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hepatitis B (CHB) and compensated advanced chronic liver disease (CACLD) patients.

Materials and Methods: We retrospectively analyzed 1272 CHB and cACLD patients with at least two LSMs,
applied group-based trajectory modeling (GBTM) to identify distinct LSM trajectories, and used a Cox model
to analyze their associations with liver-related events (LREs) and mortality risk.

Results: Patients were categorized into five groups with distinct LSM trajectories: 67 (8.5 %), 13 (11 %), 36
(23.5%),34(27.6 %) and 23 (25.0 %) developed LREs in Groups 1-5. The low stable trajectory (Group 3), the
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Fibroscan

Liver-related events medium gradual decrease trajectory (Group 4) and high quickly decrease followed by increase trajectory
Prognosis (Group 5) had higher LREs risks than the low gradual decrease trajectory (Group 1) (adjusted HRs 2.26, 2.39,
Trajectory 2.67; 95 % CIs 1.50-3.40, 1.57-3.66, 1.61—-4.43, respectively). Similar elevated risks were observed for

hepatic decompensation, hepatocellular carcinoma (HCC), liver-related and all-cause mortality, except that
there was no significant difference in the risk of HCC between Groups 4 and 1 (aHR 0.66, 0.36—1.23). When
comparing Group 1 with the medium quickly decrease trajectory (Group 2), no significant differences were
noted in the prognosis (P > 0.05). Notably, age over 40, high LSM, low PLT, and high total bilirubin were
linked to high-risk trajectories (Groups 3—5).
Conclusions: Monitoring LSM trajectories improves prognostic prediction in CHB and cACLD compared with
single measurements and may guide personalized treatment strategies.
© 2025 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

The global health landscape is significantly impacted by hepatitis
B virus (HBV), a disease that affects an estimated 257 million individ-
uals globally [1]. This prevalence persists even amidst the accessibil-
ity of efficacious vaccines and therapeutic options. Chronic HBV
infections are notably linked to the development of cirrhosis, hepato-

Abbreviations: AASLD, American Association for the Study of Liver Diseases; aHR,
adjusted hazard ratio; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate

aminotransferase; BIC, Bayesian information criterion; BMI, body mass index; cACLD,
compensated advanced chronic liver disease; CHB, chronic hepatitis B; CI, confidence
interval; DNA, deoxyribonucleic acid; ETV, entecavir; FIB-4, fibrosis-4 index; GBTM,
group-based trajectory modeling; GGT, gamma-glutamyl transpeptidase; HBV, hepati-
tis B virus; HBsAg, hepatitis B surface antigen; HCC, hepatocellular carcinoma; HIV,
human immunodeficiency virus; HR, hazard ratio; IQR, interquartile range; LFR, liver
fibrosis regression; LREs, liver-related events; LSM, liver stiffness measurement; M,
medium probe; NA, nucleos(t)ide analogue; NAFLD, nonalcoholic fatty liver disease;
SD, standard deviation; SoC, standard of care; TBIL, total bilirubin; TDF, tenofovir diso-
proxil fumarate; TE, transient elastography; UK, United Kingdom; XL, large probe
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cellular carcinoma (HCC), and liver-related mortality [2].

The evaluation of liver fibrosis plays a crucial role in estimating
the prognosis of patients with chronic liver disease. Most complica-
tions associated with chronic liver diseases arise in patients with
advanced fibrosis or cirrhosis due to the development of portal
hypertension. Prognosis varies significantly between patients with
compensated cirrhosis (with or without esophageal varices) and
those with decompensated cirrhosis [3].

Consistent surveillance of liver fibrosis in CHB patients is essential,
encompassing periods before, during, and after antiviral treatment, to
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track disease progression effectively [4]. The reversal of liver fibrosis
is a pivotal long-term objective in the treatment of CHB, as it miti-
gates the likelihood of liver degeneration and HCC emergence [5]. A
liver biopsy has been used to stage liver fibrosis. However, owing to
its invasiveness, risk of complications, and difficulty in repeatedly
monitoring changes in fibrosis over time, it has limited use in assess-
ing the prognosis of chronic liver diseases [6].

Currently, noninvasive methods, including serum biomarkers and
imaging devices, have been developed to assess liver fibrosis and
prognosis in patients with chronic liver disease [6,7]. Transient elas-
tography (TE) is a noninvasive method for the diagnosis of liver fibro-
sis that involves measuring liver stiffness. TE has good accuracy in
predicting the presence of cirrhosis [8], and its application has been
particularly extensive in monitoring the progression of fibrosis in
hepatitis C and alcoholic liver disease patients [9,10] and has been
proposed as a useful tool to assess the risk of decompensation in
patients with chronic liver disease [11—13]. Owing to its low cost and
noninvasiveness, TE can be repeated during the follow-up of patients
with liver disease. There are few studies on the prognostic effect of
repeated LSM in patients with chronic hepatitis B [14], and most
recent longitudinal studies of cACLD with other etiologies consider
only the baseline and last LSM levels and do not fully use the results
of each LSM [15-17].

Our previous work revealed that changes in liver stiffness indeed
reflect patient prognosis [18]. However, during the follow-up process,
we observed that the changes in liver stiffness did not exhibit a
monotonic trend. Therefore, we included all the LSM values through
group-based trajectory modeling (GBTM), fitted different trajectories
with similar LSMs, and initiated this study to investigate how a par-
ticular trend in changes represents what kind of prognosis. The pri-
mary objective was to assess the correlation between these
trajectories and the likelihood of LREs, including HCC, liver decom-
pensation, and death. By distinguishing distinct subgroups with
unique LSM trajectories, we aimed to reveal disease progression het-
erogeneity and inform the development of personalized treatment
approaches for patients with CHB and cACLD.

2. Materials and Methods
2.1. Study design and population

In this retrospective analysis, we included all individuals at the
Third Affiliated Hospital of Sun Yat-sen University diagnosed with
CHB and cACLD who had undergone at least two consecutive TE
assessments for clinical purposes from July 2013 to December 2019.
Eligibility for inclusion was based on the following: (1) hepatitis B
surface antigen (HBsAg) is consistently detectable, and/or HBV DNA
is detected for more than six months; (2) at least two LSMs are
detected by TE; and (3) the patient is receiving antiviral treatment
with either entecavir (ETV) or tenofovir disoproxil fumarate (TDF) as
the initial nucleos(t)ide analogue (NA). The initiation of antiviral
treatment conformed to the criteria for NA treatment defined by the
American Association for the Study of Liver Diseases (AASLD) guide-
lines [19].

The exclusion criteria for this research were as follows: (1) indi-
viduals with an initial LSM value less than 10 kPa; (2) those with an
unreliable LSM reading or a failed TE examination due to the lack of
valid measurements; (3) individuals with only two LSM results dur-
ing the entire follow-up period, with the interval between them
being less than three months; (4) individuals under 18 years of age;
(5) patients with concurrent infections of hepatitis C, D, or HIV; sub-
jects with alcoholic liver disease, nonalcoholic fatty liver disease
(NAFLD) characterized by hepatic steatosis on imaging or histology,
in conjunction with risk factors such as diabetes, obesity, or hyperlip-
idemia, and without significant alcohol consumption, autoimmune
liver disorders, or other chronic liver disease causes; (6) patients
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with decompensated cirrhosis, HCC, or a history of liver transplanta-
tion at the start of the study or who only obtained two LSM results
during the entire follow-up period with an outcome event occurring
between the two LSM intervals; (7) those who had been on antiviral
therapy for a duration of less than six months at the time of onset of
the study or used interferon agents. A detailed description of the
screening process is presented in Figure. S1.

2.2. Liver stiffness measurement

In line with standard operating procedures, a skilled practitioner,
proficient operator who possessed extensive experience in more
than 500 procedures, performed LSM using TE (FibroScan®, Echosens,
Paris, France) [20]. The procedure required patients to lie supine and
extend their right arm fully, allowing access to the right hepatic lobe
through the intercostal spaces. Before the examination, patients were
advised to abstain from food for at least three hours.

The appropriate probe, either medium (M) or large (XL), was
selected based on the individual’s body habitus, utilizing the device’s
built-in probe selection feature. The TE software evaluated each
measurement’s success, and a session’s validity hinged on three crite-
ria: (1) a minimum of ten successful shots were recorded; (2) the suc-
cess rate exceeded 60 %, calculated as the quotient of successful shots
over the total shots taken; and (3) the interquartile range (IQR) was
kept to less than 30 % of the median LSM value (IQR/M < 30 %). These
measurements are expressed in kilopascals (kPa).

2.3. Definitions

The cACLD is defined as an LSM greater than 10 kPa [3].

The FIB-4 index was derived using the following formula: [age
(years) x AST (U/L)]/{platelets (10°/L) x [ALT (U/L)'?]}. The FIB-4
index categorizes individuals into three risk tiers: less than 1.30 indi-
cates low risk, 1.30 to 2.67 indicates intermediate risk, and above
2.67 indicates high risk [21].

2.4. Patient evaluations and follow-up

For patient evaluation and subsequent follow-up, the initial
assessment relied on the first available record suitable for LSM calcu-
lation [22]. The follow-up duration commenced with the first test
and ended with either the patient’s death or the conclusion of the
study on October 1, 2023. The primary outcomes were liver decom-
pensation, HCC emergence, or death. All participants had been on
antiviral therapy for a minimum of six months at the time of onset of
the study and continued throughout the follow-up period. The guide-
lines were followed during follow-up, laboratory evaluation, ultra-
sound, esophagogastroscopy, and management of esophageal varices
and HCC [19]. LREs were categorized into three groups: liver decom-
pensation (manifested by ascites, bleeding varices, or encephalopa-
thy), HCC development, and liver-related fatalities. Mortality records
were cataloged and differentiated based on whether they were liver-
related (including liver transplants) or due to other causes [16].

2.5. Statistical analysis

Continuous variables are expressed as the means =+ standard devi-
ations (SDs) or medians (interquartile ranges [IQRs]) and were evalu-
ated using the ANOVA if the variables were normally distributed or
via the Kruskal-Wallis test if the assumption of normality was not
met. Categorical variables are expressed as proportions and were
evaluated using the chi-square test.

The GBTM approach was implemented utilizing the R program-
ming environment, version 4.3.2, with the ’lcmm’ package to gener-
ate distinct trajectories of the LSM. The GBTM, a specialized finite
mixture modeling approach, can differentiate subpopulations that
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are underlying and not direct subpopulations with the highest likeli-
hood of membership in a particular trajectory group based on their
progression over time [23]. Employing a maximum likelihood estima-
tion method permits all available data to be utilized in model estima-
tion, assuming the randomness of the missing data.

When the GBTM is applied, it is essential to ascertain the suitable
quantity and form of the latent trajectories. An upper limit of seven
potential trajectory classes was predefined, and models ranging from
one to seven classes were sequentially evaluated. We concurrently
assessed various growth parameters (linear, quadratic, or cubic) of
each trajectory to obtain the optimal polynomial function forms
describing the dynamic LSM change. The Bayesian information crite-
rion (BIC) and Akaike information criterion (AIC) were utilized to
compare and select the best-fit model, with preferences given to
those with the lowest absolute values. Accurate classification was
indicated by an average posterior probability (APP) of 70 % or higher
for assigning individuals to a specific trajectory group. Additionally,
models were chosen where each trajectory group comprised more
than 5 % of the sample to ensure the reliability of further analysis
(Table S1).

Survival curves for varying LSM groups were constructed via the
Kaplan-Meier method and were statistically compared using the log-
rank test. The relationships between different LSM groups and LREs,
HCC, liver decompensation, or mortality were explored using Cox
proportional hazards models in both univariate and multivariate con-
texts. Findings are presented as hazard ratios (HRs) with 95 % confi-
dence intervals (CIs), and forest plots were generated for visual
representation. GBTM facilitated the examination of LSM trend
changes across multiple time points, allowing for the categorization
and analysis of baseline variables based on these trends. To test the
robustness of our findings, we performed several sensitivity analyses.
First, we further adjusted for baseline LSM levels to explore whether
the effect of trajectories on LREs and death was independent of base-
line conditions. Second, to mitigate reverse causality, we conducted a
lagged analysis excluding participants who experienced the event
within the first two years. Furthermore, we excluded participants
with only two LSMs from a separate analysis. Finally, we applied a
Fine-Gray competing risk model, treating non-liver-related deaths as
competing risk events.

To determine which baseline variables are predictive of higher
risk within LSM groups, we conducted both univariate and multivari-
ate logistic regression analyses, employing a forward selection pro-
cess for variable inclusion. All the statistical computations were
executed using R, version 4.3.2, and a P value of less than 0.05 in a
two-tailed test was interpreted as statistically significant.

2.6. Ethical statement

The study was granted ethical approval by the Ethics Committee
of The Third Affiliated Hospital of Sun Yat-sen University, with refer-
ence number [2019]02—530—-01. Informed consent was obtained in
writing from all participants who agreed to be part of the study.

3. Results
3.1. Study population

Through the GBTM model, the LSM from repeated measurements
was divided into trajectories, resulting in five distinct patterns of
development, namely, the low gradual decrease trajectory group
(Group 1, N=786, 61.79 %). This group is characterized by an initial
lower level of LSM at 12.2 kPa (interquartile range, IQR: 10.8 to
14.7 kPa), with a gradual decline observed during the follow-up
period. The medium quickly decrease trajectory group (Group 2,
N=118, 9.28 %) is distinguished by an initially moderate level of LSM
at 23.4 kPa (21.3-26.3), and it experienced a rapid decrease to a
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lower level during the follow-up period. The low stable trajectory
group (Group 3, N=153, 12.03 %) is characterized by a relatively low
level of LSM, with values of 17.1 kPa (14.6—19.0), and it remained sta-
ble throughout the follow-up period. The medium gradual decrease
trajectory group (Group 4, N=123, 9.67 %) was characterized by a
moderate baseline level of LSM at 26.3 kPa (22.5—30.3), and it exhib-
ited a declining trend during the follow-up period. The high quick
decrease followed by the increase trajectory group (Group 5, N=92,
7.23 %), this group is distinguished by having a relatively high base-
line LSM at 40.3 kPa (34.3—48.0), and it demonstrated a pattern of
initially rapid decline followed by a subsequent sharp increase during
the follow-up period (Fig. 1a, 1b and 1c).

The distributions of the baseline demographics and clinical char-
acteristics of the LSM trajectory patients are shown in Table 1. Except
for sex, body mass index (BMI), HBV DNA, total bilirubin (TBIL),
Alpha-fetoprotein (AFP) and Interval time between two LSM, which
do not show differences among trajectory change groups (P>0.05),
statistical differences exist among different trajectory change groups
for all other variables (P<0.05). Compared with the other groups,
Group 4 was older and had a lower platelet (PLT) count. Group 2 had
higher alanine aminotransferase (ALT) and gamma-glutamyl trans-
peptidase (GGT) levels. Group 5 had higher levels of aspartate amino-
transferase (AST) and lower levels of albumin (ALB) (Figure. S2).

3.2. Association of the changing trajectory of the LSM with LREs and
mortality

We evaluated a total of 5417 individual LSMs from 1272 patients.
Each patient underwent a median of 4 (IQR, 3—5) LSMs. In the present
study of CHB patients and cACLD patients, the mean follow-up time
was 6.15 years, with a total of 7818.31 person-years of follow-up. A
total of 173 patients (13.6 %) experienced liver-related events, includ-
ing 60 (4.7 %) liver-related deaths, 65 (5.1 %) cases of cirrhotic decom-
pensation, and 137 (10.8 %) cases of HCC. In the group of 60 patients,
the particular causes of mortality related to the liver were as follows:
hepatic decompensation was the cause for 27 patients, HCC for 20
patients, a combination of hepatic decompensation and HCC for 11
patients, and two individuals who underwent liver transplants. LREs
were observed in 8.52 % (67/786) of patients in Group 1, 11.02 % (13/
118) of patients in Group 2, 23.53 % (36/153) of patients in Group 3,
27.64 % (34/123) of patients in Group 4, and 25.00 % (23/92) of
patients in Group 5 (Fig. 1d). Moreover, we identified 63 instances of
viral breakthrough, with the majority (39 cases) occurring in the
high-risk group (Groups 3—5). During the study’s follow-up period,
78 participants (6.1 %) were documented to have died.

Kaplan—Meier curve analysis confirmed the significant differences
in the incidence of LREs and mortality between different groups
(P<0.001) (Fig. 2). In the context of LREs and all-cause mortality, no
significant differences were observed between Group 1 and Group 2
(P > 0.05). In terms of LREs, liver-related mortality, and all-cause
mortality, Groups 3, 4, and 5 presented significantly higher cumula-
tive incidence rates than Groups 1 and 2 did (P < 0.05). For HCC,
Groups 3, 4, and 5 presented significantly higher rates than Group 1
did, whereas no significant difference was found between Groups 4
and 2. In terms of cirrhotic decompensation, Groups 3, 4, and 5 had
significantly higher rates than Group 1 did; however, no significant
difference was detected between Groups 3 and 2 (Table S2).

The 2, 5-year risk of the LREs with Group 1 at 1.4 %, and 6.1 %;
Group 2 at 2.6 % and 9.2 %; Group 3 at 0.7 % and 14.3 %; Group 4 at
4.9 % and 18.7 %; and Group 5 at 3.3 % and 20.5 %. However, the risk
of developing LREs was < 1 % in all groups within 1 year (Table 2).
Considering the risk of LREs, we categorized CHB patients and cACLD
patients into low-risk (Groups 1 and 2) and high-risk (Groups 3, 4,
and 5) groups. Kaplan—Meier analysis revealed significant differences
in LRE incidence and death between the low- and high-risk groups
(P<0.001, Figure. S3).
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Fig. 1. Trajectories of liver stiffness measurements (LSMs) (a). Group 1, Low gradual decrease trajectory group; Group 2, Medium quickly decrease trajectory group; Group 3, Low
stable trajectory group; Group 4, Medium gradual decrease trajectory group; Group 5, High quickly decrease followed by increase trajectory group. Characteristics of different LSM
trajectories (b). Population distribution of the five groups with distinct LSM trajectories (c). A total of 1272 patients were included in the study and categorized into Group 1 (786
[61.79 %]), Group 2 (118 [9.28 %]), Group 3 (153 [12.03 %]), Group 4 (123 [9.67 %]), and Group 5 (92 [7.23 %]) based on the different LSM trajectories during follow-up. Sankey dia-
gram: Association of baseline LSM, LSM trajectories, and liver-related events in patients with chronic hepatitis B (CHB) and compensated advanced chronic liver disease (cACLD)
(d). Liver-related events occurred in 8.52 % (67/786) of patients in Group 1, 11.02 % (13/118) of patients in Group 2, 23.53 % (36/153) of patients in Group 3, 27.64 % (34/123) of
patients in Group 4, and 25.00 % (23/92) of patients in Group 5.

Table 1
Participant baseline characteristics stratified by LSM trajectories after six months of antiviral therapy.
Group 1 Group 2 Group 3 Group 4 Group 5 P-value

N 786 118 153 123 92
Mean age (years) 42 (35,50) 43 (36, 50) 46 (40, 54) 50 (42, 55) 46 (37, 54) <0.001
Male sex (n, %) 630 (80.2 %) 100 (84.8 %) 123 (80.4 %) 93(75.6 %) 70(76.1%) 0.404
BMI (kg/m?) 23.6(21.4,253) 23.6(20.3,26.8) 24.3(20.1,28.1) 25.5(21.2,28.7) 23.3(20.2,26.2) 0.702
HBV DNA* (log10IU/ml) 1.6(1.1,2.5) 1.8(1.3,2.3) 1.5(1.2,2.2) 1.5(1.1,2.1) 1.6(1.1,24) 0.233
PLT x 10°/L 145 (132, 190) 145(111, 180) 126 (79, 145) 111 (76, 145) 136 (81, 145) <0.001
ALT (U/L) 41.5(28.2,71.0) 52.0(32.2,158.5) 39.0(30.0,58.0) 43.0(31.5,64.0) 44.0(30.0, 81.0) 0.015
AST (U/L) 39.0(30.0,63.0) 53.5(35.0,116.0) 40.0(32.0,57.0)  50.0(36.0, 69.0) 58.5(43.7,109.2)  <0.001
GGT (U/L) 47.0(30.0,78.0) 88.5(55.2,143.2) 54.0(34.0,84.0) 79.0(51.5,120.0) 84.5(61.0,134.5)  <0.001
TBIL (umol/L) 154(11.6,21.4) 15.6(12.8,24.6) 17.1(12.2,22.6) 16.1(12.0,23.5) 17.2(12.7,24.2) 0.080
ALB (g/L) 449 (42.6,46.9) 42.3(39.9,44.5) 44.5(40.8,46.9) 41.5(38.1,44.8) 39.3(35.0,42.8) <0.001
AFP (ng/mL) 7.2(32,114) 7.2(3.1,13.8) 7.0 (3.5, 16.0) 6.9 (3.0,16.2) 7.3(3.3,18.1) 0.128
Baseline LSM value (kPa) 12.2(108,14.7)  23.4(21.3,26.3) 17.1(14.6,19.0)  26.3(22.5,30.3) 40.3 (34.3,48.0) <0.001
Baseline FIB-4 <0.001

<1.30 599 (76.2 %) 63(53.4%) 102 (66.7 %) 66 (53.7 %) 40 (43.5%)

1.30-2.67 119(15.1 %) 25(21.2%) 30(19.6 %) 32(26.0%) 31(33.7%)

>2.67 68 (8.7 %) 30(254%) 21(13.7 %) 25(20.3 %) 21(22.8%)
Interval time between two LSM (years) 1.8(1.0,2.9) 1.9(1.0,3.2) 2.0(1.0,2.9) 1.8(1.0,2.9) 1.7(0.8,2.7) 0.619

Group 1, Low gradual decrease trajectory group; Group 2, Medium quickly decrease trajectory group; Group 3, Low stable trajectory group; Group 4, Medium
gradual decrease trajectory group; Group 5, High quickly decrease followed by increase trajectory group.
AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FIB-4, fibrosis score based on four
factors; GGT, gamma-glutamyl transpeptidase; HBV DNA, hepatitis B virus DNA; LSM, liver stiffness measurement; PLT, platelet; TBIL, total bilirubin.

* Antiviral therapy for a minimum of six months at the time of onset of the study
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Fig. 2. Kaplan-Meier survival analysis curves for liver-related events (LREs) and deaths in the cohort of CHB patients with cACLD according to different LSM change trajectories.
Group 1, Low gradual decrease trajectory group; Group 2, Medium quickly decrease trajectory group; Group 3, Low stable trajectory group; Group 4, Medium gradual decrease

trajectory group; Group 5, High quickly decrease followed by increase trajectory group.

Liver-related events (a), HCC (b), liver decompensation (c), liver-related death (d), and overall death (e). P value was determined by the log-rank test. Crude rates of liver-related
primary outcomes at the end of follow-up according to different LSM change trajectory groups in the entire cohort of CHB patients with cACLD (f).

3.3. Risk of LREs and mortality with changing trajectory

The relationships between different LSM trajectories and LREs,
HCC, decompensation, liver-related mortality, and overall mortality
are shown in Fig. 3. When Group 1 was used as the reference, in the
crude model, Group 3, Group 4 and Group 5 were positively corre-
lated with LREs; the HRs and 95 % ClIs were 2.80 (1.87—4.20), 3.22
(2.13-4.87), and 3.05 (1.90—4.91), respectively. After adjusting for
multiple factors, Group 3, Group 4, and Group 5 still had 2.26 times

(95 % CI 1.50-3.40), 2.39 (1.57—3.66) and 2.67 (1.61—4.43) risk for
LREs, respectively. Moreover, similar results were observed for
decompensation, liver-related mortality and overall mortality, with
aHR and 95 % Cls values of 3.31 (1.55-7.09), 4.31 (2.11-8.82) and
3.47 (1.87—6.45) in Group 3 and 3.62 (1.82—7.23), 2.58 (1.72—4.44)
and 2.57 (1.81-4.06) in Group 4 and 3.03 (1.21-7.58), 3.39 (1.41
—8.17) and 2.96 (1.35—6.50) in Group 5. In terms of the risk of HCC
development, our findings indicate a significantly increased risk
among Groups 3, and 5 in the crude model. In the adjusted model,
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Table 2

Cumulative incidence of LREs occurrence and mortality.
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Total Events (%) Personyears Incidence per 100 1-year incidence( %) 2-year incidence( %) 5-year incidence( %)

person-years (95%CI) (95%CI) (95%CI)
Liver-related events
Group 1 786 67(85%) 47185 14 0.1%(0-0.4) 1.4%(0.6-2.3) 6.1%(43-7.9)
Group 2 118 13(11.0%) 7287 1.8 0.8%(0-2.5) 2.6%(0-54) 9.2%(3.6-144)
Group 3 153 36(23.5%) 9116 39 0 0.7 %(0 - 2.0) 143 %(8.3-19.9)
Group 4 123 34(27.6%) 7384 4.6 0 49%(1.0-8.7) 18.7%(11.3 -25.5)
Group 5 92 23(25.0%) 526.7 44 0 33%(0-7.0) 20.5%(11.3-28.8)
Hepatocellular carcinoma
Group 1 786 59(7.5%) 4707.8 13 0.1%(0-0.4) 14%(0.6-2.3) 5.6%(3.9-7.3)
Group 2 118 9(7.6%) 7366 1.2 0.8%(0-2.5) 2.6%(0-54) 6.4%(1.7-10.9)
Group 3 153 30(19.6%) 9109 33 0 0 11.0% (5.6 - 16.2)
Group 4 123 19(15.4%) 7416 2.6 0 41%(0.5-7.6) 129%(6.5-18.7)
Group 5 92 20(21.7%) 528.7 38 0 22%(0-5.2) 18.3%(9.4-26.4)
Cirrhotic decompensation
Group 1 786 18(2.3%) 47643 0.4 0 0 1.1%(0.2-1.9)
Group 2 118 5(42%) 7450 0.7 0 0.8%(0-2.5) 3.6%(0.1-7.1)
Group 3 153 11(7.2%) 9116 1.2 0 0.7 %(0-2.0) 44%(0-7.8)
Group 4 123 20(16.3%) 767.7 2.6 0 1.6%(0-3.9) 9.7 % (4.1 -15.0)
Group 5 92  11(12.0%) 540.7 2.0 0 1.1%(0-33) 10.5%(3.3-17.2)
Liver-related death
Group 1 786 18(2.3%) 4800.4 0.4 0 0 1.2%(04-2.1)
Group 2 118 3(25%) 756.6 0.4 0 09%(0-25) 09%(0-2.5)
Group 3 153 14(92%) 9291 1.5 0 0 6.1%(1.9-10.1)
Group 4 123 13(10.6%) 7875 1.7 0 0 3.7%(0.1-7.2)
Group 5 92 12(13.0%) 544.7 2.2 0 0 12.0% (4.3 -19.0)
Overall death
Group 1 786 27(34%) 48004 0.6 0 0.1%(0-0.4) 1.7%(0.7 -2.7)
Group 2 118 3(25%) 756.6 0.4 0 09%(0-25) 09%(0-2.5)
Group 3 153 17(11.1%) 929.1 1.8 0 0 6.1%(1.9-10.1)
Group 4 123 17(13.8%) 7875 2.2 0 0 4.6% (0.6 -8.5)
Group 5 92 14(15.2%) 544.7 2.6 0 0 14.3%(6.1-21.8)

Group 1, Low gradual decrease trajectory group; Group 2, Medium quickly decrease trajectory group; Group 3, Low stable trajectory group; Group 4,
Medium gradual decrease trajectory group; Group 5, High quickly decrease followed by increase trajectory group.

LSM, liver stiffness measurement; LREs, liver-related events.

the associations for Groups 3 and 5 remained significant, with aHR
and 95 % CI values of 2.28 (1.46—3.58) and 2.22 (1.28-3.86), respec-
tively. However, in Group 4, the risk did not significantly increase (P
> 0.05). Furthermore, our results indicated that there was no statisti-
cally significant difference between Group 2 and Group 1 regarding
LREs, HCC, cirrhosis decompensation, liver-related mortality, or over-
all mortality (P > 0.05).

Further adjustment for LSM levels at baseline did not substantially
change the associations (Table S3). Sensitivity analysis by excluding
outcomes within the initial 2 years of follow-up (Table S4), excluding
participants with only two LSMs (Table S5), and treating deaths as
competing risk events (Table S6) generated findings similar to those
of the primary analysis.

3.4. Baseline characteristics predictive of high-risk LSM changes groups

From a clinical standpoint, our study indicated that a comprehen-
sive and dynamic evaluation of baseline LSM and LSM changes could
aid in categorizing the likelihood of LREs and mortality in patients
with CHB and cACLD. We stratified the patients into low-risk groups
(Group 1 and Group 2) and high-risk groups (Group 3, Group 4, and
Group 5) by integrating baseline LSM and the trajectory of LSM
changes and further predicted the high-risk groups based on the
patients’ baseline characteristics. In the univariate analysis, age >
40 years, high LSM, PLT < 150 x 10°/L, AST > 40 IU/L, GGT > 40 IU/L,
TBIL > 17.1 umol/L, low ALB and FIB-4 index > 1.3 were identified as
factors associated with high-risk LSM change groups. However, in
multivariable analyses, only age > 40 years (aOR=2.72, 95 % CI: 1.87
—3.97), high LSM (aOR 1.24, 95 % CI: 1.20-1.28), PLT < 150 x 10%/L
(aOR 2.54, 95 % CI: 1.78-3.64) and TBIL > 17.1 umol/L (aOR 1.52,
95 % CI: 1.11-2.10) were also relevant risk factors for the high-risk
group (Fig. 4).

4. Discussion

The present study provides a comprehensive analysis of LSM tra-
jectories in patients with CHB and cACLD, offering novel insights into
the prognostic implications of longitudinally monitoring LSM, as it
refines risk prediction. A large cohort of 1272 patients was studied,
with 5417 reliable LSMs, followed by patients for a median of more
than 6.15 years; this represents the largest cohort study on LSM
dynamics in patients with CHB with cACLD thus far.

It is well known that cirrhosis is a dynamic evolving condition,
and it is reasonable to think that repeated LSM might better predict
liver disease progression [15]. We incorporated all the measured LSM
results into the model via the GBTM approach, ultimately identifying
five distinct trajectories of LSM change with prognostic significance.
Our findings indicate that there was no significant difference in the
risk of LREs or overall mortality between Group 1 and Group 2 (P <
0.05), despite the substantial difference in their baseline LSM levels.
Furthermore, we observed that Group 3, despite having a lower base-
line LSM, presented a greater risk for LREs, HCC development, liver-
related mortality, and overall mortality than did Group 2 (P < 0.05),
as this finding indicates that the patient’s liver disease remains active
or insufficiently controlled. Risk stratification of patients using a sin-
gle baseline LSM could misjudge a patient’s actual risk and miss
opportunities for individualized risk assessment [24]. Our compari-
sons further highlight the limitations of relying solely on the baseline
LSM to predict outcomes for patients afflicted with liver conditions.
Semmler et al. previously underscored this point in their research,
demonstrating that the LSM dynamics relative to the baseline LSM
are highly significant [25]. This notion is also supported by a study
encompassing a diverse range of etiologies [16,26].

According to the pathophysiological principles, it is intuitive to
treat any patient with an LSM of 20 kPa, or in whom the LSM remains
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Liver-related events

Group 1 786 67 Reference
Group 2 118 13 e K 1.23 (0.68- 2.22)
Group 3 153 36 2.80 (1.87- 4.20)
Group 4 123 34 E B 322 (2.13-4.87)
Group 5 92 23 —— 3.05 (1.90- 4.91)
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Group 1 786 59 Reference
Group 2 118 9 —— 0.95 (0.47- 1.92)
Group 3 153 30 A 264 (1.70- 4.09)
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Group 5 92 20 —— 2.98 (1.79- 4.95)
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Fig. 3. Associations between the trajectories of the LSM and liver-related events (LREs) and death. Model 1: unadjusted model; Model 2: adjusted for age and sex. Model 3: adjusted

for age, sex, ALB, ALT, AST, GGT, PLT, TBIL, and interval time between two LSMs. HR, hazard ratio; 95 % CI, 95 % confidence interval; LSM, liver stiffness measurement.
Group1, Low gradual decrease trajectory group; Group2, Medium quickly decrease trajectory group; Group3, Low stable trajectory group; Group4, Medium gradual decrease

trajectory group; Group5, High quickly decrease followed by increase trajectory group.

steady or even increases, as a patient at risk, as this indicates that the
patient’s liver disease remains active or insufficiently controlled [25].
In our study, Group 5 demonstrated the highest risk for LREs, HCC,
liver-related mortality, and overall mortality, with aHR values of
2.86, 2.80, 5.43, and 4.25, respectively. It had the highest baseline
LSM at 40.3 (34.3 to 48.0) kPa, demonstrating an initial rapid decline
in the LSM, followed by a precipitous rise and maintenance at over
20 kPa during the follow-up. However, Group 3, Group 4, and Group
5 showed no significant differences in LREs or mortality risk (P >
0.05). This could be due to the nonlinear relationship between the
LSM and LREs, in which the risk associated with the LSM does not
increase proportionally with every unit increase in the LSM. Instead,
there may be a threshold beyond which the risk remains relatively
stable despite further increases in the LSM. Furthermore, in our study,
Group 5 showed a rapid initial decline in LSM, which could suggest an

early positive response to treatment. This initial decrease might have
had a beneficial effect on the liver, potentially reducing the risk of
LREs and the mortality rate during the early stages of the follow-up
period.

Compared with Group 2, where the LSM rapidly decreased to a
low level, a continuous slow decline in the LSM (Group 4) does not
necessarily indicate low risk, even if the LSM is less than 20 kPa after
2 years (with a decrease of more than 20 %). This further highlights
the importance of including all LSMs in risk stratification. Compared
with Group 1, Group 4 was found to have significantly elevated risks
of LREs, liver decompensation, and both liver- and all-cause mortal-
ity. However, no significant difference in the risk of HCC was
observed between Group 4 and Group 1 (P>0.05), with a P value of
0.341; consistent results were also obtained via sensitivity analyses.
The lack of significant difference in the risk of HCC may be attributed

Variables Univariate OR (95%Cl) Multivariate OR (95%Cl)
Age > 40 years —e— 2.22 (1.6~ 2.93) —— 2.72 (1.87- 3.97)
Male —e 1.20 (0.89- 1.62)

LSM [ | 1.23 (1.20- 1.26) B 1.24 (1.20- 1.28)
Platelet <150x1079/L — 3.14 (2.37- 4.15) e 2.54 (1.78- 3.64)
ALT 2= 40IU/L —=— 0.96 (0.75- 1.22)

AST 2 40IU/L —a— 1.59 (1.24-2.04) ] 0.90 (0.61-1.31)
GGT = 401U/L —— 2.21 (1.66- 2.94) e 1.03 (0.71- 1.50)
TBIL = 17.1umol/L —e— 1.37 (1.07- 1.74) —e— 1.52.(1.11=2.10)
ALB | 0.86 (0.84- 0.89) [ ] 1.00 (0.96- 1.05)
FIB-42>1.3 —— 2.10 (1.63- 2.71) —a— 0.86 (0.58- 1.28)

v.;o 1?0 2!0 3‘0 470 5!0 0. 1‘.0 1TU ZIU AIU

Fig. 4. Baseline characteristics predictive of high-risk LSM change groups.

ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FIB-4, fibrosis score based on four factors; GGT, gamma-glutamyl transpeptidase; LSM, liver stiff-

ness measurement; OR, odds ratio; 95 % CI, 95 % confidence interval; TBIL, total bilirubin.
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to the sustained decrease in LSM, indicating that liver disease in
patients is essentially under control. Despite the higher baseline LSM,
compared with patients whose LSM remains stable (Group 3) or
increases (Group 5), the continuous decrease in LSM can still reduce
the risk of HCC.

The Baveno VII criteria for a clinically significant decrease in LSM
are capable of identifying patients at low risk. The rule attributing a
low risk to patients whose LSM decreases to <10 kPa might be accu-
rate. In our study, the low-risk group (Groups 1 and 2) had a decrease
in LSM to <10 kPa in 1 and 2 years, respectively, and had a lower risk
of LREs, HCC, decompensation and mortality than did the high-risk
group (Groups 3, 4 and 5) (P < 0.05). However, the widespread inter-
pretation of a decrease of 20 % as “clinically relevant” might not be
fully justified; in our study, patients in Group 4 still needed to be clas-
sified as high risk even if their LSM was less than 20 kPa (with a
decrease of more than 20 %) two years later, Xu et al. [14]. reported
that a decrease in LSM by 25 % is the optimal cutoff for predicting
liver fibrosis regression (LFR) in CHB patients, Petta et al. reported
that a 20 % change in LSM can stratify the risk in patients with NAFLD
and cACLD [16], and Semmler et al. reported that several binary cut-
offs for LSM (10 %, 20 %, and 30 % decreases) seem equally accurate in
stratifying decompensation risk in cACLD patients [25]. Moreover,
the absolute risk of the patient must still be considered: Although the
risk of an individual patient changing from 10 kPa to 8 kPa (20 %)
decreases, the overall risk of another patient decreasing from 50 kPa
to 40 kPa (20 %) decreases similarly but is undoubtedly greater. Addi-
tionally, the actual changes in the LSM of the patient must still be
considered. For example, patients with persistently decreasing LSM
levels may exhibit significant clinical differences from those whose
levels initially increase and subsequently decrease, warranting fur-
ther investigation. Furthermore, fluctuations in the LSM could be
attributed to factors other than the progression of liver disease. These
may include inconsistencies arising from the operator or the patient’s
condition. Nascimbeni et al. demonstrated that approximately 49.7 %
of patients exhibited a variation exceeding 20 % in their short-term
paired LSM readings, despite no evidence of liver function deteriora-
tion or decompensation [27].

Although current clinical practice guidelines recommend yearly
LSM, robust evidence supporting this recommendation is lacking,
particularly regarding the predictive value of repeated LSM for clini-
cal events [28,29]. This gap may stem from the limited number of
studies on this topic, small sample sizes, and the absence of a stan-
dardized approach to assessing LSM dynamics [30,31]. Consequently,
interpreting individual LSM changes in clinical practice becomes
challenging. By including all LSM measurements in risk stratification,
rather than relying solely on inflexible “high- vs. low-risk criteria” at
a single baseline time point, we aim to increase the precision and
generalizability of our study results and subsequent recommenda-
tions. In this cohort of 1272 adults with CHB and cACLD, patients in
Groups 1,2,3,4,and 5 hada 1.4 %, 2.6 %, 0.7 %, 4.9 %, and 3.3 % risk of
developing LREs in the following 2 years, respectively. However, the
risk of developing LREs was <1 % in all groups within 1 year, suggest-
ing that surveillance elastography should be considered within 1 to
2 years. Moreover, patients identified as high risk by routine LSM sur-
veillance, such as those in Groups 3—5, should be more closely moni-
tored for HCC. In addition, the use of portal hypertension-lowering
drugs should be intensified, and gastroscopy should be performed
more frequently to assess the status of esophageal and gastric varices.
These measures are essential for improving patient outcomes.

In our investigation, a large share of individuals with CHB and
cACLD demonstrated a reduction in LSMs, aligning with observations
from CHB, alcohol-related liver disease (ALD), and NAFLD populations
[12,26,32]. This observation might be because our patient sample was
exclusively sourced from tertiary hospitals and had received contin-
ued long-term treatment and regular follow-up [14]. Holtz
Thorhauge et al. [26] and Gidener et al. [17] did not identify any clear

Annals of Hepatology 30 (2025) 101788

pattern of predictors for longitudinal LSM changes in their studies.
This may be due to the influence of different baseline LSM levels,
where existing biochemical markers struggle to predict the trend of
changes in LSM across various baseline levels. Taking this into
account, we have made predictions for the trajectory of the high-risk
group and recognized that age > 40 years, LSM, PLT < 150 x 10°/L
and TBIL > 17.1 pumol/L are risk factors for trajectories linked to a
high-risk cohort, indicating their prognostic significance. It is impor-
tant for future research to delve deeper into the correlation between
these biomarkers and changes in LSM trajectories.

Our study provides a basis for future studies on noninvasive moni-
toring in CHB patients and cACLD patients, but our observational
design has several limitations. First, the majority showed a decrease
in the LSM, whereas only a small fraction exhibited an increase in the
LSM. To ensure that the trajectories identified are sufficiently repre-
sentative, the GBTM obtained only one LSM growth trajectory, with-
out discerning increasing LSM trajectories at lower or moderate
levels. Second, patients with identical starting and ending LSMs but
different intermediate trends may exhibit significant clinical differen-
ces. Future studies will similarly require a larger sample size for com-
parative analysis or may necessitate alternative analytical
approaches to discern these differences. Third, the study’s retrospec-
tive design introduces a risk of selection bias. Finally, owing to the
limited number of patients with paired liver biopsies and varying
time intervals, evaluating the relationship between liver stiffness
progression or remission and pathological results is challenging. Con-
ducting paired liver biopsies at baseline and follow-up across multi-
ple centers will enhance our findings [33].

5. Conclusions

We conducted a refined classification of patients with CHB com-
plicated by cACLD based on baseline LSM and its dynamics, utilizing
the GBTM. This stratification allowed us to investigate the risks of
LREs, HCC, and liver decompensation, as well as liver and overall
mortality, across different cohorts and can optimize the stratification
of patient risk, guide the timing of surveillance, and further refine
clinical management.

Funding

This work was supported by grants from the Natural Science
Foundation of Guangdong Province for Distinguished Young Scholar
(2022B1515020024), the National Natural Science Foundation of
China (82070574, 82203395) and the National Key R&D Program of
China (2023YFC2507500).

Data availability statement

The data that support the findings of this study are available on
request from the corresponding author.

Declaration of interests
None.
CRediT authorship contribution statement

Hao Jiang: Formal analysis, Investigation, Methodology, Software,
Writing - original draft. Hongsheng Yu: Formal analysis, Investiga-
tion, Methodology, Software, Writing - original draft. Can Hu: Formal
analysis, Investigation, Methodology, Software, Writing - original
draft. Yinan Huang: Data curation, Formal analysis, Investigation,
Methodology, Software, Writing - original draft. Bilan Yang: Investi-
gation, Methodology. Xiaoli Xi: Investigation, Methodology. Yiming
Lei: Investigation, Methodology. Bin Wu: Conceptualization, Data


https://doi.org/10.13039/501100001809
https://doi.org/10.13039/501100001809

H. Jiang, H. Yu, C. Hu et al.

curation, Supervision, Writing - review & editing. Yidong Yang: Con-
ceptualization, Data curation, Supervision, Writing - review &
editing.

Acknowledgments

We would like to thank all the participants in this study.

Supplementary materials

Supplementary material associated with this article can be found
in the online version at doi:10.1016/j.aohep.2025.101788.

References

[1] Asselah T, Loureiro D, Boyer N, Mansouri A. Targets and future direct-acting anti-
viral approaches to achieve hepatitis B virus cure. Lancet Gastroenterol Hepatol
2019 Nov;4(11):883-92. https://doi.org/10.1016/S2468-1253(19)30190-6.

GBD 2019 Hepatitis B Collaborators. Global, regional, and national burden of hep-

atitis B, 1990-2019: a systematic analysis for the Global burden of disease study

2019. Lancet Gastroenterol Hepatol 2022 Sep;7(9):796-829. https://doi.org/

10.1016/S2468-1253(22)00124-8.

D’Amico G, Zipprich A, Villanueva C, Sorda JA, Morillas RM, Garcovich M, et al.

Further decompensation in cirrhosis: results of a large multicenter cohort study

supporting Baveno VII statements. Hepatology 2024 Apr 1;79(4):869-81. https://

doi.org/10.1097/HEP.0000000000000652.

Kim SU, Park JY, Kim DY, Ahn SH, Choi EH, Seok JY, et al. Non-invasive assessment

of changes in liver fibrosis via liver stiffness measurement in patients with

chronic hepatitis B: impact of antiviral treatment on fibrosis regression. Hepatol

Int 2010 Aug 4;4(4):673-80. https://doi.org/10.1007/s12072-010-9201-7.

European Association for the Study of the Liver. EASL 2017 Clinical Practice

Guidelines on the management of hepatitis B virus infection. ] Hepatol 2017

Aug;67(2):370-98. https://doi.org/10.1016/j.jhep.2017.03.021.

Sanyal AJ, Castera L, Wong VW. Noninvasive assessment of liver fibrosis in NAFLD.

Clin Gastroenterol Hepatol 2023 Jul;21(8):2026-39 Epub 2023 Apr 14. Erratum

in: Clin Gastroenterol Hepatol. 2024 Mar;22(3):676. https://doi.org/10.1016/j.

cgh.2023.03.042.

Segna D, Mendoza YP, Lange NF, Rodrigues SG, Berzigotti A. Non-invasive tools for

compensated advanced chronic liver disease and portal hypertension after

Baveno VII - an update. Dig Liver Dis. 2023 Mar;55(3):326—335. doi: 10.1016/j.

dld.2022.10.009.

European Association for Study of Liver. Asociacion Latinoamericana para el Estu-

dio del Higado. EASL-ALEH Clinical Practice Guidelines: non-invasive tests for

evaluation of liver disease severity and prognosis. ] Hepatol 2015 Jul;63(1):237-

64. https://doi.org/10.1016/j.jhep.2015.04.006.

Rasmussen DN, Thiele M, Johansen S, Kjergaard M, Lindvig KP, Israelsen M, et al.

Prognostic performance of 7 biomarkers compared to liver biopsy in early alco-

hol-related liver disease. J Hepatol 2021 Nov;75(5):1017-25. https://doi.org/

10.1016/j.jhep.2021.05.037.

[10] Singh S, Facciorusso A, Loomba R, Falck-Ytter YT. Magnitude and Kkinetics of
decrease in liver stiffness after antiviral therapy in patients with chronic Hepatitis
C: A systematic review and meta-analysis. Clin Gastroenterol Hepatol 2018 Jan;16
(1):27-38 e4. https://doi.org/10.1016/j.cgh.2017.04.038.

[11] Hegmar H, Wester A, Aleman S, Backman J, Degerman E, Ekvall H, et al. Liver stiff-
ness predicts progression to liver-related events in patients with chronic liver
disease - a cohort study of 14414 patients. Liver Int 2024 Jul;44(7):1689-99.
https://doi.org/10.1111/liv.15919.

[12] Ampuero ], Berzigotti A. Prognostication in advanced chronic liver disease using
liver stiffness measurement: Repetita Iuvant. Gastroenterology 2023 Oct;165
(4):829-31. https://doi.org/10.1053/j.gastro.2023.08.001.

[13] Wong Y], Chen VL, Abdulhamid A, Tosetti G, Navadurong H, Kaewdech A, et al.
Comparing serial and current liver stiffness measurements to predict decompen-
sation in compensated advanced chronic liver disease patients. Hepatology 2024
Apr 17. https://doi.org/10.1097/HEP.0000000000000891.

[14] Xu W, Hu Q, Chen C, Li W, Li Q, Chen L. Non-invasive assessment of liver fibrosis
regression in patients with chronic Hepatitis B: A retrospective cohort study.
Infect Dis Ther 2023 Feb;12(2):487-98. https://doi.org/10.1007/s40121-022-
00738-1.

2

3

(4

5

[6

[7

8

[

Annals of Hepatology 30 (2025) 101788

[15] Pons M, Simén-Talero M, Milldn L, Ventura-Cots M, Santos B, Augustin S, et al.
Basal values and changes of liver stiffness predict the risk of disease progression
in compensated advanced chronic liver disease. Dig Liver Dis 2016 Oct;48
(10):1214-9. https://doi.org/10.1016/j.dld.2016.06.019.

[16] Petta S, Sebastiani G, Vigano M, Ampuero ], Wai-Sun Wong V, Boursier ], et al.
Monitoring occurrence of liver-related events and survival by transient elastogra-
phy in patients with nonalcoholic fatty liver disease and compensated advanced
chronic liver disease. Clin Gastroenterol Hepatol 2021 Apr;19(4):806-15 e5.
https://doi.org/10.1016/j.cgh.2020.06.045.

[17] Gidener T, Dierkhising RA, Mara KC, Therneau TM, Venkatesh SK, Ehman RL, et al.
Change in serial liver stiffness measurement by magnetic resonance elastography
and outcomes in NAFLD. Hepatology 2023 Jan 1;77(1):268-74. https://doi.org/
10.1002/hep.32594.

[18] Yu H, Huang Y, Li M, Jiang H, Yang B, Xi X, Smayi A, Wu B, Yang Y. Prognostic sig-
nificance of dynamic changes in liver stiffness measurement in patients with
chronic hepatitis B and compensated advanced chronic liver disease. ] Gastroen-
terol Hepatol 2024 Jul 1. https://doi.org/10.1111/jgh.16673.

[19] Terrault NA, Lok ASF, McMahon BJ, Chang KM, Hwang JP, Jonas MM, et al. Update
on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepa-
titis B guidance. Hepatology 2018 Apr;67(4):1560-99. https://doi.org/10.1002/
hep.29800.

[20] Boursier ], Zarski JP, de Ledinghen V, Rousselet MC, Sturm N, Lebail B, et al. Deter-
mination of reliability criteria for liver stiffness evaluation by transient elastogra-
phy. Hepatology 2013 Mar;57(3):1182-91. https://doi.org/10.1002/hep.25993.

[21] Hagstrom H, Talback M, Andreasson A, Walldius G, Hammar N. Repeated FIB-4
measurements can help identify individuals at risk of severe liver disease. ] Hepa-
tol 2020 Nov;73(5):1023-9. https://doi.org/10.1016/j.jhep.2020.06.007.

[22] Hagstrom H, Talback M, Andreasson A, Walldius G, Hammar N. Ability of noninva-
sive scoring systems to identify individuals in the population at risk for severe
liver disease. Gastroenterology 2020 Jan;158(1):200-14. https://doi.org/10.1053/
j.gastro.2019.09.008.

[23] Nagin DS, Odgers CL. Group-based trajectory modeling in clinical research. Annu
Rev Clin Psychol 2010;6:109-38. https://doi.org/10.1146/annurev.clinpsy.
121208.131413.

[24] Gidener T, Ahmed OT, Larson JJ, Mara KC, Therneau TM, Venkatesh SK, et al. Liver
stiffness by magnetic resonance elastography predicts future cirrhosis, decom-
pensation, and death in NAFLD. Clin Gastroenterol Hepatol 2021 Sep;19(9):1915-
24 e6. https://doi.org/10.1016/j.cgh.2020.09.044.

[25] Semmler G, Yang Z, Fritz L, Kock F, Hofer BS, Balcar L, et al. Dynamics in liver stiff-
ness measurements predict outcomes in advanced chronic liver disease. Gastroen-
terology 2023 Oct;165(4):1041-52. https://doi.org/10.1053/j.gastro.2023.06.030.

[26] Thorhauge KH, Semmler G, Johansen S, Lindvig KP, Kjergaard M, Hansen JK, et al.
Using liver stiffness to predict and monitor the risk of decompensation and mor-
tality in patients with alcohol-related liver disease. ] Hepatol 2024 Jul;81(1):23-
32. https://doi.org/10.1016/j.jhep.2024.02.019.

[27] Nascimbeni F, Lebray P, Fedchuk L, Oliveira CP, Alvares-da-Silva MR, Varault A,
et al. Significant variations in elastometry measurements made within short-
term in patients with chronic liver diseases. Clin Gastroenterol Hepatol 2015
Apr;13(4):763-71 e1-6. https://doi.org/10.1016/j.cgh.2014.07.037.

[28] de Franchis R, Bosch ], Garcia-Tsao G, Reiberger T, Ripoll C. Baveno VII Faculty.
Baveno VII - renewing consensus in portal hypertension. ] Hepatol 2022 Apr;76
(4):959-74 Epub 2021 Dec 30. Erratum in: ] Hepatol. 2022 Jul;77(1):271. https://
doi.org/10.1016/j.jhep.2021.12.022.

[29] European Association for the Study of the Liver (EASL). Clinical practice guidelines
on non-—invasive tests for evaluation of liver disease severity and prognosis —
2021 update. ] Hepatol 2021;75(3):659-89. https://doi.org/10.1016/j.
jhep.2021.05.025.

[30] Wang JH, Chuah SK, Lu SN, Hung CH, Kuo CM, Tai WC, et al. Baseline and serial
liver stiffness measurement in prediction of portal hypertension progression for
patients with compensated cirrhosis. Liver Int 2014 Oct;34(9):1340-8. https://
doi.org/10.1111/liv.12525.

[31] Corpechot C, Carrat F, Poujol-Robert A, Gaouar F, Wendum D, Chazouilléres O,
et al. Noninvasive elastography-based assessment of liver fibrosis progression
and prognosis in primary biliary cirrhosis. Hepatology 2012 Jul;56(1):198-208.
https://doi.org/10.1002/hep.25599.

[32] Lee HW, Wong GL, Kwok R, Choi KC, Chan CK, Shu SS, et al. Serial transient elas-
tography examinations to monitor patients with type 2 diabetes: A prospective
cohort study. Hepatology 2020 Oct;72(4):1230-41. https://doi.org/10.1002/
hep.31142.

[33] Kamarajah SK, Chan WK, Nik Mustapha NR, Mahadeva S. Repeated liver stiffness
measurement compared with paired liver biopsy in patients with non-alcoholic
fatty liver disease. Hepatol Int 2018 Jan;12(1):44-55. https://doi.org/10.1007/
$12072-018-9843-4.


https://doi.org/10.1016/j.aohep.2025.101788
https://doi.org/10.1016/S2468-1253(19)30190-6
https://doi.org/10.1016/S2468-1253(22)00124-8
https://doi.org/10.1016/S2468-1253(22)00124-8
https://doi.org/10.1097/HEP.0000000000000652
https://doi.org/10.1097/HEP.0000000000000652
https://doi.org/10.1007/s12072-010-9201-7
https://doi.org/10.1016/j.jhep.2017.03.021
https://doi.org/10.1016/j.cgh.2023.03.042
https://doi.org/10.1016/j.cgh.2023.03.042
http://10.1016/j.dld.2022.10.009
http://10.1016/j.dld.2022.10.009
https://doi.org/10.1016/j.jhep.2015.04.006
https://doi.org/10.1016/j.jhep.2021.05.037
https://doi.org/10.1016/j.jhep.2021.05.037
https://doi.org/10.1016/j.cgh.2017.04.038
https://doi.org/10.1111/liv.15919
https://doi.org/10.1053/j.gastro.2023.08.001
https://doi.org/10.1097/HEP.0000000000000891
https://doi.org/10.1007/s40121-022-00738-1
https://doi.org/10.1007/s40121-022-00738-1
https://doi.org/10.1016/j.dld.2016.06.019
https://doi.org/10.1016/j.cgh.2020.06.045
https://doi.org/10.1002/hep.32594
https://doi.org/10.1002/hep.32594
https://doi.org/10.1111/jgh.16673
https://doi.org/10.1002/hep.29800
https://doi.org/10.1002/hep.29800
https://doi.org/10.1002/hep.25993
https://doi.org/10.1016/j.jhep.2020.06.007
https://doi.org/10.1053/j.gastro.2019.09.008
https://doi.org/10.1053/j.gastro.2019.09.008
https://doi.org/10.1146/annurev.clinpsy.121208.131413
https://doi.org/10.1146/annurev.clinpsy.121208.131413
https://doi.org/10.1016/j.cgh.2020.09.044
https://doi.org/10.1053/j.gastro.2023.06.030
https://doi.org/10.1016/j.jhep.2024.02.019
https://doi.org/10.1016/j.cgh.2014.07.037
https://doi.org/10.1016/j.jhep.2021.12.022
https://doi.org/10.1016/j.jhep.2021.12.022
https://doi.org/10.1016/j.jhep.2021.05.025
https://doi.org/10.1016/j.jhep.2021.05.025
https://doi.org/10.1111/liv.12525
https://doi.org/10.1111/liv.12525
https://doi.org/10.1002/hep.25599
https://doi.org/10.1002/hep.31142
https://doi.org/10.1002/hep.31142
https://doi.org/10.1007/s12072-018-9843-4
https://doi.org/10.1007/s12072-018-9843-4

	Liver stiffness measurement trajectory analysis for prognosis in patients with chronic hepatitis B and compensated advanced chronic liver disease
	1. Introduction
	2. Materials and Methods
	2.1. Study design and population
	2.2. Liver stiffness measurement
	2.3. Definitions
	2.4. Patient evaluations and follow-up
	2.5. Statistical analysis
	2.6. Ethical statement

	3. Results
	3.1. Study population
	3.2. Association of the changing trajectory of the LSM with LREs and mortality
	3.3. Risk of LREs and mortality with changing trajectory
	3.4. Baseline characteristics predictive of high-risk LSM changes groups

	4. Discussion
	5. Conclusions
	Funding
	Data availability statement
	Declaration of interests
	CRediT authorship contribution statement

	Acknowledgments
	Supplementary materials
	References



