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Abstract
BACKGROUND 
Transient elastography (FibroScan) is a new and non-invasive test, which has been 
widely recommended by the guidelines of chronic hepatitis B virus (HBV) 
management for assessing hepatic fibrosis staging. However, some confounders 
may affect the diagnostic accuracy of the FibroScan device in fibrosis staging.

AIM 
To evaluate the diagnostic value of the FibroScan device and the effect of hepatic 
inflammation on the accuracy of FibroScan in assessing the stage of liver fibrosis 
in patients with HBV infection.

METHODS 
The data of 416 patients with chronic HBV infection who accepted FibroScan, liver 
biopsy, clinical, and biological examination were collected from two hospitals 
retrospectively. Receiver operating characteristic (ROC) curves were used to 
analyze the diagnostic performance of FibroScan for assessing the stage of liver 
fibrosis. Any discordance in fibrosis staging by FibroScan and pathological scores 
was statistically analyzed. Logistic regression and ROC analyses were used to 

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v27.i7.641
http://orcid.org/0000-0001-9307-9181
http://orcid.org/0000-0001-9307-9181
http://orcid.org/0000-0002-1157-2501
http://orcid.org/0000-0002-1157-2501
http://orcid.org/0000-0003-4222-2966
http://orcid.org/0000-0003-4222-2966
http://orcid.org/0000-0002-1312-8703
http://orcid.org/0000-0002-1312-8703
http://orcid.org/0000-0001-6923-5754
http://orcid.org/0000-0001-6923-5754
http://orcid.org/0000-0003-0637-7653
http://orcid.org/0000-0003-0637-7653
http://orcid.org/0000-0002-0746-4911
http://orcid.org/0000-0002-0746-4911
http://orcid.org/0000-0003-0553-846X
http://orcid.org/0000-0003-0553-846X
http://orcid.org/0000-0003-3818-0062
http://orcid.org/0000-0003-3818-0062
mailto:zengdw1980@fjmu.edu.cn


Huang LL et al. Liver inflammation and liver fibrosis assessment

WJG https://www.wjgnet.com 642 February 21, 2021 Volume 27 Issue 7

2018Z074.

Institutional review board 
statement: This study was 
approved by the Institutional 
Review Board of Fujian Medical 
University.

Informed consent statement: The 
need for informed consent was 
waived due to the retrospective 
nature of the study.

Conflict-of-interest statement: We 
have no financial relationships to 
disclose.

Open-Access: This article is an 
open-access article which was 
selected by an in-house editor and 
fully peer-reviewed by external 
reviewers. It is distributed in 
accordance with the Creative 
Commons Attribution Non 
Commercial (CC BY-NC 4.0) 
license, which permits others to 
distribute, remix, adapt, build 
upon this work non-commercially, 
and license their derivative works 
on different terms, provided the 
original work is properly cited and 
the use is non-commercial. See: htt
p://creativecommons.org/licenses
/by-nc/4.0/

Manuscript source: Unsolicited 
manuscript

Specialty type: Gastroenterology 
and hepatology

Country/Territory of origin: China

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

Received: November 26, 2020 
Peer-review started: November 26, 
2020 
First decision: December 21, 2020 
Revised: December 30, 2020 
Accepted: January 13, 2021 
Article in press: January 13, 2021 
Published online: February 21, 2021

P-Reviewer: Izumi N 
S-Editor: Fan JR 
L-Editor: Webster JR 

analyze the accuracy of FibroScan in assessing the stage of fibrosis in patients with 
different degrees of liver inflammation. A non-invasive model was constructed to 
predict the risk of misdiagnosis of fibrosis stage using FibroScan.

RESULTS 
In the overall cohort, the optimal diagnostic values of liver stiffness measurement 
(LSM) using FibroScan for significant fibrosis (≥ F2), severe fibrosis (≥ F3), and 
cirrhosis (F4) were 7.3 kPa [area under the curve (AUC) = 0.863], 9.7 kPa (AUC = 
0.911), and 11.3 kPa (AUC = 0.918), respectively. The rate of misdiagnosis of 
fibrosis stage using FibroScan was 34.1% (142/416 patients). The group of patients 
who showed discordance between fibrosis staging using FibroScan and 
pathological scores had significantly higher alanine aminotransferase and 
aspartate aminotransferase levels, and a higher proportion of moderate to severe 
hepatic inflammation, compared with the group of patients who showed 
concordance in fibrosis staging between the two methods. Liver inflammation 
activity over 2 (OR = 3.53) was an independent risk factor for misdiagnosis of 
fibrosis stage using FibroScan. Patients with liver inflammation activity ≥ 2 
showed higher LSM values using FibroScan and higher rates of misdiagnosis of 
fibrosis stage, whereas the diagnostic performance of FibroScan for different 
fibrosis stages was significantly lower than that in patients with inflammation 
activity < 2 (all P < 0.05). A non-invasive prediction model was established to 
assess the risk of misdiagnosis of fibrosis stage using FibroScan, and the AUC was 
0.701.

CONCLUSION 
Liver inflammation was an independent risk factor affecting the diagnostic 
accuracy of FibroScan for fibrosis stage. A combination of other related non-
invasive factors can predict the risk of misdiagnosis of fibrosis staging using 
FibroScan.

Key Words: Liver stiffness measurement; Fibrosis stage; Liver inflammation; Hepatitis B 
virus; FibroScan; Predictive model

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Transient elastography (FibroScan) is a recommended non-invasive test for 
evaluation of liver fibrosis in patients with chronic hepatitis B virus (HBV) infection. 
In this study, we demonstrated the good performance of FibroScan in predicting liver 
fibrosis staging. However, we found discordance between Fibroscan fibrosis staging 
and pathological score. Liver inflammation was an independent risk factor affecting the 
accuracy of FibroScan assessing HBV-related liver fibrosis staging. The combination 
of other related non-invasive factors can predict the risk of FibroScan staging 
misdiagnosis, and may be helpful for guiding the diagnosis and therapy of chronic 
HBV infection.

Citation: Huang LL, Yu XP, Li JL, Lin HM, Kang NL, Jiang JJ, Zhu YY, Liu YR, Zeng DW. 
Effect of liver inflammation on accuracy of FibroScan device in assessing liver fibrosis stage in 
patients with chronic hepatitis B virus infection. World J Gastroenterol 2021; 27(7): 641-653
URL: https://www.wjgnet.com/1007-9327/full/v27/i7/641.htm
DOI: https://dx.doi.org/10.3748/wjg.v27.i7.641

INTRODUCTION
Approximately 248 million individuals worldwide have been infected with chronic 
hepatitis B virus (HBV)[1], which can develop into hepatic failure, cirrhosis, and 
tumorigenesis, causing nearly 650000 deaths every year[2]. Hepatic fibrosis is an 
intermediate stage in the progression of chronic hepatic disease from mild hepatitis to 
decompensated cirrhosis[2,3]. Therefore, timely and accurate assessment of hepatic 
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P-Editor: Ma YJ fibrosis stage is helpful to determine the optimal treatment plan, so as to minimize and 
delay the progression of liver injury[3,4]. Although liver biopsy is the gold standard for 
evaluating the stage of liver fibrosis, it is invasive, expensive, and accompanied by 
potential complications and sampling errors[5]. Transient elastography (FibroScan) is a 
new non-invasive test[3,6] that can replace biopsy, and it has been widely recommended 
by the guidelines on HBV management for assessing the stage of hepatic fibrosis[4]. 
Therefore, considering liver biopsy only in patients at a high fibrosis stage could 
minimize unnecessary biopsies.

The Society of Radiologists in Ultrasound consensus statement on liver elastography 
indicated that liver stiffness measurement (LSM) obtained using ultrasound 
elastography is associated with the degree of hepatic fibrosis[7]. However, increased 
LSM values as per transient elastography in acute hepatitis do not actually reflect the 
grade of liver fibrosis. During an acute attack of chronic liver disease, LSM values are 
affected by liver inflammatory activity indices such as serum total bilirubin (TBIL) and 
alanine aminotransferase (ALT), which may overestimate the liver fibrosis stage. The 
2019 Chinese guidelines for chronic hepatitis B and the non-invasive liver fibrosis 
guidelines of the European Society and Latin American Society of Hepatology 
indicated that the diagnostic cutoffs of LSM should be adapted to ALT levels that 
assess the stage of HBV-related fibrosis[8,9]. In clinical practice, elevated ALT levels in 
many patients with chronic hepatic disease reflect hepatic inflammatory injury. Many 
studies have suggested that the cutoff value of LSM tends to increase and its 
diagnostic accuracy tends to decrease with elevated ALT level[10,11]; however, whether 
pathological hepatic inflammation would similarly affect cutoff values and the 
diagnostic accuracy of LSM in assessing the stage of hepatic fibrosis remains unclear.

In this study, we aimed to investigate in detail the impact of liver inflammation on 
LSM values and the diagnostic performance of FibroScan in assessing the stage of 
fibrosis in patients with chronic HBV infection.

MATERIALS AND METHODS
Research population
The study protocol was approved by the Institutional Review Board of Fujian Medical 
University, Fuzhou, China, and the need for written informed consent from patients 
was waived owing to the retrospective nature of the study. As shown in Figure 1, a 
total of 416 patients aged 18 years and above with chronic HBV infection who 
consented to undergo FibroScan and liver biopsy were enrolled in The First Affiliated 
Hospital of Fujian Medical University, and The First Hospital of Quanzhou Affiliated 
to Fujian Medical University between January 2014 and December 2019. Chronic HBV 
infection was defined as the persistent presence of hepatitis B surface antigen (HBsAg) 
and HBV-DNA in the serum for more than 6 mo. Patients with other types of hepatitis 
virus infections; those with body mass index (BMI) > 28 kg/m2; those with fatty liver 
disease, alcoholic liver disease, drug-induced liver disease, autoimmune liver disease, 
genetic, or metabolic disease; those with decompensated cirrhosis, malignant tumors, 
or severe extrahepatic disease or pregnancy; and those with unreliable LSM values by 
FibroScan were excluded. Patients with hepatic steatosis by histology of liver biopsy 
were also excluded. All patients were examined using FibroScan, and fasting venous 
blood samples were collected for routine clinical examination within 1 wk of liver 
biopsy.

Clinical and laboratory parameters
Information regarding the following clinical parameters was collected: Patient age, sex, 
weight, height, status of alcohol consumption, and history of HBV infection. The BMI 
was calculated as weight (kg)/height2 (m2). Serum samples were collected after the 
patients fasted for 8 h at night, for the following measurements: HBsAg, hepatitis B 
envelope antigen (HBeAg), HBV-DNA, TBIL, ALT, aspartate aminotransferase (AST), 
albumin (ALB), prothrombin time (PT), platelet (PLT), and alpha-fetoprotein.

Liver stiffness measurement by FibroScan
LSM was performed using FibroScan 502 (Echosens, Paris, France). The detection 
method was followed as per the user manual, and the monitoring points were selected 
from the right anterior axillary line to the axillary midline 7, 8 or 8, 9 intercostals of the 
patient. The LSM values could be considered reliable when at least 10 valid 
measurements yielded a success rate of more than 60% and the interquartile 
range/median was less than 30%. The median value was determined as the final result 
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Figure 1  Flowchart of patient enrolment. BMI: Body mass index; HBV: Hepatitis B virus; LSM: Liver stiffness measurements; FibroScan: Transient 
elastography.

of liver stiffness, and its unit was kPa. FibroScan was performed by an expert certified 
technician.

Liver histology assessment
Percutaneous liver biopsy was performed using 16-gauge modified aspiration needles 
(ACUSON; Siemens, United States) under ultrasound guidance. Qualified liver 
specimens with a minimum length of 1.5 cm and having more than six portal veins 
were fixed in 4% neutral formalin, embedded in paraffin, and stained with 
hematoxylin and eosin (H&E) and Masson’s trichrome by two experienced 
pathologists who were blinded to the LSM values of FibroScan and clinical data. The 
pathological diagnosis was graded according to the METAVIR score standard[12], as 
follows: F0, no fibrosis; F1, fibrous enlargement in the manifold area without septa; F2, 
fibrous enlargement in the manifold area and few septa; F3, plentiful septa without 
cirrhosis; and F4, early cirrhosis. Significant fibrosis was defined as ≥ F2; advanced 
fibrosis, as ≥ F3; and cirrhosis, as F4. Hepatic inflammation activity according to the 
degree of piecemeal necrosis (PN) was graded as A0, none; A1, mild PN; A2, moderate 
PN; and A3, severe PN[12].

Statistical analysis
Measurement and enumeration data were expressed as the means with standard 
deviation or median and ratio or composition ratio, respectively. Student’s t-test, Chi-
squared test, and Mann-Whitney U test were performed for comparative analysis, and 
the Spearman test was performed for correlation analyses. Receiver operating 
characteristic (ROC) curves were used to analyze the diagnostic performance and 
obtain the optimal cut-off value of FibroScan for assessing the stage of liver fibrosis. 
Multivariate regression analyses were employed to select the independent risk factors 
related to the misdiagnosis of the stage of fibrosis using FibroScan, and a non-invasive 
risk prediction model was constructed. To compare the area under the curves (AUCs) 
of the prediction model with that of other single related factors, the DeLong test was 
applied. Statistical analyses were performed using SPSS v23.0 (SPSS Inc. Chicago, IL, 
United States) and MedCalc v19.1 (MedCalc Software Bvba, Ostend, Belgium). A two-
sided P < 0.05 was considered statistically significant.
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RESULTS
Demographic and clinical characteristics
In total, 416 patients were enrolled in this study (Table 1). All patients were HBsAg 
positive, and most of them were male (73.3%) and HBeAg positive (57.0%). The mean 
age, BMI, TBIL, ALB, ALT, AST, PLT, HBV DNA, PT, and LSM values were 38.67 
years, 22.90 kg/m2, 17.11 μmoL/L, 42.50 g/L, 95.25 IU/L, 58.46 IU/L, 187.46 × 109/L, 
4.98 log IU/mL, 12.20 s, and 9.83 kPa, respectively. According to the METAVIR score, 
the distribution of the stage of liver fibrosis was as follows: F0-F1 = 175 (42.1%), F2 = 
106 (25.5%), F3 = 67 (16.1%), and F4 = 68 (16.3%). The distribution of liver 
inflammation activity was as follows: A0 = 17 (4.1%), A1 = 236 (56.7%), A2 = 119 
(28.6%), and A3 = 44 (10.6%).

Diagnostic value of FibroScan for staging of liver fibrosis
Using hepatic pathology and METAVIR fibrosis stages as a reference, the LSM values 
of FibroScan were positively associated with hepatic fibrosis (r = 0.732). In the overall 
cohort, the optimal diagnostic LSM values of FibroScan for significant fibrosis (≥ F2), 
severe fibrosis (≥ F3), and cirrhosis (F4) were 7.3 kPa (AUC = 0.863), 9.7 kPa (AUC = 
0.911), and 11.3 kPa (AUC = 0.918), respectively (Table 2).

Discordance in stage of liver fibrosis between FibroScan and pathological scores
Misdiagnosis of the stage of fibrosis using FibroScan was defined when at least one 
stage of liver fibrosis was discordant with that observed using pathological staging in 
the METAVIR scoring system. The 416 patients were accordingly divided into the 
concordance group (n = 274) and discordance group (n = 142). Figure 2 shows the 
distribution of predicted fibrosis stage by FibroScan in different pathological stages of 
liver fibrosis. The rate of misdiagnosis using FibroScan was 34.1% (142/416 patients), 
and 8.2% (34/416) of the patients showed a discordance between the values obtained 
using the two methods for two stages. In total, 81 patients showed discordance (19.5%) 
attributed to overstaging by FibroScan, and the remaining 61 patients showed 
discordance (14.7%) attributed to understaging. There were no significant differences 
in the demography, HBV virology, and LSM values obtained using FibroScan between 
the two groups. However, in the discordance group, ALT and AST levels, the 
proportion of liver inflammation activity over 2, and significant fibrosis were 
significantly higher than the levels in the concordance group (P < 0.001) (Table 1).

Factors related to misdiagnosis of liver fibrosis stage by FibroScan
Univariate analysis revealed that ALT levels ≥ 5 times the upper limit of normal (5 
ULN), AST levels ≥ 2 ULN, and liver inflammation activity over 2 (A ≥ 2) were 
significantly related to misdiagnosis of the stage of liver fibrosis by FibroScan (P < 
0.001). Subsequently, these variables were subjected to multiple regression analyses. 
Finally, liver inflammation activity ≥ 2 (OR = 3.53, 95%CI: 2.11-5.92, P < 0.001) was 
considered an independent risk factor for mis-staging of liver fibrosis using FibroScan 
(Table 3).

Effect of liver inflammation on diagnostic accuracy of FibroScan staging
Figure 3 shows the effect of liver inflammation on LSM values obtained using 
FibroScan for different stages of fibrosis. Within each fibrosis stage, namely F0-1, F2, 
F3, and F4, the LSM values of patients with inflammation activity ≥ 2 (A ≥ 2) were 
significantly higher than those of patients with inflammation activity < 2 (A < 2) (all P 
< 0.05).

Figure 4 shows the prevalence of misdiagnosis of the stage of liver fibrosis using 
FibroScan staging in patients with different liver inflammation activities. Patients with 
inflammation activity ≥ 2 had higher rates of FibroScan mis-staging (55.8% vs 20.2%, P 
< 0.001), over-staging (36.8% vs 8.3%, P < 0.001), and under-staging (19.0% vs 11.9%, P 
= 0.044), compared with patients with inflammation activity < 2.

Figure 5 shows the effect of liver inflammation activity on the diagnostic 
performance of FibroScan for different fibrosis stages. In patients with inflammation 
activity < 2, the diagnostic performance of FibroScan for significant fibrosis (≥ F2), 
advanced fibrosis (≥ F3), and cirrhosis (F4) were significantly better than that in 
patients with inflammation activity ≥ 2 (0.831 vs 0.702, 0.903 vs 0.815, and 0.941 vs 
0.836, all P < 0.05), as observed by comparing the AUCs.
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Table 1 Demographic characteristics and clinical features of our patient cohort

All (n = 416) Concordance group (n = 274) Discordance group (n = 142) P value

Age (yr) 38.67 ± 10.47 38.41 ± 10.63 39.18 ± 10.18 0.467

Male, n 305 (73.3) 209 (76.3) 96 (67.6) 0.058

BMI (kg/m2) 22.90 ± 2.64 22.88 ± 2.49 22.94 ± 2.92 0.833

TBIL (μmoL/L) 17.11 ± 21.56 17.70 ± 23.30 15.98 ± 17.73 0.402

Albumin (g/L) 42.50 ± 5.02 42.57 ± 5.05 42.37 ± 5.00 0.706

ALT (IU/L) 95.25 ± 52.0 78.90 ± 99.89 126.10 ± 118.46 < 0.001

AST (IU/L) 58.46± 108.85 49.05 ± 55.44 76.61 ± 62.80 < 0.001

PLT (109/L) 187.46 ± 56.53 186.36 ± 56.86 189.59 ± 56.04 0.916

HBsAg (Log IU/mL) 3.42 ± 0.97 3.38 ± 1.04 3.50 ± 0.80 0.258

HBeAg positive (%) 237 (57.0) 155 (56.6) 82 (57.7) 0.818

HBV-DNA (Log IU/mL) 4.98 ± 2.18 4.95 ± 2.16 5.05 ± 2.23 0.641

PT (s) 12.20 ± 0.98 12.17 ± 1.03 12.25 ± 0.88 0.387

AFP (ng/mL) 11.37 ± 34.59 11.98 ± 36.80 10.20 ± 29.95 0.597

LSM (kPa) 9.83 ± 7.70 9.75 ± 7.21 9.97 ± 5.14 0.751

Fibrosis stage1, n < 0.001

F0-1 175 (42.1) 143 (52.2) 32 (22.5)

F2 106 (25.5) 49 (17.9) 57 (40.1)

F3 67 (16.1) 23 (8.4) 44 (31.0)

F4 68 (16.3) 59 (21.5) 9 (6.3)

Inflammation grade1, n < 0.001

A0 17 (4.1) 15 (5.5) 2 (1.4)

A1 236 (56.7) 187 (68.2) 49 (34.5)

A2 119 (28.6) 49 (17.9) 70 (49.3)

A3 44 (10.6) 23 (8.4) 21 (14.8)

1According to METAVIR system, the liver fibrosis stage ranged from 0 to 4, and liver inflammation grade ranged from 0 to 3. BMI: Body mass index; TBIL: 
Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PLT: Platelet count; HBV: Hepatitis B virus; PT: Prothrombin time; AFP: 
Alpha fetoprotein; LSM: Liver stiffness measurements; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B envelope antigen.

Table 2 Accuracy of liver stiffness measurement values by transient elastography in diagnosing ≥ F2, ≥ F3, and F4, as measured by 
area under the receiver operating characteristic curve (n = 416)

Fibrosis stage AUC (95%CI) Sensitivity (%) Specificity (%) PPV (%) NPV (%) Cut-off point

≥ F2 0.863 (0.826-0.895) 83.40 81.71 86.01 78.49 ≥ 7.3

≥ F3 0.911 (0.880-0.937) 80.74 87.19 76.59 89.72 ≥ 9.7

F4 0.918 (0.887-0.942) 86.76 89.08 61.47 97.10 ≥ 11.3

AUC: Area under the receiver operating characteristic curve; NPV: Negative predictive value; PPV: Positive predictive value; ≥ F2: Significant fibrosis; ≥ 
F3: Advanced fibrosis; F4: Cirrhosis.

Development of a non-invasive prediction model for misdiagnosis of liver fibrosis 
stage using FibroScan
The ALT and AST levels were positively correlated with hepatic inflammation (r = 
0.534 and 0.527, P < 0.001) by the Spearman’s test, and these were significantly related 
with misdiagnosis of fibrosis stage using FibroScan (all P < 0.001) (Table 3). Using 



Huang LL et al. Liver inflammation and liver fibrosis assessment

WJG https://www.wjgnet.com 647 February 21, 2021 Volume 27 Issue 7

Table 3 Univariate and multivariate regression analyses of risk of misdiagnosis of fibrosis stage by transient elastography in all 
patients

Univariate analyses Multivariate analyses
Variables

OR (95%CI) P value OR (95%CI) P value

Age (yr) 1.00 (0.99-1.03) 0.472

Male, n 0.65 (0.42-1.02) 0.059

BMI (kg/m2) 1.01 (0.93-1.09) 0.832

TBIL > 2 ULN (μmoL/L) 0.68 (0.24-1.92) 0.464

Albumin (g/L) 0.99 (0.95-1.03) 0.707

ALT1 (IU/L)

< 2 ULN Reference Reference Reference Reference

2-5 ULN 2.16 (1.31-3.56) 0.003 1.00 (0.52-1.93) 0.996

≥ 5 ULN 4.93 (2.66-9.12) < 0.001 1.11 (0.44-2.76) 0.996

AST1 ≥ 2 ULN (IU/L) 4.42 (2.73-7.16) < 0.001 2.05 (0.97-4.34) 0.059

PLT (109/L) 1.00 (0.99-1.01) 0.580

HBsAg (Log IU/mL) 1.13 (0.91-1.40) 0.258

HBeAg positive 1.05 (0.70-1.58) 0.818

HBV-DNA (Log IU/mL) 1.02 (0.93-1.12) 0.636

PT (s) 1.09 (0.89-1.34) 0.408

AFP (ng/mL) 1.00 (0.99-1.01) 0.622

Inflammation activity2

A < 2 Reference Reference Reference Reference

A ≥ 2 5.01 (3.24-7.74) < 0.001 3.53 (2.11-5.92) < 0.001

1Normal alanine aminotransferase and aspartate aminotransferase levels are 40 U/L for women and men.
2Inflammation activity was calculated as a range of 0-3 according to the METAVIR system. BMI: Body mass index; TBIL: Total bilirubin; ALT: Alanine 
aminotransferase; AST: Aspartate aminotransferase; PLT: Platelet count; HBV: Hepatitis B virus; PT: Prothrombin time; AFP: Alpha fetoprotein; ULN: 
Upper limit of normal; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B envelope antigen.

these related factors, a non-invasive prediction model was developed to identify the 
risk of misdiagnosis using FibroScan, as follows: logit (P) = -1.477 + (0.139, 0.732) × 
ALT levels (2-5, ≥ 5 ULN) + 1.310 × AST levels (> 2 ULN) + (1.056, 0.815, −0.154) × 
FibroScan-predicted fibrosis staging (F2, F3, and F4).

We compared the prediction performance of the model with that of other single 
related factors to evaluate the misdiagnosis of the stage of liver fibrosis using 
FibroScan (Figure 6). The AUC value of the prediction model was 0.701 (95%CI: 0.655-
0.745), which was significantly higher than that of ALT levels (0.636, 95%CI: 0.588-
0.683), AST levels (0.639, 95%CI: 0.590-0.685) and FibroScan-predicted fibrosis stages 
(0.611, 95%CI: 0.562-0.658) (all P < 0.001). The cut-off point, sensitivity, and specificity 
of the model were 0.340, 63.38%, and 67.52%, respectively.

DISCUSSION
Accurate evaluation of the stage of hepatic fibrosis is important in patients with 
chronic HBV infection for determining the initiation of antiviral therapy and is an 
important index for evaluating the efficacy of antiviral therapy. FibroScan is a 
recommended non-invasive test for evaluation of liver fibrosis in patients with chronic 
HBV infection[4,13]. In the present study, we confirmed that LSM values obtained using 
FibroScan were positively correlated with hepatic fibrosis and demonstrated the good 
performance of FibroScan in predicting the stage of liver fibrosis. We found that the 
optimal diagnostic LSM values of FibroScan for significant fibrosis (≥ F2), severe 
fibrosis (≥ F3), and cirrhosis (F4) were 7.3 kPa (AUC = 0.863), 9.7 kPa (AUC = 0.911), 
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Figure 2  Distribution of predicted fibrosis stages by transient elastography according to different METAVIR liver fibrosis stages. 
FibroScan: Transient elastography.

Figure 3  Comparison of liver stiffness measurement values by transient elastography in patients with different liver inflammation 
activities in different METAVIR fibrosis stages. LSM: Liver stiffness measurements.

and 11.3 kPa (AUC = 0.918), respectively. Our results are consistent with those of 
previous studies[6,14,15].

Although LSM values measured by ultrasound elastography are related to the stage 
of fibrosis, they could be affected by acute hepatitis, high ALT and/or AST levels, 
obstructive cholestasis, and infiltrative hepatic disease[7,16,17]. We explored the 
relationship between various anthropometric, biochemical, and pathological 
parameters and the diagnostic accuracy of FibroScan for determining the stage of liver 
fibrosis. A discordance between the fibrosis stage determined using FibroScan and that 
determined by pathological examination was observed in 34.1% of the patients 
(142/416), with 19.5% of patients (81/416) over-staged and 14.7% of patients (61/416) 
under-staged in our study. Compared with patients who showed concordance 
between values obtained using the two methods, those who showed discordance had 
significantly higher ALT and AST levels, and a higher proportion of moderate to 
severe liver inflammatory activity. Furthermore, multivariate analysis showed that 
liver inflammatory activity over 2 was an independent risk factor for misdiagnosis of 
fibrosis stage using FibroScan.

However, the bias caused by liver inflammation in the assessment of liver fibrosis 
stage using FibroScan is still unclear. The changes occurring in liver enzymes during 
inflammatory degeneration, necrosis, and fibrosis of hepatic cells are strong indicators 
of inflammation, in which ALT and AST are the most valuable serum biochemical 
indices for the detection of liver injury. Many studies have shown that elevated LSM 



Huang LL et al. Liver inflammation and liver fibrosis assessment

WJG https://www.wjgnet.com 649 February 21, 2021 Volume 27 Issue 7

Figure 4  Prevalence of misdiagnosis of stage of liver fibrosis by transient elastography in patients with different inflammatory activities.

values were related to increased ALT levels, and have proposed a variety of dual cut-
offs of LSM values adapted to ALT levels, which may improve the diagnostic 
performance of FibroScan in evaluating the stage of hepatic fibrosis in patients with 
chronic HBV infection[10,11,18]. The elevated baseline LSM values due to liver 
inflammation in patients with elevated ALT levels could lead to inappropriate 
overestimation of the stage of liver fibrosis. We found that patients with inflammation 
activity ≥ 2 had higher LSM values in each fibrosis stage among F0-1, F2, F3, and F4 
(all P < 0.05), and a higher percentage of mis-staging (55.8% vs 20.2%, P < 0.001), over-
staging (36.8% vs 8.3%, P < 0.001), and under-staging (19.0% vs 11.9%, P = 0.044) using 
FibroScan, compared with patients with inflammation activity < 2. Other studies 
reported a lack of these correlations and indicated that mildly increased ALT levels 
did not affect the performance of LSM in assessing hepatic fibrosis in patients with 
chronic HBV infection[19,20]. A recent study reported that the sensitivity and specificity 
of LSM values for assessing the stage of liver fibrosis were significantly lower in 
patients with ALT levels ≥ 2 times the ULN[11]. Our study findings are consistent with 
this result. We found that FibroScan was significantly better in predicting significant 
fibrosis (≥ F2), advanced fibrosis (≥ F3), and cirrhosis (F4) in patients with 
inflammation activity < 2 than in patients with inflammation activity ≥ 2, by 
comparing the AUCs (0.831 vs 0.702, 0.903 vs 0.815, and 0.941 vs 0.836, all P < 0.05). 
Therefore, we concluded that the diagnostic accuracy of LSM was mainly influenced 
by significantly elevated ALT levels (ALT > 2 ULN), acute viral hepatitis, HBV flares, 
and the severity of liver fibrosis.

At present, many non-invasive models have been developed to diagnose liver 
fibrosis. The WHO guidelines on chronic HBV infection recommended that LSM and 
APRI are the most helpful detection methods to evaluate hepatic fibrosis with limited 
resources[21]. The accuracy of LSM values could be affected by inflammation and other 
influencing factors. FibroScan may yield low LSM values and underestimate or 
misdiagnose the stage of liver fibrosis in patients with mild hepatic inflammation, and 
it may show elevated LSM values and overestimate or misdiagnose cirrhosis in 
patients with severe inflammation. In our study, the severity of liver inflammation was 
an independent risk factor for misdiagnosis of the stage of liver fibrosis using 
FibroScan; however, the measurement of severity entailed an invasive procedure. 
Therefore, we used other relevant non-invasive factors to predict the risk of 
misdiagnosis using FibroScan, which may be of great significance in determining the 
fibrosis stage or performing liver biopsy, and may guide the diagnosis of and therapy 
of chronic HBV infection. Our model consisted of three routinely assessed parameters 
(ALT levels, AST levels, and FibroScan-predicted fibrosis staging), which showed 
better performance than those of other single related factors in predicting the risk of 
misdiagnosis of the stage of hepatic fibrosis using FibroScan staging by ROC analysis. 
According to this model, more attention should be paid to patients at a high risk of 
being misdiagnosed using FibroScan, a comprehensive evaluation of the degree of 
hepatic fibrosis should be conducted, and further liver biopsy should be performed, if 
necessary, to determine whether antiviral therapy needs to be initiated immediately.

This study has several limitations. First, the effects of controlled attenuation 
parameters and histological steatosis on the diagnostic performance of FibroScan were 
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Figure 5  Comparison of effects of different liver inflammatory activities on diagnostic performance of transient elastography in 
assessing different fibrosis stages. A: ≥ F2; B: ≥ F3; C: F4. AUC: Area under the curve; ≥ F2: Significant fibrosis; ≥ F3: Advanced fibrosis; F4: Cirrhosis.

not discussed. Second, the sample size of the study was very small. An extensive liver 
biopsy database should be established to comprehensively evaluate the reliable cut-off 
value of FibroScan for assessing the stage of liver fibrosis. Third, the results of our 
study warrant further verification in large-scale, multicenter cohort studies.

CONCLUSION
In conclusion, liver inflammation is an independent risk factor that affects the accuracy 
of FibroScan in assessing the stage of HBV-related liver fibrosis. A combination of 
other related non-invasive factors can help predict the risk of misdiagnosis of the stage 
of liver fibrosis using FibroScan, which may help to decide whether liver biopsy is 
required and guide the diagnosis of and therapy of chronic HBV infection.
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Figure 6  Comparison of receiver operating characteristic curves in prediction model and single related factors with regard to 
misdiagnosis of the stage of liver fibrosis using transient elastography. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ROC: 
Receiver operating characteristic; FibroScan: Transient elastography.

ARTICLE HIGHLIGHTS
Research background
Transient elastography (FibroScan) is a new and non-invasive test, which can replace 
biopsy and has been widely recommended by the guidelines of chronic hepatitis B 
virus (HBV) management for assessing hepatic fibrosis staging. Liver stiffness 
measurement (LSM) by FibroScan is associated with the degree of hepatic fibrosis, but 
can also be confounded by liver necroinflammation, alanine aminotransferase (ALT), 
cholestasis, portal hypertension, hepatic congestion, and body mass index (BMI) and 
other factors, which may affect the diagnostic accuracy of the FibroScan device in 
fibrosis staging.

Research motivation
Many studies suggested that the cutoff value of LSM tends to increase with elevated 
ALT level, and its diagnostic accuracy tends to decrease with elevated ALT level, but it 
is not clear whether pathological hepatic inflammation would similarly affect LSM 
values and diagnostic accuracy of FibroScan assessing hepatic fibrosis.

Research objectives
We aimed to evaluate the diagnostic value of FibroScan and the effect of hepatic 
inflammation on the accuracy of FibroScan assessing liver fibrosis staging in patients 
with chronic HBV infection, and to develop a predictive model combining other 
related non-invasive confounders to predict the risk of FibroScan staging 
misdiagnosis.

Research methods
The data of 416 patients with chronic HBV infection who accepted FibroScan, liver 
biopsy, clinical, and biological examination were retrospectively collected between 
January 2014 and December 2019 from two affiliated hospitals of Fujian Medical 
University. Receiver operating characteristic (ROC) curves were used to analyze the 
data. The diagnostic performance of FibroScan for the stage of liver fibrosis was 
analyzed using ROC curves. Any discordance in fibrosis staging by FibroScan and 
pathological scores was statistically analyzed. The accuracy of FibroScan in assessing 
the stage of fibrosis in patients with different degrees of liver inflammation was 
analyzed using Logistic regression and ROC curves. A non-invasive model was 
constructed to predict the risk of misdiagnosis of fibrosis stage using FibroScan.

Research results
We confirmed that LSM values obtained using FibroScan were positively correlated 
with hepatic fibrosis and demonstrated the good performance of FibroScan in 
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predicting the stage of liver fibrosis. However, discordance between the fibrosis stage 
determined using FibroScan and that determined by pathological examination was 
observed in some patients. Furthermore, we found that liver inflammatory activity 
over 2 was an independent risk factor for misdiagnosis of fibrosis stage using 
FibroScan. Patients with liver inflammation activity ≥ 2 showed higher LSM values 
using FibroScan and higher rates of misdiagnosis of fibrosis stage, whereas the 
diagnostic performance of FibroScan for different fibrosis stages was significantly 
lower than that in patients with inflammation activity < 2. A non-invasive prediction 
model was established to assess the risk of misdiagnosis of fibrosis stage using 
FibroScan, and the area under the curve was 0.701, which was superior to that 
observed using other single related factors.

Research conclusions
Liver inflammation was an independent risk factor affecting the diagnostic accuracy of 
FibroScan for HBV-related fibrosis staging. The combination of other related non-
invasive factors can predict the risk of misdiagnosis of fibrosis staging using 
FibroScan, and may be helpful for making decisions on liver biopsy and guiding the 
diagnosis and therapy of chronic HBV infection.

Research perspectives
This multi-center cross-sectional study developed and evaluated a noninvasive model 
to predict the risk of misdiagnosis of fibrosis staging using FibroScan, thus an 
extensive liver biopsy database should be established to comprehensively evaluate the 
reliable cut-off value of FibroScan for assessing the stage of liver fibrosis and further 
verify the diagnostic performance of this model in future prospective studies.
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