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Abstract
BACKGROUND 
Autoimmune hepatitis-primary biliary cholangitis (AIH-PBC) overlap syndrome 
has a worse prognosis than AIH or PBC alone. Therefore, accurately staging liver 
fibrosis and dynamically monitoring disease progression are essential.

AIM 
To investigate the performance of two-dimensional shear-wave elastography (2D-
SWE) for noninvasively staging liver fibrosis and assessing the clinical utility of 
repeated 2D-SWE for monitoring treatment response in AIH-PBC overlap 
syndrome.

METHODS 
A total of 148 patients diagnosed with AIH-PBC overlap syndrome were retro-
spectively enrolled. Among them, 82 patients had a 2D-SWE follow-up time of 
more than 1 year. The Scheuer scoring system was used to evaluate stages of 
hepatic inflammation and liver fibrosis. The performance of 2D-SWE for staging 
liver fibrosis was evaluated with the liver biopsy. Changes in liver stiffness (LS) 
measured by 2D-SWE in patients with or without complete biochemical remission 
were evaluated.

RESULTS 
LS value was strongly correlated with liver fibrosis stage (Spearman r = 0.84, P < 
0.0001). The areas under the receiver operating characteristic curves of LS for 
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diagnosing significant fibrosis (≥ S2), severe fibrosis (≥ S3), and cirrhosis (S4) were 0.91, 0.97, and 
0.96, respectively. Patients with complete biochemical remission had a considerable decrease in LS 
values (P < 0.0001). More importantly, the declined LS in patients with S0-S2 was significantly 
lower than that in patients with S3-S4 (P = 0.0002). In contrast, patients who failed to achieve 
biochemical remission had a slight but not significant decrease in LS (P = 0.37).

CONCLUSION 
LS measured by 2D-SWE is an accurate and reliable method in assessing liver fibrosis, especially 
for diagnosing severe fibrosis (≥ 3) and monitoring treatment response in patients with AIH-PBC 
overlap syndrome.

Key Words: Liver fibrosis; Liver biopsy; Diagnostic tests; Autoimmune hepatitis; Primary biliary cholangitis; 
Inflammation

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Two-dimensional shear-wave elastography is an accurate and reliable method in monitoring 
treatment response in patients with autoimmune hepatitis-primary biliary cholangitis overlap syndrome.
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INTRODUCTION
Autoimmune hepatitis-primary biliary cholangitis (AIH-PBC) overlap syndrome is defined as 
presenting features of AIH and PBC simultaneously or sequentially. AIH is a progressive inflammatory 
liver disorder characterized histologically by interface hepatitis, serologically by high levels of transam-
inases and immunoglobulin G (IgG) and the presence of autoantibodies. PBC is progressive 
autoimmune liver disease with nonsuppurative destructive cholangitis and interlobular bile duct 
destruction[1]. AIH-PBC overlap syndrome has a worse prognosis than AIH or PBC alone[2]. Therefore, 
accurately assessing stage of liver disease and dynamically monitoring the progression of disease are 
essential for some AIH-PBC overlap syndromes with rapid disease progression.

Liver biopsy still remains the gold standard for establishing the diagnosis, assessing disease severity 
and determining treatment. According to the most recent guidelines, long-term treatment with 
immunosuppressants in combination with ursodeoxycholic acid is recommended when AIH-PBC 
overlap syndrome is established[3,4]. Frequent biochemical markers measurement during the follow-up 
was necessary to monitor the therapeutic response. However, they cannot monitor the histologically 
progression and reflect the severity of liver fibrosis. Furthermore, hepatic histological remission usually 
lagged behind biochemical remission by several months[5]. Therefore, detecting the severity of 
histology at the beginning of treatment and frequent monitoring during long-term follow-up are 
important for management of AIH-PBC overlap syndrome. Liver biopsy is still the gold standard for 
diagnosing AIH-PBC overlap syndrome and staging liver fibrosis, and can be accepted by most patients, 
but the second or repeated liver biopsy cannot be easily performed due to its costly and invasive 
procedure during the long-term follow-up.

During the past decades, several noninvasive markers are found to have high accuracy for detecting 
liver fibrosis and disease progression. 2D-SWE by using the supersonic shear imaging technique is an 
ultrasound-based real-time imaging method with the following advantages for assessing liver disease: 
(1) nontarget structure and elastic artifacts can be effectively avoided to improve reliability by 
integrating B-mode imaging and color-coded tissue stiffness maps in real time; (2) it is widely applied to 
measure liver stiffness in the whole world; and (3) there is no limitation in patients with ascites[6]. Our 
previous studies showed that 2D-SWE has a great performance for staging liver fibrosis in AIH[7] and 
PBC patients[8]. However, the utility of 2D-SWE in monitoring treatment response remains blank.

The aim of this study was to evaluate the clinical utility of 2D-SWE in evaluating liver fibrosis and to 
assess the usefulness of repeated 2D-SWE for monitoring treatment response in AIH-PBC overlap 
syndrome.

https://www.wjgnet.com/1007-9327/full/v28/i18/2021.htm
https://dx.doi.org/10.3748/wjg.v28.i18.2021
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MATERIALS AND METHODS
Patients
This is a single-center retrospective study, which was approved by the ethics committee of our hospital, 
and due to the retrospective feature, the patients informed consent was waived. Patients was strictly 
diagnosed according to the Paris criteria[9,10]. The presence of at least two of the three accepted criteria 
was required for the diagnosis of AIH and PBC. The AIH criteria were as follows: (1) Alanine 
aminotransferase (ALT) levels at least five times higher than the upper limit of normal (ULN); (2) Serum 
IgG levels at least two times higher than the ULN or a positive test for anti-smooth muscle antibodies; 
and (3) Moderate or severe periportal or periseptal piecemeal lymphocytic necrosis in liver biopsy. PBC 
criteria were as follows: (1) Alkaline phosphatase (ALP) levels at least two times higher than the ULN or 
γ-glutamyltranspeptidase (GGT) levels at least five times higher than the ULN; (2) A positive test for 
anti-mitochondrial antibodies; and (3) Florid bile duct lesions in liver biopsy. Among them, moderate 
interfacial inflammation of the liver was necessary for diagnosis of AIH-PBC overlap syndrome. The 
patients between September, 2016 and April 2021 in West China hospital were enrolled. The inclusion 
criteria were as follows: (1) Patients met the diagnosis criteria of PBC-AIH overlap syndrome with liver 
biopsy; and (2) Age was adults with lower than 75 years old. The exclusion criteria were as follows: (1) 
Patients with overlapping etiologies of liver disease, such as virus, alcohol liver disease[11], non-
alcoholic fatty liver disease[12], drug-induced liver disease[13], hereditary metabolic liver disease or 
other causes of liver damage; (2) Patients with primary hepatic carcinoma or other malignant tumors; (3) 
2D-SWE measurement after liver biopsy for more than 1 mo and with treatment; (4) Patients without 
2D-SWE results or serological data; (5) Patients with ascites, varices bleeding, esophageal variceal 
ligation (EVL) or splenectomy; and (6) Patients with severe systemic disease. Among them, the follow-
up time with 2D-SWE greater than 1 year was subsequently analyzed to evaluate the changes of LS 
values after standard treatment. Complete biochemical remission was defined by normalization of 
serum AST, ALT, ALP and IgG levels[14].

2D-SWE measurement
2D-SWE measurements were obtained by using the Aixplorer system (SuperSonic Imagine, Aix-en-
Provence) with a SC6-1 (frequency of 1-6 MHz) convex probe. Two experience radiologists 
independently performed the procedures according to the guidelines developed by the World 
Federation for Ultrasound in Medicine and Biology[15]. The 2D-SWE measurements were performed 
following our previous study[8], Briefly, the elasticity image box, approximately 4 cm × 3 cm, was 
placed 1-2 cm under the liver capsule in the parenchyma area of the right hepatic lobe. At least three 
valid measurements were obtained in each patient. The median LS value was recorded (in kPa)[16]. 
When less than two-thirds of the signal filled in the 2D SWE region of interest or the large vessels and 
biliary tracts were not avoided, measurements were considered failed or unqualified[17].

Liver biopsy and histologic stages
Ultrasound-guided liver biopsy was performed in the right liver lobe. Quality of the liver specimen was 
evaluated. All specimens were analyzed by one experienced pathologist. The Scheuer scoring system, a 
common scoring system in clinical practice, evaluates liver fibrosis and necroinflammatory activity. 
Liver fibrosis was scored as follows the previous studies[7]: the liver fibrosis was staged from stage 0 
(S0) to stage 4 (S4) cirrhosis (S0-S4). Necroinflammative was also scored from grade 0 (G0), no portal or 
periportal and lobular necroinammatory activity to grade 4 (G4), severe piecemeal portal or periportal 
necrosis and severe or diffuse hepatocellular damage inside the lobule (G0-G4). Significant fibrosis was 
liver fibrosis stage ≥ S2; severe fibrosis was liver fibrosis stage ≥ S3 and cirrhosis was liver fibrosis stage 
= S4. Mild liver necroinflammation was defined as necroinammatory activity lower than G2 (G0–G2), 
and significant liver necroinflammation was defined as necroinammatory activity higher than G2 (G3-
G4).

Statistical analysis
Statistical analyses were performed in SPSS Statistics version 24.0 (IBM Corporation, Armonk, NY), 
MedCalc software version 19.1.0 (MedCalc Software, Mariakerke, Belgium). A P value lower than 0.05 
was considered statistically significant. Descriptive statistics were summarized as the median and 
interquartile (25%-75%). One-way ANOVA analysis or the Mann-Whitney test was used to compare 
quantitative variables. Correlations between LS values and biochemical biomarkers and histological 
features were evaluated with the Spearman correlation test, and those with P < 0.05 were subsequently 
included in multiple regression analysis. The performance of noninvasive methods in the assessment of 
liver fibrosis stages was determined by using the area under the receiver operating characteristic curve 
(AUC). Optimal cutoff values to predict different fibrosis stages were identified with the highest 
Youden’s index. The corresponding sensitivity, specificity, negative predictive value, positive predictive 
value and accuracy were calculated. The cutoff values of LS for ruling out and ruling in were defined 
with sensitivity > 95% and specificity > 95%, respectively. The AUCs of noninvasive biomarkers were 
compared with the DeLong test. The Z test was used to compare the AUCs of LS for predicting liver 
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fibrosis in the G0-G2 subgroups and G3-G4 subgroups. Two-way ANOVA was used to evaluate the 
changes in LS. Wilcoxon matched pairs test was used to compare the LS values before treatment and 
each follow-up.

RESULTS
Patients’ characteristics
A total of 177 patients considered AIH-PBC patients were enrolled. Eight patients without 2D-SWE 
results or liver biopsy, 2 patients of with the 2D-SWE measurements after liver biopsy for more than 1 
mo and with treatment, 15 patients with varices bleeding or EVL, 1 patient with splenectomy, 1 patient 
with portal venous thrombosis, 1 patient with age < 18 years old, and 1 patient with hepatic carcinoma 
were excluded. Finally, 148 patients were included to analyze the LS for staging liver fibrosis in this 
study (Figure 1). Among them, 82 patients had a 2D-SWE follow-up of more than 1 year, 36 patients had 
complete biochemical remission, and 46 patients had no biochemical remission. The characteristics of 
the patients are described in Table 1. The numbers of patients with S0–S1, S2, S3 and S4 were 25 (15.4%), 
48 (30.2%), 13 (9.9%) and 62 (44.4%), respectively.

Correlation of liver stiffness and serum biomarkers, histological features 
LS had a strong correlation with serum biomarkers and histological features (Table 2). PLT (Spearman r 
= -0.43, P < 0.0001), total bilirubin (Spearman r = 0.60, P < 0.0001), AST (Spearman r = 0.33, P < 0.0001), 
albumin (Spearman r = -0.67, P < 0.0001), and IgG (Spearman r = 0.38, P < 0.0001) had significant correl-
ations with LS values. The necroinflammatory activity grades (Spearman r = 0.32, P < 0.0001) and 
fibrosis stages (Spearman r = 0.84, P < 0.0001) also had a significant correlation with LS. In multiple 
regression analysis, only total bilirubin (P = 0.005) and fibrosis stages (P < 0.0001) had strong correl-
ations with LS values (Supplementary Table 1). In addition, LS values in patients were increased with 
fibrosis stage S0-S1 [7.2 (6.3-9.9) kPa], S2 [10.7 (8.6-12.2) kPa], S3 [13.8 (12.0-20.8)], S4 [21.1 (17.1-28.4) 
kPa] (P < 0.0001) (Figure 2).

Diagnostic utility of 2D-SWE for assessing liver fibrosis stages
The utility of LS measured by 2D-SWE for staging liver fibrosis is shown in Table 3. For diagnosing 
significant fibrosis (≥ S2), the AUC of LS was 0.91 (95%CI: 0.85-0.96). The optimal cutoff value of LS was 
12.1 kPa with the highest combined sensitivity (67.5%) and specificity (96.0%). The cutoff values of LS 
for ruling out and ruling in significant fibrosis (≥ S2) were 7.9 kPa and 12.1 kPa, respectively. For 
assessing severe fibrosis (≥ S3), the AUC of LS was 0.97 (95%CI: 0.94-0.99). The optimal cutoff value of 
LS was 15.0 kPa with the highest combined sensitivity (85.3%) and specificity (95.9%). The cutoff values 
of LS for ruling out and ruling in severe fibrosis (≥ S3) were 11.9 kPa and 15.0 kPa, respectively. For 
diagnosing cirrhosis (S4), the AUC of 2D-SWE was 0.96 (95%CI: 0.92-0.99). The optimal cutoff value of 
2D-SWE was 18.0 kPa with the highest combined sensitivity (90.3%) and specificity (91.9%). The cutoff 
values of LS for ruling out and ruling in liver cirrhosis were 13.9 kPa and 19.4 kPa, respectively.

Effects of different degree of necroinflammation on LS measured by 2D-SWE
The effects of necroinflammatory activity on LS measured by 2D-SWE were evaluated. LS values in the 
subgroup of patients with G0-G2 and the subgroup of patients with G3-G4 showed no significant 
difference for staging liver fibrosis S0-S1 (P = 0.57), S2 (P = 0.51), S3 (P = 0.62) and S4 (P = 0.77) 
(Supplementary Table 2). The effect of necroinflammatory activity on the accuracy of LS values for 
staging liver fibrosis is shown in Supplementary Table 3. The AUCs of LS for diagnosing significant 
fibrosis (≥ S2) (P = 0.57), severe fibrosis (≥ S3) (P = 0.89), and cirrhosis (S4) (P = 0.06) were not 
significantly different between subgroups of patients with G0-G2 and G3-G4 necroinflammatory 
activity.

Accuracy of liver stiffness for evaluating liver fibrosis
The cutoff values for ruling out significant fibrosis (≥ S2), severe fibrosis (≥ S3) and cirrhosis (S4) were 
7.9 kPa, 11.9 kPa and 13.9 kPa, respectively. The accuracy of these cutoff values for predicting each stage 
of liver fibrosis is listed in Supplementary Table 4. In patients with S0–S1, S2, S3 and S4, 15/25 (60.0%), 
26/48 (54.2%), 4/13 (30.8%) and 58/62 (93.5%) of them were correctly classified, respectively. The 
accuracy of 2D-SWE for predicting severe fibrosis (≥ S3) was 71/75 (94.7%).

Complete biochemical remission is associated with changes in LS values
Eighty-two patients with 2D-SWE follow-up time of more than 1 year were evaluated. The total median 
follow-up time of these patients was 3.3 (2.2-4.1) years. The median follow-up time of 2D-SWE in these 
patients was 2.5 (1.5-3.5) years. Among these patients, 36 patients had complete biochemical remission, 
and 46 patients had no biochemical remission. The baseline characteristics of patients with or without 
complete biochemical remission were shown in Table 4. Total bilirubin (P = 0.009), ALP (P = 0.0005) and 

https://f6publishing.blob.core.windows.net/fdbf547a-5527-4728-a630-31f3e0832deb/WJG-28-2021-supplementary-material.pdf
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Table 1 Baseline characteristics of the patients

Characteristic Value

Gender, female, n (%) 132 (90)

Age, yr 49 (44-55)

BMI (kg/m2) 21.5 (19.6-22.9)

Total bilirubin, μmol/L 36.6 (19.3-72.7)

ALB, g/L 38.7 (34.1-43.7)

PLT, × 109/L 127 (79-185)

ALT, IU/L 100 (63-185)

AST, IU/L 114 (74-177)

ALP, IU/L 342 (194-518)

GGT, IU/L 298 (176-499)

IgG, g/L 20.5 (16.1-24.7)

IgM, g/L 3250 (2023-5095)

LKM, positive, n (%) 0

ANA, positive, n (%) 144/148 (97.3)

AMA, positive, n (%) 89/148 (60.1)

Fibrosis stage, n (%)

S0-S1 25 (15.4)

S2 48 (30.2)

S3 13 (9.9)

S4 62 (44.4)

Activity grade, n (%)

G0-G1 10 (6.8)

G2 53 (35.2)

G3 78 (53.1)

G4 7 (4.9)

LS, kPa 13.6 (9.8-20.6)

Data are presented as median and interquartile range, number (percentage). The reference laboratory parameter value: Total bilirubin: 5-28 μmol/L; 
alanine aminotransferase < 50 IU/L; aspartate aminotransferase < 40 IU/L; albumin: 40-55 g/L; platelet count: 100-300 × 109/L; alkaline phosphatase: 51-
160 IU/L; gamma-glutamyl transpeptidase: < 60 IU/L; immunoglobulin G: 8-15.5 g/L; immunoglobulin M: 700-2200 mg/L. BMI: Body mass index; TB: 
Total bilirubin; ALB: Albumin; PLT: Platelet count; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: 
Gamma-glutamyl transpeptidase; IgG: Immunoglobulin G; IgM: Immunoglobulin M; LKM: Liver-kidney microsomal antibody; AMA: Antimitochondrial 
antibodies; ANA: Antinuclear antibody; LS: Liver stiffness.

GGT (P = 0.005) in patients with biochemical remission were lower than those in patients without 
biochemical remission. The change of LS values in patients with biochemical remission was significantly 
more than that in patients without biochemical remission (P < 0.0001). LS values in patients with 
complete biochemical remission present a considerable decrease (P < 0.0001). The LS values in all 
follow-up time points were lower than control point (all P < 0.01). In contrast, LS values in patients who 
failed to achieve complete biochemical remission showed a slight but not significant decrease (P = 0.37) 
(Figure 3). In patients with complete biochemical remission, the changes in LS in patients with S0-S2 
fibrosis stages were significantly lower than those in patients with S3-S4 fibrosis stages (P = 0.0002) 
(Figure 4A). However, there was no similar change in patients without biochemical remission 
(Figure 4B).
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Table 2 Correlation of liver stiffness and serum biomarkers, histological features

Spearman r P value

Necro-inflammatory activity grades 0.32 0.0006

Fibrosis stages 0.84 < 0.0001

PLT, × 109/L -0.43 < 0.0001

TB, μmol/L 0.60 < 0.0001

ALT, IU/L -0.04 0.63

AST, IU/L 0.33 < 0.0001

ALB, g/L -0.67 < 0.0001

ALP, IU/L 0.02 0.77

IgG, IU/L 0.38 < 0.0001

PLT: Platelet count; TB: Total bilirubin; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; 
GGT: Gamma-glutamyl transpeptidase; IgG: Immunoglobulin G.

Table 3 Diagnostic accuracy of two-dimensional shear-wave elastography for diagnosing liver fibrosis

Cutoff AUC (95%CI) Sensitivity Specificity PPV NPV Accuracy 

Significant fibrosis (≥ S2)

LS, kPa 12.1 0.91 (0.85-0.96) 67.5% 96.0% 98.8% 37.5% 72.3%

Rule out 7.9 95.1% 60.0% 92.1% 71.3% 89.2%

Rule in 12.1 67.5% 96.0% 98.8% 37.5% 72.3%

Severe fibrosis (≥ S3)

LS, kPa 15.0 0.97 (0.94-0.99) 85.3% 95.9% 95.5% 86.4% 90.5%

Rule out 11.9 94.7% 75.3% 79.8% 93.3% 85.1%

Rule in 15.0 85.3% 95.9% 95.5% 86.4% 90.5%

Cirrhosis (S4)

LS, kPa 15.1 0.96 (0.92-0.99) 90.3% 91.9% 88.9% 92.9% 91.2%

Rule out 13.9 95.2% 84.9% 82.0% 96.1% 89.2%

Rule in 19.4 58.1% 95.3% 89.9% 75.9% 79.7%

AUC: Area under the receiver operating characteristic curve; LS: Liver stiffness; PPV: Positive predictive value; NPV: Negative predictive value.

DISCUSSION
AIH-PBC overlap syndrome is a special clinical subgroup of chronic liver disease with poor clinical 
prognosis and higher risk of liver related complications than AIH or PBC alone. Therefore, disease 
progression needs intensive follow-up and dynamic monitoring in a timely manner. Noninvasive 
methods for staging liver fibrosis and monitoring disease progression are worthy of more concern. In 
this study, we assessed the clinical utility of 2D-SWE for staging liver fibrosis and evaluated the 
usefulness of repeated 2D-SWE to monitor disease progression in patients with AIH-PBC overlap 
syndrome.

2D-SWE is equal or superior to TE in staging liver fibrosis[18-21]. A meta-analysis study reported 2D-
SWE had an excellent performance for staging fibrosis in common causes of liver disease, such as 
hepatitis C, hepatitis B, and nonalcoholic fatty liver disease, the AUCs were ranged from 86% to 96%. 
Autoimmune liver disease (AILD) is a rare group of liver diseases in the whole world, especially AIH-
PBC overlap syndrome. Few studies have assessed the performance of 2D-SWE to evaluate severity of 
AILD. Our studies reported that the AUCs of LS measured by 2D-SWE for staging liver fibrosis were 
ranged from 0.88-0.99 in patients with PBC and 0.84-0.94 in patients with AIH, respectively. Recently, 
Janik et al[22] showed that the AUC of 2D-SWE for diagnosing cirrhosis was 0.93 in patients with AIH. 
In addition, Wu et al[23] reported that the AUCs of LS measured by TE for diagnosing F ≥ 2, F ≥ 3, and 
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Table 4 Baseline characteristics of the patients between patients with complete biochemical remission and without biochemical 
remission

Characteristic Without biochemical remission (n = 
46)

Complete biochemical remission (n 
= 36) P value

Sex, female, n (%) 39 (90) 35 (97.2) 0.07

Age, yr 50 (43-54) 49 (44-55) 0.99

BMI (kg/m2) 21.1 (19.4-22.4) 21.9 (20.0-23.0) 0.27

TB, μmol/L 38.7 (27.4-61.2) 19.6 (15.5-43.6) 0.009

ALB, g/L 39.7 (34.8-45.3) 41 (35.5-44.8) 0.56

PLT, × 109/L 126 (90-170) 150 (85-215) 0.18

ALT, IU/L 98 (71-136) 146 (50-215.3) 0.17

AST, IU/L 111 (82-153) 126 (68-247) 0.63

ALP, IU/L 417 (297-533) 217 (143-412) 0.0005

GGT, IU/L 419 (269-558) 289 (111-451) 0.005

IgG, g/L 19.2 (15.3-22.3) 21.9 (16.5-26.2) 0.06

IgM, g/L 3500 (2400-4830) 3290 (2245-5925) 0.86

Fibrosis stage, n 0.19

S0-S1 4 9

S2 19 14

S3 6 2

S4 17 11

Activity grad, n 0.29

G0-G1 1 1

G2 19 8

G3 24 26

G4 2 1

LS, kPa 12.9 (10.0-17.0) 11.3 (7.7-15.4) 0.14

Data are presented as median and interquartile range, number (percentage). The reference laboratory parameter value: Total bilirubin: 5-28 μmol/L; 
alanine aminotransferase < 50 IU/L; aspartate aminotransferase < 40 IU/L; albumin: 40-55 g/L; platelet count: 100-300 × 109/L; alkaline phosphatase: 51-
160 IU/L; gamma-glutamyl transpeptidase: < 60 IU/L; immunoglobulin G: 8-15.5 g/L; immunoglobulin M: 700-2200 mg/L. BMI: Body mass index; TB: 
Total bilirubin; ALB: Albumin; PLT: Platelet count; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: 
Gamma-glutamyl transpeptidase; IgG: Immunoglobulin G; IgM: Immunoglobulin M; LS: Liver stiffness.

F4 were 0.84, 0.91, and 0.97, respectively, in patients with AIH-PBC overlap syndrome. In this study, the 
AUCs of LS measured by 2D-SWE in detecting significant fibrosis (S ≥ 2), severe fibrosis (S ≥ 3), and 
cirrhosis (S4) were 0.91, 0.97, and 0.96, respectively, which showed a broadly consistent accuracy with 
previous studies. 61/114 (53.5%) patients with AILD, 68/103 (66.02%) patients with AIH, 116/157 
(73.9%) patients with PBC, respectively, can be correctly classified[7,8,24]. 105/148 (69.6%) patients with 
AIH-PBC overlap syndrome can be correctly classified in this study. These results suggest that LS 
measured by 2D-SWE is reliable method for staging liver fibrosis in patients with AIH-PBC over 
syndrome, even in patients with AILD.

The cutoff value of LS may vary among different etiologies and should be considered in diagnosing 
liver fibrosis[18,25,26]. The LS values ranged from 7.0 kPa to 8.3 kPa, 8.2 kPa to 9.2 kPa, and 9.9 kPa to 
13.3 kPa for detecting significant fibrosis (S ≥ 2), severe fibrosis (S ≥ 3) and cirrhosis (S = 4), respectively. 
Patients with hepatitis B or C viruses have lower LS values for detecting corresponding fibrosis stages
[25]. A study including 114 patients with AILD concluded that the optimal LS values for detecting 
significant fibrosis (S ≥ 2), severe fibrosis (S ≥ 3) and cirrhosis (S = 4) were 9.7 kPa, 13.2 kPa, and 16.3 
kPa, respectively[24]. Our previous study showed that the optimal LS values for diagnosing significant 
fibrosis (S ≥ 2), severe fibrosis (S ≥ 3) and cirrhosis (S4) were 10.0 kPa, 15.8 kPa and 19.3 kPa, respectively 
in patients with AIH and 10.7 kPa, 12.2 kPa and 14.1 kPa, respectively in patients with PBC[7,8]. In this 
study, the optimal cutoff values of LS for staging significant fibrosis (S ≥ 2), severe fibrosis (S ≥ 3) and 
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Figure 1 Flowchart of patients’ selection.

Figure 2 Liver stiffness values of different liver fibrosis stages in patients with autoimmune hepatitis-primary biliary cholangitis overlap 
syndrome.

cirrhosis (S4) were 12.1 kPa, 15.0 kPa and 15.1 kPa, respectively in patients with AIH-PBC overlap 
syndrome. The cutoff values of LS for ruling out significant fibrosis (S ≥ 2), severe fibrosis (S ≥ 3) and 
cirrhosis (S4) were 7.9 kPa, 11.9 kPa and 13.9 kPa, respectively. According to these current studies, we 
try to draw a conclusion that the causes of liver disease might affect the LS values and that AIH-PBC 
over syndrome might have higher cutoff values than other causes of liver disease for diagnosing liver 
fibrosis.

As discussed in the current European Association for the Study of the Liver Clinical Practice 
Guidelines, the active liver inflammation may affect the LS values. The increased transaminase and total 
bilirubin might lead to overestimation of LS measurements[27,28]. In this study, LS showed a strong 
correlation with several serum biomarkers, such as PLT, total bilirubin, AST, albumin and IgG (P < 
0.0001). However, in the multiple regression analysis, only liver fibrosis stages and total bilirubin were 
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Figure 3 The change of liver stiffness in patient with complete biochemical remission and without biochemical remission. 

Figure 4 In patients with complete biochemical remission, the change of liver stiffness in patients with S0-S2 and S3-S4. A: Change of liver 
stiffness in patients with S0-S2; B: Change of liver stiffness in patients with S3-S4.

associated with the LS values. These findings were consistent with previous studies[28-31], and the LS 
values might be influenced by elevated total bilirubin. Therefore, considering the feature of AIH-PBC 
over syndrome, the cutoff values for diagnosing liver fibrosis could be higher than other causes of liver 
disease. The treatment history may affect the diagnostic accuracy of 2D-SWE for staging fibrosis. ALT 
could affect the LS values measured by TE, which are mainly reported in patients with chronic hepatitis 
B[32-34]. However, the ALT did not associate with LS in this study. Xu et al[35] also reported that in 
patients with AIH, ALT cannot affect the LS values measured by transient elastography. Therefore, 
whether the level of ALT can represent liver histological inflammatory activity needs more study to 
validate it.

Hartl et al[29] reported a significant decrease in LS measured by TE in AIH patients with complete 
biochemical remission, especially in subgroups of patients with S3-S4 fibrosis stages. The declines in LS 
measured by TE may reflect the remission of both liver inflammation and fibrosis[36,37]. In this study, 
the LS values were significantly decreased in patients with complete biochemical remission. In addition, 
the changes in LS values in patients with S3-S4 were more than those in patients with S0-S2. However, 
there was no significant change in LS values in patients without biochemical remission. These results 
demonstrate that LS measured by 2D-SWE can monitor the therapeutic effect. Due to the lack of liver 
biopsy after treatment, there was no definite correlation between the decline in LS values and remission 
of liver inflammation or fibrosis.

This study has some limitations that warrant discussion: (1) The patient cohort was small, which can 
be understood that the prevalence of AIH-PBC overlap syndrome also very low; (2) There is no detailed 
information on the failure rate of 2D-SWE; (3) In this cohort, we did not acquire the TE data, therefore, 
we cannot compare the performance of 2D-SWE with TE for diagnosing fibrosis and monitoring 
treatment due to the retrospective features of this study; and (4) There was no liver biopsy after 
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treatment with complete biochemical remission.

CONCLUSION
In conclusion, LS measured by 2D-SWE is a potential noninvasive method for staging liver fibrosis, 
especially for diagnosing severe fibrosis (≥ 3) in patients with AIH-PBC overlap syndrome. The 
diagnostic performance of 2D-SWE is superior to that of serum fibrosis models for staging liver fibrosis. 
More importantly, 2D-SWE can monitor the treatment response in patients with complete biochemical 
remission with a significant decline in LS values.

ARTICLE HIGHLIGHTS
Research background
Autoimmune hepatitis-primary biliary cholangitis (AIH-PBC) overlap syndrome has a worse prognosis 
than AIH or PBC alone. Therefore, accurately diagnosing liver fibrosis and dynamically monitoring 
disease progression are essential.

Research motivation
The evaluation of two-dimensional shear-wave elastography (2D-SWE) in detecting liver fibrosis and 
monitoring treatment response in patients with AIH-PBC overlap syndrome remains blank.

Research objectives
To evaluate the diagnostic utility of 2D-SWE in staging liver fibrosis and assess the usefulness of 
repeated 2D-SWE for monitoring treatment response in AIH-PBC overlap syndrome.

Research methods
Patients with biopsy-proven AIH-PBC overlap syndrome were retrospectively enrolled. The 
performances of 2D-SWE and serum indexes for staging liver fibrosis were evaluated. The Scheuer 
scoring system was used to evaluate hepatic inflammation and liver fibrosis. Changes in liver stiffness 
(LS) measured by 2D-SWE in patients with or without complete biochemical remission were measured.

Research results
LS was strongly correlated with liver fibrosis stage (Spearman r = 0.84, P < 0.0001). The areas under the 
receiver operating characteristic curves of LS for significant fibrosis, severe fibrosis, and cirrhosis were 
0.91, 0.97, and 0.96, respectively. Patients with complete biochemical remission showed a considerable 
decrease in LS values (P < 0.0001). More importantly, the decline in LS in patients with S0-S2 was 
significantly lower than that in patients with S3-S4 (P = 0.0002). In contrast, patients who failed to 
achieve biochemical remission showed a slight but not significant decrease in LS (P = 0.37).

Research conclusions
2D-SWE is an accurate and reliable method in assessing liver fibrosis and monitoring treatment 
response in patients with AIH-PBC overlap syndrome.

Research perspectives
2D-SWE can monitor the treatment effect in patients with AIH-PBC overlap syndrome.
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