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ABSTRACT

Background and Aims: Metabolic dysfunction-associated steatohepatitis (MASH), the progressive form of metabolic
dysfunction-associated steatotic liver disease (MASLD), is associated with adverse hepatic and cardiometabolic outcomes. The
study aimed to validate a novel quantitative ultrasound (QUS)-derived score, the LIID score, for noninvasive diagnosis of MASH,
and to evaluate the performance of liver stiffness measurement (LSM) using the same ultrasound platform for detecting fibrotic
burden in MASLD.

Methods: This multicenter study enrolled 438 participants with MASLD who underwent both iLivTouch examination and liver bi-
opsy between November 2018 and December 2024 from 10 hospitals in China. After the exclusion criteria were applied, a total of 410
patients with biopsy-proven MASLD and successful QUS measurements were included to assess the performance of the LIID score.
Results: The LIID score demonstrated an area under the receiver operating characteristic curve (AUROC) of 0.71 (95% CI: 0.66—
0.76) for detecting MASH. A rule-out threshold of 6.0 achieved high sensitivity (89.6%) and negative predictive value (78.2%),
whereas a rule-in threshold of 7.8 provided high specificity (88.4%) and positive predictive value (70.5%). LSM showed excellent
diagnostic performance for advanced fibrosis (AUROC: 0.86; 95% CI: 0.79-0.92) and acceptable accuracy for significant fibrosis
(AUROC: 0.75; 95% CI: 0.69-0.79) and cirrhosis (AUROC: 0.78; 95% CI: 0.61-0.95).

Conclusions: The LIID score offers a noninvasive, ultrasound-based approach for identifying MASH. Combined with LSM, this
strategy enables comprehensive, noninvasive assessment of hepatic inflammation and fibrosis in MASLD and may reduce the
need for liver biopsy in clinical practice.

1 | Introduction of the adult population worldwide [1, 2]. MASLD encompasses a

spectrum of liver diseases, ranging from simple steatosis to met-
Metabolic dysfunction-associated steatotic liver disease (MASLD), abolic dysfunction-associated steatohepatitis (MASH) [3]. MASH
formerly known as nonalcoholic fatty liver disease (NAFLD), has is not only the most rapidly increasing indication for liver trans-
emerged as a global health concern, affecting approximately 30% plantation but also significantly associated with an elevated risk of
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extrahepatic complications, including cardiovascular disease and
chronic kidney disease [4-6]. Identifying patients at high risk of
MASH is critical for making informed prognostic assessments and
therapeutic decision-making.

Diagnosing MASH remains challenging due to its asymptomatic
nature and the lack of reliable clinical or laboratory indicators
[7]. Currently, liver biopsy serves as the gold standard for diag-
nosing and staging MASH in both clinical and research settings.
However, it is invasive, costly, and associated with risks such as
pain, bleeding, and sampling variability [8]. These limitations
underscore the need for accurate, noninvasive, and accessible
diagnostic alternatives for MASH.

Among various noninvasive techniques, quantitative ultrasound
(QUS) has demonstrated a unique advantage in providing de-
tailed insights into liver tissue composition through raw radiof-
requency data [9, 10]. Building on this technology, we previously
developed the Liver Inflammation and Injury Detection (LIID)
score, a QUS-derived algorithm designed to detect MASH in
patients with biopsy-proven MASLD [11]. While the LIID score
showed promising results in an initial internal validation within
a single-center retrospective study, further external validation
using large, multicenter cohorts is necessary to confirm its
broader applicability.

The primary aim of this study was to externally validate the di-
agnostic performance of the LIID score for identifying MASH in
a multicenter cohort of patients with biopsy-proven MASLD. A
secondary objective was to assess the accuracy of LSM, integrated
into the same ultrasound platform, for detecting fibrotic burden in
MASLD. A schematic illustration is shown in Figure 1.

2 | Methods
2.1 | Study Population and Design

This multicenter study initially enrolled 438 patients with MASLD
who underwent both iLivTouch examination and liver biopsy be-
tween November 2018 and December 2024 across 10 hospitals
in China. The geographic distribution of the different centers is
shown in Figure 2. Twenty-eight patients were excluded from the
cohort due to (i) invalid QUS measurements, (ii) incomplete biopsy
data precluded calculation of the NAFLD activity score (NAS), or
(iii) hepatic steatosis involving less than 5% of hepatocytes on his-
tology. After exclusions, 410 patients were included in the cohort.

The study protocol was approved by the ethics committees of all
participating centers. All procedures involving human participants
were performed in accordance with the ethical standards outlined
in the 1964 Declaration of Helsinki and its later amendments.
Written informed consent was obtained from all participants.

2.2 | Clinical and Biochemical Data

Clinical and biochemical data were collected within 48h of
liver biopsy. Blood samples were drawn following an over-
night fast. Body mass index (BMI) was calculated using the
formula: weight (kg)/height (m?). Severe obesity was defined

as BMI>28kg/m?, consistent with criteria for the Asian pop-
ulation. Type 2 diabetes mellitus (T2DM) was diagnosed based
on a self-reported history, a fasting glucose level >7.0mmol/L,
hemoglobin Alc>6.5% (>48 mmol/mol), or the use of any anti-
hyperglycemic medications. Hypertension was defined as blood
pressure > 140/90 mmHg or the use of antihypertensive medica-
tions. The scores for AAR [12], FIB-4 [13], and acMASH [14, 15]
were determined according to the previously established formu-
las in their respective original publications.

2.3 | iLivTouch Parameter Measurement

LSM and ultrasound attenuation parameter (UAP) were
measured using the iLivTouch system (Wuxi Hisky Medical
Technologies Co. Ltd., China), operated by trained techni-
cians who were blinded to the clinical and histological data
of participants [16]. The procedure involved placing the probe
below the right seventh, eighth, or ninth ribs between the an-
terior and mid-axillary lines to assess liver stiffness. Ten valid
measurements were required, and the median value was used
for analysis. Validity criteria included an interquartile range
(IQR) to median ratio of less than 30% and a success rate of
>60%.

According to measurement results and radiofrequency data
acquired from iLivTouch, a total of 18 ultrasonographic fea-
tures were obtained with different time gain compensation
and named as P1-P18 based on the intensity, attenuation, and
scattering characteristics of the ultrasound signals, including
LSM (P3) and UAP (P1). P2-P10 are mainly related to intensity,
whereas P11-P18 are mainly related to scattering. The LIID
score was derived from the QUS data, including information on
the intensity, frequency, scattering, and attenuation characteris-
tics of the ultrasound signals. The formula of the LIID score was
as follows: LIID =0.063*P7+0.019*P13.

In the raw RF data, P7 is mainly related to intensity, and P13
is mainly related to scattering. These features were utilized to
assess the likelihood of MASH, as previously described [11].

2.4 | VCTE-Based LSM Measurement

A subset of 56 patients from the WMU cohort have both
iLivTouch-derived LSM and VCTE-based LSM. VCTE-
based LSM were measured by two experienced operators,
using vibration-controlled transient elastography technology
(Fibroscan; Echosens, Paris, France), according to the manufac-
turer's recommendations. Patients underwent FibroScan exam-
ination within 2weeks of liver biopsy, and they were asked to
fast at least 3h before the examination. Each LSM measurement
was considered adequate when including at least 10 valid mea-
surements for each patient, with a success rate >60% and vari-
ability of measurements (IQR/M) <30% of the median.

2.5 | Liver Histology

Percutaneous liver biopsy was performed under ultrasound
guidance. Liver histopathological assessment was carried out
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FIGURE1 | Schematic illustration of the LIID score to differentiate MASH from MASL.

by experienced pathologists blinded to the clinical data of
participants, following the NASH-Clinical Research Network
(CRN) Scoring System [17, 18]. At each center, slides were
independently reviewed by two pathologists, and in cases
of disagreement, a third pathologist was consulted to reach
consensus.

The NAS score was calculated as the sum of the scores for liver
steatosis (0-3), ballooning (0-2), and lobular inflammation
(0-3). Liver fibrosis was staged according to Brunt's histologic
criteria, ranging from FO (no fibrosis) to F4 (cirrhosis) [17, 18].
MASLD was defined by hepatic steatosis in > 5% of hepatocytes
combined with the presence of at least 1 of 5 cardiometabolic
risk factors [2]. MASH was defined as the presence of hepatic
steatosis, lobular inflammation, and ballooning with NAS>5.
Significant fibrosis was defined as fibrosis stage >2 (F>2) [19].
Advanced fibrosis was classified as F3 or F4, and cirrhosis was
classified as F4 [20].

2.6 | Statistical Analysis

Continuous variables were expressed as means=standard de-
viation (SD) or medians with IQR, and comparisons between
groups were performed using the unpaired Student's t-test or
the Mann-Whitney U test, as appropriate. Categorical variables
were expressed as frequencies (percentages) and compared

using the chi-square test or Fisher's exact test. Comparisons
between groups were performed using the Kruskal-Wallis test,
a nonparametric method suitable for evaluating differences in
continuous outcomes across three or more independent ordinal
groups.

The diagnostic accuracy of the LIID score was evaluated using
the area under the receiver operating characteristic curve
(AUROC). Pairwise comparisons of AUROC values were con-
ducted using the DeLong test. Sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value (NPV),
likelihood ratio, and diagnostic odds ratio were calculated at
different cutoff values. The dual cutoffs for the LIID score, cor-
responding to the 90% sensitivity and 90% specificity thresh-
olds for detecting MASH, were calculated. The optimal cutoff
value was determined by maximizing the Youden Index (sen-
sitivity + specificity-1) derived from the ROC analysis. The
point corresponding to the maximum Youden Index was se-
lected as the optimal threshold to balance sensitivity and spec-
ificity. Violin plots were chosen to depict both the probability
density and the central tendency (median and IQR) of values
within each subgroup. The association between increasing the
LIID score (as exposure measures) and the presence of MASH
(as the outcome measure) was assessed by binary logistic re-
gression analysis. The concordance between LSM obtained
by iLivTouch and VCTE was evaluated using Spearman’s rank
correlation coefficient (p), which is appropriate for assessing
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the strength and direction of the monotonic relationship be-
tween two continuous variables. A p value of >0.70 was consid-
ered indicative of strong concordance. Statistical analyses were
performed using R (Version 3.3.1; R Foundation for Statistical
Computing, Vienna, Austria), and a two-sided p-value <0.05
was considered statistically significant.

3 | Results
3.1 | Baseline Characteristics

A total of 410 individuals with biopsy-proven MASLD were en-
rolled in the “LIID cohort.” The mean age of participants was
44.7years, and 46.6% of them were men. Their mean value of BMI
was 27.0kg/m?, and 138 subjects (33.7%) had severe obesity. Their
median value of the NAS score was 5 (IQR: 3-6). MASH was
histologically diagnosed in 211 subjects (51.5%). Histological as-
sessment showed that 328 participants (80.0%) had fibrosis (stage
F>1). Significant fibrosis (stage F>2) was present in 160 partic-
ipants (39.0%), advanced fibrosis (stage F>3) in 55 participants
(13.4%), and cirrhosis in 15 participants (3.7%). More detailed
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baseline demographic, clinical, and histological characteristics of
the study participants are summarized in Tables 1 and S1.

3.2 | Diagnostic Performance of the LIID Score
for MASH

In this study, the LIID score demonstrated acceptable diagnostic
accuracy for identifying histological MASH. The AUROC was
0.71 (95% CI: 0.66-0.76) (Figure 3A). Two clinically actionable
cutoffs were identified: a rule-out threshold of 6.0 and a rule-in
threshold of 7.8. At the lower cutoff, the LIID score achieved
a sensitivity of 89.6%, specificity of 39.7%, and NPV of 78.2%.
At the higher cutoff, specificity increased to 88.4% with a PPV
of 70.5%, although sensitivity decreased to 26.1% (Table 2). The
diagnostic odds ratios for the two thresholds were 5.7 and 2.7,
respectively.

Notably, LIID scores increased in parallel with histological dis-
ease activity, as assessed by the NAS score. A significant positive
association was observed between the LIID score and NAS score
(p<0.01), supporting the ability of LIID to reflect histological
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TABLE 1

The other
cohort?

WMU

cohort

(n

Shengjin

Changgeng

cohort (n

CMU cohort

cohort

Ditan cohort Gulou cohort

Youyi cohort

(n=22)

=11)

=29)

(n

=100)

67)
26 (38.8)

(n

=19)

(n

(n=151)

11)

(n

Variables

11 (50.0)

5(45.5)

14 (48.3)

42 (42.0)

104 (68.9) 7(36.8)

2(18.2)

MASH, 1 (%)

Fibrosis stage, n (%)

0(0.0)
6 (27.3)

19 (65.5) 3(27.3)

26 (26.0)
47 (47.0)

6 (4.0) 2(10.5) 26 (38.8)
10 (52.6)

70 (46.4)

0(0.0)
3(27.3)

FO

4(36.4)

8(27.5)

20 (29.8)

F1

10 (45.5)

109.1)
3(27.3)

1(3.5)

25 (25.0)

15(22.4)
2(3.0)
4(6.0)

7(36.9)
0(0.0)
0(0.0)

43(28.5)

3(27.3)

F2

3(13.6)
3(13.6)

1(3.5)

2(2.0)

27 (17.9)

2(18.2)
3(27.2)

F3

0(0.0)

0(0.0)

0(0.0)

5(3.3)

F4

Abbreviations: BMI, body mass index; LSM, liver stiffness measurement; MASH, metabolic dysfunction-associated steatohepatitis; UAP, ultrasound attenuation parameter.

3).

=9), and Zhongshan cohort (n=

10), Yuncheng cohort (n

2The “other” cohort comprised the Shuguang cohort (n

inflammation and hepatocellular injury (Figure 4A). In the lo-
gistic regression analyses, each 1-unit increase in the LIID score
was associated with a 94% increase in the risk of MASH (un-
adjusted-OR: 1.94, 95% CI: 1.59-2.36). Notably, the association
between the LIID score and the presence of MASH remained
significant even after adjusting for LSM (adjusted-OR: 1.93, 95%
CI: 1.57-2.38).

3.3 | Comparison With Established
Noninvasive Scores

Among the 251 patients with complete biochemical data, we
performed additional comparative analyses evaluating the diag-
nostic performance of the LIID score against other commonly
used noninvasive scores (acMASH, AAR, and FIB-4). As shown
in Figure S1, the LIID score demonstrated an AUROC of 0.75
(95% CI: 0.69-0.80), compared with 0.54 (95% CI: 0.48-0.60)
for FIB-4, 0.58 (95% CI: 0.52-0.64) for AAR, and 0.71 (95% CI:
0.65-0.77) for acMASH. The AUROC of the LIID score was sig-
nificantly higher than that of FIB-4 and AAR (DeLong test, both
p<0.05). Although no statistically significant differences were
observed, the LIID score consistently demonstrated a numeri-
cally higher AUROC value compared with acMASH.

3.4 | Diagnostic Performance of Liver Stiffness
Measurement (LSM)

LSM measured by iLivTouch showed high diagnostic accuracy
for detecting significant fibrosis (> F2), with an AUROC of 0.75
(95% CI: 0.69-0.79) (Figure 3B), advanced fibrosis (>F3), with
an AUROC of 0.86 (95% CI: 0.79-0.92) (Figure 3C), and cirrhosis
(F4), with an AUROC of 0.78 (95% CI: 0.61-0.95) (Figure 3D).

The optimal cutoffs were 9.8kPa for significant fibrosis,
11.6 kPa for advanced fibrosis, and 15.6 kPa for cirrhosis. At
these thresholds, sensitivity and specificity were 73.1% and
64.0% for significant fibrosis, 87.3% and 74.4% for advanced
fibrosis, and 73.3% and 86.8% for cirrhosis, respectively. LSM
achieved high NPVs across fibrosis stages, with NPV of 78.8%
for significant fibrosis, 97.4% for advanced fibrosis, and 98.8%
for cirrhosis (Table 3).

In addition, LSM values correlated positively with histologi-
cal fibrosis stage (FO-F4), with a statistically significant trend
(p<0.01), further validating the utility of LSM for fibrosis stag-
ing (Figure 4B).

3.5 | Concordance Between iLivIouch-Derived
LSM and VCTE-Based LSM

There are 56 patients from the WMU cohort who have both
iLivTouch-derived LSM and VCTE-based LSM. Spearman's
rank correlation analysis was performed to assess the relation-
ship. The results showed a significant positive correlation be-
tween the two methods (p=0.75, p<0.01), indicating a strong
concordance. This suggests that iLivTouch-derived LSM is in
good agreement with VCTE-based LSM, supporting the clinical
applicability of iLivTouch in assessing liver stiffness.

o)}
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TABLE 2 | Operating characteristics for the two selected cutoffs of
the LIID score.

LIID score

Cutoff 6.0 7.8
89.6% (189/211)
39.7% (79/199)

Sensitivity, % (n/N) 26.1% (55/211)

Specificity, % (n/N) 88.4% (176/199)

PPV, % (n/N) 61.2% (189/309)  70.5% (55/78)
NPV, % (n/N) 78.2% (79/101)  53.0% (176/332)
LR+ 1.49 2.25

LR- 0.26 0.84
Diagnostic odds ratio 5.7 2.7

Abbreviations: LR—, negative likelihood ratio; LR+, positive likelihood ratio;
NPV, negative predictive value; PPV, positive predictive value.

4 | Discussion

In this multicenter, biopsy-proven cohort of patients with MASLD,
we demonstrated that a novel QUS-based score (LIID) can nonin-
vasively identify patients with MASH, and that LSM by the same

ultrasound platform can accurately assess fibrotic burden. To
our knowledge, this is the first multicenter study assessing LIID
in biopsy-confirmed MASLD patients across tertiary centers in
China, using histology as the reference standard.

The LIID score, derived from raw radiofrequency analysis,
achieved an AUROC of 0.71 for detecting histological MASH.
Importantly, unlike serum- or MR-based indices, LIID relies
solely on QUS technology integrated into conventional ultra-
sound platforms, enabling broader accessibility, especially in
primary care or under-resourced settings [21-23]. The dual-
threshold strategy employed (cutoffs of 6.0 and 7.8) facilitates
flexible implementation: Lower thresholds yield high sensitiv-
ity and NPV, ideal for screening, whereas upper thresholds op-
timize specificity for diagnostic confirmation or clinical trial
inclusion. A significant association between the LIID score
and histological NAFLD activity score (NAS) further supports
the biological plausibility of this tool. The QUS-derived fea-
tures, such as signal attenuation, scatter, and spectral shifts,
may reflect microarchitectural disorganization due to steato-
sis, ballooning, and inflammation hallmarks of MASH pa-
thology [16]. Compared with existing scores for MASH, such
as FAST (which combines FibroScan-derived liver stiffness,
controlled-attenuation parameter [CAP], and serum AST),
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TABLE 3 | Operating characteristics for the optimal cutoff of the LSM.
Fibrosis stage F>2 (n=160) F>3 (n=55) F=4 (n=15)

AUROC 0.75 (0.69-0.79)
Optimal cutoff 9.8kPa
Youden's index 0.37
Sensitivity 0.73 (117/160)
Specificity 0.64 (160/250)
PPV 0.57 (117/207)
NPV 0.79 (160/203)

0.86 (0.79-0.92) 0.78 (0.61-0.95)

11.6kPa 15.6kPa
0.62 0.60
0.87 (48/55) 0.73 (11/15)

0.74 (264/355) 0.87 (343/395)
0.35 (48/139) 0.17 (11/63)
0.97 (264/271) 0.99 (343/347)

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.

acMASH, and MACK-3 (a serum-based panel incorporating
AST, HOMA-IR, and CK-18), LIID is derived solely from QUS
radiofrequency data without requiring blood tests, making it
more accessible and less dependent on laboratory infrastruc-
ture [21, 24].

LSM showed robust diagnostic performance across fibrosis
stages in this study. Notably, LSM achieved high NPVs, with
78.8% for significant fibrosis, 97.4% for advanced fibrosis,
and 98.8% for cirrhosis. These results suggest that LSM can
be confidently used to exclude advanced disease and mini-
mize unnecessary liver biopsies. Conversely, high-specificity
thresholds may help identify patients suitable for therapeutic
enrollment or specialist referral. In line with prior studies,
LSM values increased progressively with histological fibrosis
stages, reinforcing its biological validity as a surrogate marker
of fibrotic burden [25]. Mechanistically, increased stiffness is
driven by collagen deposition, matrix crosslinking, vascular
remodeling, and parenchymal distortion, which may be well
captured by elastography [26].

The LIID score provides an effective, noninvasive method for
identifying MASH, whereas LSM accurately assesses the de-
gree of liver fibrosis. The integration of both LIID and LSM
within a single ultrasound platform enables simultaneous
evaluation of hepatic inflammation and fibrosis, offering a

comprehensive, efficient, and patient-friendly diagnostic ap-
proach. Traditionally, the diagnostic workup for MASH and
liver fibrosis has relied on separate modalities or invasive liver
biopsy, which are resource-intensive and carry procedural
risks [27, 28]. The co-implementation of LIID and LSM in a
unified device streamlines the diagnostic workflow, reduces
patient burden, and improves accessibility, particularly in
primary care or resource-limited settings. This integrated ap-
proach represents a major step toward practical, scalable solu-
tions for the early detection and staging of disease in patients
with MASLD.

Nonetheless, certain limitations should be acknowledged. First,
the LIID score's diagnostic performance, while promising, re-
mains modest compared to imaging-based composite scores and
requires further optimization. Second, the study population was
drawn exclusively from Chinese tertiary centers, potentially
limiting generalizability to other ethnic or community-based
populations.

In conclusion, the combination of LIID and LSM in a single ul-
trasound device provides a noninvasive, efficient solution for di-
agnosing MASH and staging liver fibrosis in MASLD patients.
This integration can streamline diagnostic workflows and re-
duce the need for liver biopsy, offering a cost-effective and ac-
cessible option for patient management.
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