/2.0 to 2.67
and LSM >12 kPa)

n = 1,802

ma; LSM, liver stiffness measurement; MASLD, metabolic dysfunction-associated
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Table 1. Baseline characteristics of patients with metabolic dysfunction-
associated steatotic liver disease.

Characteristics All patients
N = 12,950

Age (years) 51.7 (13.9)
Female sex, n (%) 5,316 (41.1)
Male sex, n (%) 7,634 (58.9)
BMI (kg/m2) 27.2 (24.7 to 30.4)
Diabetes, n (%) 4,429 (34.2)
Hypertension, n (%) 4,835 (37.3)
ALT (IU/L) 38 (24 to 64)
AST (IU/L) 31 (23 to 47)
GGT (IU/L) 44 (27 to 78)
Albumin (g/L) 44.8 (3.8)
Total bilirubin (lmol/L) 12.0 (8.6 to 16.0)
Platelet (×109/L) 239 (200 to 282)
Creatinine (lmol/L) 72 (60 to 83)
FibroScan
Liver stiffness measurement (kPa) 5.9 (4.6 to 8.3)
Controlled attenuation parameter (dB/m) 303 (274 to 335)

Non-invasive tests
Fibrosis-4 index 1.11 (0.74 to 1.71)
LiverRisk score 6.29 (5.42 to 7.48)
Agile 3+ 0.16 (0.06 to 0.44)
Agile 4 0.01 (0.00 to 0.06)
FibroScan-AST 0.28 (0.12 to 0.52)

Fibrosis stagea n = 3,065
0 481 (15.7)
1 1,055 (34.4)
2 506 (16.5)
3 658 (21.5)
4 365 (11.9)

Follow-up duration (months) 47.4 (23.3 to 72.3)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT,
gamma-glutamyltransferase.
Data were presented as n (%), mean (standard deviation), or median (25th to
75th percentile).
aFibrosis stage was defined by histology using the Nonalcoholic Steatohepatitis Clinical
Research Network scoring system.
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Fig. 2. Categorisation of patients with metabolic dysfunction-associated
steatotic liver disease by the two-step approach. FIB-4, Fibrosis-4 index;
HCC, hepatocellular carcinoma. (This figure appears in color on the web.)
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years), 1.3/2.0 to 2.67, and >2.67, respectively (Fig. 2). If the
3,096 patients with intermediate FIB-4 of 1.3/2.0 to 2.67 were
to undergo VCTE examination, 1,971 (63.7%) patients would be
reclassified as low-risk (LSM <8 kPa), whereas 530 (17.1%)
would be reclassified as high-risk (LSM >12 kPa).

Thus, the two-step approach classified 10,553 (81.5%) pa-
tients as low-risk, 595 (4.6%) as intermediate-risk, and 1,802
(13.9%) as high-risk. The two-step approach without the age-
specific cut-off for FIB-4 classified 10,356 (80.0%) patients as
low-risk, 720 (5.5%) as intermediate-risk, and 1,874 (14.5%) as
high-risk (Fig. S1A).

According to the classification of the two-step approach, the
3- and 5-year cumulative incidences of liver-related events
were 0.3% and 0.5% in the low-risk group, 0.4% and 1.0% in
the intermediate-risk group, and 6.3% and 10.8% in the high-
risk group (Fig. S2A). Corresponding results for hepatic
decompensation and HCC are shown in Fig. S2B,C. Of the 25
patients who developed liver-related events in 3 years in the
low-risk group, 17 patients had HCC and 10 patients had he-
patic decompensation (two developed both HCC and hepatic
decompensation). At 5 years, the sensitivity and NPV of the
low-risk classification for excluding liver-related events were
79.0% and 99.5%, respectively (Table 2). The specificity and
PPV of the high-risk classification in predicting liver-related
events were 91.1% and 12.3%, respectively. By simulation of
a different prevalence of advanced fibrosis and risk of liver-
Journal of Hepatology, Augu
related events in the patient population before performing the
two-step approach, i.e., the pre-test probability, the PPV of the
two-step approach increased while NPV decreased when the
pre-test probability increased, and vice versa (Fig. S3A,B).
When the underlying 5-year risk of liver-related events
increased to 3%, the estimated PPV and NPV would be 21.9%
and 98.8%, respectively. When the underlying 5-year risk of
liver-related events dropped to 0.5%, the estimated PPV and
NPV would be 4.3% and 99.8%, respectively. The use of LSM
cut-offs of 10 and 15 kPa instead of 8 and 12 kPa in the second
step yielded a slightly reduced intermediate-risk zone with a
higher risk of liver-related events within that zone (Fig. S1B),
and a comparable prognostic performance compared to the
original AGA two-step approach (Table 2).
Prognostication by expansion of VCTE examination

The key reason for proposing the two-step approach was cost
and availability considerations. As VCTE or other specific
fibrosis tests might become more affordable and widely avail-
able in the future, it is important to study if expanding the use of
specific fibrosis tests to more patients might improve prog-
nostication further. If VCTE was performed on all 12,950 pa-
tients, 9,420 (72.7%), 1,966 (15.2%), and 1,564 (12.1%) would
have LSM <8 kPa (low-risk), 8-12 kPa (intermediate-risk) and
>12 kPa (high-risk), respectively (Fig. S1C). The 3- and 5-year
st 2025. vol. 83 j 304–314 307



Table 2. Prognostic performance of the non-invasive two-step approach and alternative approaches in patients with metabolic dysfunction-associated steatotic liver disease.

Category N (%) Number of
liver-related

events (n, %)

Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

PPV (%)
(95% CI)

NPV (%)
(95% CI)

Overall
accuracy (%)

(95% CI)

3 years
FIB-4 for all patients 12,950 122
Low-risk (FIB-4 <1.3/2.0 if age >−65 years) 8,582 (66.3) 22 (0.3) 81.6 (74.3-88.6) 64.9 (63.9-65.8) 2.7 (2.2-3.2) 99.7 (99.5-99.8) 65.1 (64.2-66.1)
Intermediate-risk zone 3,096 (23.9) 29 (0.9) — — — — —

High-risk (FIB-4 >2.67) 1,272 (9.8) 71 (5.6) 57.9 (49.0-67.0) 90.2 (89.6-90.8) 6.6 (5.2-8.1) 99.4 (99.3-99.6) 89.7 (89.1-90.3)
Non-invasive two-step approach 12,950 122
Low-risk (FIB-4 <1.3/2.0 OR FIB-4 1.3/2.0 to 2.67 and LSM <8 kPa) 10,553 (81.5) 25 (0.2) 79.0 (71.3-86.3) 81.0 (80.2-81.7) 4.7 (3.9-5.7) 99.7 (99.6-99.8) 80.9 (80.1-81.7)
Intermediate-risk zone 595 (4.6) 2 (0.3) — — — — —

High-risk (FIB-4 >2.67 OR FIB-4 1.3/2.0 to 2.67 and LSM >12 kPa) 1,802 (13.9) 95 (5.3) 77.2 (69.3-85.0) 86.0 (85.3-86.7) 6.2 (5.0-7.5) 99.7 (99.6-99.8) 85.9 (85.2-86.6)
Non-invasive two-step approach with cut-offs of 10 and 15 kPa for LSM 12,950 122
Low-risk (FIB-4 <1.3/2.0 OR FIB-4 1.3/2.0 to 2.67 and LSM <10 kPa) 10,896 (84.1) 26 (0.2) 78.1 (70.1-85.5) 83.8 (83.1-84.6) 5.4 (4.4-6.6) 99.7 (99.6-99.8) 83.8 (83.0-84.5)
Intermediate-risk zone 445 (3.4) 6 (1.3) — — — — —

High-risk (FIB-4 >2.67 OR FIB-4 1.3/2.0 to 2.67 and LSM >15 kPa) 1,609 (12.4) 90 (5.6) 73.0 (65.3-81.1) 87.6 (86.9-88.2) 6.5 (5.3-7.9) 99.6 (99.5-99.8) 87.4 (86.7-88.1)
VCTE for all patients 12,950 122
Low-risk (LSM <8 kPa) 9,420 (72.7) 17 (0.2) 86.0 (79.6-91.8) 71.9 (70.9-72.8) 3.5 (2.9-4.2) 99.8 (99.7-99.9) 72.1 (71.1-73.0)
Intermediate-risk zone 1,966 (15.2) 13 (0.7) — — — — —

High-risk (LSM >12 kPa) 1,564 (12.1) 92 (5.9) 74.3 (65.7-81.8) 87.8 (87.0-88.4) 6.8 (5.4-8.2) 99.7 (99.5-99.8) 87.6 (86.8-88.2)
VCTE for patients with FIB-4 >−1.3/2.0 12,950 122
Low-risk (FIB-4 <1.3/2.0 OR FIB-4 >−1.3/2.0 and LSM <8 kPa) 10,980 (84.8) 26 (0.2) 78.2 (70.3-85.7) 84.3 (83.6-85.0) 5.6 (4.6-6.7) 99.7 (99.6-99.8) 84.2 (83.5-85.0)
Intermediate-risk zone 886 (6.8) 10 (1.1) — — — — —

High-risk (FIB-4 >−1.3/2.0 and LSM >12 kPa) 1,084 (8.4) 86 (7.9) 69.2 (60.2-77.4) 91.7 (91.1-92.2) 9.0 (7.3-10.9) 99.6 (99.5-99.7) 91.4 (90.8-92.0)
Non-invasive two-step approach with Agile 3+ as the second step 12,948 122
Low risk (FIB-4 <1.3/2.0 OR FIB-4 1.3/2.0 to 2.67 and Agile 3+ <0.451) 10,374 (80.1) 25 (0.2) 78.9 (71.3-86.4) 79.2 (78.3-80.0) 4.3 (3.5-5.2) 99.7 (99.6-99.8) 79.2 (78.3-80.0)
Intermediate-risk zone 594 (4.6) 4 (0.7) — — — — —

High-risk (FIB-4 >2.67 OR FIB-4 1.3/2.0 to 2.67 and Agile 3+ >0.678 1,980 (15.3) 93 (4.7) 75.5 (67.9-83.4) 84.2 (83.5-85.0) 5.4 (4.4-6.5) 99.7 (99.5-99.8) 84.1 (83.4-84.9)
Non-invasive two-step approach with Agile 4 as the second step 12,948 122
Low risk (FIB-4 <1.3/2.0 OR FIB-4 1.3/2.0 to 2.67 and Agile 4 <0.251) 11,232 (86.7) 30 (0.3) 74.6 (67.0-82.4) 86.6 (85.9-87.3) 6.2 (5.1-7.5) 99.7 (99.5-99.8) 86.5 (85.8-87.2)
Intermediate-risk zone 324 (2.5) 10 (3.1) — — — — —

High-risk (FIB-4 >2.67 OR FIB-4 1.3/2.0 to 2.67 and Agile 4 >0.564 1,392 (10.8) 82 (5.9) 66.5 (57.9-74.9) 89.3 (88.6-89.9) 6.9 (5.5-8.4) 99.6 (99.4-99.7) 89.0 (88.3-89.6)
Non-invasive two-step approach with FAST as the second step 11,345 102
Low risk (FIB-4 <1.3/2.0 OR FIB-4 1.3/2.0 to 2.67 and FAST <−0.35) 8,706 (76.7) 19 (0.2) 80.6 (72.9-88.1) 76.9 (76.0-77.8) 3.8 (3.1-4.7) 99.7 (99.6-99.8) 76.9 (76.0-77.9)
Intermediate-risk zone 992 (8.7) 12 (1.2) — — — — —

High-risk (FIB-4 >2.67 OR FIB-4 1.3/2.0 to 2.67 and FAST >−0.67 1,647 (14.5) 71 (4.3) 68.2 (58.4-77.4) 86.0 (85.2-86.7) 5.3 (4.2-6.6) 99.6 (99.4-99.7) 85.8 (85.0-86.5)
Non-invasive two-step approach with LiverRisk score as the first step 11,023 103
Low-risk (LiverRisk score <6 OR LiverRisk score 6 to 10 and LSM <8 kPa) 8,396 (76.2) 15 (0.2) 85.3 (77.3-91.5) 75.9 (74.9-76.9) 4.0 (3.2-4.8) 99.8 (99.6-99.9) 76.1 (75.0-77.0)
Intermediate-risk zone 1,093 (9.9) 5 (0.5) — — — — —

High-risk (LiverRisk score >−10 OR LiverRisk score 6 to 10 and LSM >12 kPa) 1,534 (13.9) 83 (5.4) 79.7 (69.9-86.5) 86.4 (85.6-87.2) 6.4 (5.1-7.8) 99.7 (99.6-99.8) 86.3 (85.5-87.1)

5 years

FIB-4 for all patients 12,950 248
Low-risk (FIB-4 <1.3/2.0 if age >−65 years) 8,582 (66.3) 46 (0.5) 82.8 (76.8-88.5) 65.4 (64.3-66.5) 4.7 (4.0-5.6) 99.5 (99.3-99.6) 65.9 (64.7-66.9)
Intermediate-risk zone 3,096 (23.9) 57 (1.8) — — — — —

High-risk (FIB-4 >2.67) 1,272 (9.8) 145 (11.4) 60.3 (52.7-67.8) 91.1 (90.4-91.8) 12.3 (10.1-14.8) 99.1 (98.9-99.3) 90.3 (89.5-91.0)
Non-invasive two-step approach 12,950 248
Low-risk (FIB-4 <1.3/2.0 OR FIB-4 1.3/2.0 to 2.67 and LSM <8 kPa) 10,553 (81.5) 54 (0.5) 79.0 (72.8-85.3) 82.2 (81.3-83.1) 8.4 (7.1-9.9) 99.5 (99.3-99.6) 82.2 (81.3-83.0)
Intermediate-risk zone 595 (4.6) 8 (1.3) — — — — —

High-risk (FIB-4 >2.67 OR FIB-4 1.3/2.0 to 2.67 and LSM >12 kPa) 1,802 (13.9) 186 (10.3) 76.5 (69.9-83.1) 87.2 (86.4-88.0) 11.0 (9.2-12.9) 99.4 (99.3-99.6) 86.9 (86.1-87.8)
Non-invasive two-step approach with cut-offs of 10 and 15 kPa for LSM 12,950 248
Low-risk (FIB-4 <1.3/2.0 OR FIB-4 1.3/2.0 to 2.67 and LSM <10 kPa) 10,896 (84.1) 58 (0.5) 77.6 (71.3-84.3) 85.0 (84.1-85.8) 9.7 (8.1-11.3) 99.5 (99.3-99.6) 84.8 (84.0-85.6)

(continued on next page)
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Table 2. (continued)

Category N (%) Number of
liver-related

events (n, %)

Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

PPV (%)
(95% CI)

NPV (%)
(95% CI)

Overall
accuracy (%)

(95% CI)

Intermediate-risk zone 445 (3.4) 11 (2.5) — — — — —

High-risk (FIB-4 >2.67 OR FIB-4 1.3/2.0 to 2.67 and LSM >15 kPa) 1,609 (12.4) 179 (11.1) 72.6 (65.9-79.3) 88.6 (87.9-89.4) 11.7 (9.8-13.7) 99.4 (99.2-99.6) 88.3 (87.5-89.0)
VCTE for all patients 12,950 248
Low-risk (LSM <8 kPa) 9,420 (72.7) 35 (0.4) 84.7 (79.0-89.7) 74.2 (73.2-75.1) 6.4 (5.4-7.5) 99.6 (99.4-99.7) 74.4 (73.4-75.4)
Intermediate-risk zone 1,966 (15.2) 23 (1.2) — — — — —

High-risk (LSM >12 kPa) 1,564 (12.1) 190 (12.1) 75.1 (68.3-81.2) 89.1 (88.4-89.8) 12.5 (10.5-14.7) 99.4 (99.2-99.6) 88.8 (88.0-89.5)
VCTE for patients with FIB-4 >−1.3/2.0 12,950 248
Low-risk (FIB-4 <1.3/2.0 OR FIB-4 >−1.3/2.0 and LSM <8 kPa) 10,980 (84.8) 58 (0.5) 77.1 (70.8-83.0) 85.8 (85.0-86.6) 10.1 (8.5-11.9) 99.5 (99.3-99.6) 85.6 (84.8-86.3)
Intermediate-risk zone 886 (6.8) 19 (2.1) — — — — —

High-risk (FIB-4 >−1.3/2.0 and LSM >12 kPa) 1,084 (8.4) 171 (15.8) 69.7 (62.3-76.6) 92.8 (92.2-93.4) 16.7 (14.0-19.8) 99.3 (99.1-99.5) 92.3 (91.6-92.9)
Non-invasive two-step approach with Agile 3+ as the second step 12,948 248
Low risk (FIB-4 <1.3/2.0 OR FIB-4 1.3/2.0 to 2.67 and Agile 3+ <0.451) 10,374 (80.1) 53 (0.5) 79.7 (73.7-85.8) 80.6 (79.6-81.5) 7.9 (6.6-9.3) 99.5 (99.3-99.6) 80.6 (79.6-81.5)
Intermediate-risk zone 594 (4.6) 9 (1.5) — — — — —

High-risk (FIB-4 >2.67 OR FIB-4 1.3/2.0 to 2.67 and Agile 3+ >0.678 1,980 (15.3) 186 (9.4) 75.6 (69.3-82.1) 85.6 (84.7-86.4) 9.8 (8.3-11.6) 99.4 (99.2-99.6) 85.3 (84.5-86.1)
Non-invasive two-step approach with Agile 4 as the second step 12,948 248
Low risk (FIB-4 <1.3/2.0 OR FIB-4 1.3/2.0 to 2.67 and Agile 4 <0.251) 11,232 (86.7) 64 (0.6) 75.6 (69.0-82.2) 87.9 (87.1-88.7) 11.5 (9.6-13.5) 99.4 (99.2-99.6) 87.6 (86.9-88.4)
Intermediate-risk zone 324 (2.5) 21 (6.5) — — — — —

High-risk (FIB-4 >2.67 OR FIB-4 1.3/2.0 to 2.67 and Agile 4 >0.564 1,392 (10.8) 163 (11.7) 65.9 (58.5-73.3) 90.3 (89.6-91.0) 12.4 (10.2-14.7) 99.2 (99.0-99.4) 89.8 (89.1-90.5)
Non-invasive two-step approach with FAST as the second step 11,345 188
Low risk (FIB-4 <1.3/2.0 OR FIB-4 1.3/2.0 to 2.67 and FAST <−0.35) 8,706 (76.7) 44 (0.5) 77.1 (69.9-84.7) 77.8 (76.6-78.7) 6.5 (5.3-7.8) 99.4 (99.2-99.6) 77.8 (76.7-78.8)
Intermediate-risk zone 992 (8.7) 22 (2.2) — — — — —

High-risk (FIB-4 >2.67 OR FIB-4 1.3/2.0 to 2.67 and FAST >−0.67 1,647 (14.5) 122 (7.4) 66.2 (58.2-74.5) 87.4 (86.5-88.2) 9.4 (7.6-11.3) 99.2 (99.0-99.5) 86.9 (86.0-87.7)
Non-invasive two-step approach with LiverRisk score as the first step 11,023 206
Low-risk (LiverRisk score <6 OR LiverRisk score 6 to 10 and LSM <8 kPa) 8,396 (76.2) 31 (0.4) 83.0 (76.3-89.2) 78.4 (77.4-79.6) 7.1 (5.9-8.3) 99.6 (99.4-99.7) 78.5 (77.5-79.7)
Intermediate-risk zone 1,093 (9.9) 12 (1.1) — — — — —

High-risk (LiverRisk score >−10 OR LiverRisk score 6 to 10 and LSM >12 kPa) 1,534 (13.9) 163 (10.6) 78.7 (71.3-85.0) 88.2 (87.4-89.0) 11.6 (9.7-13.6) 99.5 (99.3-99.7) 88.0 (87.2-88.8)

FIB-4, Fibrosis-4 index; LSM, liver stiffness measurement; NPV, negative predictive value; PPV, positive predictive value; VCTE, vibration-controlled transient elastography.
The two sets of time-dependent sensitivity, specificity, PPV, and NPV referred to low risk vs. intermediate/high risk and low/intermediate vs. high risk in each of the algorithms.
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Integrated time-dependent AUC (95% CI)
FIB−4: 0.810 (0.762−0.854)
FIB−4 −> LSM (8/12 kPa): 0.840 (0.798−0.879)
FIB−4 −> LSM (10/15 kPa): 0.841 (0.796−0.879)
LSM: 0.866 (0.829−0.901)
FIB−4 −> LSM if FIB−4 ≥1.3/2.0: 0.857 (0.813−0.897)
FIB−4 −> Agile 3+: 0.829 (0.784−0.868)
FIB−4 −> Agile 4: 0.838 (0.795−0.878)
FIB−4 −> FAST: 0.814 (0.769−0.856)
LRS −> LSM (8/12 kPa): 0.849 (0.805−0.884)
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Integrated time-dependent AUC (95% CI)
FIB−4: 0.745 (0.660−0.822)
FIB−4 −> LSM (8/12 kPa): 0.780 (0.703−0.845)
FIB−4 −> LSM (10/15 kPa): 0.778 (0.703−0.845)
LSM: 0.805 (0.734−0.871)
FIB−4 −> LSM if FIB−4 ≥1.3/2.0: 0.784 (0.702−0.853)
FIB−4 −> Agile 3+: 0.763 (0.687−0.831)
FIB−4 −> Agile 4: 0.784 (0.709−0.849)
FIB−4 −> FAST: 0.758 (0.681−0.825)
LRS −> LSM (8/12 kPa): 0.794 (0.718−0.862)

Integrated time-dependent AUC (95% CI)
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FIB−4 −> LSM (8/12 kPa): 0.885 (0.844−0.918)v
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FIB−4 −> LSM if FIB−4 ≥1.3/2.0: 0.911 (0.871−0.945)
FIB−4 −> Agile 3+: 0.878 (0.837−0.910)
FIB−4 −> Agile 4: 0.885 (0.843−0.919)
FIB−4 −> FAST: 0.860 (0.811−0.896)
LRS −> LSM (8/12 kPa): 0.892 (0.849−0.922)
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Fig. 3. Integrated time-dependent AUC of different approaches in 10,112 patients with all scores available. (A) Liver-related events, (B) hepatic decompensation,
and (C) hepatocellular carcinoma. (D) AUC of different two-step approaches in 1,587 patients with all scores and liver histology available for diagnosing histological
advanced fibrosis (F3-F4). FAST, FibroScan-aspartate aminotransferase; FIB-4, Fibrosis-4 index; HCC, hepatocellular carcinoma; LRS, LiverRisk score; LSM, liver
stiffness measurement. (This figure appears in color on the web.)

Two-step clinical care pathway in MASLD
cumulative incidences of liver-related events were 0.2% and
0.4% in the low-risk group, 0.9% and 1.3% in the intermediate-
risk group, and 7.0% and 12.2% in the high-risk group. At 5
years, the sensitivity and NPV of LSM <8 kPa in excluding liver-
related events were 84.7% and 99.6%, respectively (Table 2).
The specificity and PPV of LSM >12 kPa in predicting liver-
related events were 89.1% and 12.5%, respectively.
310 Journal of Hepatology, Augu
If VCTE was performed on all patients with FIB-4 >−1.3 (or 2.0
if age >−65 years) (n = 4,368) instead of those with intermediate
FIB-4 of 1.3/2.0-2.67, 10,980 (84.8%), 886 (6.8%) and 1,084
(8.4%) would be classified as low, intermediate, and high risk
(Fig. S1D). The 3- and 5-year cumulative incidences of liver-
related events were 0.3% and 0.6% in the low-risk group,
1.5% and 2.1% in the intermediate-risk group, and 9.4% and
st 2025. vol. 83 j 304–314
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16.2% in the high-risk group, respectively. At 5 years, the
sensitivity and NPV of FIB-4 <1.3/2.0 or LSM <8 kPa for
excluding liver-related events were 77.1% and 99.5%,
respectively (Table 2). The specificity and PPV of FIB-4 >−1.3/2.0
and LSM >12 kPa for predicting liver-related events were
92.8% and 16.7%, respectively. On the other hand, among
patients with FIB-4 <1.3/2.0 (n = 8,582), the 3- and 5-year cu-
mulative incidences of liver-related events were 0.3% and
0.5% (Fig. S1E). Among the 8,582 patients, 7,022 (81.8%) and
1,560 (18.2%) had an LSM <8 kPa and >−8 kPa, respectively; the
3- and 5-year cumulative incidence of liver-related events for
those with LSM <8 kPa was 0.2% and 0.7%, respectively, while
that for those with LSM >−8 kPa was 0.4% and 1.3% respec-
tively. The 3- and 5-year cumulative incidence of liver-related
events of patients with FIB-4 <1.3 and LSM <8 kPa was 0.2%
and 0.3%, respectively. Among 1,272 patients with FIB-4
>2.67, 427 (33.6%), 291 (22.9%), and 554 (43.6%) patients
had LSM <8 kPa, 8-12 kPa, and >12 kPa, respectively. Their
corresponding 5-year cumulative incidences of liver-related
events were 1.1%, 4.2%, and 24.2%, respectively. Their cor-
responding 5-year cumulative incidences of hepatic decom-
pensation were 0.4%, 2.9%, and 18.7%, respectively. Their
corresponding 5-year cumulative incidences of HCC were
1.1%, 2.5%, and 9.6%, respectively (Fig. S4A-C).
Prognostication by the use of Agile or FAST scores as the
second-line test

As a standalone test, both the Agile 3+ and Agile 4 scores
outperformed LSM by VCTE alone in predicting liver-related
events.10 We therefore tested the prognostic performance of
a two-step approach using the Agile scores instead of VCTE as
the second-line test. In 12,948 patients with FIB-4, VCTE, and
complete data for the calculation of the Agile scores, a FIB-4-
Agile 3+ two-step algorithm classified 10,374 (80.1%) pa-
tients as low risk, 594 (4.6%) as intermediate risk, and 1,980
(15.3%) as high risk (Fig. S1F). The 3- and 5-year cumulative
incidences of liver-related events were 0.3% and 0.5% in the
low-risk group, 0.8% and 1.7% in the intermediate-risk group,
and 5.6% and 9.6% in the high-risk group, respectively.

The Agile 4 score was designed to detect cirrhosis.12 Not
surprisingly, the FIB-4-Agile 4 two-step algorithm achieved a
high specificity and classified the vast majority (11,232 patients,
86.7%) of patients as low risk, 324 (2.5%) as intermediate risk,
and 1,392 (10.8%) as high risk (Table 2, Fig. S1G). The 3- and
5-year cumulative incidences of liver-related events were 0.3%
and 0.6% in the low-risk group, 3.7% and 7.5% in the
intermediate-risk group, and 7.0% and 12.0% in the high-risk
group, respectively.

The FAST score was designed to detect at-risk MASH, i.e.,
MASH with F2-F4 fibrosis.15 The FIB-4-FAST two-step algo-
rithm classified 8,706 (76.7%) patients as low risk, 992 (8.7%)
as intermediate risk, and 1,647 (14.5%) as high risk (Fig. S1H).
The 3- and 5-year cumulative incidences of liver-related events
were 0.3% and 0.6% in the low-risk group, 1.6% and 2.3% in
the intermediate-risk group, and 5.2% and 8.9% in the high-
risk group, respectively. Table 2 shows the comparable over-
all prognostic performance of using Agile or FAST scores as the
second-line test compared to the original two-step approach.

The LiverRisk score was designed to detect long-term liver-
related outcomes in the general population.19 The LiverRisk-
Journal of Hepatology, Augu
LSM two-step algorithm classified 8,396 (76.2%) patients as
low risk, 1,093 (9.9%) as intermediate risk, and 1,534 (13.9%)
as high risk (Fig. S1I). The 3- and 5-year cumulative incidences
of liver-related events were 0.2% and 0.4% in the low-risk
group, 0.6% and 0.8% in the intermediate-risk group, and
6.5% and 11.0% in the high-risk group, respectively. Table 2
shows the overall prognostic performance comparable to the
original AGA two-step approach.

Comparison of different two-step approaches

In 10,112 patients with all scores available, the original AGA
two-step approach achieved an integrated time-dependent
AUC of 0.840 (95% CI 0.798-0.879) for predicting liver-related
events (Fig. 3A). Changing the LSM cut-offs to 10 and 15 kPa
resulted in a similar integrated time-dependent AUC of 0.841
(95% CI 0.796-0.879). Expanding LSM to all patients or all
patients with FIB-4 >−1.3/2.0 increased the integrated time-
dependent AUC marginally to 0.866 and 0.857, respectively,
while decision curve analysis suggested that expanding LSM
may improve clinical utility (Fig. S5A-C). Substituting LSM by
the Agile 3+, Agile 4 and FAST scores as the second step did
not increase the prediction either. The same trend was seen
when the endpoints were analysed separately for hepatic
decompensation and HCC (Fig. 3B,C). The integrated Brier
scores of all six approaches for predicting liver-related events,
hepatic decompensation and HCC were similar (Fig. S6A-C).
Similarly, pairwise comparisons by net reclassification
improvement and integrated discrimination improvement index
showed marginal differences between the alternative ap-
proaches and the original AGA two-step approach (Table S1).

In the subgroup analyses of patients from Asia and Europe/
US, the discriminative performance of the two-step algorithms
was comparable to that in the overall analysis (Fig. S7A-F). In a
subgroup of 1,587 patients with liver biopsy together with all
scores available, the median (P25-P75) FIB-4 and LSM were
1.29 (0.79-2.10) and 8.9 (6.4-13.8), respectively. The original
AGA two-step approach achieved an AUC of 0.735 (95% CI
0.715-0.756) in diagnosing F3-F4 fibrosis (Fig. 3D). The use of
LSM cut-offs of 10 and 15 kPa instead of 8 and 12 kPa in the
second step yielded a similar AUC of 0.728 (95% CI 0.708-
0.749). Expanding LSM to all patients or all patients with FIB-4
>−1.3/2.0 increased the AUC to 0.807 (95% CI 0.789-0.825) and
0.756 (95% CI 0.736-0.776), respectively. In contrast,
substituting LSM by the Agile 3+, Agile 4 and FAST scores as
the second step did not improve the diagnostic accuracy of F3-
F4 fibrosis.

Discussion
In this large longitudinal multicentre study, we demonstrated
that the two-step approach is effective in risk stratification and
predicting future liver-related events in patients with MASLD.
Using FIB-4 as the first step, only 24% of patients required a
second-line test such as VCTE-LSM. Importantly, sparing pa-
tients from a second-line test had minimal impact on the ac-
curacy of prognostication, suggesting that the two-step
approach is equally clinically effective and probably more cost-
effective than performing specific fibrosis tests on all patients.

The AGA two-step approach was designed with an
emphasis on an effective clinical care pathway between hep-
atology practice and other disciplines such as primary care,
st 2025. vol. 83 j 304–314 311
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endocrinology and cardiology.4 Currently, the American and
European liver associations have adopted a similar approach
with minor differences in the choices and settings of second-
line tests.6,7 Numerous studies have shown that FIB-4, the
first step of the algorithm, has a high NPV in excluding
advanced liver fibrosis and future liver-related events in pa-
tients with MASLD.9,20 When used in a longitudinal manner,
patients with persistently normal FIB-4 have very low risk of
liver-related events.21,22 Although FIB-4 appears to be
confounded by age and diabetes and the optimal cut-off in
special populations has been debated,23–25 it remains a
reasonable first-line test at the population level. Using LiverRisk
score as the first step identified fewer low-risk individuals,
failing to enhance the two-step algorithm’s performance; a cut-
off beyond 6 might be necessary to classify patients as low risk.

Ever since the publication of the two-step approach, there
have been discussions on whether the algorithm should be
simplified to improve its adoption. In particular, if the man-
agement of patients with intermediate (1.3-2.67) and high
(>2.67) FIB-4 is the same (i.e., referral to hepatology or arran-
ging a second-line test), do we need two cut-offs? Along the
same line, should a specific fibrosis test be performed in all
patients? In our study, LSM for all patients, compared to LSM
for patients with intermediate FIB-4 of 1.3-2.67 only, did in-
crease the accuracy in identifying advanced fibrosis using liver
histology as the reference standard, but the difference in the
prediction of liver-related events was marginal. Likewise, LSM
for all patients with FIB-4 >−1.3 resulted in minimal improvement
over LSM for patients with FIB-4 1.3-2.67 in terms of both
detection of advanced fibrosis and prognostication. This is in
line with the TARGET-NASH experience that a FIB-4 higher
than 2.6 is sufficiently prognostic and can be used to guide
management.26 Furthermore, although specific fibrosis tests
are routinely used in most tertiary hepatology practices, a
concomitant abnormal FIB-4 >1.3 can increase the PPV from
60-80% to over 80-90% in diagnosing advanced fibrosis.27

Therefore, even in specialist settings, taking FIB-4 into
consideration can improve diagnostics and prognostication. In
this study, expanding LSM for all patients with FIB-4 >−1.3
yielded numerically the highest integrated time-dependent AUC
and net benefit in the decision curve analysis.

The choice of 8 and 12 kPa as LSM thresholds for risk
stratification in the second step of the AGA approach was
based on a previous multicentre study and a meta-anal-
ysis,20,28 aiming to rule out and rule in clinically significant
fibrosis.4 Another established pair of cut-offs of LSM to identify
patients with advanced fibrosis would be 10 and 15 kPa as
suggested by the Baveno VII consensus,29 aiming to rule in and
rule out compensated advanced chronic liver disease (cACLD).
An ideal two-step algorithm would prioritise minimising the in-
termediate risk group while maintaining high NPV and PPV,
ensuring a patient-friendly and cost-effective approach
(Table S2). In this study, the use of LSM cut-offs of 10 and
15 kPa instead of 8 and 12 kPa in the second step yielded a
comparable prognostic performance compared to the original
AGA approach, and a slightly smaller intermediate-risk group
with a higher risk of liver-related events. Using these higher cut-
offs, about 3% more patients were classified as low risk, with a
similarly low risk of liver-related events compared to the original
AGA approach; only one more liver-related event occurred in
the low-risk group (26 vs. 25). Regarding implementation,
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adopting 10 and 15 kPa could be favourable in terms of
improved resource allocation and reduced patient anxiety.
Aligning the concept of the AGA two-step approach with
cACLD in Baveno VII consensus can also be beneficial for
encouraging its future adoption. In fact, it may be reasonable to
separately consider the threshold for initiating pharmaco-
therapy and for prognostication. While the cut-offs of 8 and
12 kPa are useful to identify patients with clinically significant
fibrosis potentially suitable for pharmacotherapy, higher cut-
offs of 10 and 15 kPa could be more suitable for prognosti-
cation of future liver-related events. In a previous analysis using
the same dataset, our group showed that the VCTE-based
Agile 3+ and Agile 4 scores outperformed LSM alone, histo-
logical fibrosis stage and simple fibrosis scores in predicting
liver-related events.10 This has been supported by similar
studies from Europe and Japan.30–32 However, when used as a
second-line test after FIB-4, the Agile scores were not better
than LSM alone in prognostication in the current study. One
possible explanation is that the components of FIB-4 and the
Agile scores overlap with each other. When the patient popu-
lation has already been enriched by FIB-4, components of the
Agile scores other than LSM are no longer as discriminating. A
previous study showed that the specificity and PPV to identify
high-risk patients can be further improved if the Agile score and
LSM concordantly indicate high risk.33 Future studies can
investigate whether using both LSM and Agile scores as the
second-line tests can improve prognostication among high-
risk patients.

Our study has the strengths of a large sample size and rep-
resentation from North America, Europe and Asia. The number of
liver-related events allowed for granular analysis of predictors.
On the other hand, it also has some limitations. First, all patients
were from tertiary referral centres. Some patients developed
liver-related events earlier during follow-up. We simulated how
the prevalence of advanced fibrosis affects the prognostic per-
formance of the two-step algorithm in a primary care setting with
a lower prevalence of advanced fibrosis (Fig. S3A). When the
two-step approach is applied in primary care settings, we
anticipate that more patients will be classified as low risk, PPV
and sensitivity will decrease, and the NPV and specificity will be
even higher. Longitudinal data from primary care are important
to investigate the two-step approach in the actual context of
use. Second, VCTE is only one of the possible second-line tests
for MASLD. In other settings, enhanced liver fibrosis test, mag-
netic resonance elastography, and other liver-specific bio-
markers such as MACK-3, PRO-C3, ADAPT and ABC3D may be
used to evaluate liver fibrosis as well.34 Such diagnostic path-
ways should be evaluated. Third, the median follow-up of 47.4
months, though respectable, remains short compared with the
natural history of MASLD. However, as current guidelines
recommend interval examinations by non-invasive tests in pa-
tients at risk of disease progression,5–7 the prediction of short-to
medium-term prognosis is clinically relevant. Future studies that
examine the evolution to intermediate and high risk among pa-
tients with low risk at baseline are warranted to inform the
optimal reassessment interval.

In conclusion, the two-step approach is effective in pre-
dicting liver-related events. Restricting the second fibrosis test
to intermediate FIB-4 patients is reasonable when resources
are limited. With FIB-4 as the first-line test, substituting LSM by
the Agile scores does not improve prediction further.
st 2025. vol. 83 j 304–314
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