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Background/Aims: Noninvasive indexes can be used to diagnose and stage liver fibrosis 
caused by chronic hepatitis B (CHB). We aimed to evaluate whether changes in the liver stiffness 
measurement (LSM) and serum biomarkers can predict liver fibrosis regression in CHB patients 
based on triple liver biopsies.
Methods: This multicenter cohort study was based on triple liver biopsies and lasted for 260 
weeks. Liver fibrosis regression was defined as Ishak decreased ≥1 stage or predominantly re-
gressive by P-I-R classification with stable Ishak stage. Twelve noninvasive models were vali-
dated externally and yielded area under the receiver operating characteristic curve (AUROC) 
values ≥0.700 for predicting significant fibrosis in the training set.
Results: A total of 175 CHB patients were included (median age: 38 years, 76.6% male). A total 
of 69.2% (117/169) and 79.6% (78/98) patients achieved liver fibrosis regression at week 78 and 
week 260, respectively. The mixed effects model revealed significant group×time interactions be-
tween the regression and non-regression groups for aminotransferase to platelet ratio index (APRI; 
p=0.041), new algorithm attributed to age, alanine aminotransferase, gamma-glutamyl transferase 
algorithm (p=0.022), and King’s score (p=0.016) from baseline to week 78 as well as for APRI 
(p=0.046) from baseline to week 260. The AUROC values for model changes were all <0.750 for 
predicting liver fibrosis regression. Additionally, the changes in the LSM and most noninvasive mod-
els were significantly correlated with the changes of Ishak-histology activity index score.
Conclusions: Changes in the LSM and noninvasive models were not strong predictors of liver 
fibrosis regression after 78 weeks and 260 weeks of treatment among CHB patients. It is critical 
to develop a dynamic noninvasive model for assessing liver fibrosis regression (ClinicalTrials.gov 
identifier NCT02849132). (Gut Liver, 2025;19:889-899)

Key Words: Chronic hepatitis B; Liver cirrhosis/regression; Noninvasive diagnosis; Transient 
elastography; Dynamics

INTRODUCTION

Chronic hepatitis B (CHB) is a formidable health chal-
lenge in China, with an estimated prevalence of hepatitis B 
surface antigen at 5.6% in the general population.1 Accord-
ing to the World Health Organization, CHB accounted for 

approximately 1.1 million deaths in 2022 worldwide, mainly 
attributable to complications such as cirrhosis and liver 
cancer.2 Also, liver fibrosis is recognized as the critical factor 
accelerating the disease’s progression. Recent studies have 
indicated that antiviral therapy led to regression in more 
than half of the patients.3 Despite liver biopsy still being con-
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sidered the gold standard for assessing liver fibrosis regres-
sion, serial biopsies are considered to be impractical.4

Although the newly updated World Health Organiza-
tion guideline and China guideline for CHB prevention 
and treatment in 2022 recommended noninvasive meth-
ods such as aspartate aminotransferase to platelet ratio 
index (APRI), fibrosis index based on the 4 factor (FIB-4) 
for liver fibrosis detection, there is currently no consensus 
on a noninvasive approach for monitoring fibrosis regres-
sion.2,5 Due to few studies evaluating biomarker changes in 
relation to histology in CHB patients after antiviral treat-
ment, and the non-linear nature of extracellular matrix 
deposition and degradation, the American Association for 
the Study of Liver Diseases 2024 practice guideline cau-
tions not recommend to use serial blood biomarker panels 
for predicting liver fibrosis regression.6

Previous studies showed the changes of APRI and FIB-
4 could not identify liver fibrosis regression.7,8 Other serum 
biomarkers in predicting liver fibrosis regression were not 
clear. As for liver stiffness measurement (LSM), which has 
been widely used in clinical practice to diagnose fibrosis 
and cirrhosis in these years, whether its dynamic changes 
could reflect liver fibrosis regression was controversial in 
studies. Some studies have shown no association between 
changes in LSM and regression, whereas others have in-
dicated that changes in LSM can predict regression, albeit 
with varying threshold values.9-12 Furthermore, existing 
studies have not assessed the effectiveness of LSM and 
noninvasive models in predicting liver fibrosis regression 
after long-term antiviral therapy, specifically over a period 
of 260 weeks. Therefore, in this multicenter cohort study, 
we assessed the dynamic changes of serial LSM and serum 
biomarkers in regression and non-regression groups to 
evaluate whether they could predict liver fibrosis regres-
sion in CHB patients at week 78 and week 260.

MATERIALS AND METHODS

1. Patients
A total of 175 treatment-naive hepatitis B patients with 

baseline liver biopsy proven Ishak ≥3 were enrolled from 
June 2013 to September 2015. Crucial inclusion criteria 
were as follows: age between 18 and 65 years; hepatitis 
B virus (HBV) DNA levels >20,000 IU/mL for hepatitis 
B e-antigen (HBeAg)-positive patients or >2,000 IU/mL 
for HBeAg-negative patients in non-cirrhosis patients, 
and HBV DNA levels >2,000 IU/mL for HBeAg-positive 
patients or >200 IU/mL for HBeAg-negative patients in 
cirrhosis patients. Each enrolled patient consented to un-
dergo pre-treatment and post-treatment liver biopsy at 

week 78 and/or at week 260. The main exclusion criteria 
include decompensated cirrhosis (ascites, variceal bleeding 
or hepatic encephalopathy); hepatitis C, human immuno-
deficiency virus coinfection or other comorbid liver dis-
eases; Hepatocellular carcinoma; malignant tumor of other 
organs; any severe diseases of other organs; psychological 
or neurological diseases; pregnant or lactating women.

Demographic data were collected at baseline, while se-
rum biomarkers and LSM were collected at 26-week inter-
vals from baseline to week 260. This study was conducted 
in compliance with the Declaration of Helsinki. Informed 
consent of all the enrolled patients and approval by the Eth-
ics Committee of Beijing Friendship Hospital, Capital Medi-
cal University (approval number BJFH-EC/2013-029 and 
BJFH-EC/2016-P2-021-01) were obtained. The study proto-
col has been registered at ClinicalTrials.gov (NCT02849132).

2. Noninvasive models and LSM
The inclusion criteria for models were as follows: (1) 

the models were developed based on CHB patients, or the 
models developed based on chronic hepatitis C patients 
required further validation in a cohort of CHB patients; (2) 
liver biopsy was set as the gold standard; (3) the variables 
of the models were measured in our cohort; or (4) models 
had external validation, and the area under the receiver 
operating characteristic curve (AUROC) in the training set 
was ≥0.700.

Finally, a total of 12 noninvasive models with external 
validation and AUROC of at least 0.700 for predicting sig-
nificant fibrosis in the training set were analyzed in our 
study (Supplementary Tables 1 and 2). The included nonin-
vasive models were Hui,13 Mehdi’s,14 gamma-glutamyl trans-
ferase (GGT) to cholinesterase and platelet ratio (GCPR),15 
a new algorithm attributed to age, alanine aminotransferase, 
GGT (AAG),16 a novel score for predicting fibrosis stage in 
chronic viral hepatitis (ATA),17 a noninvasive model com-
posed of ALT, age, platelet, LSM (AAPL),18 the age-male-
albumin-bilirubin-platelets-LSM score (aMAP-LSM),19 
age and platelet count score (AP),20 APRI,21 fibrosis index 
(FI),22 FIB-4,23 King’s,24 which comprised demographic 
information (age, sex, and body mass index [BMI]), liver 
biochemical test (albumin, platelet, alanine aminotransfer-
ase, aspartate aminotransferase, GGT, alkaline phosphatase, 
total bilirubin, international normalized ratio, prothrombin 
time, cholinesterase), virological test (HBV DNA), and LSM. 
With the exception of five models based on chronic hepatitis 
C or human immunodeficiency virus coinfection patients, 
which are AP, APRI, FI, FIB-4, and King’s, all other models 
are based on CHB patients. The AUROC values of the above 
fibrosis diagnosis models ranged from 0.71 to 0.92, and ATA 
model had the highest AUROC value.
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LSM was conducted using transient elastography (Fi-
broScan; Echosens, Paris, France), in accordance with the 
established standard procedures. An LSM examination was 
deemed reliable if it yielded 10 valid measurements with a 
success rate of ≥75% and an interquartile range/median of 
≤30%.

3. Histological assessment
Liver biopsies were conducted percutaneously under 

ultrasonographic guidance for all patients. Specimens were 
stained with hematoxylin and eosin, Masson’s trichrome, 
and reticulin. Fibrosis stage and inflammation scores 
evaluated by the Ishak modified histology activity index 
grading and staging system were collected.25 Liver biopsy 
cases were evaluated by two pathologists (Hui Liu and 
Jing Chang) independently, and a third senior pathologist 
(Tailing Wang) reevaluated the specimens for cases with 
inconsistent scores. Three pathologists were all blinded to 
the clinical information of the patients.

Furthermore, liver specimens were further assessed by P-
I-R classification (Neil D. Theise and Yameng Sun), which 
involves three classifications, predominantly progressive (P), 
indeterminate (I) and predominantly regressive (R), for dy-
namic assessment of liver fibrosis regression during antiviral 
treatment.26 Predominantly regressive refers to a condition 
in which more than 50% of the septa consist of thin, densely 
compact stroma with few or no inflammatory cells. Pre-
dominantly progressive means over 50% of the septa consist 
of broad, loosely aggregated collagen fibers, accompanied by 
a large number of inflammatory cells. Indeterminate means 
an equal mix of both types of septa.

Then, fibrosis regression was defined as (1) Ishak fi-
brosis score decreased ≥1 stage after treatment and (2) 
predominantly regressive by P-I-R score with unchanged 
Ishak fibrosis stage.

4. Statistical analysis
Data were analyzed using SPSS 27.0 (IBM Corp., Ar-

monk, NY, USA) and R 4.4.1 (package ‘lme4’; R Foundation 
for Statistical Computing, Vienna, Austria). Quantitative 
variables were expressed as medians with interquartile 
ranges, which were compared with the Mann-Whitney test. 
Categorical variables were demonstrated with numbers, per-
centages and were compared using the chi-square test. The 
group differences of these noninvasive models in dynamic 
changes (group×time interactions) between regression and 
non-regression groups were analyzed by mixed effects mod-
el. Noninvasive models that had significant dynamic changes 
were further analyzed to determine the association between 
the changes in them and fibrosis regression by logistic analy-
sis. Then, noninvasive models significantly associated with 

fibrosis regression calculated AUROCs.
To further explore the relationship between inflammation 

and the noninvasive models, the correlation between chang-
es of noninvasive models as well as the comprised variables, 
and changes of Ishak-histology activity index (HAI) grading 
and staging system score were assessed by Spearman cor-
relation analysis. All p-values reported were two-sided, and 
p<0.05 was considered statistically significant.

RESULTS

1. Patient clinical and histological characteristics
A total of 175 treatment-naive CHB patients with base-

line liver biopsy proven Ishak fibrosis stage ≥3 were in-
cluded. Among them, 77 patients (44%) underwent post-
treatment liver biopsy only at week 78, six patients (3.4%) 
had post-treatment liver biopsy only at week 260, and 92 
patients (52.6%) had liver biopsies at three time points: 
baseline, week 78, and week 260. In total, 169 patients un-
derwent two liver biopsies at baseline and week 78, while 
98 patients had two liver biopsies at baseline and week 260 
(Fig. 1). The mean age of the participants was 38 years, 
with the majority being male (n=134, 76.6%). The clinical 
and histological characteristics of all enrolled patients were 
summarized in Table 1. At baseline, approximately 54.3% 
of patients (95/171) had with BMI ≥23 kg/m2, 22.8% 
(40/175) patients with hepatic steatosis ≥5% based on liver 
biopsy, and 2.9% of patients (5/174) had diabetes mellitus. 
Patients received entecavir-based treatment from baseline 
to week 260, including 47.9% (n=81) receiving pegylated 
interferon (IFN)-α add on treatment from week 26 to week 
78. The serum levels of alanine aminotransferase, aspartate 
aminotransferase, HBV DNA, and LSM decreased signifi-
cantly from baseline to week 260 (p<0.001).

The proportion of patients with cirrhosis decreased from 
26.3% (46/175) at baseline to 22.5% (38/169) at week 78 and 
15.3% (15/98) at week 260. The proportion of patients with 
Ishak fibrosis stage 0-2, which was 0% at baseline, increased 
to 16.6% (28/169) at week 78 and 28.5% (28/98) at week 
260. Furthermore, the proportion of patients with Ishak-
HAI score ≥10 at baseline was 18% (31/173), but decreased 
to 0% at week 78 and week 26. In contrast, the proportion 
of patients with Ishak-HAI score 0-3 was 6.9% (12/173) at 
baseline and increased to 38.1% (64/168) at week 78 and 
85.7% (84/98) at week 260 (Table 1).

Fibrosis regression rate based on Ishak fibrosis stage 
and P-I-R classification after 78 weeks and 260 weeks of 
antiviral therapy were shown in Supplementary Fig. 1. 
Among patients with pre- and post-treatment liver biop-
sies at baseline and week 78, 69.2% (117/169) attained liver 
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Table 1.Table 1. Patient Characteristics at Baseline, Week 78, and Week 260

Characteristic Baseline (n=175) Week 78 (n=169) Week 260 (n=98) p-value

Age, yr 38±10 - - -
Male sex 134 (76.6) - - -
BMI, kg/m2 23.5 (21.3–25.7) - - -
BMI ≥23 kg/m2 (n=171) 95 (54.3) - - -
Hepatic steatosis ≥5% 40 (22.8) - - -
Diabetes mellitus (n=174) 5 (2.9) - - -
Drinking history 36 (21.1) - - -
HBV DNA, log IU/mL 6.3 (4.7–7.4) 0.0 (0.0–0.0) 0.0 (0.0–0.0) <0.001
PLT, 109/L 150.0 (115.0–185.0) 149.5 (116.8–191.8) 187.0 (152.0–221.0) <0.001
ALT, U/L 72.0 (38.5–123.0) 26.0 (19.0–34.5) 22.0 (14.7–27.4) <0.001
AST, U/L 49.7 (34.0–79.1) 25.0 (20.0–30.4) 20.0 (17.9–25.0) <0.001
ALP, U/L 81.0 (67.8–101.1) 69.5 (57.0–85.5) 73.5 (60.0–89.5) <0.001
GGT, U/L 51.0 (28.8–88.3) 27.0 (18.0–38.2) 20.0 (14.0–31.0) <0.001
ALB, g/L 42.0 (39.0–46.0) 45.0 (42.6–47.3) 47.0 (44.8–49.0) <0.001
TB, μmol/L 15.0 (11.8–20.0) 13.0 (9.9–16.8) 15.1 (11.3–18.7)   0.001
INR 1.09 (1.03–1.14) 1.00 (0.96–1.05) 1.01 (0.96–1.04) <0.001
LSM, kPa 12.5 (8.6–18.5) 7.1 (5.7–9.4) 5.9 (4.6–7.9) <0.001
Ishak-HAI score* <0.001

0–3 12 (6.9) 64 (38.1) 84 (85.7)
4–6 67 (38.7) 101 (60.1) 14 (14.3)
7–9 63 (36.4) 3 (1.8) 0
≥10 31 (18.0) 0 0

Ishak fibrosis stage <0.001
0–1 0 5 (3.0) 6 (6.1)
2 0 23 (13.6) 22 (22.4)
3 69 (39.4) 72 (42.6) 25 (35.7)
4 60 (34.3) 31 (18.3) 20 (20.4)
5 32 (18.3) 33 (19.5) 11 (11.2)
6 14 (8.0) 5 (3.0) 4 (4.1)

Data are presented as mean±SD, number (%), or median (interquartile range).
BMI, body mass index; HBV, hepatitis B virus; PLT, platelet; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phos-
phatase; GGT, gamma-glutamyl transferase; ALB, albumin; TB, total bilirubin; INR, international normalized ratio; LSM, liver stiffness measure-
ments; HAI, histology activity index.
*Data missing: baseline (n=2), week 78 (n=1).

Treatment-naive hepatitis B patients with baseline liver biopsy proven Ishak 3
and post-treatment liver biopsy at 78 and/or 260

(n=175)
wk wk

Paired liver biopsies
at baseline and post-treatment

only at 78
(n=77)

wk

3 times of liver biopsies
at baseline, 78

and 260
(n=92)

wk
wk

Paired liver biopsies
at baseline and post-treatment

only at 260
(n=6)

wk

Paired liver biopsies
at baseline and 78 total

(n=169)
wk

Paired liver biopsies
at baseline and 260 total

(n=98)
wk

Fig. 1.Fig. 1. Flowchart. A total of 175 patients with baseline Ishak fibrosis scores ≥3 were enrolled. A total of 169 and 98 patients who underwent paired 
liver biopsies at week 78 and week 260 after antiviral treatment, respectively, were included in the final analysis.
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fibrosis regression. For patients with paired liver biopsy 
at baseline and week 260, the proportion of patients who 
achieved fibrosis regression was 79.6% (78/98).

Among patients who underwent liver biopsies both 
at baseline and at week 78, 10.1% (17/169) attained sig-
nificant liver fibrosis regression (Ishak stage decreased 
≥2 stage), and 34.3% (58/169) attained mild liver fibrosis 
regression (Ishak stage decreased=1). For patients with 
paired pre- and post-treatment liver biopsies (baseline/
week 260), the proportion of patients who achieved signifi-
cant fibrosis regression and mild fibrosis regression were 
24.4% (24/98) and 37.8% (37/98) (Supplementary Fig. 2).

2. Dynamic changes of LSM and noninvasive models 
in fibrosis regression and non-regression patients
The group comparisons of dynamic changes in LSM 

and 12 noninvasive models from baseline to week 78/
week 260 were shown in Figs 2 and 3, respectively. From 
baseline to week 78, for patients with paired liver biop-
sies, significant group×time interactions were observed 
between the regression and non-regression groups for the 
APRI (p=0.041), AAG (p=0.022), and King’s (p=0.016) 
(Fig. 3). The values of LSM, Mehdi’s model and AAPL con-
sistently declined after treatment both in regression and 
non-regression groups. In contrast, APRI, FIB-4, AP, Hui, 
GCPR, ATA, FI, and King’s models, which include platelet, 
initially declining from baseline to week 26, then rose from 
week 26 to week 52, before declined again from week 52 to 
week 78, primarily due to thrombocytopenia induced by 
IFN-α treatment.

From baseline to week 260, for patients with paired liver 
biopsies, significant group×time interaction was observed 
between the regression and non-regression groups in 
APRI (p=0.046) (Fig. 4). The LSM, aMAP-LSM advanced 
fibrosis and AAPL exhibited a sustained decline in both 
regression and non-regression groups. The trajectories of 
other noninvasive models in both the regression and non-
regression groups were nearly overlapping from baseline to 
week 260.

3. The association between the changes of 
noninvasive models and liver fibrosis regression
Among LSM and 12 noninvasive models, three mod-

els with significant dynamic changes in two groups were 
further analyzed to determine association with regres-
sion, which were AAG, King’s, and APRI. The change/
change rate of AAG (odds ratio [OR]=0.852, p=0.016 and 
OR=0.991, p=0.026), and the change of King’s (OR=0.979, 
p=0.021) were associated with liver fibrosis regression at 
week 78. The change rate of APRI (OR=0.974, p=0.010) 
was associated with liver fibrosis regression at week 260 

(Table 2).

4. The predictive performance of noninvasive models
For these three models, the AUROCs of the changes/

changes rate for AAG (AUROC, 0.618; 95% confidence 
interval [CI], 0.525 to 0.712 and AUROC, 0.615; 95% CI, 
0.517 to 0.712), and King’s (AUROC, 0.631; 95% CI, 0.536 
to 0.726) to predict liver fibrosis regression at week 78 
were less than 0.750. The AUROC of the change of APRI 
(AUROC, 0.705; 95% CI, 0.586 to 0.826) to predict liver 
fibrosis regression at week 260 was also less than 0.750 (Fig. 
4). After adjusting metabolic factors with BMI ≥23 kg/m2 
and hepatic steatosis ≥5%, the AUROCs of changes/change 
rate of those models were not excellent with all AUROCs 
<0.750. In the subgroup analysis, no statistically significant 
differences were found in the AUROC between the groups 
(p>0.05) (Supplementary Table 3).

We also evaluated the performance of different thresh-
old values in the changes of LSM or platelet, which were 
proposed in several previous studies, for predicting liver 
fibrosis regression were shown in Supplementary Table 4. 
Their performance was not particularly remarkable.

5. The correlation between dynamic changes of 
noninvasive models and inflammation based on 
Ishak-HAI score
We analyzed the correlation between dynamic changes 

in LSM and 12 noninvasive models and Ishak-HAI scores 
from baseline to weeks 78 and 260 (Supplementary Table 
5). From baseline to week 78, the dynamics of most non-
invasive models were positively correlated with the Ishak-
HAI score changes (p<0.05), except for the aMAP-LSM 
advanced fibrosis (r=0.175, p=0.056) and cirrhosis scores 
(r=0.090, p=0.317). The change in AAG showed the stron-
gest correlation (r=0.504, p<0.001), while the change in AP 
had the weakest correlation (r=0.189, p=0.019).

From baseline to week 260, similar correlations were 
observed (p<0.05), except for the aMAP-LSM cirrhosis 
score (r=0.208, p=0.064) and AP score (r=0.111, p=0.292). 
Notably, the change in AAPL (r=0.537, p<0.001) showed a 
strong association, while the aMAP-LSM advanced fibrosis 
score exhibited the weakest correlation (r=0.292, p=0.009).

6. The correlation between dynamic changes of 
variables in noninvasive models and liver fibrosis 
regression or liver inflammation improvements
We further analyzed the correlation between dynamic 

changes in variables of the noninvasive models and regres-
sion or liver inflammation improvement. From baseline to 
week 78, changes in platelet, aspartate aminotransferase, 
GGT, alkaline phosphatase, and total bilirubin were sig-
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nificantly correlated with liver fibrosis regression (p<0.05), 
and all variables, except total bilirubin, were significantly 
correlated with Ishak-HAI score changes (p<0.05). The 
change in GGT at week 52 showed the strongest positive 
correlation with inflammation (r=0.547, p<0.001), while 
the change in albumin at week 78 showed the strongest 

negative correlation (r=–0.324, p<0.001) (Supplementary 
Fig. 2).

From baseline to week 260, changes in alanine amino-
transferase, aspartate aminotransferase, GGT, alkaline phos-
phatase, and total bilirubin were significantly correlated with 
liver fibrosis regression (p<0.05), and all variables correlated 
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with Ishak-HAI score changes (p<0.05). The change in GGT 
at week 182 showed the strongest positive correlation with 
inflammation (r=0.619, p<0.001), while the change in cho-
linesterase at week 208 had the strongest negative correlation 
(r=–0.468, p<0.001) (Supplementary Fig. 3).

7. Subgroup analysis-excluding patients who 
received IFN-α treatment
Considering pegylated IFN-α treatment could induce 

thrombocytopenia, we analyzed noninvasive models ex-
cluding patients who received pegylated IFN-α treatment. 
The group comparisons of dynamic changes in LSM and 
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Fig. 3.Fig. 3. Changes of the 12 noninvasive models and the LSM among chronic hepatitis B patients before and after 260 weeks of antiviral treatment. The 
changes in the LSM and noninvasive models, including the APRI, FIB-4, aMAP-LSM advanced fibrosis score, aMAP-LSM cirrhosis score, AP, Hui, 
Mehdi’s, GCPR, AAG, ATA, AAPL, FI, King’s, from baseline to week 260 for patients who attained liver fibrosis regression (green) or non-regression 
(orange) after 260 weeks of therapy. LSM, liver stiffness measurement; APRI, aspartate aminotransferase to platelet ratio index; FIB-4, fibrosis in-
dex based on the 4 factor; AAG, a new algorithm attributed to age, alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT); GCPR, GCT 
to cholinesterase and platelet ratio; ATA, a novel score for predicting fibrosis stage in chronic viral hepatitis; AAPL, a noninvasive model composed of 
ALT, age, platelet, LSM; aMAP-LSM, age-male-albumin-bilirubin-platelets LSM score; AP, age and platelet count score; FI, fibrosis index.
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12 noninvasive models from baseline to weeks 78 and 260 
were shown in Supplementary Figs 4 and 5, respectively. 
From baseline to week 78, for patients with paired liver bi-
opsies, significant group×time interactions were observed 
between the regression and non-regression groups for the 
Mehdi’s (p=0.011), AAG (p<0.01), aMAP-LSM cirrhosis 
(p=0.040) and AP (p=0.026) (Supplementary Fig. 4). From 
baseline to week 260, for patients with paired liver biop-
sies, significant group×time interactions were observed 
between the regression and non-regression groups for the 
King’s (p=0.039) (Supplementary Fig. 5).

A total of five models which were Mehdi’s, AAG, 
aMAP-LSM cirrhosis, AP, and King’s underwent further 
analysis. The change/change rate of Mehdi’s (OR=0.701, 
p=0.021 and OR=0.954, p=0.020), the change/change rate 
of AAG (OR=0.792, p=0.028 and OR=0.982, p=0.046) 

were associated with liver fibrosis regression at week 78. 
The change rate of King’s (OR=0.962, p=0.048) was associ-
ated with liver fibrosis regression at week 260 (Supplemen-
tary Table 6). However, the AUROCs of these noninvasive 
models for predicting liver fibrosis regression at weeks 78 
and 260 were ≤0.700, suggesting suboptimal predictive 
performance (Supplementary Table 7).

DISCUSSION

Liver fibrosis and even cirrhosis could be reversible 
following antiviral treatment. Although there are various 
noninvasive models, the majority originate from chronic 
hepatitis C cohorts and primarily focus on diagnosing the 
liver fibrosis stage. In recent years, our team developed the 
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Fig. 4.Fig. 4. The AUROC curves of the changes of noninvasive models to predict liver fibrosis regression. (A) The AUROC values of the change/change 
rate of AAG, and the change of King’s to predict liver fibrosis regression at week 78. (B) The AUROC of the change rate of APRI to predict liver fi-
brosis regression at week 260. AUROC, area under the receiver operating characteristic curve; AAG, a new algorithm attributed to age, alanine 
aminotransferase, gamma-glutamyl transferase; APRI, aspartate aminotransferase to platelet ratio index.

Table 2.Table 2. The Association between the Changes of Noninvasive Models and Liver Fibrosis Regression

Models
Liver fibrosis regression at wk 78 Liver fibrosis regression at wk 260

OR (95% CI) p-value OR (95% CI) p-value

APRI
Δ(78 wk-baseline) 0.757 (0.569–1.008) 0.056 - -
Δ(78 wk-baseline)/baseline 0.996 (0.991–1.000) 0.073 - -
Δ(260 wk-baseline) - - 0.321 (0.102–1.007) 0.051
Δ(260 wk-baseline)/baseline - - 0.974 (0.955–0.994) 0.010

AAG
Δ(78 wk-baseline) 0.852 (0.748–0.971) 0.016 - -
Δ(78 wk-baseline)/baseline 0.991 (0.982–0.999) 0.026 - -

King’s
Δ(78 wk-baseline) 0.979 (0.961–0.997) 0.021 - -
Δ(78 wk-baseline)/baseline 0.995 (0.990–1.000) 0.071 - -

OR, odds ratio; CI, confidence interval; APRI, aspartate aminotransferase to platelet ratio index; AAG, a new algorithm attributed to age, alanine 
aminotransferase, gamma-glutamyl transferase.
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nReg-model to predict liver fibrosis at week 78 after anti-
viral therapy (AUROC, 0.75; 95% CI, 0.66 to 0.84), com-
prised of baseline LSM, FIB-4 and platelet, and change of 
LSM at month 6 from baseline.27 However, the AUROC of 
the nReg-model was not outstanding and lacked external 
validation. This study demonstrated the dynamic changes 
of LSM and 12 noninvasive models in regression and non-
regression groups from baseline to week 78 and week 260, 
also evaluated the correlation of the changes of noninva-
sive models and liver fibrosis regression and inflammation 
based on Ishak-HAI score.

In recent years, the recommendation of noninvasive 
tests instead of liver biopsy has gradually been mentioned 
in guidelines. The most commonly used noninvasive tests 
include APRI, FIB-4 and LSM, but insufficient clinical 
evidence has shown their capacity to evaluate liver fibrosis 
regression accurately. In our multicenter cohort study, par-
ticipants were stratified into regression and non-regression 
groups, delineating the dynamic fluctuations of LSM and 
12 noninvasive models from baseline to week 78 and week 
260 after treatment based on triple liver biopsies. Our anal-
ysis showed that the changes of noninvasive models and 
LSM could not predict liver fibrosis regression at week 78 
or week 260 optimally, although in subgroup analysis with 
exclusion of patients with IFN-α treatment, and adjusted 
with metabolic factors in BMI and hepatic steatosis.

A study with 17 years of follow-up time showed that 
the changes of APRI and FIB-4 could not reflect dynamic 
changes of early histological improvement, but may be re-
lated to histological changes 4 years after treatment.28 Simi-
larly, our research showed APRI had significant group×time 
interaction between regression and non-regression groups 
from baseline to week 78 and 260, with lower AUROC of 
0.705. Then, FIB-4 had no significant group×time interac-
tion between two groups at week 78 and week 260 (p>0.05). 
Furthermore, research has shown that baseline LSM and the 
decrease in LSM at week 52 were independent predictors of 
liver fibrosis regression at weeks 78 and 104.29,30 However, 
our findings demonstrated LSM had no significant group 
variance in regression and non-regression groups from 
baseline to week 78 or week 260.

Previous study showed BMI and hepatic steatosis ≥5% 
had no association with liver fibrosis progression in CHB 
patients with significant baseline fibrosis (Ishak score ≥3).31 
The other study identified persistent steatosis was associ-
ated with decreased fibrosis regression in CHB patients 
(persistent steatosis defined as ≥1 point before and after 
treatment). Disappeared steatosis failed to show a signifi-
cant association with fibrosis regression (disappeared ste-
atosis as ≥1 point at baseline and 0 point after treatment).32 
Consequently, metabolic factors were considered to play a 

pivotal role in the prognosis of patients with CHB. In this 
study, after adjusting for metabolic factors, no significant 
change was observed in the results.

The changes in most noninvasive models had a sig-
nificant correlation with the changes of Ishak-HAI score 
at weeks 78 and 260. Based on these findings, we hypoth-
esized that the changes in noninvasive models were mainly 
due to the resolution of inflammation, which limits their 
ability to predict liver fibrosis regression effectively. Al-
though other studies have shown that changes in nonin-
vasive indicators such as LSM reflect improvement in liver 
inflammation rather than regression of fibrosis within 1.5 
years, no study has evaluated the performance of model 
changes in predicting regression with week 260.33

This multicenter study evaluated the performance of 
noninvasive models in predicting liver fibrosis regression 
at week 78 and week 260 after treatment for CHB patients 
based on triple liver biopsies. The assessment of liver fibrosis 
regression was more precise by the Ishak fibrosis score and 
P-I-R classification. We compared group×time interaction 
effects in LSM and noninvasive models between regression 
and non-regression groups. Also, we assessed the associa-
tion between change value and change rate of noninvasive 
models and liver fibrosis regression at weeks 78 and 260. 
Furthermore, we evaluated the predictive performance of 
previously established thresholds for changes in LSM and 
platelet in assessing liver fibrosis regression; however, none 
demonstrated superior performance. This study also had 
several limitations. The included noninvasive models in-
volved overlapping biochemical markers. However, these 
models were established based on different cohorts, and 
have not been verified in the same cohort to determine their 
performance in predictive of liver fibrosis regression. In ad-
dition, we could not validate certain noninvasive models, 
including FibroStage, FibroBox, GIVPR, because our study 
was unable to measure and calculate unique serological 
markers required for these models.

In conclusion, although significant time×group interac-
tions were observed across several noninvasive models, 
such as APRI, AAG, and King’s, these changes did not 
optimally evaluate liver fibrosis regression. Future research 
should focus on developing a dynamic noninvasive model 
for predicting liver fibrosis regression, offering a viable al-
ternative to liver biopsy.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article 
was reported.



Gut and Liver, Vol. 19, No. 6, November 2025

898  www.gutnliver.org

ACKNOWLEDGEMENTS

This study was funded by Beijing Municipal Science 
& Technology Commission (Z221100007422115), Na-
tional Natural Science Foundation of China (82300696) 
and National Key Research and Development Program 
(2023YFC2306900).

We thank the following participants for the assessment 
of liver pathology: Hui Liu, Department of Pathology, 
Beijing Youan Hospital, Capital Medical University, Bei-
jing, China; Jing Chang, Department of Pathology, Bei-
jing Youan Hospital, Capital Medical University, Beijing, 
China; Tailing Wang, Department of Pathology, China-
Japan Friendship Hospital, Beijing, China; Neil D. Theise, 
Department of Pathology and Medicine (Division of Di-
gestive Diseases), Mount Sinai Beth Israel Medical Center, 
New York, NY, USA.

AUTHOR CONTRIBUTIONS

Study concept and design: S.C., Y.S., H.Y. Data acquisi-
tion: J.Z., B.W., X.W., X.O. Drafting and reviewing of the 
manuscript: J.Z., S.C., J.Z., B.W., X.W., X.X., X.Z., Y.K., X.O., 
Y.S., H.Y. Critical revision of the manuscript for important 
intellectual content: S.C., Y.S., H.Y. Statistical analysis: J.Z., 
X.X., X.Z., Y.K. Approval of final manuscript: all authors.

ORCID

Jiayi Zhang	 https://orcid.org/0009-0002-2907-2692
Shuyan Chen	 https://orcid.org/0000-0003-2400-8413
Jialing Zhou	 https://orcid.org/0000-0001-5075-6656
Bingqiong Wang	 https://orcid.org/0009-0005-3439-6810
Xiaoning Wu	 https://orcid.org/0000-0001-5416-712X
Xiaoqian Xu	 https://orcid.org/0000-0001-9269-2283
Xinyu Zhao	 https://orcid.org/0000-0003-4123-3030
Yuanyuan Kong	 https://orcid.org/0000-0002-2586-1443
Xiaojuan Ou	 https://orcid.org/0009-0002-4662-4970
Yameng Sun	 https://orcid.org/0000-0003-2981-9936
Hong You	 https://orcid.org/0000-0001-9409-1158

SUPPLEMENTARY MATERIALS

Supplementary materials can be accessed at https://doi.
org/10.5009/gnl250008.

REFERENCES

	 1.	Shan S, Zhao X, Jia J. Comprehensive approach to con-
trolling chronic hepatitis B in China. Clin Mol Hepatol 
2024;30:135-143.

	 2.	World Health Organization. Guidelines for the prevention, 
diagnosis, care and treatment for people with chronic hepa-
titis B infection (text extract): executive summary. Infect Dis 
Immun 2024;4:103-105.

	 3.	Marcellin P, Gane E, Buti M, et al. Regression of cirrhosis 
during treatment with tenofovir disoproxil fumarate for 
chronic hepatitis B: a 5-year open-label follow-up study. 
Lancet 2013;381:468-475.

	 4.	Wong GL. Non-invasive assessments for liver fibrosis: the 
crystal ball we long for. J Gastroenterol Hepatol 2018;33:1009-
1015.

	 5.	You H, Wang F, Li T, et al. Guidelines for the prevention and 
treatment of chronic hepatitis B (version 2022). J Clin Transl 
Hepatol 2023;11:1425-1442.

	 6.	Sterling RK, Patel K, Duarte-Rojo A, et al. AASLD Prac-
tice Guideline on blood-based noninvasive liver disease 
assessment of hepatic fibrosis and steatosis. Hepatology 
2025;81:321-357.

	 7.	Dong XQ, Wu Z, Zhao H, Wang GQ; China HepB-Related 
Fibrosis Assessment Research Group. Evaluation and 
comparison of thirty noninvasive models for diagnosing 
liver fibrosis in Chinese hepatitis B patients. J Viral Hepat 
2019;26:297-307.

	 8.	Kim WR, Berg T, Asselah T, et al. Evaluation of APRI 
and FIB-4 scoring systems for non-invasive assessment of 
hepatic fibrosis in chronic hepatitis B patients. J Hepatol 
2016;64:773-780.

	 9.	Wong GL, Wong VW, Choi PC, et al. On-treatment moni-
toring of liver fibrosis with transient elastography in chronic 
hepatitis B patients. Antivir Ther 2011;16:165-172.

	 10.	Ji D, Chen Y, Shang Q, et al. Unreliable estimation of fibrosis 
regression during treatment by liver stiffness measurement 
in patients with chronic hepatitis B. Am J Gastroenterol 
2021;116:1676-1685.

	 11.	Wu SD, Liu LL, Cheng JL, et al. Longitudinal monitoring 
of liver fibrosis status by transient elastography in chronic 
hepatitis B patients during long-term entecavir treatment. 
Clin Exp Med 2018;18:433-443.

	 12.	Xu W, Hu Q, Chen C, Li W, Li Q, Chen L. Non-invasive as-
sessment of liver fibrosis regression in patients with chronic 
hepatitis b: a retrospective cohort study. Infect Dis Ther 
2023;12:487-498.

	 13.	Hui AY, Chan HL, Wong VW, et al. Identification of chronic 
hepatitis B patients without significant liver fibrosis by a 
simple noninvasive predictive model. Am J Gastroenterol 
2005;100:616-623.

https://orcid.org/0009-0002-2907-2692
https://orcid.org/0000-0003-2400-8413
https://orcid.org/0000-0001-5075-6656
https://orcid.org/0009-0005-3439-6810
https://orcid.org/0000-0001-5416-712X
https://orcid.org/0000-0001-9269-2283
https://orcid.org/0000-0003-4123-3030
https://orcid.org/0000-0002-2586-1443
https://orcid.org/0009-0002-4662-4970
https://orcid.org/0000-0003-2981-9936
https://orcid.org/0000-0001-9409-1158
https://doi.org/10.5009/gnl250008
https://doi.org/10.5009/gnl250008


Zhang J, et al: Serial Noninvasive Assessments Poorly Predict CHB Fibrosis Regression during Anti-Viral Treatment

https://doi.org/10.5009/gnl250008  899

	 14.	Mohamadnejad M, Montazeri G, Fazlollahi A, et al. Nonin-
vasive markers of liver fibrosis and inflammation in chronic 
hepatitis B-virus related liver disease. Am J Gastroenterol 
2006;101:2537-2545.

	 15.	Liu D, Li J, Lu W, et al. Gamma-glutamyl transpeptidase to 
cholinesterase and platelet ratio in predicting significant liver 
fibrosis and cirrhosis of chronic hepatitis B. Clin Microbiol 
Infect 2019;25:514.

	 16.	Li Q, Huang C, Xu W, Hu Q, Chen L. A simple algorithm 
for non-invasive diagnosis of significant liver histologi-
cal changes in patients with CHB and normal or mildly 
elevated alanine transaminase levels. Medicine (Baltimore) 
2019;98:e16429.

	 17.	Yarkan Tugsal H, Yuksel S, Kabacam G, et al. ATA index: 
a novel score for predicting fibrosis stage in chronic viral 
hepatitis. Hepatol Forum 2021;2:12-19.

	 18.	Teng J, Du Y, Visalath P, et al. A noninvasive model dis-
criminating significant histological changes in treatment-
naive chronic hepatitis B patients with normal ALT. Virol J 
2023;20:7.

	 19.	Fan R, Li G, Yu N, et al. aMAP score and its combination 
with liver stiffness measurement accurately assess liver fibro-
sis in chronic hepatitis B patients. Clin Gastroenterol Hepa-
tol 2023;21:3070-3079.

	 20.	Poynard T, Bedossa P. Age and platelet count: a simple index 
for predicting the presence of histological lesions in patients 
with antibodies to hepatitis C virus. METAVIR and CLINI-
VIR Cooperative Study Groups. J Viral Hepat 1997;4:199-
208.

	 21.	Wai CT, Greenson JK, Fontana RJ, et al. A simple non-
invasive index can predict both significant fibrosis and 
cirrhosis in patients with chronic hepatitis C. Hepatology 
2003;38:518-526.

	 22.	Ohta T, Sakaguchi K, Fujiwara A, et al. Simple surrogate in-
dex of the fibrosis stage in chronic hepatitis C patients using 
platelet count and serum albumin level. Acta Med Okayama 
2006;60:77-84.

	 23.	Sterling RK, Lissen E, Clumeck N, et al. Development of 
a simple noninvasive index to predict significant fibro-

sis in patients with HIV/HCV coinfection. Hepatology 
2006;43:1317-1325.

	 24.	Cross TJ, Rizzi P, Berry PA, Bruce M, Portmann B, Harrison 
PM. King’s Score: an accurate marker of cirrhosis in chronic 
hepatitis C. Eur J Gastroenterol Hepatol 2009;21:730-738.

	 25.	Ishak K, Baptista A, Bianchi L, et al. Histological grading and 
staging of chronic hepatitis. J Hepatol 1995;22:696-699.

	 26.	Sun Y, Zhou J, Wang L, et al. New classification of liver bi-
opsy assessment for fibrosis in chronic hepatitis B patients 
before and after treatment. Hepatology 2017;65:1438-1450.

	 27.	Kong Y, Sun Y, Zhou J, et al. Early steep decline of liver 
stiffness predicts histological reversal of fibrosis in chronic 
hepatitis B patients treated with entecavir. J Viral Hepat 
2019;26:576-585.

	 28.	Surana P, Kapuria D, Broadwell C, et al. Longitudinal effects 
of nucleos(t)ide analogue therapy in chronic hepatitis B 
patients and the utility of non-invasive fibrosis markers dur-
ing treatment: a single-center experience for up to 17 years. 
Antiviral Res 2019;168:61-67.

	 29.	Dong XQ, Wu Z, Li J, Wang GQ, Zhao H; China HepB-
Related Fibrosis Assessment Research Group. Declining in 
liver stiffness cannot indicate fibrosis regression in patients 
with chronic hepatitis B: a 78-week prospective study. J Gas-
troenterol Hepatol 2019;34:755-763.

	 30.	Liang X, Xie Q, Tan D, et al. Interpretation of liver stiffness 
measurement-based approach for the monitoring of hepa-
titis B patients with antiviral therapy: a 2-year prospective 
study. J Viral Hepat 2018;25:296-305.

	 31.	Sun Y, Wu X, Zhou J, et al. Persistent low level of hepatitis 
b virus promotes fibrosis progression during therapy. Clin 
Gastroenterol Hepatol 2020;18:2582-2591.

	 32.	Zhang M, Chen S, Wu X, et al. Persistent steatosis correlates 
with decreased fibrosis regression during anti-HBV treat-
ment in patients with chronic HBV infection. J Med Virol 
2023;95:e29156.

	 33.	Li M, Yao M, Wang L, et al. The early on-treatment stiff-
ness decline attributed to the improved hepatic inflamma-
tion in fibrotic chronic hepatitis B. J Clin Gastroenterol 
2025;59:456-463.


