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Graphical Abstract

Histological severity and hepatic outcomes in patients with
MASLD and discrepant FIB-4 and liver stiffness measurement

12,950 patients with MASLD who underwent VCTE from 16 ;@E
centers in 12 countries/regions (prospective at 14 centers)

FIB-4

Conclusions:

= Around 30% of patients in tertiary centers exhibit discordant FIB-
4 and LSM results, with LSM more likely reflecting true severity

+ While some patients with discordant results may have advanced
fibrosis, the overall incidence of liver-related events remains low 0 1 2 3 4 5
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Study Highlights

« Around 30% of patients in tertiary centers exhibit discrepant FIB-4 and VCTE-LSM results, with LSM more likely
reflecting true severity. A small but significant proportion of these patients may still have at-risk MASH and ad-
vanced fibrosis, although the absolute incidence of LREs in 5 years remains low. Compared to patients with low-
FIB-4-low-LSM, those with low-FIB-4-high-LSM and high-FIB-4-high-LSM had a significantly higher risk of LREs,
while patients with high-FIB-4-low-LSM did not.

Background/Aims: Current guidelines recommend a 2-step approach for identifying advanced fibrosis in metabolic
dysfunction-associated steatotic liver disease (MASLD), using Fibrosis-4 index (FIB-4) followed by liver stiffness
measurement (LSM) via vibration-controlled transient elastography (VCTE). However, some patients may exhibit discordant
results. This study evaluates the histological severity and outcomes in patients with discordant FIB-4 and LSM resullts.

Methods: This secondary analysis of the VCTE-Prognosis study included 12,950 patients evaluated for MASLD
at 16 tertiary centers, of whom 2,915 underwent liver biopsy. Patients were categorized into four groups based on
established FIB-4 (1.3) and LSM (8 kPa) cutoffs.

Results: F3—F4 fibrosis was observed in 6.4%, 13.7%, 30.6%, and 62.4% in low-FIB-4-low-LSM (n=6,403), high-
FIB-4-low-LSM (n=3,017), low-FIB-4-high-LSM (n=1,363), and high-FIB-4-high-LSM (n=2,167) groups, respectively.
During a median follow-up of 47.4 months, 248 patients experienced hepatic decompensation, hepatocellular
carcinoma, liver transplantation, or liver-related death. The incidence rates of liver-related events (LREs) were 0.67,
1.19, 2.58, and 21.30 per 1,000 person-years, respectively. Compared to low-FIB-4-low-LSM patients, those with low-
FIB-4-high-LSM (adjusted subdistribution hazard ratio [aSHR] 4.12) and high-FIB-4-high-LSM (aSHR 21.38) had a
significantly higher risk of LREs, while high-FIB-4-low-LSM patients did not. Similar findings were observed when
hepatic decompensation and hepatocellular carcinoma were analyzed separately.

Conclusions: Approximately 30% of patients in tertiary centers exhibit discordant FIB-4 and LSM results, with LSM
more likely reflecting true severity. While some patients with discordant results may have advanced fibrosis, the
overall incidence of LREs remains low. (Clin Mol Hepatol 2026;32:289-304)

Keywords: Steatotic liver disease; Metabolic dysfunction-associated steatotic liver disease; Liver cirrhosis; Liver fibrosis
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INTRODUCTION

Metabolic dysfunction-associated steatotic liver disease
(MASLD) affects over 30% of the global population and is
emerging as one of the leading causes of cirrhosis, hepatic
decompensation, and hepatocellular carcinoma (HCC).'
Among the histological features of MASLD, the fibrosis
stage has the strongest association with liver-related
events (LREs).” Similarly, various noninvasive liver disease
assessments (NILDA), including simple fibrosis scores
such as the Fibrosis-4 index (FIB-4),** specific fibrosis bio-
markers like the enhanced liver fibrosis score,® and liver
stiffness measurement (LSM) through vibration-controlled
transient elastography (VCTE) or magnetic resonance
elastography,”® have demonstrated a strong correlation
with LREs. In particular, VCTE has shown similar prognos-
tic performance to histological fibrosis staging in the LIT-
MUS individual participant data meta-analysis and the mul-
ticenter VCTE-Prognosis study.®® A high FIB-4 of >3.25 or
LSM of =20 kPa, or LSM>15 kPa in patients with FIB-4>1.3,
also suggested a high risk of HCC exceeding 1% per year,
in which HCC surveillance may be warranted."

Given that MASLD is a highly prevalent disease and the
majority of patients are seen in primary care and non-hep-
atology settings, the cost and availability of NILDA should
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be considered when designing clinical care pathways."
Consequently, professional societies have provided largely
concordant recommendations in recent years, advocating
for the use of FIB-4 as an initial assessment, followed by a
more specific second-line test in cases of elevated FIB-4."*
'” Compared to the use of second-line tests for all patients
with MASLD, the 2-step approach has shown similar prog-
nostic performance and is thus more cost-effective.”

When a patient undergoes two or more NILDA, discrep-
ancies among tests may occur. Potential management
strategies for discrepant results include repeating the origi-
nal tests, performing another NILDA, or proceeding with a
liver biopsy. Before recommending the best approach, it is
important to understand the frequency and clinical signifi-
cance of discrepant NILDA. In this study, we investigated
the histological severity and incidence of LREs in patients
with concordant and discordant FIB-4 and VCTE-LSM in
the well-characterized multicenter VCTE-Prognosis study.

MATERIALS AND METHODS
Study design and participants

This was a multicenter cohort study of patients with
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MASLD at 16 tertiary centers in the US, Europe, and Asia,
among which the data were collected prospectively at 14
centers. Details of the study design were reported previ-
ously.*"" We included adult patients aged 18 years or older
with MASLD diagnosed by imaging or histology plus at
least one cardiometabolic risk factor.”® For this study, we
only included patients with both FIB-4 and VCTE examina-
tions. We excluded patients with concomitant chronic viral
hepatitis, HIV infection, excessive alcohol consumption
(=20 g per day in women or =30 g per day in men), second-
ary causes of hepatic steatosis, or a history of HCC, hepat-
ic decompensation, liver resection, liver transplant, or other
malignancies. The study protocol was approved by the In-
stitutional Review Board (Joint Chinese University of Hong
Kong-New Territories East Cluster Clinical Research Ethics
Committee [approval no. 2022.255]) of the participating
centers and conforms to the principles of the Declaration of
Helsinki. The patients provided informed written consent
for participating in the prospective cohorts, but consent for
this secondary analysis was waived.

Assessments

The medical history was recorded at each clinic visit. Body
mass index (BMI) was calculated as body weight (kg) divid-
ed by height (m) squared. Blood tests including liver bio-
chemistry, renal function test, and platelet count were taken
after overnight fasting of at least 8 hours. FIB-4 was calcu-
lated as (agexaspartate aminotransferase [AST (U/L)]) divid-
ed by (platelet count (x10%L)xthe square root of alanine ami-
notransferase [ALT (U/L)]).? Consistent with guideline-
recommended two-step approaches, FIB-4 was considered
elevated at a cutoff of >1.3. LSM was performed using VCTE
(FibroScan, Echosens, Paris, France) by operators following
standard protocol and training by the manufacturer. The pa-
tients needed to have at least 10 valid acquisitions. As this
analysis focused on discrepancies between FIB-4 and
VCTE-LSM, the =8 kPa cutoff was used to define elevated
VCTE-LSM, consistent with the low FIB-4 cutoff described
above. In the subgroup of patients with concomitant liver bi-
opsy, fibrosis was staged using the Nonalcoholic Steatohep-
atitis Clinical Research Network system.”'

292 https://doi.org/10.3350/cmh.2025.0888

Outcomes

In the liver biopsy subgroup, the primary outcome was
F2—F4 fibrosis (significant fibrosis), and secondary out-
comes included metabolic dysfunction-associated steato-
hepatitis (MASH, defined as a nonalcoholic fatty liver dis-
ease activity score of >4 with at least one point in each of
its components), “at-risk” MASH (MASH plus F2—F4 fibro-
sis), F3—F4 fibrosis (advanced fibrosis), and F4 fibrosis (cir-
rhosis). In the overall cohort, the primary outcome was
LRE, a composite endpoint comprising hepatic decompen-
sation (ascites, variceal hemorrhage, hepatic encephalopa-
thy, spontaneous bacterial peritonitis, or hepatorenal syn-
drome), HCC, liver transplant, and liver-related death.
Secondary outcomes included hepatic decompensation
and HCC, analyzed separately. The diagnosis of clinical
outcomes was ascertained by prospective follow-up, medi-
cal record review, or validated registries with positive pre-
dictive values of >90%.

Statistical analysis

The baseline date was defined as the date of VCTE or
blood tests, whichever was later, to avoid immortal time
bias. All analysis was performed using R version 4.4.3 (R
Core Team, 2025). Continuous variables were expressed
in mean (standard deviation, SD) or median (25th to 75th
percentile) and compared using the Kruskal-Wallis test as
appropriate, and categorical variables were expressed as
number (percentage) and compared using the chi-square
test. The patients were classified into four groups based on
normal or elevated FIB-4 and VCTE-LSM at the cutoffs of
1.3 and 8.0 kPa, respectively. Sensitivity analyses on dis-
crepancy of FIB-4 and LSM were performed among pa-
tients with FIB-4<1.3 (or 2.0 in those aged =65 years) and
LSM <8 or >8 kPa, patients with FIB-4<1.3 and LSM <10 or
>10 kPa, patients with FIB-4<1.3 and LSM <12 or >12 kPa,
patients with FIB-4 between 1.3 and 2.67 and LSM <15 or
>15 kPa, and patients with FIB-4>2.67 and LSM <15 or >15
kPa. Cumulative incidence function of primary and second-
ary 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 LREs and
HCC, whereas non-liver-related death and HCC were treat-
ed as competing events for hepatic decompensation. Inde-
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pendent factors associated with LREs were determined us-
ing the Fine-Gray proportional subdistribution hazards
model. The proportional subdistribution hazards assump-
tion was assessed by modified weighted Schoenfeld resid-
uals, which did not detect any significant violation. Model 1
adjusted for baseline age and sex, and Model 2 also ad-
justed for baseline BMI, diabetes, and hypertension. Fac-
tors associated with FIB-4<1.3 and LSM=>8 kPa, and FIB-
4>1.3 and LSM<8 kPa were examined using two separate
logistic regression models. Variance inflation factors were
calculated and no evidence of significant multicollinearity
was found, with all values <5. Missing data were assumed
missing at random and were replaced using multiple impu-
tation by chained equations to create five complete data
sets after the initial ten iterations. The imputed baseline co-
variates (missing percentage) were controlled attenuation
parameter (12.4%), diabetes (0.02%), hypertension (0.02%),
BMI (4.7%), gamma-glutamyl transpeptidase (7.4%), albu-
min (2.2%), total bilirubin (0.9%), and creatinine (2.2%). The
covariates included in the imputation model were the im-
puted baseline covariates, LSM, FIB-4, age, sex, center,
ALT, AST, platelets, and the outcome indicator. Statistical
significance was taken as a two-sided P of <0.05.

Joseph Rabbat, et al.
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RESULTS

From February 2004 to January 2023, 17,949 patients
underwent VCTE examination, among whom 12,950 ful-
filled the inclusion and exclusion criteria and were included
in the final analysis (Fig. 1). The mean age of the cohort
was 51.7 (SD 13.9) years, and 41.1% were female (Table 1).
VCTE and FIB-4 measurements were predominantly per-
formed on the same day (median [25th to 75th percentile]:
0 [0 to 1] day). Overall, 8,570 patients (66.2%) had concor-
dant FIB-4 and VCTE-LSM, with 6,403 (49.4%) having FIB-
4<1.3 and LSM<8 kPa, and 2,167 (16.7%) having FIB-4>1.3
and LSM=>8 kPa. Conversely, 4,380 patients (33.8%) had
discordant FIB-4 and VCTE-LSM, with 1,363 (10.5%) hav-
ing FIB-4<1.3 but LSM=8 kPa, and 3,017 (23.3%) having
FIB-4>1.3 but LSM<8 kPa. Patients with FIB-4>1.3 were
older, and those with concordant FIB-4>1.3 and LSM>8
kPa were predominantly female, more likely to have diabe-
tes and hypertension, had higher liver enzyme levels, and
had the lowest platelet count (Table 1).

Patients who underwent VCTE for MASLD
N=17,949

Exclusion (N=1,346):
* Age <18 years or unknown age (n=679)

A

¢ LREs before VCTE or no follow-up data
(n=598)
¢ LREs within 3 months after VCTE (n=69)

\ 4

Adult patients with LSM and no prior
liver-related events
N=16,603

_ | Exclusion (N=3,653):

A

"| ¢ FIB-4 not available

Adult patients with LSM and FIB-4

N=12,950

A4

A

\4

A4

FIB-4<1.3 FIB-4<1.3 FIB-4>1.3 FIB-4>1.3
LSM<8 kPa LSM=8 kPa LSM<8 kPa LSM=8 kPa
N=6,403 N=1,363 N=3,017 N=2,167

Figure 1. Study participant flow. VCTE, vibration-controlled transient elastography; MASLD, metabolic dysfunction-associated steatotic
liver disease; LREs, liver-related events; LSM, liver stiffness measurement; FIB-4, Fibrosis-4 index.
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Histological severity

Among 2,915 patients who had undergone liver biopsy,
925 (31.7%) had FIB-4<1.3 and LSM<8 kPa, 633 (21.7%)
had FIB-4<1.3 and LSM=>8 kPa, 430 (14.8%) had FIB-4>1.3
and LSM<8 kPa, and 927 (31.8%) had FIB-4>1.3 and
LSM=>8 kPa (Table 2). The median interval between VCTE
and liver biopsy was 1.0 (25th to 75th percentile 0 to 7.8)
months. Compared to patients with LSM<8 kPa, the medi-
an fibrosis stage was increased in those with FIB-4<1.3 but
LSM=>8 kPa, and the highest in those with concordant FIB-
4>1.3 and LSM=>8 kPa. The proportion of patients with
MASH was similarly high at around 65% in both subgroups
with LSM=>8 kPa. In contrast, the proportion of at-risk
MASH (13.4%), F2—F4 fibrosis (21.4%), F3—F4 fibrosis
(6.4%), and cirrhosis (0.8%) was the lowest among patients
with concordantly low FIB-4<1.3 and LSM<8 kPa, and the
highest among patients with concordantly high FIB-4>1.3
and LSM=8 kPa (corresponding proportions 54.0%, 77.2%,
62.4%, and 20.9%, respectively). Among patients with dis-
crepant FIB-4 and LSM, the proportions of at-risk MASH,
F2—F4 fibrosis, F3—F4 fibrosis, and cirrhosis were between
those in the two concordant groups, though the discrepant

Joseph Rabbat, et al.
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group with FIB-4<1.3 and LSM>8 kPa were consistently
more likely to harbor these histological features than the
discrepant group with FIB-4>1.3 and LSM<8 kPa (at-risk
MASH: 36.5% vs. 21.4%, F2—F4 fibrosis: 53.2% vs. 32.8%,
F3—F4 fibrosis: 30.6% vs. 13.7%, cirrhosis: 5.1% vs. 1.4%).
This suggested that LSM was often the more accurate test
in case of discrepancy. Patients with a BMI=30 kg/m® ex-
hibited a higher prevalence of MASH and more advanced
fibrosis compared to those with a BMI<30 kg/m?. Consis-
tent with the main findings, LSM provided a more accurate
assessment in cases of diagnostic discrepancy across
both BMI subgroups (Supplementary Tables 1, 2).

Liver-related events

At a median follow-up of 47.4 (25th-75th percentile 23.3 to
72.3) months in the overall study population, 248 patients
(1.9%) developed LREs at an incidence rate of 4.32 per
1,000 person-years (Table 3). These included 109 cases of
HCC and 174 cases of hepatic decompensation, among
which ascites was the most common decompensating
event. Forty-one (0.3%) patients died of liver disease, and
15 (0.1%) underwent liver transplantation. Similar to the re-

Table 2. Histological severity of patients with concordant or discordant FIB-4 and LSM

FIB-4<1.3

FIB-4<1.3 FIB-42>1.3 FIB-42>1.3

Al LSM<8 kPa LSM>8 kPa LSM<8 kPa LSM>gkpa | value
N 2,915 925 633 430 927
FIB-4 1.2 (0.8-2.0) 0.8 (0.6-1.0) 0.9 (0.6-1.1) 1.9 (1.5-2.5) 1 (1.7-2.9)
LSM 8.4 (6.0-12.2) 5.8 (4.8-6.7) 10.6 (9.1-13.4) 6.0 (4.9-6.9) 133(104 —20.0)
Steatosis grade 2(1-2) 2(1-2) 2(1-2) 2(1-2) 2(1-2) <0.001
Lobular inflammation 1(1-2) 1(1-1) 1(1-2) 1(1-2) 1(1-2) <0.001
Hepatocyte ballooning 1(0-1) 1(0-1) 1(1-1) 1(0-1) 1(1-2) <0.001
NAFLD activity score 4 (3-5) 4 (3-5) 4 (3-5) 4 (3-5) 4 (3-5) <0.001
Fibrosis stage 1(1-3) 1(0-1) 2 (1-3) 1(1-2) 3(2-3) <0.001
MASH* 1,667 (57.2) 449 (48.5) 398 (62.9) 203 (47.2) 617 (66.6) <0.001
At-risk MASH* 948 (32.5) 124 (13.4) 231 (36.5) 92 (21.4) 501 (54.0) <0.001
F2—F4 fibrosis 1,392 (47.8) 198 (21.4) 337 (53.2) 141 (32.8) 716 (77.2) <0.001
F3—F4 fibrosis 890 (30.5) 59 (6.4) 194 (30.6) 59 (13.7) 578 (62.4) <0.001
Cirrhosis 239 (8.2) 7(0.8) 32 (5.1) 6 (1.4) 194 (20.9) <0.001

Histological scores are presented as median (25th—75th percentile). Categorical variables are presented as number (%).
Continuous variables were compared by Kruskal-Wallis test. Categorical variables were compared by chi-square test.
*MASH was defined as a NAFLD activity score>4 with at least 1 point in all steatosis, lobular inflammation and hepatocyte ballooning.

At-risk MASH was defined as MASH plus F2-F4 fibrosis.

FIB-4, Fibrosis-4 index; LSM, liver stiffness measurement; NAFLD, nonalcoholic fatty liver disease; MASH, metabolic dysfunction-

associated steatohepatitis.
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sults of liver histology, the incidence rate was the lowest
among patients with concordantly low FIB-4<1.3 and
LSM<8 kPa at 0.67 per 1,000 person-years and the highest
among those with concordantly high FIB-4>1.3 and LSM>8
kPa at 21.30 per 1,000 person-years (Table 3, Fig. 2A,
P<0.001 by Gray’s test). However, both discrepant groups
had low incidence rates of LREs at 2.58 per 1,000 person-
years for FIB-4<1.3 and LSM=>8 kPa, and 1.19 per 1,000
person-years for FIB-4>1.3 and LSM<8 kPa. Similar find-
ings were observed when HCC and hepatic decompensa-
tion as well as its individual components were analyzed
separately (Fig. 2B, 2C), and after excluding 160 patients
with unreliable LSM (Supplementary Fig. 1). In sensitivity
analyses, a low incidence of LREs was observed in patients
with low FIB-4 (i.e., <1.3 [or 2.0 in those aged =65 years))
and LSM=>8 kPa, as compared to those with low FIB-4 and
LSM<8 kPa; and patients with FIB-4<1.3 and LSM>10 kPa
compared to those with FIB-4<1.3 and LSM<10 kPa.
Among 7,766 patients with FIB-4<1.3, 434 (5.6%) had
LSM>12 kPa and these patients had a higher risk of LREs
than those with LSM<12 kPa. Among 3,912 patients with
FIB-4 between 1.3 and 2.67, 385 (9.8%) had LSMx>15 kPa
and these patients also had a higher risk of LREs than
those with LSM<15 kPa. Among 1,272 patients with FIB-
4>2.67, 841 patients (66.1%) had LSM<15 kPa. While these
661 patients had a lower risk of LREs than those with FIB-

4>2.67 and LSM>15 kPa, their risk of LREs was still consid-
erably high, with a 5-year cumulative incidence of 3.53%
(95% confidence interval [Cl] 2.15-5.45%; Table 4).

By univariable Fine-Gray proportional subdistribution
hazards model, compared with patients with concordantly
low FIB-4<1.3 and LSM<8 kPa, the two subgroups with
LSM>8 kPa had significantly increased risk of LREs,
whereas the subgroup with FIB-4>1.3 but LSM<8 kPa did
not (Table 5). In the fully adjusted model, compared with
patients with FIB-4<1.3 and LSM<8 kPa, the adjusted sub-
distribution hazard ratio (aSHR) were 4.12 (95% CI 2.10—
8.08) for patients with FIB-4<1.3 but LSM>8 kPa, and 21.38
(95% CI 12.82-35.65) for patients with concordantly high
FIB-4>1.3 and LSM=>8 kPa. The corresponding aSHR were
6.89 (95% Cl 2.42-19.63) and 45.90 (95% CI 19.10-110.32)
for hepatic decompensation, and 2.42 (95% CI 0.92-6.37)
and 12.50 (95% CI 6.75-23.13) for HCC, respectively. Simi-
lar results were observed in the complete case sensitivity
analysis (Supplementary Table 3) and in the subgroups of
patients with BMI<30 kg/m® (Supplementary Table 4).
Among patients with BMI=30 kg/m?, compared with pa-
tients with FIB-4<1.3 and LSM<8 kPa, those with FIB-4<1.3
and LSM>8 kPa were not associated with a higher risk of
LREs, with an aSHR of 3.09 (95% CI 0.92-10.43; Supple-
mentary Table 5).

Table 3. Liver-related events in patients with concordant or discordant FIB-4 and LSM

Al FIB-4<1.3 FIB-4<1.3 FIB-4>21.3 FIB-4>1.3
LSM<8 kPa LSM>8 kPa LSM<8 kPa LSM>8 kPa
N 12,950 6,403 1,363 3,017 2,167
All liver-related events 248 (1.9) 19 (0.3) 16 (1.2) 16 (0.5) 197 (9.1)
Incidence rate of liver-related 4.32 0.67 2.58 1.19 21.30
events, per 1,000 person-years
Hepatocellular carcinoma 109 (0.8) 13 (0.2) 6 (0.4) 10 (0.3) 80 (3.7)
Hepatic decompensation 174 (1.3) 6 (0.1) 9(0.7) 8(0.3) 151 (7.0)
Ascites 112 (0.9) 3(0.0) 5(0.4) 4(0.1) 100 (4.6)
Spontaneous bacterial peritonitis 10 (0.1) 2(0.0) 1(0.1) 1(0.0) 6 (0.3)
Variceal hemorrhage 58 (0.4) 0(0.0) 4(0.3) 2(0.1) 52 (2.4)
Hepatic encephalopathy 45 (0.3) 1(0.0) 4(0.3) 1(0.0) 39 (1.8)
Hepatorenal syndrome 8(0.1) 1(0.0) 0(0.0) 0 (0.0 7 (0.3)
Liver transplantation 15 (0.1) 1(0.0) 2(0.1) 1(0.0) 11 (0.5)
Liver-related death 41 (0.3) 0 (0.0 0(0.0) 2(0.1) 39 (1.8)
Values are presented as number (%).
FIB-4, Fibrosis-4 index; LSM, liver stiffness measurement.
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Figure 2. Cumulated incidence of (A) liver-related events, (B) hepatic decompensation, and (C) hepatocellular carcinoma in patients with
concordant and discordant Fibrosis-4 index (FIB-4) and liver stiffness measurement (LSM) by vibration-controlled transient elastography.
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Table 4. Sensitivity analysis on risk of liver-related events for patients with concordant or discordant FIB-4 and LSM

5-year cumulative
incidence (95% Cl) of
liver-related events

5-year cumulative

incidence (95% Cl) of

5-year cumulative
incidence (95% Cl) of

hepatic decompensation hepatocellular carcinoma

FIB-4<1.3 (age<65 yr)/2.0 (age>65 yr) and

LSM<8 kPa (N=6,942)
LSM=>8 kPa (N=1,531)

FIB-4<1.3 and

LSM<10 kPa (N=7,029)

LSM=>10 kPa (N=737)

FIB-4<1.3 and

LSM<12 kPa (N=7,332)

LSM=>12 kPa (N=434)

1.3<FIB-4<2.67 and

LSM<15 kPa (N=3,527)

LSM=15 kPa (N=385)

FIB-4>2.67 and

LSM<15 kPa (N=841)
LSM=>15 kPa (N=431)

0.38% (0.23-0.59%)
1.13% (0.61-1.93%)

0.33% (0.20—0.53%)
1.08% (0.45-2.26%)

0.32% (0.19-0.51%)
1.81% (0.75-3.75%)

1.05% (0.69—1.54%)
8.67% (5.68-12.44%)

3.53% (2.15-5.45%)
27.96% (22.79-33.35%)

0.13% (0.05-0.28%)

0.58% (0.24—1.25%)

0.11% (0.04—0.25%)
0.35% (0.07-1.21%)

0.10% (0.04-0.24%)

0.59% (0.12-1.99%)

0.66% (0.39-1.06%)

5.71% (3.39-8.86%)

1.92% (0.99-3.39%)

22.43% (17.82-27.38%)

0.27% (0.15-0.45%)
0.55% (0.23-1.15%)

0.22% (0.12-0.39%)
0.73% (0.25-1.79%)

0.21% (0.11-0.38%)
1.23% (0.41-2.96%)

0.53% (0.28—0.91%)
4.21% (2.16-7.30%)

2.39% (1.28-4.08%)
10.42% (7.11-14.46%)

FIB-4, Fibrosis-4 index; LSM, liver stiffness measurement; Cl, confidence interval.

Table 5. Fine-Gray proportional subdistribution hazards model on liver-related events

G Univariable Model 1 Model 2
rou

; SHR 95% CI P-value aSHR 95% CI P-value aSHR 95% ClI P-value
Liver-related events

FIB-4<1.3 Ref Ref Ref

LSM<8 kPa

FIB-4<1.3 3.92 2.01-7.63 <0.001 433 2.23-8.43 <0.001 412 2.10-8.08 <0.001
LSM=8 kPa

FIB-4>1.3 1.83 0.94-3.57 0.078 1.22 0.62-2.40 0.575 1.19 0.60-2.36 0.610
LSM<8 kPa

FIB-4>1.3 32.91 20.37-53.15 <0.001 22.69 13.77-37.37  <0.001 21.38 12.82-35.65 <0.001
LSM=>8 kPa
Hepatic decompensation

FIB-4<1.3 Ref Ref Ref

LSM<8 kPa

FIB-4<1.3 7.01 2.49-19.68 <0.001 7.71 2.75-21.60 <0.001 6.89 2.42-19.63 <0.001
LSM=>8 kPa

FIB-4>1.3 2.91 1.00-8.41 0.049 1.92 0.65-5.68 0.239 1.83 0.62-5.43 0.273
LSM<8 kPa

FIB-4>1.3 78.73 34.66-178.82 <0.001 52.74  22.29-124.77 <0.001 4590 19.10-110.32 <0.001
LSM=>8 kPa
Hepatocellular carcinoma

FIB-4<1.3 Ref Ref Ref

LSM<8 kPa

FIB-4<1.3 213 0.81-5.60 0.128 2.39 0.91-6.31 0.078 242 0.92-6.37 0.072
LSM=>8 kPa

FIB-4>1.3 1.65 0.72-3.77 0.237 1.03 0.45-2.36 0.947 1.02 0.44-2.34 0.965
LSM<8 kPa

FIB-4>1.3 18.37 10.09-33.45 <0.001 12.43 6.84-22.59 <0.001 12.50 6.75-23.13  <0.001
LSM=>8 kPa

Model 1: Adjusted for baseline age and sex.
Model 2: Model 1+adjustment for baseline body mass index, diabetes, and hypertension.
SHR, subdistribution hazard ratio; aSHR, adjusted SHR; ClI, confidence interval; FIB-4, Fibrosis-4 index; LSM, liver stiffness

measurement.
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Factors associated with discrepancy of FIB-4
and LSM

Patients from Europe or US centers compared to Asian
centers, as well as those with a higher controlled attenua-
tion parameter, higher BMI, presence of diabetes and hy-
pertension, lower gamma-glutamyl transpeptidase, and
lower total bilirubin were associated with higher odds to
having a FIB-4<1.3 but LSM=>8 kPa, than patients with FIB-
4<1.3 and LSM<8 kPa and patients with FIB-4>1.3 and
LSM=8 kPa. Patients with a higher controlled attenuation
parameter, higher albumin, and lower total bilirubin were

Joseph Rabbat, et al.
Clinical significance of discrepant NILDA

associated with higher odds of having a FIB-4>1.3 but
LSM<8 kPa, compared to patients with FIB-4<1.3 and
LSM<8 kPa and patients with FIB-4>1.3 and LSM>8 kPa
(Table 6). Similar results were observed in complete case
analysis (Supplementary Table 6).

DISCUSSION

In 2021, the American Gastroenterological Association
published the clinical care pathway for MASLD, recom-
mending the use of FIB-4 as the first-line assessment, fol-

Table 6. Logistic regression model on factors associated with discrepancy of FIB-4 and LSM

Patients with FIB-4<1.3 but LSM>8 kPa vs.

Patients with FIB-4<1.3 and LSM<8 kPa; and patients with FIB-4>1.3 and LSM>8 kPa

Univariable analysis

Multivariable analysis

Parameter OR (95% CI) P-value Adjusted OR (95% Cl) P-value
Sex, male (Ref: female) 1.14 (1.01-1.28) 0.035 1.03 (0.88-1.21) 0.686
Europe/US center (Ref: Asia) 1.84 (1.63-2.08) <0.001 1.47 (1.26-1.71) <0.001
CAP (dB/m) 1.013 (1.011-1.014) <0.001 1.005 (1.003-1.007) <0.001
BMI (kg/m?) 1.09 (1.08—1.11) <0.001 1.03 (1.02-1.04) <0.001
Diabetes 1.44 (1.28-1.62) <0.001 1.38 (1.19-1.59) <0.001
Hypertension 1.39 (1.23-1.56) <0.001 1.39 (1.19-1.61) <0.001
GGT (UL) 1.000 (1.000-1.001) 0.155 0.999 (0.998-1.000) 0.004
Albumin (g/L) 1.01 (0.99-1.02) 0.465 1.00 (0.98-1.01) 0.667
Total bilirubin (umol/L) 0.98 (0.97-0.98) <0.001 0.99 (0.98-0.99) 0.003
Creatinine (umol/L) 0.998 (0.995-1.001) 0.253 0.998 (0.995-1.002) 0.366
Patients with FIB-42>1.3 but LSM<8 kPa vs.
Patients with FIB-4<1.3 and LSM<8 kPa; and patients with FIB-4>1.3 and LSM>8 kPa

Univariable analysis Multivariable analysis
Parameter OR (95% ClI) P-value Adjusted OR (95% CI) P-value
Sex, male (Ref: female) 0.89 (0.82-0.97) 0.009 0.95 (0.84-1.08) 0.436
Europe/US center (Ref: Asia) 0.70 (0.62-0.78) <0.001 0.96 (0.81-1.14) 0.644
CAP (dB/m) 0.993 (0.992-0.994) <0.001 1.004 (1.002-1.006) <0.001
BMI (kg/m?) 0.94 (0.93-0.95) <0.001 1.01 (1.00-1.02) 0.281
Diabetes 1.18 (1.08-1.28) <0.001 1.03 (0.90-1.17) 0.696
Hypertension 1.50 (1.38-1.63) <0.001 1.11 (0.97-1.27) 0.132
GGT (U/L) 0.999 (0.999-1.000) 0.002 1.000 (1.000-1.001) 0.446
Albumin (g/L) 0.95 (0.94-0.97) <0.001 1.02 (1.00-1.04) 0.028
Total bilirubin (pmol/L) 1.00 (1.00-1.01) 0.171 0.99 (0.98-1.00) 0.021
Creatinine (umol/L) 1.000 (1.000-1.000) 0.737 1.000 (1.000-1.000) 0.473

Age, AST, ALT, platelets, and LSM were also adjusted in the models.

FIB-4, Fibrosis-4 index; LSM, liver stiffness measurement; OR, odds ratio; Cl, confidence interval; CAP, controlled attenuation parameter;

BMI, body mass index; GGT, gamma-glutamyl transpeptidase.
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lowed by VCTE or other second-line tests in cases of inde-
terminate FIB-4 results.”® This recommendation has
garnered significant support from other professional societ-
ies.® ™ Since then, several studies have examined the per-
formance of this clinical care pathway using registry
data.?®** A common criticism is that FIB-4 fails to identify a
proportion of patients with VCTE-LSM>8 kPa. However,
this critique assumes that VCTE-LSM is the definitive mea-
sure, while false-positive VCTE-LSM results can occur,
particularly in obese patients.?® When FIB-4 is <1.3 and
LSM is =8 kPa, it is possible that FIB-4 is indeed the cor-
rect result. Given this context, our large multicenter cohort
study provides insights into the clinical implications of dis-
crepant results between FIB-4 and LSM.

First, we found that approximately 30% of patients with
MASLD seen at tertiary centers exhibited discrepancies
between FIB-4 and VCTE-LSM results. In a secondary
analysis of the 2017 to 2020 National Health and Nutrition
Examination Surveys dataset, 10% of participants with
FIB-4<1.3 had LSM=>8 kPa, while 62.8% of those with FIB-
4>2.67 had LSM<8 kPa.* Our study further evaluated the
histological severity and clinical outcomes in patients with
concordant and discordant NILDA (Table 2). All clinically
relevant histological features, including at-risk MASH and
the degree of fibrosis, were least severe in patients with
FIB-4<1.3 and LSM<8 kPa, and most severe in those with
FIB-4>1.3 and LSM>8 kPa, though false-negative and
false-positive results remained possible despite concor-
dant NILDA. Among the two discrepant groups, patients
with FIB-4<1.3 but LSM>8 kPa exhibited more severe his-
tology than those with FIB-4>1.3 but LSM<8 kPa. Specifi-
cally, F3—F4 fibrosis was found in 33.2% of patients with
FIB-4<1.3 and LSM>8 kPa, compared to 13.4% in those
with FIB-4>1.3 and LSM<8 kPa. This suggests that when
the two NILDA do not agree, VCTE-LSM is more often the
correct measure. Based on our findings, patients with low
FIB-4 but elevated LSM may require further evaluation to
confirm or exclude advanced fibrosis. This can be done
through repeating another LSM or performing a third NIL-
DA. Although such patients are not identified by the two-
step approach, their 5-year risk of LREs remained relatively
low. Nonetheless, repeating FIB-4 measurements every
1-3 years remains important. Also, among patients with
FIB-4<1.3, those with metabolic comorbidities, such as
high BMI, diabetes, or hypertension, are more likely to have

300 https://doi.org/10.3350/cmh.2025.0888

an LSM>8 kPa. They may be considered for VCTE exami-
nation if there is clinical suspicion. Consequently, relying
solely on FIB-4 as the first-line test may miss some pa-
tients with advanced fibrosis. In another study involving pa-
tients with type 2 diabetes from primary care and endocri-
nology clinics in the USA, Ajmera and colleagues
demonstrated that the two-step approach would result in
18% of patients being referred to hepatology, while missing
3.3% of those who had LSM>3.63 kPa as determined by
magnetic resonance elastography.” It is important to note,
however, that VCTE and magnetic resonance elastography
share similar mechanisms, which may lead to an overesti-
mation of the clinical care pathway’s performance.

As expected, the incidence of LREs was lowest in pa-
tients with concordantly low FIB-4<1.3 and VCTE-LSM<8
kPa, and highest in those with concordantly high FIB-4>1.3
and LSM=>8 kPa (Table 3). Interestingly, although the two
discrepant groups had incidence rates of LREs that fell be-
tween the two concordant groups, the absolute incidence
was low: 3.28 per 1,000 person-years for FIB-4<1.3 and
LSM=>8 kPa, and 1.10 per 1,000 person-years for FIB-4>1.3
and LSM<8 kPa, compared to 22.50 per 1,000 person-
years when both measures were elevated. This aligns with
previous studies indicating that persistently low FIB-4 is
associated with a very low incidence of LREs.***” Our
group previously showed that the 2-step approach was
non-inferior to performing VCTE for all patients with
MASLD in predicting LREs." Taken together, while FIB-4 is
not perfect and may overlook some patients with advanced
fibrosis, those with low FIB-4 levels are unlikely to develop
LREs in the short to intermediate term, and the current
clinical care pathway remains robust.

Ongoing efforts continue to refine serum prediction mod-
els for fibrosis and LREs, including the steatosis-associat-
ed fibrosis estimator (SAFE) and LiverPRO scores, which

%30 a5 well as

aim to detect F2—F4 fibrosis in primary care,
the metabolic dysfunction-associated fatty liver disease fi-
brosis score for F3—F4 fibrosis.”" Additionally, LiverRisk
and metabolic dysfunction-associated fibrosis 5 (MAF-5)
scores have been modeled against LSM and validated
against LREs.**® Generally, these new scores are more
accurate than FIB-4 but require more clinical parameters.
Their performance warrants further validation, and it is cru-
cial to assess whether the increased complexity of these

models might hinder their implementation.®*
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Our study benefits from a large sample size, a multi-
center design, and the inclusion of both histological and
clinical outcome correlations. However, it does have limita-
tions. First, the results reflect the performance of NILDA in
tertiary centers; future studies are needed to independently
elucidate the clinical significance of discordant NILDA in
primary care. It is reasonable to anticipate that the inci-
dence of LREs would be even lower in patients with dis-
crepant FIB-4 and VCTE-LSM in primary care settings and
community-based studies. Second, the study evaluated
only FIB-4 and VCTE-LSM, as these are most often rec-
ommended by international guidelines. Evaluating different
first- and second-line tests, such as LiverRisk score, Liver-
PRO, enhanced liver fibrosis, and magnetic resonance
elastography, will yield numerous possible combinations
for future assessment. Third, liver histology was available
only in a subset of patients, as it is not routinely performed
in individuals with MASLD. Interobserver variability in histo-
logic assessment may affect the evaluation of histological
severity of patients with concordant or discordant FIB-4
and LSM.* Central reading of liver biopsies is not part of
routine clinical practice and was therefore not performed in
this study. Fourth, while widely accepted cutoffs of FIB-4
and LSM were used, categorization of LSM and FIB-4 may
mask within-group variability. Thus, Table 1 reports the dis-
tribution of FIB-4 and LSM among patients with concordant
and discordant FIB-4 and LSM. As age is a component of
FIB-4, its sensitivity decreases in older individuals. Table 4
shows sensitivity analyses of the discrepancy of FIB-4 and
LSM using different cutoffs, including an age-specific cutoff
for FIB-4. Fifth, the median follow-up was only 47.4 months.
However, as current guidelines recommend NILDA testing
at intervals of 1 to 3 years, the prognostic performance ob-
served in this study is clinically relevant for the intermediate
term. Sixth, although clinical outcomes were predefined in
the study protocol, interpretation of clinical outcome defini-
tions may vary across centers. To reflect real-world prac-
tice, we used standard criteria routinely applied at each
site. Key outcomes were identified through prospective fol-
low-up, medical record review, or validated registries with
positive predictive values =90%. Consistent findings across
multiple outcomes, which included unequivocal measures
like mortality, support the credibility of our results.

In conclusion, approximately 30% of patients in tertiary
centers exhibit discrepant FIB-4 and VCTE-LSM results. A
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small but significant proportion of these patients may still
harbor at-risk MASH and advanced fibrosis, although the
absolute incidence of LREs remains low. Our findings sup-
port current recommendations for the use of FIB-4 followed
by a specific second-line test in evaluating MASLD, while
also highlighting the importance of follow-up testing to
avoid missing patients with advanced liver disease and dis-
ease progression.
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