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INTRODUCTION

Preamble

Purpose and scope
Liver fibrosis refers to scar-like changes that occur in the 

liver when inflammation persists over a long period of time. 

Assessing liver fibrosis is crucial for predicting the progno-

sis of chronic liver disease (CLD) and managing patients 

with these conditions. The standard test for evaluating liver 

fibrosis is liver biopsy, which is invasive. Therefore, there 

have been ongoing efforts to evaluate liver fibrosis nonin-

vasively using imaging studies and serum biomarkers. 

However, clinical guidelines have yet to be established that 

will provide healthcare providers with practical information 

about noninvasive tests (NITs) for assessing liver fibrosis in 

patients with CLDs.

We have systematically reviewed Korean and internation-

al studies to prepare evidence-based guidelines that reflect 

domestic conditions. When related studies on clinically es-

sential issues were sparse, we sought to present consen-

sus opinions of experts. These guidelines have been de-

veloped through reviews of medical evidence by experts to 

provide a practical reference for NITs to assess liver fibro-

sis in CLD. They are not absolute standards for treatment, 

and the best choice of practice for individual patients could 

vary depending on the individual situation. These guide-

lines will need to be revised and updated as relevant evi-

dence based on new research accumulates in the future. 

However, these guidelines should not be modified, trans-

formed, or reproduced without permission.

Target population
The target population of these guidelines is adult and pe-

diatric patients with CLD, including chronic hepatitis B 

(CHB), chronic hepatitis C (CHC), nonalcoholic fatty liver 

disease (NAFLD), alcohol-related liver disease (ALD), and 

other CLDs including primary biliary cholangitis (PBC), au-

toimmune hepatitis (AIH), primary sclerosing cholangitis 

(PSC), and congestive hepatopathy. 

Intended users
These guidelines aimed to provide clinical information 

useful for decision-making among healthcare providers 

treating patients with CLD, enabling effective evaluation of 

liver fibrosis through NITs. In addition, these guidelines 

present specific and practical information to resident physi-

cians, practitioners, and trainers.

Guideline development group, process, and funding 
source

The Clinical Practice Guideline Committee for Noninva-

sive Tests to Assess Liver Fibrosis in Chronic Liver Dis-

ease (Committee) was organized in accordance with pro-

posals by the approval of the Korean Association for the 

Study of the Liver (KASL) Board of Executives and consists 

of 17 gastroenterologists, one radiologist, one surgeon, 

one cardiovascular surgeon, and one pediatrician special-

izing in hepatology. All expenses were paid by KASL and 

the financial support did not influence the contents of the 

guidelines. Each member collected, analyzed relevant evi-

dence, and wrote the manuscript in his or her field.
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Literature search for evidence collection
The committee collected and analyzed relevant Korean 

and international literature through PubMed, MEDLINE, 

and KoreaMed to establish guidelines based on the latest 

research and evidence. Only literature written in Korean 

and English was searched, and search terms included 

‘noninvasive’, ‘liver fibrosis’, ‘chronic liver disease’, ‘chronic 

hepatitis’, ‘hepatitis B’, ‘hepatitis C’, ‘viral hepatitis’, ‘nonal-

coholic fatty liver’, ‘nonalcoholic steatohepatitis’, ‘alcoholic 

liver disease’, ‘primary biliary cholangitis’, ‘autoimmune 

hepatitis’, ‘primary sclerosing cholangitis’, ‘congestive hep-

atopathy’, ‘hepatectomy’, and specific terms of the subject.

Level of evidence and grade of recommendations
The literature collected for evidence was analyzed 

through systematic review, and the level of evidence was 

classified based on the revised Grading of Recommenda-

tions, Assessment, Development, and Evaluation (GRADE) 

with modifications (Table 1). They were categorized based 

on the possibility of changes in the assessment through 

further research as follows: high (A), with lowest possibility; 

moderate (B), with certain possibility; and low (C), with 

highest possibility. Specifically, depending on the type of 

study, randomized controlled trials start at a high level of 

evidence (A) and observational studies start at a low level 

of evidence (C). Considering factors affecting the study’s 

quality, the evidence level was raised or lowered further. 

The strength of recommendation was either strong (1) or 

weak (2) according to the GRADE system. This was deter-

mined considering the clinical effects of recommendation, 

patient receptivity, and socioeconomic aspects as well as 

the level of evidence. A strong recommendation indicates, 

for example, that the interventions could be applied in most 

patients with a greater possibility of desirable effects, high-

quality evidence, presumed patient-important outcomes, 

cost-effectiveness, preference, and compliance. A weak 

recommendation indicates a suggestion made with less 

certainty, which could be considered favorable for many 

patients. Alternative interventions could be chosen for 

“weak recommendations” according to the preferences of 

patients or medical practitioners.

List of key questions
The committee selected the following key questions and 

presented relevant evidence and recommendations.

1. ‌�What are the types of NITs, the principles and methods 

of measurement for each test, their advantages and 

disadvantages, and considerations for interpretation?

2. ‌�What is the diagnostic performance of NITs for liver fi-

brosis in CHB?

3. ‌�What is the diagnostic performance of NITs for liver fi-

brosis in CHC?

4. ‌�What is the diagnostic performance of NITs for liver fi-

brosis in NAFLD?

5. ‌�What is the diagnostic performance of NITs for liver fi-

brosis in alcohol-related liver disease?

6. ‌�What is the diagnostic performance of NITs for liver fi-

brosis in other CLDs (PBC, autoimmune hepatitis, 

PSC, and congestive hepatopathy)?

7. ‌�What is the cost-effectiveness of NITs?

8. ‌�How effective are NITs in screening high-risk groups in 

CLDs?

Table 1. The grading of recommendation, assessment, development, and evaluation (GRADE) system

Criteria

Quality of Evidence

High quality Further research is very unlikely to change our confidence in the estimate of effect. A

Moderate quality Further research is likely to have an important impact on our confidence in the estimate of effect 
and may change the estimate.

B

Low quality Further research is very likely to have an important impact on our confidence in the estimate of 
effect and is likely to change the estimate. 

C

Strength of Recommendation

Strong Factors influencing the strength of the recommendation included the quality of the evidence, 
presumed patient-important outcomes, and cost.

1

Weak Variability in preference and values, or more uncertainty. A recommendation is made with less 
certainty, higher cost or resource consumption.

2
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9. ‌�What is the diagnostic and prognostic performance of 

NITs for portal hypertension?

10. ‌�What is the performance of NITs for predicting hepa-

tocellular carcinoma (HCC), hepatic decompensation, 

and death?

11. ‌�How useful are NITs for monitoring the progression of 

CLDs?

12. ‌�What is the usefulness of NITs for evaluating liver fi-

brosis in pediatric and adolescent patients?

Internal and external review and approval process
Manuscripts and recommendations prepared by each 

member were reviewed for content integrity and validity of 

evidence through several committee meetings, and the 

quality of the guidelines was evaluated according to the 

Appraisal of Guidelines for Research and Evaluation II 

(AGREE II) criteria. The recommendations were assessed 

and revised based on critical review by the Delphi Commit-

tee, which was composed of 11 experts in the field of hepa-

tology belonging to the KASL. The guidelines were re-

viewed at a meeting of an external review board consisting 

of six specialists in the field of hepatology and at a sympo-

sium open to all KASL members and the public, and they 

were then further modified. The final manuscript was en-

dorsed by the Board of Executives of the KASL.

Release of the guideline and plan for updates
The KASL Clinical Practice Guideline for Noninvasive 

Tests to Assess Liver Fibrosis in Chronic Liver Disease 

was released in Korean at the Liver Week 2024 event (June 

27, 2024). The guideline in Korean is available on the KASL 

website (https://www.kasl.org). The KASL plans to update 

the guideline as novel evidence accumulates and revision 

of the guidelines is deemed necessary to improve the na-

tional health of Korea. Recently, there has been an effort to 

change the terminology from NAFLD to metabolic dysfunc-

tion-associated fatty liver disease or metabolic dysfunction-

associated steatotic liver disease, and studies on noninva-

sive liver fibrosis assessment have been published in 

relation to this transition. As evidence accumulates, it is 

anticipated that future revisions will be necessary.

TYPES OF NONINVASIVE TESTS

CLD is a major public health issue worldwide, with a con-

siderable disease burden. The decision to initiate treatment 

for CLD and its prognosis are primarily determined by the 

degree of liver fibrosis and its progression, as well as the 

risk of developing cirrhosis. Thus far, liver biopsy has been 

the standard test for diagnosing intrahepatic inflammation, 

steatosis, and fibrosis. However, there are drawbacks such 

as high cost, invasiveness, risk of complications, potential 

for interpretation errors based on subjective judgment, and 

sample error due to small tissue samples.1,2 Therefore, in 

real-world clinical practice, NITs based on imaging studies 

are commonly used, such as abdominal ultrasound and/or 

panels using serum markers.

Serum markers 

Principles and methods of measurement
Serum markers can be divided into indirect markers that 

reflect liver damage, intrahepatic inflammation, or changes 

in liver function and portal pressure, and direct markers 

that measure components released into the bloodstream 

during fibrogenesis or extracellular matrix remodeling pro-

cesses.3

Indirect markers include aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), apolipoprotein A1, 

platelet count, total bilirubin, prothrombin time, gamma-glu-

tamyl transpeptidase (GGT), haptoglobin, α2-macro- 

globulin, cholesterol, and asialo α1-acid glycoprotein 

(AsAGP).4-6 As liver fibrosis progresses, serum ALT gener-

ally decreases, while AST tends to remain stable or in-

crease. As a result, the AST-to-ALT ratio (AAR) increases, 

allowing for the prediction of the progression of liver fibro-

sis. Other indirect markers may provide some insight into 

the degree of liver fibrosis; however, generally, their diag-

nostic performance is not high.7 Therefore, rather than us-

ing indirect markers alone, it is more common to combine 

various markers to create formulas or algorithms for diag-

nosis, such as AAR, AST-to-platelet ratio index (APRI), 

BARD score, Fibrosis-4 index (FIB-4), NAFLD fibrosis 

score (NFS), and Forns index (Table 2).8-18

In some studies of patients with CHC, an AAR >1 was 

suggested as a diagnostic basis for cirrhosis; however, in 

other studies for patients with CHC and NAFLD, this mark-



 Mi Na Kim, et al.
 KASL clinical guidelines for NIT

https://doi.org/10.3350/cmh.2024.0506 S9http://www.e-cmh.org

er showed relatively low diagnostic performance.14,15 APRI 

had been also studied among patients with CHC and 

NAFLD.14,16-18 BARD score is a combination of AAR, body 

mass index (BMI), and type 2 diabetes mellitus (T2DM), 

and was developed using patients with biopsy-proven 

NAFLD.10,14 FIB-411 and NFS12, both of which produce two 

cutoff values, have shown better positive and negative pre-

dictive values (PPVs and NPVs) than other indirect mark-

ers. In other words, using a cutoff value demonstrating high 

PPV (or specificity), advanced fibrosis (≥F3) can be diag-

nosed, while using a cutoff value showing high NPV (or 

sensitivity), it can be excluded. For intermediate values (the 

so-called “gray zone”), liver biopsy should be considered. 

FIB-411,14 was developed from patients co-infected with 

hepatitis C virus (HCV) and human immunodeficiency virus 

(HIV); an algorithm has been proposed that sequentially 

applies other NITs, such as vibration-controlled transient 

elastography (VCTE) or magnetic resonance elastography 

(MRE), after excluding patients with a low likelihood of liver 

fibrosis using FIB-4’s high-sensitivity cutoff.19-21 NFS, a 

model developed from patients with biopsy-proven NAFLD, 

is composed of age, T2DM, BMI, AAR, serum albumin, 

and platelet counts.17,22,23

Direct markers include procollagen III C-terminal propep-

tide (PIIICP), procollagen III N-terminal propeptide (PIIINP), 

matrix metalloproteinase 2 (MMP 2), hyaluronic acid (HA), 

Table 2. Predictive models for liver fibrosis based on serum markers 

Type Equations Primary study population

Based on indirect markers

AAR14,15 AST [IU/L]/ALT [IU/L] Chronic hepatitis C
Nonalcoholic fatty liver disease 

APRI16,18 (AST [IU/L]/(AST ULN [IU/L])/Platelet count [109/L]×100 Chronic hepatitis C
Nonalcoholic fatty liver disease

BARD 
score10

AST/ALT ratio ≥0.8=2 points, weighted sum of BMI ≥28 [kg/m2]=1 point, 
T2DM=1 point

Nonalcoholic fatty liver disease

FIB-411 Age [years]×AST [IU/L]/(Platelet count [109/L]×√ALT [IU/L]) Coinfection with hepatitis C virus and 
human immunodeficiency virus

NFS12 –1.675+0.037×age [years]+0.094×BMI [kg/m2]+1.13×IFG or T2DM (yes=1, 
no=0)+0.99×AST/ALT ratio–0.013×Platelet count [109/L]–0.66×serum 
albumin [g/dL]

Nonalcoholic fatty liver disease

Forns index13 7.811–3.131×ln(Platelet count [109/L])+0.781×ln(GGT[IU/L])+3.467×ln(age 
[years])–0.014×cholesterol [mg/dL]

Chronic hepatitis C

Based upon direct markers

ELF3 –7.412+0.681×ln(HA)+0.775×ln(PIIINP)+0.494×ln(TIMP1) Chronic hepatitis C

FibroTest30,32 Patented algorithm combining total bilirubin, GGT, α2-macroglobulin, 
apolipoprotein A1, and haptoglobin, corrected for age and sex

Chronic hepatitis C

ADAPT27 exp (log10 ((age [years]×PRO-C3 [ng/mL])/√platelet count [109/L]))+T2DM 
(yes=1, no=0)

Nonalcoholic fatty liver disease

FIBC328 –5.939+0.053×age [years]+0.076×BMI [kg/m2]+1.614×T2DM (yes=1, no=0) 
–0.009×Platelet count [109/L]+0.071×PRO-C3 [ng/mL]

Nonalcoholic fatty liver disease

NIS424 ey/(1+ey), where y=β0+β1×log10(miR-34a-5p [Fold])+β2×α2-macroglobulin  
[g/L])+β3×(YKL-40 [ng/mL])+β4×(HbA1c [%])

Nonalcoholic fatty liver disease

NIS2+31 ey/(1+ey), where y=β0+β1×log10(miR-34a-5p [Fold])+β2×log10(YKL-40 [ng/
mL])+β3×sex (female=0, male=1)+β4×log10(miR-34a-5p [Fold])×sex 
(female=0, male=1)

Nonalcoholic fatty liver disease

AAR, AST/ALT ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase; APRI, AST-to-platelet ratio index; ULN, upper limit 
of normal; BMI, body mass index; T2DM, type 2 diabetes mellitus; NFS, nonalcoholic fatty liver disease fibrosis score; IFG, impaired 
fasting glucose; GGT, gamma-glutamyl transpeptidase; ELF, enhanced liver fibrosis; HA, hyaluronic acid; PIIINP, N-terminal peptide of 
pro-collagen III; TIMP1, tissue inhibitor of metalloproteinase 1; PRO-C3, pro-collagen 3 neoepitope; HbA1c, glycated hemoglobin.
Beta coefficients of NIS2+ and NIS4 are not the same.
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tissue inhibitor of metalloproteinase 1 (TIMP-1), YKL-40, 

and Mac-2 binding protein glycosylation isomer (M2BP-

Gi).3,24-26 In real-world practice, the use of equations which 

combine such direct markers is common; enhanced liver 

fibrosis test (ELF), FibroTest, ADAPT, FIBC3, NIS4, and 

NIS2+ (Table 2).3,24,27-32

ELF, based upon direct markers, i.e., HA, PIIINP, and 

TIMP-1, showed acceptable diagnostic performance 

among patients with CHC and NAFLD.3 FibroTest, which is 

primarily based on direct markers, also showed acceptable 

diagnostic performance among patients with CHC and 

NAFLD.30,32 Furthermore, FIBC328 and ADAPT27, which are 

based on pro-collagen 3 neoepitope (PRO-C3) as a direct 

marker as well as age, T2DM, platelet counts, and BMI, 

were also suggested. There have also been some studies 

reporting the usefulness of M2BPGi.26

Advantages, disadvantages, and considerations for 
interpretation

Serum biomarkers are generally easy to prescribe and 

utilize in a clinical setting, and unlike abdominal ultrasound, 

subjective judgments by physicians can be excluded. How-

ever, although they generally have high NPV, PPVs might 

vary according to the prevalence of liver fibrosis, so careful 

interpretation might be required.33

In terms of cost, predictive models based on indirect 

markers typically incur minimal additional expense since 

they rely on blood tests commonly conducted in clinics. In 

contrast, tests based on direct markers may require spe-

cialized equipment or reagents, which could limit their 

availability, depending on the scale or characteristics of 

specific healthcare facilities. Additionally, some markers 

are commercially patented, potentially resulting in relatively 

high costs. Nevertheless, direct markers generally exhibit 

higher diagnostic performance than indirect markers. 

Serum markers are primarily collected from blood; hence, 

they can be influenced by various systemic conditions such 

as inflammation or infections within and outside the liver, 

abnormalities in other organs, or other acute illnesses. 

Therefore, interpretation should be done with caution de-

pending on the patient’s condition.34 For example, in pre-

dictive models for liver fibrosis, ALT is often utilized as a 

key factor. However, ALT tends to decrease somewhat with 

age, so an increase in AAR can overestimate liver fibrosis 

in older populations.35 Furthermore, conditions such as liv-

er congestion, acute hepatitis, or cholangitis, which can 

non-specifically cause a rapid increase in ALT, can distort 

the results of several serum markers based upon ALT, re-

gardless of liver fibrosis.35

[Recommendations]

1. ‌�Liver fibrosis can be assessed noninvasively and 

conveniently using serum markers. (B1)

Vibration-controlled transient elastography 

VCTE, first introduced in 2003, has been reported to as-

sess the degree of liver fibrosis noninvasively and accu-

rately, and is currently widely used for the assessment of 

liver fibrosis.36-38

Principles and methods of measurement 
Principles of measurement

VCTE is a diagnostic method that assesses the degree 

of liver fibrosis by measuring liver stiffness (LS) values.39 

Low-frequency elastic waves generated by the probe pass 

through the skin, between the ribs, propagate to the liver, 

and the movement speed of the ultrasound emitted and re-

turned through the transducer is measured (Fig. 1). The 

measured propagation speed of the elastic wave is con-

verted to LS according to the elastic modulus based on 

Hooke’s law, and is expressed in kilopascals (kPa).37,40 The 

stiffness of the tissue is proportional to the square of the 

propagation speed of the shear wave, so the faster the 

movement speed, the harder the liver, suggesting that liver 

fibrosis has relatively progressed.37 LS values on VCTE 

ranges from 1.5–75 kPa, and the upper limit of normal 

(ULN) LS is approximately 5–5.5 kPa.41

The controlled attenuation parameter (CAP), which is 

measured alongside LS during VCTE, applies the signals 

obtained from VCTE to the diagnosis of liver steatosis, al-

lowing for the assessment of the degree of fat deposition.42

Methods of measurement

In a supine position with the right arm raised as much as 

possible above the head, the probe is positioned perpen-

dicularly on the skin surface between the right ribs at the 

location of the liver. The operator presses the button on the 

probe while avoiding the blood vessels within the liver. 
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Measurements are repeated more than 10 times, and the 

automatically calculated median value and error are re-

corded.43 After consuming food, the amount of liver blood 

flow can increase, which may lead to a higher LS value; 

hence, fasting for at least 4 hours is recommended.44

Advantages and disadvantages
The advantages of VCTE include being painless and 

noninvasive, the ability to conduct easy and quick exami-

nations in an outpatient setting, and the capacity to obtain 

immediate results. Additionally, the results are highly repro-

ducible, it directly measures LS, and the amount of liver 

parenchyma examined is more than 100 times that of liver 

biopsy.39,45 The technique is also not difficult, so there is 

not a substantial learning curve for practitioners,46 and it 

has excellent diagnostic performance for liver fibrosis in 

CLDs of various causes.47-49

However, results of VCTE can be difficult to obtain from 

patients with ascites or narrow intercostal space.39 In cases 

of ascites, the elastic waves may not reach the liver paren-

chyma, and when the intercostal space is narrow, it be-

comes difficult to position the probe correctly. In addition, 

results of VCTE may be unreliable in individuals with a high 

BMI (>28 kg/m2). The risk of obtaining unreliable results of 

VCTE was relatively lower in studies conducted on Asians 

(1.1–3.5%) compared to those on populations in Western 

countries (4.3–7.0%), which can be attributed to the rela-

tively lower BMI of Asians.50 In addition, during pregnancy, 

VCTE examination is not recommended due to changes in 

the position of the liver. 

Considerations for interpretation 
Some studies have suggested that the interquartile range 

(IQR) divided by the median value of valid tests (IQR/M) 

should be less than 0.3 to ensure the reliability of LS.51,52 In 

addition, the risk of overestimating LS has been reported 

with elevated ALT, independently of liver fibrosis.53-55 There-

fore, patients with a high ALT level may not be good candi-

dates for VCTE examination, or clinicians may need to ap-

ply different cutoff values for assessing liver fibrosis 

depending on the degree of ALT elevation.56 In addition, 

other confounding factors including extra-hepatic cholesta-

sis,57 liver congestion due to heart failure,58 and excessive 

alcohol consumption59-61 also influence LS on VCTE.  

LS measurement using VCTE demonstrated high diag-

nostic performance for liver fibrosis; however, considering 

the various clinical situations that may affect LS, the results 

should be interpreted by experts. 

[Recommendations]

1. ‌�VCTE can evaluate the degree of liver fibrosis nonin-

vasively, rapidly, and conveniently. (A1)

Shear wave elastography

Shear wave elastography (SWE) assesses the degree of 

liver fibrosis by measuring the speed of shear waves along 

with image information during abdominal ultrasound exami-

nation,37,40,62,63 and techniques include both point SWE 

(pSWE) and two-dimensional SWE (2D-SWE).

Figure 1. Principles of vibration-controlled transient elastography.43

Probe

Rib

Shear wave

1D-SWE
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Principles of measurement
SWE imaging technique was designed in 1988 by Sarva-

zyan et al.64 The basic principle is to measure the shear 

strain of different materials against externally applied force 

using SWE values that vary depending on the tissue medi-

um.65,66 To assess the degree of liver fibrosis, the trans-

verse wave elasticity value is quantitatively calculated by 

measuring the propagation speed of the transverse shear 

wave generated in the region of interest (ROI) using acous-

tic radiation force impulse (ARFI) transmitted vertically from 

the transducer (Figs. 2 and 3).65,66

Methods of measurement
For SWE, the probe is placed on the right upper abdo-

men, where the liver is anatomically located. Then, shear 

strain is applied, the deformation of the medium measured, 

and Young’s modulus presented as a quantitative value. 

The examination is usually performed on the right lobe of 

the liver through the intercostal space, and the ROI is se-

lected in an area free of blood vessels and bile ducts. 

While the patient briefly holds their breath, the elastic mod-

ulus value is measured. If it is measured at a shallow depth 

of less than 1 cm below the liver capsule, the reproducibili-

ty and diagnostic ability of the test may be reduced due to 

reverberation artifacts, so the measurement is performed 

at a depth of 1.5–2 cm (Figs. 2 and 3). Because results 

may vary depending on measurement depth, a consistent 

depth is recommended for all follow-up tests on the same 

patient. Measurements can be made up to 7–8 cm from 

the probe, but to ensure the reproducibility of the test and 

Figure 3. Principles of two-dimensional shear wave elastography (A) and actual images (B).
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appropriate diagnostic ability for liver fibrosis, a distance of 

4 to 4.5 cm should be maintained. After food intake, elas-

ticity may increase due to increased hepatic blood flow, so 

fasting is required at least 4 hours before the test.38,67-69 To 

increase the reliability of the test, the standard deviation of 

the elastic modulus values measured in more than 60% of 

repeat tests should be less than 30% of the median val-

ue.38,67-69

Point shear wave elastography

pSWE is a method of calculating the speed of shear 

waves obtained through focal tissue displacement using 

ARFI.37,40 A shear wave is generated from the probe using 

a longitudinal wave with a frequency of 2.67 MHz in the 

ROI. At this time, detection pulses from multiple channels 

of ultrasound calculate the speed of the shear wave at a 

specific location and then present the elasticity of the tis-

sue in m/s (measurement range: 0.5–4.4 m/s) (Fig. 2).40,43 

The test is repeated approximately 10 times and then the 

median of the effective elastic modulus value expressed in 

m/s or kPa is obtained.43,67,69

Two-dimensional shear wave elastography

2D-SWE is an elasticity test that uses ARFI, like pSWE, 

and generates a focal wave using a B-mode ultrasonic 

transducer. However, unlike pSWE, which focuses ultra-

sonic waves on one specific area and then generates 

shear waves at one frequency, 2D-SWE continuously gen-

erates sound waves targeting multiple focal zones in the 

longitudinal direction of ultrasonic waves. It generates a 

high-frequency range (60–600 Hz) shear wave amplified 

into a cone shape by focusing it (Fig. 3). Due to these dif-

ferences, it has been reported that the diagnostic ability of 

2D-SWE is higher than that of pSWE.67-72 Afterwards, the 

progress of the shear wave is captured in real-time through 

ultrafast imaging using a plane wave that can obtain imag-

es at up to 20,000 frames per second, and the quantitative 

elastic modulus value is displayed in m/s or kPa on the ul-

trasound screen.43 2D-SWE can obtain an elastic image of 

a SWETM box in a wider range than pSWE and can mea-

sure elasticity by having one or more circular ROIs whose 

sizes can be adjusted.37,40,67,73-75 The results are obtained 

after repeating the test 5 to 10 times and then obtaining the 

median of all valid measurements.69 

Advantages 
SWE is an objective and reproducible test and has the 

advantage of being able to obtain quantitative measure-

ments without manual pressure while directly evaluating 

tissue elasticity. In addition, not only can elastography be 

determined in real time but the degree of liver fibrosis is 

provided in quantified values. Unlike VCTE, it can be ex-

amined while confirming the anatomical structure of the liv-

er.76,77 

Considerations for interpretation
The values of SWE for each disease vary from study to 

study, and the optimal cutoff values for diagnosing the 

stage of liver fibrosis have not been determined.70 In addi-

tion, the range of shear wave elasticity measurements for 

diagnosing each stage of liver fibrosis is relatively wide, 

and the difference in cutoff values ​​for distinguishing suc-

cessive stages of liver fibrosis is also small.68,70,78 For SWE 

to be a reliable staging criterion, the IQR/M should be less 

than 30% and less than 15% when reported in kPa and m/

s, respectively.68,69,79,80 Also, as with VCTE, the test results 

may be overestimated in cases of intrahepatic inflamma-

tion, cholestasis, right heart failure leading to liver conges-

tion, amyloidosis, or food intake, so caution is required in 

the interpretation of the results.63,67-69,73,74,81

[Recommendations]

1. ‌�SWE can noninvasively assess the degree of liver fi-

brosis while observing the anatomical structure of the 

liver. (B1)

Magnetic resonance elastography

MRE leverages a technique based on phase-contrast 

magnetic resonance imaging to quantitatively assess the 

degree of liver fibrosis.

Principles and methods of measurement 
MRE employs an active driver to produce shear waves, 

which are transmitted to liver tissue through a passive driv-

er attached to the patient’s body via a plastic tube (Fig. 4).

The passive driver is usually positioned on the right lobe 

of the liver, typically at the intersection of the right midcla-

vicular line and the xiphoid process, due to the left lobe’s 
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sensitivity to heart movement. The shear wave frequency 

should be fixed at 60 Hz, as it influences wave propagation 

speed. The amplitude is usually set at 50% as a default, 

but can be adjusted according to abdominal wall thickness 

to ensure optimal wave transmission and image quality. It 

is recommended the patient fast for at least four hours be-

fore the test to avoid falsely increased LS measurements 

due to postprandial blood flow. Magnitude and phase im-

ages are acquired at the end-expiratory phase across four 

axial levels. These images are processed with a multimod-

el direct inversion algorithm to produce grayscale and color 

elastogram images, as well as wave images depicting 

shear-wave propagation through the abdomen (Fig. 5).

LS value is quantified on MRE by drawing ROIs on gray-

scale elastogram images and calculating the weighted 

arithmetic mean of these measurements. 

Weighted arithmetic mean = (m1w1 + m2w2 + m3w3 + 

m4w4) ÷ (w1 + w2 + w3 + w4), 

where m1-m4 represent the average liver stiffness val-

ues from each slice, and w1-w4 are the corresponding 

area sizes. 

When drawing ROIs, areas covered by a 95% confidence 

grid and those prone to measurement errors should be 

carefully avoided. These include areas within 1 cm of the 

liver capsule, the gallbladder fossa, around major intrahe-

patic vessels, and ‘hot spots’, which refer to focal areas of 

higher stiffness than the surrounding liver, often found near 

the liver dome or directly beneath the passive driver. Auto-

mated software now exists that measures LS on MRE. It 

segments the liver in the magnitude image, automatically 

draws ROIs to avoid major intrahepatic vessels, and then 

transfers these regions to the grayscale elastogram im-

age.82,83

Figure 4. Principles of magnetic resonance elastography.

Active Driver(Acoustic) Passive Driver

Figure 5. Examples of actual magnetic resonance elastography images. MMDI, multimodel direct inversion algorithm.
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Advantages and disadvantages
MRE shows the highest diagnostic performance among 

various NITs for assessing the degree of liver fibrosis.84 Its 

repeatability has been validated in multiple studies, and a 

repeatability coefficient of 19% (indicating that changes in 

measurements above 19% are significant at a 95% confi-

dence level) has been provided by the Quantitative Imag-

ing Biomarker Alliance group under the Radiological Soci-

ety of North America.85 The reproducibility of the test has 

also been validated, demonstrating little variation in mea-

surements across different MRI manufacturers, main mag-

netic field strengths (e.g., 1.5 Tesla vs. 3.0 Tesla), or imag-

ing sequences (e.g., 2D gradient recalled echo vs. 2D spin 

echo-echo planar imaging [SE-EPI]).86,87 The measurement 

success rate has been reported to be high, between 95% 

and 100%.88 

For the few instances where MRE might fail, alternative 

strategies based on the specific cause of failure can be 

considered. If MRE fails due to excessive hepatic iron de-

position, using a 1.5 Tesla machine or trying a 2D SE-EPI 

sequence may help. Situations where the bowel interferes 

between the liver and the passive driver, or where liver 

anatomy has been altered by surgical procedures or condi-

tions like situs inversus, suggest relocating the passive 

driver to the liver’s left lobe as a viable alternative. While 

MRE can still proceed in the presence of ascites, exces-

sive fluid may necessitate conducting paracentesis prior to 

repeat testing.89

Constraints on MRE that have yet to be addressed in-

clude patient conditions such as claustrophobia, body size 

exceeding the scanner’s capacity, or the presence of me-

tallic implants (e.g., biliary stents, transjugular intrahepatic 

portosystemic shunt stents, or vascular embolization coils), 

which interfere with magnetic resonance imaging itself. 

The technique’s main drawbacks are its high cost and limit-

ed accessibility.

Considerations when interpreting MRE
Similar to other tissues, viscosity—as well as elasticity—

can influence the speed of shear-wave propagation in 

MRE.90 Since LS measurements using MRE may be falsely 

elevated by intrahepatic inflammation or bile stasis, it is ad-

visable to conduct the examination after these clinical con-

ditions have been addressed.91-93 In contrast, liver steatosis 

does not affect LS.94,95 Recent efforts have included distin-

guishing between intrahepatic inflammation and fibrosis 

using 3-dimensional96 or multifrequency97 MRE sequenc-

es.98,99 

[Recommendations]

1. ‌�MRE can assess the degree of liver fibrosis accu-

rately and noninvasively. (A1)

DIAGNOSTIC PERFORMANCE OF NONINVA-
SIVE TESTS FOR LIVER FIBROSIS

Chronic hepatitis B

Assessment of liver fibrosis in patients with CHB is cru-

cial for determining treatment timing and prognosis. Liver 

biopsy can reveal the extent of inflammation and fibrosis, 

which can help inform treatment decisions.1 Antiviral thera-

py (AVT) is initiated when liver biopsy reveals moderate in-

flammation (≥A2) or significant fibrosis (≥F2).100,101 However, 

due to the invasive nature of liver biopsy, alternate NITs 

such as serum markers, VCTE, SWE, and MRE have been 

employed.

Serum markers
Serum markers are easy to use and highly reproducible 

in clinical practice. While serum markers cannot easily dis-

tinguish between different stages of liver fibrosis, they have 

high specificity for diagnosing significant fibrosis or cirrho-

sis (F4) and are often used to rule out these stages. APRI, 

FIB-4, and FibroTest are the most extensively studied in re-

search comparing liver biopsy and serum markers for as-

sessing the degree of liver fibrosis in patients with CHB.

Although sensitivity and specificity vary across studies 

due to different cutoff values, the specificity of APRI and 

FIB-4 for diagnosing significant fibrosis is 83–90% and 

84–95% and that for diagnosing cirrhosis is 69–93% and 

75%, respectively, in patients with CHB (Table 3).102-104 A 

meta-analysis of nine studies including 1,798 patients with 

CHB revealed that the area under the curve (AUC) for 

APRI to diagnose significant fibrosis and cirrhosis was 0.79 

and 0.75, respectively.105

Unlike APRI and FIB-4, FibroTest comprises substances 

that are directly related to the turnover of extracellular ma-
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trix and liver fibrosis, thus exhibiting better performance to 

diagnose significant fibrosis and cirrhosis (Table 3).103,106,107 

A study of 194 patients with CHB in Korea found that Fi-

broTest had an AUC, sensitivity, and specificity of 0.90, 

79%, and 93% for diagnosing significant fibrosis and 0.87, 

80%, and 84% for diagnosing cirrhosis, respectively.106 A 

meta-analysis of 16 studies including 2,494 patients with 

CHB found that the sensitivity and specificity of FibroTest 

for diagnosing significant fibrosis were 61% and 79%, re-

spectively, whereas another meta-analysis of 13 studies in-

cluding 1,754 patients with CHB found that these values 

were 62% and 91%, respectively, for diagnosing cirrho-

sis.107 A study of 284 patients with CHB in France found 

that the AUCs of FibroTest and APRI were 0.78 and 0.72, 

respectively, for diagnosing significant fibrosis and 0.82 

and 0.77, respectively, for diagnosing cirrhosis, with no sig-

nificant difference in diagnostic performance.108 However, 

another meta-analysis of 28 studies directly compared the 

diagnostic performance of serum markers using Bayesian 

inference in patients with CHB and found lower perfor-

mance for APRI than for FIB-4 and FibroTest in terms of di-

agnosing cirrhosis.109

M2BPGi has recently been proposed as a marker for as-

sessing the degree of liver fibrosis in patients with CLD, in-

cluding viral hepatitis.110,111 A meta-analysis of nine studies 

including 1,499 patients with CHB found that M2BPGi had 

a diagnostic AUC, cutoff value, sensitivity, and specificity of 

0.72, 0.97, 67%, and 68%, respectively, for significant fibro-

sis and 0.81, 1.43, 67%, and 82%, respectively, for cirrho-

sis.112

Among serum markers, APRI and FIB-4 measure liver 

enzyme levels, which might generate false-positive results 

in patients with acute hepatitis, independent of the degree 

of liver fibrosis. Because FibroTest analyzes haptoglobin, 

FibroTest can generate false-negative results such as an 

increase due to acute inflammation and false-positive re-

sults due to hemolysis. Moreover, confirming the results of 

FibroTest can be time-consuming due to the need for vari-

ous indicators, and its high cost limits widespread use of 

the test.113

In summary, despite the limitations of relatively small, 

cross-sectional studies, serum markers exhibit high speci-

ficity in diagnosing significant fibrosis and cirrhosis, proving 

valuable in ruling out these conditions.

Vibration-controlled transient elastography
The diagnostic performance of VCTE for assessing the 

degree of liver fibrosis in patients with CHB has been wide-

ly studied based on liver histology. In several studies, LS 

values in patients with CHB during the immune inactive 

phase were 4.8–5.0 kPa, similar to values observed in nor-

mal healthy adults. However, in patients with hepatitis B e 

antigen (HBeAg)-negative CHB during the immune active 

phase, LS values were higher at 2.5–14.5 kPa.114,115

Table 4 shows that the AUC, cutoff value, sensitivity, and 

specificity for diagnosing significant fibrosis using VCTE 

were 0.66‒0.97, 5.2‒8.8 kPa, 59‒93%, and 38‒92%, re-

spectively, and for diagnosing cirrhosis using VCTE were 

0.85‒0.98, 9.4‒14.1 kPa, 52‒100%, and 83‒99%, respec-

tively.41,47,49,104,106,108,116-123 The diagnostic performance of 

VCTE for cirrhosis in patients with CHB was better overall 

than that for significant fibrosis. 

In a meta-analysis of 18 studies including 2,772 patients 

with CHB, the AUC, cutoff value, sensitivity, and specificity 

were 0.86, 7.9 kPa, 74%, and 78% for diagnosing signifi-

cant fibrosis and 0.93, 11.7 kPa, 85%, and 82%, respec-

tively, for diagnosing cirrhosis.120 Another meta-analysis of 

27 studies including 4,386 patients with CHB found that the 

AUC, cutoff value, sensitivity, and specificity were 0.81, 7.2 

kPa, 81%, and 82% for diagnosing significant fibrosis and 

0.93, 12.2 kPa, 86%, and 88%, respectively, for diagnosing 

cirrhosis.121 Furthermore, a meta-analysis of 28 studies in-

cluding 4,540 patients with CHB found that the AUC, cutoff 

value, sensitivity, and specificity were 0.84, 6.0–8.8 kPa, 

76%, and 79% for diagnosing significant fibrosis and 0.90, 

8.0‒14.1 kPa, 84%, and 84%, respectively, for diagnosing 

cirrhosis.123 

However, it was unclear whether patients with acute liver 

disease, congestive hepatopathy, infiltrative liver disease, 

or obstructive cholestasis were excluded in the meta-anal-

yses described above, and the reliability of VCTE results 

(whether fasting or not, with IQR/M ≤0.3) was not clearly 

presented. The type of probe used to measure LS was also 

not clearly stated. 

Furthermore, in a meta-analysis comparing the diagnos-

tic performance of VCTE for significant fibrosis and cirrho-

sis among patients with CHB in Europe and Asia, ethnic 

disparities were observed.124 The AUC, sensitivity, and 

specificity for diagnosing significant fibrosis in patients with 

CHB were 0.80, 73% and 66% in Europe and 0.87, 73% 
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and 82%, respectively, in Asia, indicating superior perfor-

mance in Asia. In diagnosing cirrhosis among patients with 

CHB, studies from Europe reported an AUC of 0.91 with a 

sensitivity of 67% and a specificity of 92%, whereas stud-

ies in Asia demonstrated the same AUC but with a higher 

sensitivity of 81% and a specificity of 86%. These ethnic 

differences might have been due to regional differences or 

variations in obesity and BMI across studies, which could 

have affected VCTE results and require further investiga-

tion.81 

The diagnostic performance for significant fibrosis and 

cirrhosis varied across studies due to the nature of the se-

lected study population and differences in cutoff values, 

but the diagnostic performance in most studies was rela-

tively high at >0.80. An algorithm with cutoff values of 9.4 

and 13.1 kPa has been proposed in Europe, which in-

creased the sensitivity and specificity of diagnosing cirrho-

sis to >90%.117 

In addition, given the high specificity of serum markers in 

diagnosing significant fibrosis and cirrhosis in patients with 

CHB, sequential VCTE can improve the diagnostic perfor-

mance if serum markers fail to rule out these condi-

tions.106,125 In a study involving 194 patients with CHB, the 

AUCs for diagnosing significant fibrosis and cirrhosis in-

creased from 0.89 to 0.94 and from 0.92 to 0.93, respec-

tively, with FibroTest plus VCTE compared with that for Fi-

broTest alone.106 Another study with 222 patients with CHB 

in Korea demonstrated that sequentially performing se-

quential VCTE and ELF for diagnosing cirrhosis allowed 

61–65% of all patients to avoid liver biopsy.126

In patients with CHB, intrahepatic inflammation may influ-

ence the results of VCTE, leading to overestimation of liver 

fibrosis.118,127 Because elevated ALT levels in CHB might in-

crease LS measurements independently of the degree of 

liver fibrosis, results of VCTE should be interpreted with 

caution.81 Additionally, because AVT might reduce LS due 

to improvements in intrahepatic inflammation, cutoff values 

established in studies involving patients not receiving AVT 

might not be applicable to those on AVT. Furthermore, 

VCTE might be challenging to conduct in patients with right 

hepatectomy, ascites, severe obesity, or during pregnancy, 

and results could be aberrant due to postprandial mea-

surement, liver masses, liver congestion, cholestasis, or in-

filtrative liver disease.41

Shear wave elastography
Point shear wave elastography

Table 5 summarizes the findings of liver fibrosis assess-

ment in patients with CHB using pSWE.128-133 The AUC, cut-

off value, sensitivity, and specificity for diagnosing signifi-

cant fibrosis and cirrhosis were 0.76–0.86, 1.23–1.59 m/s, 

59‒90%, and 63‒88% and 0.72‒0.97, 1.75‒1.98 m/s, 

67‒85%, and 73‒92%, respectively.

In a meta-analysis of eight studies including 518 patients 

with CHB, the AUC for diagnosing significant fibrosis and 

cirrhosis was 0.79 and 0.90, respectively, with cutoff values 

of 1.34 and 1.80 m/s, respectively.128 Among 126 patients 

with CHB who underwent liver resection, pSWE demon-

strated AUCs of 0.86 and 0.95 for significant fibrosis and 

cirrhosis, respectively, outperforming APRI and FIB-4, 

which had AUCs of 0.75–0.77 and 0.75–0.78, respective-

ly.133 The AUC for diagnosing significant fibrosis and cirrho-

sis in 180 patients with CHB was 0.76 and 0.83 for pSWE 

and 0.81 and 0.80 for VCTE, respectively, suggesting simi-

lar diagnostic performance. Similar to VCTE, pSWE was 

influenced by ALT level, with higher cutoff values for diag-

nosing significant fibrosis and cirrhosis observed in pa-

tients with elevated ALT levels compared to in patients 

without elevated ALT levels.130 A study in China involving 81 

patients with CHB assessed liver fibrosis by liver biopsy 

and found AUCs of 0.76 and 0.72 for diagnosing significant 

fibrosis and 0.75 and 0.87 for diagnosing cirrhosis with 

pSWE and VCTE, respectively, suggesting similar diagnos-

tic performance between pSWE and VCTE.131

Two-dimensional shear wave elastography

Numerous studies have highlighted the excellent diag-

nostic performance of 2D-SWE in the assessment of liver 

fibrosis in patients with CHB (Table 6).134-143 The AUC, cutoff 

value, sensitivity, and specificity using 2D-SWE were 0.88–

0.97, 6.9‒8.2 kPa, 77‒94%, and 74‒92% for diagnosing sig-

nificant fibrosis and 0.83–0.98, 8.0–21.4 kPa, 80‒97%, and 

73‒95%, respectively, for diagnosing cirrhosis.

A meta-analysis of data from 13 studies of 400 patients 

with CHB found that the AUC, cutoff value, sensitivity, and 

specificity were 0.91, 7.1 kPa, 88%, and 74% for diagnosing 

significant fibrosis and 0.91, 11.5 kPa, 80%, and 93%, re-

spectively, for diagnosing cirrhosis.144 A meta-analysis of 11 

studies including 2,623 patients with CHB found that the 

AUC and cutoff value were 0.92 and 7.9 kPa, respectively, 
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for diagnosing significant fibrosis.142 The mean cutoff for di-

agnosing significant fibrosis in studies excluding patients 

previously treated with AVT was 7.2 kPa, lower than the 

mean of 8.9 kPa in studies that included patients treated 

with AVT.142 Further studies are needed to establish cutoff 

values based on AVT, which is a potential confounder.

In a comparative study of serum markers in 304 patients 

with CHB in China, the AUCs for diagnosing significant fi-

brosis were 0.97 for 2D-SWE, 0.73–0.79 for APRI, and 0.98 

for FIB-4 and those for diagnosing cirrhosis were 0.97 for 

2D-SWE, 0.73–0.79 for APRI, and 0.98 for FIB-4.138 A me-

ta-analysis found that 2D-SWE showed significantly better 

performance for diagnosing significant fibrosis and cirrho-

sis than VCTE, by 11.2% and 6.5%, respectively.144 Howev-

er, a study of 106 patients with CHB in Greece found a 

slightly higher measurement success rate for VCTE than 

for 2D-SWE among patients with obesity (92% vs. 86%).145 

ALT levels can affect the results of SWE, and a study of 

515 patients with CHB showed that having two cutoff val-

ues based on ALT improved the performance of 2D-SWE 

for diagnosing significant fibrosis and cirrhosis.146 Cutoff 

values of 5.4 and 9.0 kPa were applied for ALT ≤2 times 

the ULN, while 7.1 and 11.2 kPa were used for ALT levels 

>2 times the ULN to diagnose significant fibrosis. In addi-

tion, cirrhosis has been diagnosed using cutoff values of 8.1 

and 12.3 kPa for ALT levels ≤2 times the ULN and 11.9 and 

24.7 kPa for ALT levels >2 times the ULN.147 

Moreover, in a cohort of 266 patients with CHB, the appli-

cation of deep learning radiomics alongside SWE demon-

strated enhanced diagnostic performance for significant fi-

brosis and cirrhosis compared to using 2D-SWE alone.148

Magnetic resonance elastography
Numerous studies have demonstrated the high accuracy 

of MRE in diagnosing liver fibrosis in patients with CHB, 

consistently showing a diagnostic AUC of >0.90 (Table 

7).143,149-153 The AUC, cutoff value, sensitivity, and specificity 

of MRE were 0.91‒0.99, 2.5‒3.2 kPa, 82‒97%, and 

95‒100% for diagnosing significant fibrosis and 0.89‒0.99, 

3.5‒4.3 kPa, 84‒100%, and 91‒98%, respectively, for diag-

nosing cirrhosis in patients with CHB. A study of 170 pa-

tients with CHB in Korea found that MRE had AUC and 

cutoff values of 0.97 and 2.7 kPa for diagnosing significant 

fibrosis and of 0.92 and 3.7 kPa for diagnosing cirrhosis.149 

Unlike VCTE, MRE did not correlate with inflammatory sta-

tus in the liver, and the measurement success rate was 

93%.149

A study of 63 patients with CHB in Singapore found that 

MRE had a higher diagnostic performance than the serum 

markers of APRI, AAR, and prothrombin index for diagnos-

ing significant fibrosis and cirrhosis.150 In a meta-analysis of 

24 studies including 5,111 patients with CHB, the cutoff val-

ues for diagnosing significant fibrosis and cirrhosis were 3.0 

and 4.6 kPa, respectively, and diagnostic performance was 

better for MRE than for VCTE.153 In a meta-analysis of 15 

studies including 2,128 patients, the AUC was 0.94‒0.97 

for MRE and 0.82‒0.85 for pSWE for diagnosing significant 

fibrosis, with MRE having significantly better diagnostic 

performance.154 A meta-analysis of 72 studies involving 

20,356 patients with CHB found that the AUCs of MRE, 

2D-SWE, pSWE, and FIB-4 were 0.97, 0.89, 0.76, and 0.75 

and 0.97, 0.94, 0.77, and 0.82, respectively, for diagnosing 

significant fibrosis and cirrhosis.143 

The AUC for stratifying liver fibrosis by MRE was similarly 

high at 0.97 and 0.98 among 281 patients with and without 

CHB, respectively, but the cutoff values for diagnosing cir-

rhosis in patients with CHB and other causes of CLD were 

3.67 and 4.65 kPa, respectively.151 These differences in cut-

off values based on the cause of liver disease are similar to 

previous findings with VCTE and might be due to histological 

differences between hepatitis due to other causes such as 

CHC.50,155 CHB tends to result in a macronodular and hetero-

geneous liver morphology, and total fibrosis might be lower in 

CHB than in CHC.50,116,155 

A Korean study of 63 AVT naïve patients with CHB, high 

viral titers, and normal or mildly elevated ALT levels found 

AUCs for MRE, 2D-SWE, FIB-4, and APRI of 0.91, 0.84, 

0.70, and 0.72, respectively, for diagnosing significant fibro-

sis. This indicated significantly better diagnostic perfor-

mance for MRE than for FIB-4 and APRI, but the AUC of 

2D-SWE did not significantly differ from that of FIB-4 or 

APRI.152 These results suggest that MRE is a more accu-

rate noninvasive method for diagnosing significant fibrosis 

and determining AVT in treatment-naïve patients with CHB 

compared with 2D-SWE.
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[Recommendations]

1. ‌�APRI, FIB-4, and FibroTest have low sensitivity and 

high specificity, making them suitable for excluding 

significant fibrosis and cirrhosis in patients with CHB. 

(B1)

2. ‌�VCTE can diagnose significant fibrosis and cirrhosis 

with high sensitivity and specificity in patients with 

CHB. (A1)

3. ‌�SWE and MRE demonstrate excellent diagnostic per-

formance for significant fibrosis and cirrhosis in pa-

tients with CHB. (B1)

4. ‌�Sequential or simultaneous testing of serum markers 

and VCTE will likely improve the diagnostic perfor-

mance of significant fibrosis and cirrhosis in patients 

with CHB. (B2)

Chronic hepatitis C

Assessment of fibrotic burden in patients with CHC is 

crucial as it is a major factor determining prognosis, includ-

ing HCC development, occurrence of liver-related compli-

cations, and mortality.156 Various serum markers, including 

FIB-4 and APRI, have been developed in CHC cohorts, 

and imaging studies such as VCTE and SWE are also uti-

lized in the diagnosis of liver fibrosis in patients with CHC.

Serum markers 
Various serum markers have been evaluated in patient 

cohorts undergoing liver biopsy in order to improve nonin-

vasive diagnosis of liver fibrosis in patients with CHC, in-

cluding several with sufficient validation through multiple 

studies (Table 8).3,9,13,157-166 

FIB-4 was developed in a cohort of 832 patients with 

concurrent CHC and HIV infection.11 In a study involving 

847 patients with CHC, the AUC for diagnosing advanced 

fibrosis was 0.85, and that of diagnosing cirrhosis was 0.91. 

A FIB-4 value <1.45 demonstrated a high NPV of 94.7%, 

while a FIB-4 value >3.25 showed a high PPV of 82.1%, 

making it useful for excluding or diagnosing advanced fi-

brosis.157 The diagnostic performance of FIB-4 was as-

sessed in 101 patients with CHC in Korea, and the AUC for 

diagnosing significant fibrosis was 0.87, with a cutoff value 

of 1.935, sensitivity of 97.1%, and specificity of 69.7%. The 

AUC for diagnosing advanced fibrosis was 0.86, with a cut-

off value of 3.81, sensitivity of 76.9%, and specificity of 

85.5%. For diagnosing cirrhosis, the AUC was 0.83, with a 

cutoff value of 3.84, sensitivity of 85.0%, and specificity of 

75.3%.167 In Western studies, the AUCs for diagnosing sig-

nificant fibrosis, advanced fibrosis, and cirrhosis ranged 

from 0.76 to 0.85, 0.83 to 0.88, and 0.83 to 0.93, respec-

tively.158-160 However, in a Taiwanese study involving 1,716 

patients with CHC, the AUC for diagnosing significant fibro-

sis with FIB-4 was 0.7, and that for advanced fibrosis and 

cirrhosis was 0.73, showing lower diagnostic accuracy 

compared to those reported in Western studies.161 This 

may be influenced by the substantial presence of patients 

with either no or mild fibrosis and those with elevated ALT 

levels in the Taiwanese study compared to Western stud-

ies. 

In a meta-analysis encompassing 37 studies, the median 

AUC for diagnosing significant fibrosis with FIB-4 ranged 

from 0.66 to 0.70, while the median AUC for diagnosing cir-

rhosis was in the range of 0.75 to 0.82.109 In a meta-analy-

sis involving 11 studies, FIB-4 showed a sensitivity of 89% 

and specificity of 42% at low cutoff values ranging from 

0.60 to 1.45 for significant fibrosis (Table 9).168 At higher 

cutoff values ranging from 1.0 to 3.25, FIB-4 exhibited a 

sensitivity of 59% and specificity of 74% for significant fi-

brosis. For cirrhosis, at a low cutoff value of 1.45, FIB-4 

had a sensitivity of 87% and specificity of 61%, while at 

higher cutoff values ranging from 3.25 to 4.44, the sensitiv-

ity was 51%, and the specificity was 86%.

APRI was developed in a cohort of 270 patients with 

CHC, and it demonstrated an AUC of 0.80 for significant fi-

brosis and 0.89 for diagnosing cirrhosis.9 An APRI value 

≤0.5 demonstrated a sensitivity of 91% and specificity of 

47% for excluding significant fibrosis, while an APRI value 

>1.5 showed a sensitivity of 41% and specificity of 95% for 

diagnosing significant fibrosis. An APRI value ≤1.0 had a 

sensitivity of 89% and specificity of 75% for excluding cir-

rhosis, while an APRI value >2.0 showed a sensitivity of 

57% and specificity of 93% for diagnosing cirrhosis. 

In a multicenter prospective study involving 430 patients 

with CHC, an APRI value ≤1.0 showed a sensitivity of 70% 

and specificity of 79% for excluding advanced fibrosis, 

while an APRI value >2.0 demonstrated a sensitivity of 

36% and specificity of 92% for diagnosing advanced fibro-

sis.163 However, in the aforementioned Korean study, the 

AUC for diagnosing advanced fibrosis and cirrhosis with 
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APRI was 0.76.167 In the Taiwanese study, the AUCs for di-

agnosing significant fibrosis, advanced fibrosis, and cirrho-

sis were 0.68, 0.68, and 0.70, respectively.161 This may be 

attributed to differences in age, ALT levels, and the extent 

of liver fibrosis among patients included in each study.

In a meta-analysis encompassing 33 studies and 6,259 

patients with CHC, the AUC for diagnosing significant fibro-

sis with APRI was 0.77, and that for diagnosing cirrhosis 

was 0.83.169 In another meta-analysis involving 47 studies, 

APRI demonstrated a sensitivity of 82% and specificity of 

57% for diagnosing significant fibrosis at low cutoff values 

ranging from 0.4 to 0.7.168 In the analysis of 36 studies, us-

ing a high cutoff value of 1.5, APRI showed a sensitivity of 

39% and specificity of 92% for diagnosing significant fibro-

sis. Furthermore, for diagnosing cirrhosis, APRI demon-

strated a sensitivity of 77% and specificity of 78% at low 

cutoff values ranging from 0.75 to 1.0. At a high cutoff value 

of 2.0, the sensitivity was 48%, and the specificity was 

94%.

In various studies on CHC, comparisons of the diagnostic 

performance of APRI and FIB-4 for liver fibrosis have 

shown conflicting results.158,159,161,162,167 In a meta-analysis, 

the diagnostic performance of APRI and FIB-4 for signifi-

cant fibrosis were found to be similar. However, for diag-

nosing cirrhosis, FIB-4 exhibited superior diagnostic per-

formance compared to APRI.162 Caution is needed when 

interpreting the results from APRI, as it relies on AST 

alone, and those from FIB-4, as it incorporates AST, ALT, 

and age in its predictive model. These models may lead to 

overestimation in patients with intrahepatic inflammation or 

in elderly individuals.

The Forns index was developed in a cohort of 476 pa-

tients with CHC, and the AUC for diagnosing significant fi-

brosis was 0.86. The cutoff value of <4.5 was suggested, 

showing a NPV of 96%.13 In a Korean study, the AUC for di-

agnosing advanced fibrosis with the Forns index was 

0.806, and that for cirrhosis was 0.822, demonstrating simi-

larity to FIB-4 and APRI.167 In a study involving 340 patients 

with CHC, the AUC for diagnosing significant fibrosis with 

the Forns index was 0.83. When applying a cutoff value of 

>6.9, it showed a sensitivity of 44% and specificity of 93%. 

These results were similar to APRI’s AUC of 0.83, FIB-4’s 

AUC of 0.83, and ELF’s AUC of 0.85.158 Additionally, the 

AUC for diagnosing advanced fibrosis using the Forns in-

dex was 0.85, and for diagnosing cirrhosis, it was 0.87. In a 

meta-analysis, the Forns index showed high diagnostic 

performance for diagnosing significant fibrosis across 18 

studies, with a low cutoff value ranging from 4.2 to 4.5, 

demonstrating a sensitivity of 88% and specificity of 

40%.168 

ELF was developed through a multi-center cohort study 

involving 1,021 patients with CLDs, including 496 individu-

als with CHC.3 In the CHC patient group, the AUC for diag-

nosing significant fibrosis was 0.77, with a cutoff value of 

0.063. It demonstrated a sensitivity of 95%, specificity of 

29%, PPV of 27.7%, and NPV of 94.9%. In a prospective 

study involving 79 patients with CHC, the ELF test showed 

the AUC of 0.90 for diagnosing significant fibrosis.164 At a 

cutoff value of 7.7, it demonstrated a sensitivity of 100% 

and specificity of 12.5%. At a cutoff value of 9.8, the sensi-

tivity was 84.6%, and the specificity was 75.0%. At a cutoff 

value of 11.3, it had a sensitivity of 64.1% and specificity of 

97.5%. In a meta-analysis encompassing 11 studies, the 

ELF test showed an AUC for diagnosing advanced fibrosis 

ranging from 0.77 to 0.98.170 The cutoff values varied from 

9.30 to 10.59, with sensitivity ranging from 65% to 100% 

and specificity ranging from 29% to 99%. Caution is need-

ed when interpreting or comparing cutoff values for ELF as 

it has undergone multiple modifications for simplification. In 

a meta-analysis encompassing 37 studies directly compar-

ing diagnostic performance among different NITs for liver 

fibrosis patients with CHC, the diagnostic performance for 

significant fibrosis was similar for the Forns index, APRI, 

FIB-4, and ELF. However, for diagnosing cirrhosis, FIB-4, 

which had an AUC of 0.89, outperformed APRI’s AUC of 

0.83 and ELF’s AUC of 0.82.158 

FibroTest was developed in a cohort of 339 patients with 

CHC, and it demonstrated an AUC of 0.87 for diagnosing 

significant fibrosis with a cutoff value of 0.48. It showed a 

sensitivity of 75% and specificity of 85%.109,166 In a meta-

analysis involving seven studies, FibroTest showed a sen-

sitivity of 91% and specificity of 41% for diagnosing signifi-

cant fibrosis at low cutoff values ranging from 0.1 to 0.3.168 

In a meta-analysis involving 10 studies, using high cutoff 

values ranging from 0.6 to 0.7, FibroTest exhibited a sensi-

tivity of 57% and specificity of 85% for diagnosing signifi-

cant fibrosis. In a meta-analysis encompassing 37 studies, 

FibroTest demonstrated AUCs for diagnosing significant fi-

brosis and cirrhosis in the ranges of 0.72–0.83 and 0.81–

0.92, respectively.109 When comparing diagnostic perfor-
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mance, FibroTest outperformed FIB-4 and APRI in the 

diagnosis of significant fibrosis and cirrhosis.

Additionally, Hepascore,171 FibroMeter,172 PIIINP and 

MMP 1,173 fibrosis probability index,174 BARD score,10 and 

others have been reported as serum markers for liver fibro-

sis in patients with CHC. 

Generally, serum markers exhibit superior diagnostic per-

formance for cirrhosis rather than significant fibrosis, and 

direct markers provide more accurate diagnosis of signifi-

cant fibrosis compared to indirect markers.168 However, Ko-

rean studies on serum markers for diagnosing liver fibrosis 

in patients with CHC have been limited, and further valida-

tion with large cohorts of Korean patients is necessary. Ad-

ditionally, more research is needed to assess the utility of 

serum markers for assessing liver fibrosis with those mea-

sured after sustained virologic response (SVR) in patients 

with CHC.

Vibration-controlled transient elastography 
The usefulness of VCTE in patients with CHC has been 

demonstrated through numerous studies. Sensitivity for di-

agnosing significant fibrosis in patients with CHC varies 

between 48–96%, with specificity ranging from 32–93%, 

depending on characteristics and cutoff values in different 

studies. Sensitivity for diagnosing cirrhosis was 65–100%, 

and specificity was 85–96% (Table 10).108,119,127,159,165,175-180 

The diagnostic performance of VCTE in patients with 

CHC was first evaluated through a multicenter prospective 

study in France in 2005.176 For 327 patients with CHC, the 

AUC of VCTE for diagnosing significant fibrosis was 0.79, 

with a cutoff value of 8.7 kPa, sensitivity of 56%, and speci-

ficity of 91%. The AUC for diagnosing advanced fibrosis 

was 0.91; cutoff value, 9.6 kPa; sensitivity, 86%; and speci-

ficity, 85%. The AUC for diagnosing cirrhosis was 0.97; cut-

off value, 14.5 kPa; sensitivity, 86%; and specificity, 96%. 

The largest-scale study conducted to date included 1,289 

patients with CHC enrolled in three cohorts.165 The AUC for 

diagnosing significant fibrosis was 0.76, with a cutoff value 

of 8.8 kPa, sensitivity of 48%, and specificity of 93%. The 

AUC for diagnosing cirrhosis was 0.90, with a cutoff value 

of 14.5 kPa, showing similar results with a sensitivity of 

65% and specificity of 95%.

In a multicenter study involving 349 patients with CHC in 

Korea, the AUC of VCTE for diagnosing significant fibrosis 

was 0.82, with a cutoff value of 6.8 kPa, and sensitivity and 

specificity of 67.0% and 86.4%, respectively.180 The pro-

posed cutoff values for significant or advanced fibrosis in 

this study were slightly lower compared to previous re-

search because the study only included patients with ALT 

levels below five times the upper normal limit to compen-

sate for higher LS values in patients with elevated ALT. 

Furthermore, the AUC for diagnosing cirrhosis was 0.91, 

with a cutoff value of 14.5 kPa, showing sensitivity and 

specificity of 81.8% and 89.0%, respectively, similar to 

studies conducted in Western populations.

In a meta-analysis of 37 studies involving CHC, the cutoff 

value of VCTE for significant fibrosis ranged from 5.2 to 

10.1 kPa, with a sensitivity of 79% and specificity of 83%. 

The cutoff value for cirrhosis ranged from 9.2 to 17.3 kPa, 

with a sensitivity of 89% and specificity of 91% (Table 9).168 

In a meta-analysis of 17 studies presented at the American 

Gastroenterological Association, involving 5,812 patients 

with CHC, the cutoff value for VCTE was 12.5 kPa, with a 

sensitivity of 86% and specificity of 90%.181 Additionally, in 

groups with a cirrhosis prevalence of less than 5%, a cutoff 

value of 12.5 kPa resulted in a false-negative rate of 0.7% 

and a false-positive rate of 8.6%. In high-risk groups with a 

cirrhosis prevalence of 30%, the false-negative rate was 

only 4.2% and the false-positive rate was 6.3%.

The ANRS HCEP-23, a prospective study conducted in 

19 institutions in France, compared the diagnostic perfor-

mance of nine serum markers and VCTE in patients with 

CHC infection.159 In 382 patients evaluated with both serum 

markers and VCTE, the diagnostic performance for signifi-

cant fibrosis was (in descending order): VCTE (AUC 0.83), 

FibroMeter (AUC 0.83), Hepascore (AUC 0.82), and Fi-

broTest (AUC 0.81). For diagnosing cirrhosis, the highest 

diagnostic performance (in descending order) was: VCTE 

(AUC 0.93), FibroMeter (AUC 0.90), FibroTest (AUC 0.87), 

APRI (AUC 0.87), ELF (AUC 0.87), Hepascore (AUC 0.89), 

and FIB-4 (AUC 0.84).

In a meta-analysis comparing the diagnostic perfor-

mance of serum markers and VCTE, including 37 studies, 

both FIB-4 and APRI showed similar diagnostic perfor-

mance to VCTE for significant fibrosis.109 For cirrhosis, FIB-

4 showed similar diagnostic performance to VCTE, while 

the diagnostic performance of APRI was significantly lower 

than VCTE. In another meta-analysis comparing the diag-

nostic performance of APRI and VCTE using a low cutoff 

value of 0.75–1.0 for diagnosing cirrhosis, VCTE accurately 
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classified the presence or absence of cirrhosis in more pa-

tients compared to APRI in both low-prevalence and high-

prevalence groups.168 Additionally, VCTE had lower false-

positive and false-negative rates. Furthermore, when 

comparing VCTE with FIB-4 using a low cutoff value of 

0.6–1.45, the diagnostic performance of VCTE was similar 

to FIB-4, but the false-positive rate was significantly lower. 

FibroTest demonstrated similar diagnostic performance to 

VCTE for diagnosing significant fibrosis and cirrhosis.

Studies have been conducted to enhance the diagnostic 

performance for significant fibrosis and cirrhosis in patients 

with CHC by combining serum marker and VCTE.182,183 In a 

study involving 729 patients with CHC, the AUC for diag-

nosing significant fibrosis and cirrhosis with VCTE was 0.79 

and 0.91, respectively.182 When combining the serum mark-

er FibroMeter with VCTE, the diagnostic AUC improved to 

0.85 for significant fibrosis and 0.922 for cirrhosis. In a 

study involving 3,754 patients with chronic hepatitis, of 

whom 45.5% had CHC, a sequential approach using a 

scoring system including age, AST, GGT, platelet count, 

and prothrombin time for initial assessment of liver fibrosis 

followed by FibroMeter and VCTE resulted in a sensitivity 

of 76.1% for diagnosing advanced fibrosis and 92.1% for 

cirrhosis.183

Study on the diagnostic performance of VCTE for liver fi-

brosis in patients with CHC infection after AVT and achiev-

ing SVR is limited. In a study involving patients with a LS 

value of 10 kPa or more before treatment and who subse-

quently achieved SVR after AVT, despite a reduction in LS 

after achieving SVR, more than half of the patients had evi-

dence of cirrhosis on histologic examination three years 

later.184 Furthermore, the AUC for diagnosing cirrhosis us-

ing VCTE after achieving SVR was only 0.75, and LS val-

ues before treatment was the factor most strongly associ-

ated with cirrhosis. Serum markers such as APRI and FIB-

4 showed similar results.

Thus, VCTE demonstrates high diagnostic performance 

with AUC above 0.8 for diagnosing fibrosis in most studies 

involving CHC. However, limitations of previous study in-

clude unclear exclusion criteria for comorbid conditions 

that could affect the results of VCTE, as well as the inclu-

sion of patients with significant intrahepatic inflammation, 

which may lead to overestimation of test values.118,127

Shear wave elastography
The diagnostic performance of pSWE and 2D-SWE for 

liver fibrosis has been evaluated in several studies involv-

ing patients with CHC. In a study involving 61 patients with 

CHC, the AUC of pSWE for diagnosing significant fibrosis 

was 0.79, with a cutoff value of 1.33 m/s.185 The AUC for di-

agnosing advanced fibrosis was 0.83, with a cutoff value of 

1.43 m/s, and for diagnosing cirrhosis, the AUC was 0.84, 

with a cutoff value of 1.55 m/s. In a study involving 101 pa-

tients with CHC in Korea, the AUC of pSWE for diagnosing 

significant fibrosis was 0.85, with a cutoff value of 1.335 m/

s, yielding a sensitivity of 84% and specificity of 76%. The 

AUC for diagnosing advanced fibrosis was 0.84, with a cut-

off value of 1.645 m/s, resulting in a sensitivity of 80% and 

specificity of 76%.167 For diagnosing cirrhosis, the AUC was 

0.83, with a cutoff value of 1.665 m/s, and a sensitivity of 

85% and specificity of 69%. The diagnostic performance of 

pSWE was similar to FIB-4, APRI, and the Forns index for 

both advanced fibrosis and cirrhosis. In a meta-analysis in-

cluding three studies, the cutoff value for diagnosing signifi-

cant fibrosis using pSWE was 1.21–1.34 m/s, with a sensi-

tivity of 79% and specificity of 89%. For diagnosing 

cirrhosis, based on analysis of four studies, the cutoff value 

was 1.6–2.3 m/s, with a sensitivity of 84% and specificity of 

77%.168 

In a multicenter prospective study in Europe involving 

241 patients with CHC, the diagnostic performance of 

pSWE and VCTE was compared.186 The AUCs of pSWE 

and VCTE for diagnosing significant fibrosis were 0.81 and 

0.85, respectively, while the AUCs for diagnosing advanced 

fibrosis were 0.88 and 0.92, and for diagnosing cirrhosis 

were 0.89 and 0.94, indicating similar diagnostic perfor-

mance. However, the measurement failure rate of VCTE 

was 10%, significantly higher than the 5.3% observed with 

pSWE. pSWE showed diagnostic performance similar to 

ELF and FibroTest for diagnosing all stages of liver fibrosis.

In a study involving 211 patients with CHC, 2D-SWE 

demonstrated an AUC for diagnosing significant fibrosis of 

0.83, with a cutoff value of 6.16 kPa.187 The AUC for diag-

nosing advanced fibrosis was 0.95, with a cutoff value of 

6.8 kPa, yielding a sensitivity of 97% and specificity of 

90%. However, the diagnostic performance was lower in 

cases where BMI was >30 kg/m2. In a prospective study in 

Japan involving 233 patients with CHC, 2D-SWE was fea-

sible in 98.7% of patients.188 The AUC for diagnosing signif-
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icant fibrosis was 0.92, with a cutoff value of 1.56 m/s, 

yielding a sensitivity of 85% and specificity of 86%. The 

AUC for diagnosing advanced fibrosis was 0.94, with a cut-

off value of 1.72 m/s, resulting in a sensitivity of 89% and 

specificity of 84%. For diagnosing cirrhosis, the AUC was 

0.949, with a cutoff value of 1.93 m/s, and a sensitivity of 

91.4% and specificity of 90.8%.

In a study comparing the diagnostic performance of 2D-

SWE with serum markers, 2D-SWE showed significantly 

superior performance to serum markers including HA, type 

IV collagen 7S, M2BPGi, APRI, and FIB-4 in the diagnosis 

of all stages of fibrosis.188 In a study comparing the diag-

nostic performance of 2D-SWE, APRI, and FIB-4 in 79 pa-

tients with CHC, the AUCs for diagnosing significant fibro-

sis were as follows: 2D-SWE, 0.75; VCTE, 0.95; FIB-4, 

0.81; and APRI, 0.77; with 2D-SWE having the lowest 

AUC.189 For diagnosing cirrhosis, the AUCs were: 2D-SWE, 

0.83; VCTE, 0.99; FIB-4, 0.81; and APRI, 0.77; with 2D-

SWE demonstrating lower AUC compared to VCTE.

The diagnostic performance of SWE in patients with CHC 

has not been extensively validated compared to other NITs, 

and caution should be exercised in interpreting results due 

to the diversity of the equipment used. While the measure-

ment success rate, including among obese patients, may 

be higher than that of VCTE, results may be overestimated 

in cases of severe intrahepatic inflammation. Furthermore, 

comparative studies with other NITs are limited, and con-

flicting results have been reported. However, overall, stud-

ies have reported high diagnostic accuracy and similar 

performance to VCTE, suggesting that SWE may be useful 

for evaluating liver fibrosis in patients with CHC.

Magnetic resonance elastography
Research on the utility of MRE for assessing the degree 

of liver fibrosis in patients with CHC is limited. The first 

study involving 114 patients with CHC was conducted in 

Japan, revealing an AUC for diagnosing significant fibrosis 

of 0.99, with a cutoff value of 3.2 kPa, and sensitivity and 

specificity of 89% and 100%, respectively.190 For diagnos-

ing advanced fibrosis, the AUC was 0.97, with a cutoff val-

ue of 4.0 kPa, and sensitivity and specificity of 87% and 

100%, respectively. For diagnosing cirrhosis, the AUC was 

0.98, with a cutoff value of 4.6 kPa, and sensitivity and 

specificity of 100% and 85%, respectively. When compared 

to serum markers such as AAR, APRI, and FIB-4, MRE 

demonstrated significantly higher diagnostic performance 

for liver fibrosis at all stages.

In a study conducted in Japan involving 141 patients, 

MRE demonstrated the AUC for diagnosing the significant 

fibrosis of 0.88, with a cutoff value of 3.4 kPa, and sensitivi-

ty and specificity of 78% and 86%, respectively.191 For diag-

nosing advanced fibrosis, the AUC was 0.93, with a cutoff 

value of 3.61 kPa, and sensitivity and specificity of 96% 

and 75%, respectively. For diagnosing cirrhosis, the AUC 

was 0.97, with a cutoff value of 5.03 kPa, and sensitivity 

and specificity of 87% and 87%, respectively. Furthermore, 

MRE exhibited higher diagnostic performance for signifi-

cant fibrosis and advanced fibrosis with AUCs of 0.86 and 

0.92 respectively, compared to 2D-SWE (AUCs of 0.81 and 

0.87), FIB-4 (AUCs of 0.81 and 0.87), and M2BPGi (AUCs 

of 0.79 and 0.86). MRE demonstrated significantly higher 

diagnostic performance for diagnosing cirrhosis compared 

to 2D-SWE (AUC, 0.91), FIB-4 (AUC, 0.84), and M2BPGi 

(AUC, 0.85).

In a meta-analysis including 12 studies and 697 patients 

with CHC, MRE demonstrated the AUC of 0.88 for diag-

nosing significant fibrosis, with sensitivity of 77% and 

specificity of 83%.192 The AUC for diagnosing advanced fi-

brosis was 0.94, with sensitivity of 84% and specificity of 

89%. For diagnosing cirrhosis, the AUC was 0.92, with 

sensitivity of 94% and specificity of 81%.

Although the usefulness of MRE in CHC warrants further 

validation, it demonstrated a higher measurement success 

rate compared to other NITs and exhibited high diagnostic 

performance regardless of intrahepatic inflammation.192,193 

Therefore, it is deemed useful for patients with CHC.

[Recommendations]

1. ‌�In patients with CHC, liver fibrosis can be assessed 

using serum markers (B1), VCTE (A1), 2D-SWE (B1), 

and MRE (B1).

Nonalcoholic fatty liver disease

The prognosis of NAFLD varies based on histological 

findings. This makes it important to diagnose liver steatosis 

and liver fibrosis, and to monitor changes. In particular, liv-

er fibrosis is the most important factor for determining the 

long-term prognosis in NAFLD, including HCC develop-
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ment and liver-related death.194 In patients with NAFLD, al-

though liver biopsy is the standard for diagnosing intrahe-

patic inflammation, liver steatosis, and liver fibrosis, it has 

limitations including high cost, the risk of complications 

such as bleeding or infection, differences in interpretation 

between investigators or depending on timing, and sam-

pling errors based on the amount of tissue collected.1,2 In 

clinical practice, NITs are used first to evaluate liver steato-

sis and liver fibrosis such as serum markers and imaging 

tests, including VCTE, SWE, and MRE.195-197 When NAFLD 

is accompanied by obesity or elevated ALT, increasing se-

verity of liver steatosis has been reported to be associated 

with decreased diagnostic performance of serum markers 

such as FIB-4 and NFS and VCTE,198,199 meaning that cau-

tion is required when interpreting these test results.

Serum markers
There have been studies diagnosing liver fibrosis nonin-

vasively using various serum markers, and some of the 

most thoroughly validated methods include FIB-4, NFS, 

and ELF (Table 11).29,200-202 

FIB-4 was proposed in a cohort of 832 patients with 

CHC/HIV coinfection,11 and its diagnostic performance for 

liver fibrosis has been studied in patients with NAFLD.203 In 

a Japanese study of patients with NAFLD diagnosed by liv-

er biopsy, NFS and FIB-4 showed higher diagnostic perfor-

mance for advanced fibrosis compared to other NITs, and 

this diagnostic performance was similar to MRE.203 In a re-

cent meta-analysis of 32 studies including 13,764 patients, 

FIB-4 showed an AUC of 0.76, sensitivity of 42%, and 

specificity of 93% for diagnosing advanced fibrosis.200 In 

another individual patient data meta-analysis (IPD-MA) of 

36 studies including 5,735 patients, FIB-4 showed an AUC 

of 0.76 for diagnosing advanced fibrosis, which was higher 

than that of NFS, at 0.73; on this basis, the authors pro-

posed an algorithm combining FIB-4 with VCTE.204 Specifi-

cally, advanced fibrosis can be excluded in patients with 

FIB-4 <1.3 and VCTE <8 kPa, while cirrhosis can be diag-

nosed in patients with FIB-4 ≥3.48 and VCTE ≥20 kPa, al-

lowing unnecessary liver biopsy to be avoided. Patient age 

also needs to be considered when interpreting FIB-4 val-

ues. In patients with NAFLD under 35 years old, the diag-

nostic value of serum markers such as FIB-4 and NFS de-

creases, and other NITs should be considered.35 While a 

standard upper cutoff value can be set at 2.67, an age-ad-

justed lower cutoff value of 1.30 has been recommended 

for 35−64-year-olds and 2.0 for elderly patients aged ≥65 

years old.35

NFS was validated in 733 patients with biopsy-proven 

NAFLD in the US; the AUC of NFS for diagnosing ad-

vanced fibrosis was 0.82–0.88, and two cutoff values were 

suggested (<–1.455 [low probability, NPV 88−93%], >0.676 

[high probability, PPV 82−90%]).12 In a meta-analysis of 

3,064 patients across 13 studies, the AUC of NFS for diag-

nosing advanced fibrosis was 0.85, the cutoff value to ex-

clude advanced fibrosis was <–1.455, with a sensitivity of 

90% and specificity of 60%, and the cutoff value to diag-

nose advanced fibrosis was >0.676, with a sensitivity of 

67% and specificity of 97%.10,12,17,22,23,29,205-210 Recently, there 

has been a report that the age-adjusted lower cutoff value 

for elderly patients aged ≥65 years old should be set to 

0.12.35 In a Korean study of 412 patients with biopsy-proven 

NAFLD, an NFS cutoff value of <–1.455 could be used to 

exclude advanced fibrosis with a high NPV of 86.6%, and 

an NFS cutoff value of >0.676 could be used to diagnose 

advanced fibrosis with a PPV of 50%.211 In another Korean 

study of 315 patients with biopsy-proven NAFLD, when 

NFS cutoff values of <–1.455 and >0.676 were used, the 

AUC for diagnosing advanced fibrosis was 0.843, and the 

NPV was 89.3–95.7%.198 In a recent meta-analysis of 33 

studies, the AUC of NFS for diagnosing advanced fibrosis 

was 0.74, the sensitivity was 38%, and the specificity was 

Table 11. Meta-analysis on the diagnostic performance of serum markers for liver fibrosis in patients with NAFLD

Serum marker
No. of 

studies
No. of 

patients
Significant fibrosis (≥F2) Advanced fibrosis (≥F3) Cirrhosis (F4)

AUC Cutoff value AUC Cutoff value AUC Cutoff value

FIB-4200,201 32 13,764 0.74 >1.3–1.9 0.74–0.76 >2.67–3.25 0.86–0.88 >3.50–4.12

NFS200 33 13,337 0.66 <-1.455 0.74–0.85 >0.676 - -

ELF29,202 16 5,002 0.82 >-0.1068 0.9 >0.3576 - -

NAFLD, nonalcoholic fatty liver disease; FIB-4, fibrosis-4 index; NFS, NAFLD fibrosis score; ELF, enhanced liver fibrosis; AUC, area 
under the curve.
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94% (Table 11).200 

ELF is a panel that was proposed based on three matrix 

proteins (HA, TIMP-1, and PIIINP) tested in 192 patients 

with biopsy-proven NAFLD in the UK. ELF is mostly used 

for diagnosing liver fibrosis in Europe, but can be used at 

some institutions in Korea as well. The AUC of ELF for di-

agnosing advanced fibrosis was 0.90, and with a cutoff val-

ue of 0.3576, the sensitivity was 80%, the specificity was 

90%, the PPV was 71%, and the NPV was 94% (Table 

11).29,205 

Recently, there have been new attempts to screen pa-

tients with NAFLD at high risk of liver fibrosis by construct-

ing a random forest model using machine learning based 

on existing NITs, such as VCTE, FIB-4, and NFS.212,213 Oth-

er serum markers have also been reported for diagnosis of 

liver fibrosis, including M2BPGi, AsAGP, 214-217 growth differ-

entiation factor 15 (GDF15),218 pro-collagen 3 neoepitope 

(PRO-C3),27,28 and A disintegrin and metalloproteinase with 

thrombospondin motifs like 2 (ADAMTSL2)219 but further 

validation is required.

The NIS4 algorithm, which consists of four serum mark-

ers, including microRNA-34a, alpha-2 macroglobulin, YKL-

40, and glycated hemoglobin, was proposed based on an 

international, multicenter cohort study.24 When screening a 

high-risk group with an NAFLD activity score (NAS) ≥4 and 

significant fibrosis, the NIS4 algorithm showed an AUC of 

0.80 and was not significantly affected by sex or levels of 

BMI, AST, and ALT. An optimized NIS2+™ algorithm has 

also been published, using only the microRNA-34a and 

YKL-40 components of the NIS4 algorithm. When screen-

ing high-risk groups, the NIS2+ showed higher diagnostic 

power than the NIS4 algorithm, with AUCs of 0.813 and 

0.792, respectively.31 The NASH-PT scoring system was 

proposed to identify NAFLD patients at risk for nonalcohol-

ic steatohepatitis (NASH) based on a single-center cohort 

in Korea.220 The NASH-PT scoring system includes 

PNPLA3 and TM6SF2 genotypes, T2DM, insulin resis-

tance, AST, and high-sensitivity C-reactive protein. When 

used to differentiate NAFLD and NASH with a cutoff value 

of 0.785, the AUC was 0.787. Meanwhile, the test was also 

validated in a recent Chinese cohort of 276 patients, where 

the AUC was 0.80 when using a cutoff value of -0.11.221 Gut 

microbes and their metabolites have also been proposed 

as a marker for diagnosing significant fibrosis in patients 

with non-obese NAFLD.222

Vibration-controlled transient elastography
There have been many studies published on the diag-

nostic value of VCTE in patients with NAFLD (Table 

12),19,199,208,223-237 and it has shown high sensitivity and spec-

ificity in meta-analyses.203,205,238 VCTE shows an AUC of 

0.65−0.98 for diagnosing advanced fibrosis, with cutoff val-

ues of 6.6−10.4 kPa, and an AUC of 0.94–0.97 for diagnos-

ing cirrhosis, with cutoff values of 10.3−17 kPa, demon-

strating high diagnostic value in both cases. This meta-

analysis encompassed 63 studies involving 19,199 

patients. However, in patients with abdominal obesity, the 

accuracy of VCTE decreases, and around 5–20% of pa-

tients are unable to undergo the test at all using a regular 

M probe.205,239 In these cases, an XL probe can be used to 

greatly reduce the failure rate.240,241 In a study of severely 

obese subjects who underwent bariatric surgery with a 

mean BMI of 42.3 kg/m2, VCTE showed an AUC of 0.85 

and a cutoff value of 7.6 kPa for diagnosing advanced fi-

brosis.228 In this study, an XL probe was used for 96 out of 

100 patients based on a skin-to-liver capsule distance cri-

terion of ≥2.5 cm. In a multicenter study in Hong Kong and 

France, patients with a BMI <30 kg/m2 or ≥30 kg/m2 under-

went VCTE with an M or XL probe, respectively, and 

showed almost identical median LS value by VCTE and 

similar diagnostic performance with an M or XL probe.242 

On the other hand, one study in Japan reported that differ-

ent cutoff values have to be used for advanced fibrosis 

when using an XL probe versus an M probe (XL probe, 8.2 

kPa vs. M probe, 10.8 kPa), but further studies are needed 

to validate the results.236 According to one single-center 

study, in obese patients (BMI ≥30 kg/m2) or patients with 

ALT ≥100 IU/L, the accuracy of VCTE decreased,199 and 

higher CAP scores were associated with an increased 

false positive rate for VCTE.243,244 The authors proposed 

that NFS or liver biopsy should be used simultaneously to 

evaluate live fibrosis in patients with a CAP score >300 dB/

m and VCTE value of 10.1−12.5 kPa. Caution is required 

when interpreting the results of VCTE, since they are af-

fected by fasting duration, abdominal obesity245 cholesta-

sis, elevated AST and ALT, and liver steatosis.

In one recent international, multi-center cohort study,  

the FibroScan-AST (FAST) score was proposed, reflecting 

the results of VCTE, CAP score, and AST (e– 1.65 + 1.07 × ln(liver 

stiffness measurement [LSM]) + 2.66*10-8 × CAP³ – 63.3 × AST-1
/[1+e–1.65 + 1.07 × In(LSM) + 

2.66*10-8 × CAP³ – 63.3 × AST-1
]).246 As a scoring system to screen for 
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patients with NASH, with a NAS ≥4 and significant fibrosis, 

the cutoff value was 0.35, the PPV was 83%, and the NPV 

was 85%. In addition, the c-index was 0.85 in an external 

validation cohort, demonstrating high diagnostic perfor-

mance.

In another recent international cohort across seven cen-

ters, the AGILE score based on VCTE was reported to 

have a significantly higher PPV for diagnosing advanced fi-

brosis or cirrhosis compared to FIB-4 or VCTE alone.247 

AGILE 3+, which is calculated based on age, sex, AST/ALT 

ratio, platelet count, T2DM, and VCTE, at a lower cutoff 

value of 0.451 and upper cutoff value of 0.679, showed an 

AUC of 0.76 and a PPV of 0.72 for diagnosing advanced fi-

brosis. Meanwhile, for cirrhosis, when AGILE 4 was used 

with a lower cutoff value of 0.251 and an upper cutoff value 

of 0.565, the AUC was 0.93 and the PPV was 0.73. Given 

that FIB4, NFS, and ELF showed lower PPVs, the AGILE 

score showed superior diagnostic performance.

VCTE also showed good diagnostic performance in pa-

tients with NAFLD and T2DM. In a recent meta-analysis of 

1,780 patients with NAFLD and T2DM, in patients with FIB-

4 ≥1.3 or NFS ≥1.455, VCTE (≥8 kPa) or AGILE 3+ 

(≥0.45)247 could be used either individually or sequentially 

to diagnose advanced fibrosis with high accuracy.248

Shear wave elastography
When pSWE is used to diagnose significant fibrosis in 

patients with NAFLD, the AUC is ≥0.8.249,250 pSWE shows 

particularly high diagnostic performance for advanced fi-

brosis, with a sensitivity of 100% and specificity of 91%.251 

In a single-center cohort study in Korea, when used to di-

agnose advanced fibrosis, pSWE showed an AUC of 0.861 

and a cutoff value of 1.395, but in patients with liver steato-

sis, the AUC decreased with increasing severity to 0.911, 

0.847, and 0.686, respectively, in patients with mild, moder-

ate, and severe steatosis.198 In several meta-analyses, 

pSWE showed similar diagnostic performance to VCTE 

(Table 13).252,253

In a prospective study, the AUC of 2D-SWE for diagnos-

ing advanced fibrosis was 0.920, showing similar diagnos-

tic performance to MRE (AUC 0.929) and VCTE (AUC 

0.915).254 In a recent meta-analysis of 47,609 patients with 

NAFLD across 82 studies, the AUC of 2D SWE for diag-

nosing advanced fibrosis was 0.72, showing a slightly lower 

Table 13. Meta-analysis of the diagnostic performance of VCTE, pSWE, 2D-SWE, and MRE for liver fibrosis in patients with NAFLD253

Method
No. of 

studies
No. of 

patients
AUC (95% CI) Cutoff value

Sensitivity % 
(95% CI)

Specificity %
(95% CI)

VCTE

Significant fibrosis (≥F2) 37 2,763 0.83 (0.80–0.87) 3.8–10.2 kPa 80.0 (76.0–83.0) 73.0 (68.0–77.0)

Advanced fibrosis (≥F3) 44 4,219 0.85 (0.83–0.87) 6.8–12.9 kPa 80.0 (77.0–83.0) 77.0 (74.0–80.0)

Cirrhosis (F4) 22 337 0.89 (0.84–0.93) 6.9–19.4 kPa 76.0 (70.0–82.0) 88.0 (85.0–91.0)

pSWE

Significant fibrosis (≥F2) 9 805 0.86 (0.78–0.90) 1.18–1.81 m/s 69.0 (59.0–77.0) 85.0 (80.0–88.0)

Advanced fibrosis (≥F3) 11 1,209 0.89 (0.83–0.95) 1.34–4.21 m/s 80.0 (70.0–88.0) 86.0 (82.0–92.0)

Cirrhosis (F4) 8 759 0.90 (0.82–0.95) 1.36–2.54 m/s 76.0 (59.0–87.0) 88.0 (82.0–92.0)

2D-SWE

Significant fibrosis (≥F2) 4 488 0.75 (0.58–0.87) 8.3–11.6 kPa 71.0 (56.0–83.0) 67.0 (43.0–84.0)

Advanced fibrosis (≥F3) 4 488 0.72 (0.60–0.84) 9.3–13.1 kPa 72.0 (65.0–78.0) 72.0 (52.0–86.0)

Cirrhosis (F4) 3 372 0.88 (0.81–0.91) 14.4–15.7 kPa 78.0 (50.0–93.0) 84.0 (74.0–90)

MRE

Significant fibrosis (≥F2) 6 209 0.91 (0.80–0.97) 2.86–4.14 kPa 78.0 (67.0–85.0) 89.0 (83.0–94.0)

Advanced fibrosis (≥F3) 10 214 0.92 (0.88–0.95) 2.99–4.8 kPa 83.0 (77.0–88.0) 89.0 (86.0–92.0)

Cirrhosis (F4) 5 41 0.90 (0.81–0.95) 3.35–6.7 kPa 81.0 (66.0–90.0) 90.0 (85.0–94.0)

VCTE, vibration-controlled transient elastography; pSWE, point shear wave elastography; 2D-SWE, two-dimensional shear wave 
elastography; MRE, magnetic resonance elastography; NAFLD, nonalcoholic fatty liver disease; AUC, area under the curve; CI, 
confidence interval; kPa, kilopascal. 
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diagnostic value than pSWE (AUC 0.89) and VCTE (AUC 

0.92), suggesting that further research is needed.253 

Caution is required when interpreting the results of SWE, 

since they are affected by fasting duration, abdominal obe-

sity, liver disease accompanied by cholestasis, AST, ALT, 

and liver steatosis. Notably, 2D-SWE has been reported to 

be easier to perform than VCTE in obese patients, because 

the measurement location can be adjusted in real-time.255

Magnetic resonance elastography
MRE shows excellent diagnostic performance for liver fi-

brosis in patients with NAFLD,256-258 can be used to mea-

sure the whole liver (unlike VCTE), is not dependent on the 

examiner, and is not restricted by obesity.258 MRE is the 

most accurate NIT for liver fibrosis, and its diagnostic per-

formance is better than VCTE.203,233,259 In several meta-

analyses, MRE showed a high diagnostic performance for 

each stage of liver fibrosis, with an AUC of 0.84−0.93, and 

the measurement failure rate was <5%, which was lower 

than VCTE (Table 13).192,253,260,261 In another recent IPD-MA 

involving international cohorts, for significant fibrosis the 

AUC was 0.92 and the cutoff value was 3.14 kPa, for ad-

vanced fibrosis the AUC was 0.92 and the cutoff value was 

3.53 kPa, and for cirrhosis the AUC was 0.94 and the cutoff 

value was 4.45 kPa, demonstrating excellent diagnostic 

performance.262 MRE is not significantly affected by equip-

ment from different manufacturers or the strength of the 

magnetic field,86 and is highly reproducible.263 However, it 

is difficult to use universally across all healthcare institu-

tions due to high cost and low accessibility. In addition, iron 

deposition can make it difficult to measure signal intensity. 

264 Another drawback is that MRE results are affected by 

infiltrative liver disease, severe liver steatosis, liver conges-

tion, and acute inflammation.265 

Recently, a score based on MRI-PDFF and MRE 

(–12.17+7.07×log10MRE+0.037×PDFF+3.55×log10AST) has 

been proposed based on a US cohort study.266 When diag-

nosing NASH patients with NAS ≥4 and significant fibrosis, 

the AUC was 0.929 and the cutoff value was 0.165, show-

ing better diagnostic performance than FIB-4 (AUC, 0.711), 

NFS (AUC, 0.689), or FAST score (AUC, 0.868).

Another recent multicenter study in the US and Japan 

compared the MEFIB index,20 which combines MRE and 

FIB-4 (MRE ≥3.3 kPa+FIB-4 ≥1.6), with FAST score246 for 

diagnosing significant fibrosis. In the US cohort, the AUCs 

of the MEFIB index and FAST score were 0.86 and 0.757, 

respectively, and in the Japanese cohort they were 0.899 

and 0.724, with the MEFIB index showing significantly bet-

ter diagnostic performance.267 

Although MRE can be affected by fasting duration, ab-

dominal obesity, cholestasis, AST or ALT values, and liver 

steatosis, it has been reported to show a higher measure-

ment success rate than VCTE in severely obese patients 

because it is less affected by the thickness of subcutane-

ous fat.245 

Noninvasive tests for liver steatosis
Serum panel 

Liver steatosis can be diagnosed by several noninvasive 

serum panels using clinical information, such as age or sex, 

and the results of blood tests. Examples include the fatty 

liver index (FLI), NAFLD liver fat score (NLFS), and hepatic 

steatosis index (HSI) (Table 14).268-270

Liver steatosis can be excluded if the FLI is <30, and can 

be diagnosed if the FLI is >60 with an AUC of 0.84, PPV of 

99%, and NPV of 15%.268 The FLI also showed adequate 

diagnostic performance in Korean patients,271,272 but it was 

reported that the cutoff value should be 29.273 One Chinese 

Table 14. Serum markers for diagnosing liver steatosis in patients with NAFLD

Panel Calculation Method Cutoff value AUC

FLI268 (e0.953 × loge(triglycerides [mg/dL]) + 0.139 x BMI [kg/m²]+ 0.718 × loge(GGT [IU/L]) + 0.053 × waist circumference [cm] - 15.745)/(1 + e0.953 × loge 

(triglyceride s[mg/dL]) + 0.139 × BMI [kg/m²] + 0.718 × loge(GGT[IU/L]) + 0.053 × waist circumference [cm] - 15.745)×100
≥60 (diagnosis), 
<30 (exclusion)

0.85

NLFS269 –2.89+1.18×metabolic syndrome (yes=1, no=0)+0.45×T2DM (yes=2, no=0)+0.15×(fasting 
insulin [μU/L])+0.04×AST [IU/L]+0.94×AST/ALT

>–0.64 0.86–0.87

HSI270 8×ALT/AST+BMI [kg/m2]
(T2DM +2; female +2)

≥36 (diagnosis), 
<30 (exclusion)

0.81

NAFLD, nonalcoholic fatty liver disease; FLI, fatty liver index; NLFS, nonalcoholic fatty liver disease liver fat score; HSI, hepatic steatosis 
index; BMI, body mass index; GGT, gamma-glutamyl transferase; T2DM, type 2 diabetes mellitus; AST, aspartate aminotransferase; ALT, 
alanine transaminase; AUC, area under the curve.
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study suggested that the cutoff value for the FLI in Asian 

patients should be 30,274 while another study from Taiwan 

reported that a cutoff value of 35 was suitable for male pa-

tients and 20 for female patients.275

The NLFS was proposed using a Finnish cohort of 470 

patients, with a cutoff value of -0.640, sensitivity of 86%, 

specificity of 71%, and AUC of 0.86–0.87,269 and also 

showed suitable diagnostic performance in Korean pa-

tients.276

The HSI was developed based on a Korean cohort of 

5,462 patients with ultrasound-defined NAFLD;270 in pa-

tients with HSI <30, liver steatosis could be excluded with a 

sensitivity of 93.1%, whereas in patients with HSI >36, liver 

steatosis could be diagnosed with a specificity of 92.4% 

(AUC 0.812). The HSI has also demonstrated effective diag-

nostic performance in Western patients as well as Asian pa-

tients.277,278

Controlled attenuated parameter

CAP is a method of quantifying ultrasound attenuation 

due to liver steatosis, which is included in VCTE devices, 

and can be used to accurately determine the amount of in-

trahepatic fat.42,279 In a Korean study of patients with CLD, 

including NAFLD, the AUCs of CAP for diagnosing mild, 

moderate, and severe steatosis were 0.885, 0.894, and 

0.800, respectively, and the cutoff values were 250 dB/m, 

299 dB/m, and 327 dB/m.280 The diagnostic performance of 

CAP was recently validated in a single-center Korean study 

of 539 patients with biopsy-proven NAFLD. The AUCs for 

diagnosing mild, moderate, and severe steatosis were 0.80, 

0.73, and 0.70, and the cutoff values were 271 dB/m, 287 

dB/m, and 290 dB/m.237 In a multicenter study of 450 pa-

tients with NAFLD in the UK, the AUCs of CAP for diagnos-

ing mild, moderate, and severe steatosis were 0.87, 0.77, 

and 0.70, respectively, and the cutoff values were 302 dB/

m, 331 dB/m, and 337 dB/m, which were higher cutoff val-

ues than in East Asian patients.281 In a meta-analysis of 

1,297 patients with biopsy-proven NAFLD across nine 

studies, the AUCs of CAP for diagnosing mild, moderate, 

and severe steatosis were 0.96, 0.82, and 0.70, and CAP 

values were reported to vary depending on ethnicity, age, 

and BMI.282 In another recently published IPD-MA including 

13 studies, the AUCs of CAP for diagnosing mild, moder-

ate, and severe steatosis were 0.819, 0.754, and 0.717.283 

Standards for the diagnostic performance of CAP for liver 

steatosis, based on the M probe, were recently validated in 

three multicenter studies, including Europe and Hong 

Kong, and the accuracy of CAP was reported to decrease 

when IQR was >40 dB/m.284

Quantitative ultrasound assessment of liver steatosis 

Methods of quantifying liver steatosis using ultrasound 

include tissue attenuation imaging and tissue scatter-distri-

bution imaging.285 Tissue attenuation imaging in the liver 

quantifies steatosis in real-time by measuring the weaken-

ing of the ultrasound signal due to fat in hepatocytes, while 

tissue scatter-distribution imaging quantifies steatosis by 

measuring the extent of scattering of the ultrasound signal 

due to fat in hepatocytes.286,287 In one recent Korean study, 

the extent of liver steatosis measured by tissue attenuation 

imaging and tissue scatter-distribution imaging were found 

to be significantly correlated with the extent of liver steato-

sis measured by MRI-PDFF, and the AUCs for diagnosing 

the presence or absence of liver steatosis (>5%) were 

0.861 and 0.964, respectively.288 In a Taiwanese cohort of 

patients with CLD, the AUCs of tissue attenuation imaging 

for diagnosing mild, moderate, and severe steatosis were 

0.97, 0.99, and 0.97, respectively, demonstrating high diag-

nostic performance.289 The efficacy of tissue attenuation 

imaging and CAP for diagnosing liver steatosis was com-

pared in a prospective cohort study in China; the AUCs for 

diagnosing moderate steatosis were 0.751 and 0.572, re-

spectively, and the cutoff values were 0.793 dB/cm/MHz 

and 328 dB/m, and the sensitivities were similar at 87.5% 

and 82.14%.290 

Magnetic resonance imaging 

Magnetic resonance imaging (MRI) is better than abdom-

inal ultrasound for diagnosing small amounts of liver ste-

atosis, and is the most precise imaging technique for diag-

nosing NAFLD. In addition to qualitative contrast-enhanced 

imaging of steatosis using the Dixon technique, quantitative 

MRI techniques can be divided into MR spectroscopy 

(MRS) and MRI-PDFF.291 MRS can directly measure the 

proton signal from the acryl groups on triglycerides, and 

shows a very strong correlation with histological findings 

and very high sensitivity.241,292 MRI-PDFF uses the differ-

ence in the precession of protons in water and fat within a 

magnetic field. MRI-PDFF allows fat deposits to be 

mapped across the whole liver, meaning that the extent of 
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liver steatosis accumulation can be diagnosed in a given 

part of the liver.

MRI-PDFF has shown very high concordance with histo-

logical findings in studies using diverse equipment, and 

demonstrates the AUC of 0.95 for diagnosing severe ste-

atosis (≥67%).293,294 In one meta-analysis, the AUC was 

0.98 for diagnosing mild or worse steatosis, 0.91 for mod-

erate or worse steatosis, and 0.90 for severe or worse ste-

atosis.295 A prospective study and meta-analysis compar-

ing MRI-PDFF with CAP also reported that MRI-PDFF had 

superior diagnostic performance for liver steatosis (Table 

15).233,296

MRS and MRI-PDFF allow for accurate diagnosis of liver 

steatosis because the effects of iron deposition and fibrosis 

can be excluded. 297 However, in order for MRI to be widely 

used for diagnosing liver steatosis, the problems of high 

cost and low accessibility will need to be overcome.

[Recommendations]

1. ‌�Serum markers can be used to exclude advanced fi-

brosis among patients with NAFLD. (B1)

2. ‌�In patients with NAFLD, liver fibrosis can be as-

sessed using VCTE, SWE, or MRE. (A1)

Alcohol-related liver disease

ALD is the principal cause of liver-related morbidity and 

mortality worldwide.298 The spectrum of ALD is diverse, in-

cluding asymptomatic early stages to decompensated 

states. Continued alcohol intake during the early stages of 

asymptomatic alcohol-related liver disease can lead to the 

development of alcoholic hepatitis, acute-on-chronic liver 

failure, or decompensated liver disease.299 Unfortunately, 

most patients with alcohol-related liver disease are diag-

nosed after reaching the decompensated stages; therefore, 

mortality remains high despite post-diagnosis alcohol ab-

stinence.300 It is expected that NITs will be useful in the ear-

ly detection of asymptomatic ALD.

Serum markers
Various serum markers have been proposed to diagnose 

alcohol-related liver fibrosis. The diagnostic performances 

of ELF and FibroTest were high among various serum 

markers in ALD (Table 16).301-307

The diagnostic performance of ELF was excellent, with 

an AUC of 0.90–0.92 for diagnosing advanced fibrosis and 

0.90–0.94 for diagnosing cirrhosis.303,306,307 In a study in-

cluding 289 patients with ALD, the sensitivity and specifici-

Table 15. The diagnostic performance of MRI-PDFF and CAP for liver steatosis in patients with NAFLD296

Method
No. of 

studies
No. of 

patients
AUC

Cutoff 
value

Sensitivity%
(95% CI)

Specificity%
(95% CI)

PLR%
(95% CI)

NLR%
(95% CI)

Mild steatosis (≥S1)

MRI-PDFF 6 667 0.97 5.36 92.0 (87.0–95.0) 93.0 (90.0–96.0) 14.16 (8.97–22.35) 0.08 (0.05–0.14)

CAP 11 1,893 0.85 273.58 82.0 (79.0–84.0) 83.0 (80.0–86.0) 4.41 (2.84–6.86) 0.28 (0.21–0.37)

M-probe 5 548 0.96 254.4 88.0 (83.0–92.0) 92.0 (88.0–95.0) 7.32 (3.54–15.15) 0.14 (0.10–0.21)

XL-probe 4 450 0.8 300 69.0 (57.0–78.0) 82.0 (68.0–91.0) 3.61 (1.86–7.03) 0.38 (0.27–0.54)

Moderate steatosis (≥S2)

MRI-PDFF 9 969 0.91 15.36 79.0 (72.0–85.0) 88.0 (84.0–91.0) 6.54 (4.88–8.76) 0.25 (0.18–0.33)

CAP 18 3,295 0.83 288.5 81.0 (79.0–83.0) 63.0 (61.0–65.0) 2.40 (1.96–2.93) 0.29 (0.25–0.34)

M-probe 11 1,433 0.84 283.21 82.0 (77.0–86.0) 66.0 (55.0–76.0) 2.66 (1.90–3.71) 0.28 (0.22–0.34)

XL-probe 6 730 0.84 297.43 94.0 (84.0–98.0) 57.0 (40.0–72.0) 2.08 (1.45–2.98) 0.25 (0.15–0.40)

Severe steatosis (≥S3)

MRI-PDFF 8 804 0.90 20.35 71.0 (62.0–79.0) 89.0 (86.0–92.0) 6.35 (4.76–8.48) 0.33 (0.25–0.45)

CAP 17 2,835 0.79 309.09 79.0 (77.0–81.0) 56.0 (53.0–58.0) 2.12 (1.75–2.58) 0.36 (0.31–0.43)

M-probe 10 1,336 0.75 299.77 85.0 (75.0–92.0) 57.0 (47.0–66.0) 1.85 (1.56–2.20) 0.32 (0.23–0.45)

XL-probe 6 730 0.80 325.71 79.0 (72.0–84.0) 62.0 (47.0–75.0) 2.36 (1.74–3.20) 0.33 (0.26–0.42)

MRI-PDFF, MRI-proton density fat fraction; CAP, controlled attenuation parameter; NAFLD, nonalcoholic fatty liver disease; AUC, area 
under the curve; CI, confidence interval; PNR, positive likelihood ratio; NLR, negative likelihood ratio.
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ty of ELF were 89% and 78%, respectively, at a cutoff value 

of 9.8, and 79% and 91%, respectively, at a cutoff value of 

10.5 in diagnosing advanced fibrosis.303 In a study of 266 

patients with alcohol use disorder, the sensitivity and spec-

ificity of ELF were 77% and 90% at a cutoff value of 10.5 in 

diagnosing advanced fibrosis, and 93% and 80% at a cut-

off value of 10.1 in diagnosing cirrhosis.307 

In a study involving 289 patients with ALD, FibroTest ex-

hibited an AUC of 0.90, sensitivity of 67%, and specificity 

of 89% at a cutoff value of 0.58 for diagnosing advanced fi-

brosis. Additionally, the AUCs for diagnosing significant fi-

brosis and cirrhosis were 0.86 and 0.89, respectively.303 

The diagnostic performance of FibroTest was comparable 

to ELF in diagnosing advanced fibrosis, and exhibited no 

significant difference from VCTE in intention-to-diagnose 

analysis.303

The diagnostic performance of FIB-4 and Forns index 

has primarily been reported in studies comparing them with 

other serum markers or VCTE.301-303 FIB-4 showed an AUC 

of 0.85, sensitivity of 58%, specificity of 91%, and NPV of 

88% at a cutoff value of 3.25 for diagnosing advanced fi-

brosis. Forns index exhibited an AUC of 0.86, sensitivity of 

71%, specificity of 89%, and NPV of 91% at a cutoff value 

of 6.8 for diagnosing advanced fibrosis.303 In a subgroup 

analysis of 128 patients from a primary clinic with a preva-

lence of 6% advanced fibrosis, the NPVs of ELF <10.5, Fi-

broTest <0.58, FIB-4 <3.25, and Forns index <6.8 were 

98%, 94%, 95%, and 97%, respectively, in diagnosing ad-

vanced fibrosis. This result suggests that serum markers 

can be used to exclude advanced fibrosis in primary care. 

However, the cutoff values varied among studies, and an 

independent validity study is needed in other research en-

deavors.

A recent study including 459 individuals with ALD and 

137 controls reported the diagnostic performance of pro-

teomics biomarker panels using a machine learning model 

for diagnosing liver fibrosis.308 The AUC of proteomics bio-

marker panels in diagnosing significant fibrosis was 0.92, 

comparable to VCTE, SWE, ELF, and FibroTest. The AUC 

of proteomics biomarker panels in diagnosing advanced fi-

brosis was 0.97, also comparable VCTE, SWE, or ELF. The 

diagnostic performance of the proteomics biomarker pan-

els for liver fibrosis was high, but further validation in a 

large patient population is needed to apply these results in 

clinical settings.

Vibration-controlled transient elastography
VCTE is the most extensively studied NIT in ALD (Table 

17).60,301,302,304,307,309-313 In a Cochrane meta-analysis involv-

ing 14 studies and 834 patients with ALD, the summary 

sensitivity and specificity for diagnosing advanced fibrosis 

were 92% and 70%, respectively, at a cutoff value of 9.5 

kPa (ranges, 8–11 kPa).314 In a Korean study including 45 

patients with ALD, VCTE demonstrated an AUC of 0.98 for 

diagnosing advanced fibrosis and 0.97 for diagnosing cir-

rhosis. The cutoff value of 25.8 kPa yielded a sensitivity of 

90% and a specificity of 87% for diagnosing cirrhosis.310 

In an IPD-MA involving 10 studies and 1,026 patients with 

ALD, the AUC for diagnosing significant fibrosis using 

VCTE was 0.86, with a sensitivity of 78% and specificity of 

77% at a cutoff value of 9.0 kPa. The AUC for diagnosing 

advanced fibrosis was 0.90, with a sensitivity of 81% and 

specificity of 83% at a cutoff value of 12.1 kPa. Additionally, 

the AUC for diagnosing cirrhosis was 0.91, with a sensitivi-

ty of 84% and specificity of 85% at a cutoff value of 18.6 

kPa.315 The cutoff value for diagnosing liver fibrosis in pa-

tients with ALD is higher compared to other CLDs, and LS 

measures increased significantly with rising serum AST or 

total bilirubin levels in patients with ALD. The study sug-

gested an increase in cutoff values for diagnosing each 

stage of liver fibrosis as serum AST or total bilirubin levels 

increase. In a study involving 452 patients with ALD and 

1,391 patients with CHC, AST and LS values were propor-

tional. Additionally, LS measurements increased exponen-

tially with rising AST within the same stage of liver fibrosis. 

This study suggested that ALD mainly causes damage to 

the liver lobules unlike CHC, which primarily involve dam-

age to portal tracts. Consequently, there is a considerable 

impact of AST on LS values in patients with ALD. This 

study indicated that adjusting cutoff values based on AST 

levels can improve the diagnostic performance of VCTE for 

liver fibrosis.316 

Baveno VI introduced the concept of compensated ad-

vanced chronic liver disease (cACLD) and proposed that 

cACLD can be ruled out at LS values less than 10 kPa, 

while the likelihood of cACLD is high when LS values ex-

ceed 15 kPa.317 In a subgroup analysis of ALD (n=946) 

from a study including 5,648 patients from 10 countries in 

Europe, the AUC for diagnosing cirrhosis was 0.97, with a 

sensitivity of 90% and specificity of 87% at a cutoff value of 

25.8 kPa. The diagnostic performance for advanced fibro-
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sis showed that the sensitivity was 94% at a cutoff value of 

8 kPa and the specificity was 89% at a cutoff value of 12 

kPa. Therefore, this study suggested a dual cutoff value of 

<8 kPa for excluding and >12 kPa for diagnosing cACLD in 

ALD.313 A single-center prospective study in Denmark 

showed a sensitivity of 91%, specificity of 95%, PPV of 

84%, and NPV of 98% for diagnosing advanced fibrosis at 

a cutoff value of 15 kPa. 303 Therefore, advanced fibrosis 

can be excluded at LS values <8–10 kPa in patients with 

ALD. In addition, it can be suspected after excluding false-

positive causes at LS values ≥12–15 kPa. 

Although there has been debate regarding whether cur-

rent alcohol intake can lead to false-positive results in 

VCTE examination, it should be considered that alcohol in-

take can influence LS measurements, potentially causing 

false positives. In a study that involved 50 patients with 

ALD admitted for alcohol abstinence with a mean duration 

of 5.3 days, LS decreased in nearly all patients. The de-

cline was proportional to the decrease in AST level.60 In 

another study, LS values significantly decreased by a 

mean of 21.7% in 56.5% of the patients studied after one 

week of abstinence from admission. The decrease in LS 

values was proportional to the reduction in biochemical 

markers of intrahepatic inflammation, AST and GGT.318 

Therefore, the increase in LS measurements after alcohol 

use is due to the alcohol-induced intrahepatic inflammation 

rather than alcohol itself.

In a study involving 50 patients with ALD admitted for al-

cohol abstinence, the AUC for diagnosing cirrhosis in-

creased from 0.92 to 0.95 after excluding patients with AST 

levels above 100 IU/L. Moreover, the specificity increased 

from 80% to 90%, with only a slight change in sensitivity 

from 96% to 95%.60 Therefore, VCTE should be repeated 

after at least one week of alcohol abstinence. Alternatively, 

cutoff values may be adjusted according to serum AST lev-

els in patients with ALD and elevated biochemical markers 

due to intrahepatic inflammation.

In a comparison of the diagnostic performance for liver fi-

brosis between VCTE and serum markers, the diagnostic 

performance of VCTE was relatively superior to that of non-

patented serum markers or FibroTest.301-303 The diagnostic 

performance of ELF was comparable to that of VCTE in in-

tention-to-diagnose analysis. However, in per-protocol 

analysis, VCTE demonstrated superior diagnostic perfor-

mance compared to ELF (AUC of 0.97 vs. 0.92).303 The ac-S
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curacy of VCTE was more superior to that of ELF in cases 

where there is a disagreement between the two meth-

ods.303 Therefore, if VCTE can be performed accurately, 

excluding false positives, it has higher diagnostic perfor-

mance than serum markers. However, in primary or sec-

ondary healthcare settings where VCTE cannot be routine-

ly conducted, it can be replaced with serum markers such 

as ELF.

Shear wave elastography
In a prospective study conducted in Europe, which includ-

ed 199 patients with alcohol use disorder, the diagnostic 

performance of 2D-SWE and VCTE was comparable (Table 

18).312 Another study demonstrated that the diagnostic per-

formance of 2D-SWE (AUC of 0.97) was superior to serum 

markers (AUC of APRI: 0.80, FIB-4: 0.85, Forns index: 

0.86) (Table 18).303 The diagnostic performance of 2D-SWE 

was also comparable to that of ELF (AUC, 0.92) and Fi-

broTest (AUC, 0.90) in intention-to-diagnose analysis and 

superior in per protocol analysis.

In three studies, pSWE demonstrated superior diagnostic 

per formance compared to serum markers (Table 

18).305,319,320 Among these studies, a Korean study found an 

AUC of pSWE for diagnosing advanced fibrosis was 0.90, 

with a sensitivity of 90.9% and specificity of 76.3% at a cut-

off value of 1.47 m/s. Additionally, the AUC for diagnosing 

cirrhosis was 0.91, with a sensitivity of 97.2% and the spec-

ificity of 74.8% at a cutoff value of 1.66 m/s.320 The diagnos-

tic performance of pSWE was superior to serum markers 

including APRI, FIB-4, and Forns index.

Magnetic resonance elastography
In a study including 90 patients with ALD, diagnostic per-

formance of MRE and FibroMeter was compared; however, 

the diagnostic performance of MRE was likely inaccurate 

due to the liver fibrosis stage being determined based on 

VCTE rather than on liver biopsy.321

[Recommendations]

1. ‌�VCTE can be used to screen or exclude advanced fi-

brosis in patients with ALD. (B1)

2. ‌�ELF, FibroTest, FIB-4, and SWE can be used to as-

sess liver fibrosis in patients with ALD. (B2)
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Other chronic liver diseases 

Other CLDs include autoimmune liver diseases such as 

PBC, AIH, and PSC, as well as congestive hepatopathy.

In autoimmune liver diseases, advanced histological 

stages are associated with poor prognosis; thus, accurate 

assessment is crucial.322-325 Treatment monitoring after di-

agnosis requires regular evaluation of changes in liver fi-

brosis, with a preference for noninvasive methods. Among 

NITs, VCTE is the most commonly used.

Congestive hepatopathy arises from chronic elevation of 

hepatic venous pressure due to various causes of heart 

failure and may progress to liver fibrosis and cirrhosis over 

time.326 Principal causes include Fontan operation per-

formed for congenital heart disease, rheumatic heart dis-

ease, or constrictive pericarditis, with a recent increase in 

cases due to ischemic cardiomyopathy. In congestive hep-

atopathy, the degree of hepatic congestion and changes in 

cardiac function can significantly alter LS measurements, 

thereby reducing the reliability of NITs.58,327

Primary biliary cholangitis
Serum markers such as APRI and FIB-4 have suboptimal 

diagnostic performance in assessing histological stage in 

PBC. A study involving 1,828 North American and Europe-

an patients with PBC revealed an APRI AUC of 0.64 for di-

agnosing significant fibrosis, 0.68 for advanced fibrosis, 

and 0.69 for cirrhosis, while the AUCs for FIB-4 were 0.64, 

0.69, and 0.73, respectively, all below the threshold of 

0.80.322 In two retrospective studies conducted in Western 

countries, the AUC for diagnosing advanced fibrosis with 

APRI ranged from 0.67 to 0.77, and that for FIB-4 ranged 

from 0.35 to 0.70.328,329

LS on VCTE was previously shown to correlate with liver 

fibrosis in PBC (Table 19).330-333 In a prospective French 

study of 146 patients who underwent VCTE, the AUC for 

diagnosing significant fibrosis was 0.91, with a cutoff value 

of 8.8 kPa, a sensitivity of 67%, and a specificity of 

100%.331 The AUC for diagnosing advanced fibrosis was 

0.95, cutoff value 10.7 kPa, sensitivity 90%, and specificity 

93%. The AUC for diagnosing cirrhosis reached 0.99, with 

a cutoff of 16.9 kPa, sensitivity 93%, and specificity 99%. 

When comparing the diagnostic performance of VCTE, 

APRI, and FIB-4 for advanced fibrosis, their respective 

AUCs were 0.95, 0.86, and 0.83, indicating superior perfor-

mance by VCTE.331 A prospective study including 44 Japa-

nese patients with PBC confirmed the high performance of 

VCTE for diagnosing advanced fibrosis and cirrhosis, with 

AUCs of 0.91 and 0.97, respectively. 332 However, higher 

cutoff values were used than in other studies, at 17.9 kPa 

and 25.1 kPa, respectively. 

In a recent multicenter prospective study, which evaluat-

ed 167 Italian patients in a PBC registry, the diagnostic 

performance of VCTE were assessed before treatment ini-

tiation.334 The study introduced a dual cutoff approach 

where a cutoff value of 6.5 kPa or lower could exclude ad-

vanced fibrosis, while values exceeding 11.0 kPa could di-

agnose it. This dual cutoff approach demonstrated an NPV 

of 94%, a PPV of 89%, and an error rate of 5.6%.

In terms of pSWE, the AUC for diagnosing significant fi-

brosis was 0.81 with a cutoff value of 5.56 kPa, sensitivity 

of 81.8%, and specificity of 73.3% in a study involving 41 

Korean patients with PBC.335 For diagnosing advanced fi-

brosis, the AUC increased to 0.91, with a cutoff value of 

6.04 kPa, sensitivity of 100%, and specificity of 81.6%. A 

retrospective study from Greece involving 53 patients with 

PBC evaluated the diagnostic performance of 2D-SWE.336 

The AUC for diagnosing significant fibrosis was 0.874, with 

a cutoff value of 7.8 kPa, sensitivity of 84.4%, and specifici-

ty of 87.0%. The AUC for diagnosing advanced fibrosis was 

0.853, cutoff value 10.0 kPa, sensitivity of 80.8%, and 

specificity of 81.0%. The AUC for diagnosing cirrhosis was 

0.903, with a cutoff value of 11.9 kPa, sensitivity of 90.0%, 

and specificity of 82.6%.

Recent research in the US involving 98 patients with PBC 

has explored the performance of MRE in diagnosing liver 

fibrosis.337 The AUC for diagnosing significant fibrosis was 

relatively low at 0.60, with a cutoff value of 3.8 kPa, sensi-

tivity of 51%, and specificity of 90%. The AUC for diagnos-

ing advanced fibrosis was 0.71, with a cutoff value of 3.7 

kPa, sensitivity of 75%, and specificity of 76%. Diagnosis 

of cirrhosis yielded a higher AUC of 0.82, with a cutoff val-

ue of 4.6 kPa, sensitivity of 80%, and specificity of 83%. 

The diagnostic performance of MRE was notably lower in 

differentiating mild stages of liver fibrosis. Furthermore, the 

performance of MRE was further diminished in patients ex-

hibiting stage 3-4 inflammation in liver biopsy, those with 

ALT levels more than twice the UNL, or when AIH over-

lapped with PBC. 

In summary, VCTE demonstrates excellent accuracy for 
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assessing liver fibrosis in patients with PBC. However, evi-

dence regarding the cutoff values and practical application 

of VCTE after achieving a biochemical response to ursode-

oxycholic acid treatment remains insufficient. Additionally, 

research on the effectiveness of SWE and MRE in this pa-

tient population is still limited.

Autoimmune hepatitis 
In patients with AIH, serum markers such as APRI and 

FIB-4 exhibit low diagnostic performance for liver fibro-

sis.338-341 According to a meta-analysis that included 16 

studies evaluating the diagnostic performance of NITs in 

AIH, the AUC with APRI ranged from 0.60 to 0.64 for diag-

nosing significant fibrosis and was 0.74 for advanced fibro-

sis.342 The AUC for diagnosing cirrhosis was 0.75, with cut-

off values ranging from 1.50 to 2.00, and both sensitivity 

and specificity were 70%. Similarly, the AUCs with FIB-4 

for diagnosing significant fibrosis, advanced fibrosis, and 

cirrhosis were 0.66, 0.76, and 0.66, respectively.

LS measurements on VCTE have been shown to accu-

rately reflect the histological extent of liver fibrosis in AIH 

(Table 19).339,341,343-345 Retrospective studies report that for 

patients with AIH, the AUC with VCTE for diagnosing ad-

vanced fibrosis ranges from 0.74 to 0.90, with cutoff values 

between 8.2 and 12.1 kPa, sensitivity from 59% to 80%, 

and specificity from 83% to 85%.339,341,344,345 Additionally, a 

meta-analysis comparing VCTE, APRI, and FIB-4 using the 

diagnostic odds ratio also demonstrated that VCTE is su-

perior in diagnosing advanced fibrosis (31.6 vs. 4.60 vs. 

4.70) and cirrhosis (80.5 vs. 12.9 vs. 5.5).342

In a German prospective study involving 94 patients with 

biopsy-proven AIH, the AUC for diagnosing significant fi-

brosis using VCTE was 0.87, with a cutoff value of 5.8 

kPa.343 The AUC for diagnosing advanced fibrosis was 0.93 

with a cutoff value of 10.4 kPa, and the AUC for diagnosing 

cirrhosis was 0.96 with a cutoff value of 16.0 kPa, a sensi-

tivity of 99%, and a specificity of 100%. However, when 

distinguishing patient groups based on the duration of im-

munosuppressive treatment, those assessed with VCTE 

between 6 to 12 months after starting treatment showed 

superior diagnostic performance in all stages of liver fibro-

sis, with AUCs ranging from 0.97 to 1.0, compared to those 

assessed within 3 months of treatment initiation, who had 

AUCs ranging from 0.68 to 0.80. These results suggest 

that liver inflammation may influence LS values. This indi-

cates that in patients with AIH, VCTE results obtained after 

six months of immunosuppressive therapy—when liver in-

flammation has subsided—can more accurately differenti-

ate between significant and advanced fibrosis.

In a Korean study involving 49 patients with AIH, pSWE 

demonstrated the following diagnostic performance: The 

AUC for diagnosing significant fibrosis was 0.70, with a cut-

off value of 4.47 kPa, sensitivity of 93.6%, and specificity of 

44.4%.335 The AUC for diagnosing advanced fibrosis was 

0.76, with a cutoff value of 7.11 kPa, sensitivity of 66.7%, 

and specificity of 78.6%. The AUC for diagnosing cirrhosis 

was 0.75, with a cutoff value of 9.28 kPa, sensitivity of 

63.6%, and specificity of 86.8%. These results were supe-

rior to those obtained using APRI and FIB-4. A retrospec-

tive study of 20 patients with AIH using 2D-SWE found the 

AUC of 0.78 for diagnosing significant fibrosis, with a cutoff 

value of 7.29 kPa, sensitivity of 85.7%, and specificity of 

38.5%.346

Research on MRE in patients with AIH is limited. Howev-

er, a retrospective study involving 36 patients with AIH 

demonstrated promising results.347 The AUC for diagnosing 

advanced fibrosis was 0.97, with a cutoff value of 4.1 kPa, 

sensitivity of 89.5%, and specificity of 100%. The AUC for 

diagnosing cirrhosis was 0.98, with a cutoff value of 4.5 

kPa, sensitivity of 92.3%, and specificity of 96%. Although 

no studies have yet directly compared MRE with VCTE, its 

diagnostic performance exceeds that of APRI and FIB-4, 

suggesting potential reliability in assessing liver fibrosis in 

patients with AIH.

In summary, VCTE shows excellent diagnostic perfor-

mance for liver fibrosis in patients with AIH. However, cau-

tion is needed in interpreting these results, as LS may be 

overestimated in the presence of liver inflammation, inde-

pendent of actual liver fibrosis.

Primary sclerosing cholangitis
The diagnostic performance of VCTE for liver fibrosis in 

patients with PSC has primarily been evaluated in Europe, 

as indicated in Table 19.325,348,349 A prospective study in 

France involving 66 patients with PSC showed the follow-

ing results: the AUC for diagnosing significant fibrosis was 

0.84 with a cutoff value of 8.6 kPa, sensitivity of 72%, and 

specificity of 89%. The AUC for diagnosing advanced fibro-

sis was 0.93 with a cutoff value of 9.6 kPa, sensitivity of 

93%, and specificity of 83%.348 The AUC for diagnosing cir-
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rhosis was 0.95 with a cutoff value of 14.4 kPa, sensitivity 

of 100%, and specificity of 88%. Furthermore, VCTE 

showed superior diagnostic performance for significant and 

advanced fibrosis compared to APRI and FIB-4. In a phase 

2 study assessing the efficacy of simtuzumab in patients 

with PSC, VCTE demonstrated the AUC of 0.80 for diag-

nosing advanced fibrosis and 0.95 for cirrhosis, with cutoff 

values of 9.6 kPa and 14.4 kPa, respectively, which were 

the same as those used in the French prospective study.325 

A retrospective study in Germany involving 62 patients with 

PSC found an AUC of 0.91 for diagnosing significant fibro-

sis with a cutoff value of 8.8 kPa, an AUC of 0.95 for diag-

nosing advanced fibrosis with a cutoff value of 9.6 kPa, and 

an AUC of 0.978 for diagnosing cirrhosis at a cutoff value 

of 14.4 kPa.349 

In a retrospective study conducted in the US involving 20 

patients with PSC, MRE demonstrated excellent diagnostic 

performance.350 The AUC for diagnosing significant fibrosis 

was 0.97, with a cutoff value of 3.26 kPa, sensitivity of 

85%, and specificity of 100%. The AUC for diagnosing cir-

rhosis was 0.99, with a cutoff value of 4.93 kPa, sensitivity 

of 100%, and specificity of 94%. However, validation in a 

larger patient cohort is necessary, and further research is 

needed, with particular attention to the diagnostic perfor-

mance for advanced fibrosis. Research on serum markers 

and SWE in patients with PSC remains limited. 

Indeed, VCTE has shown excellent diagnostic perfor-

mance for liver fibrosis in patients with PSC, particularly in 

studies conducted in Europe. This suggests that the appro-

priate cutoff values for diagnosing advanced fibrosis and 

cirrhosis in patients with PSC are 9.6 kPa and 14.4 kPa, re-

spectively. However, there is a lack of literature involving 

Korean and Asian patients. Caution is needed when inter-

preting these results, as elevated total bilirubin due to ex-

trahepatic bile duct strictures can lead to an overestimation 

of fibrosis stages.57

Congestive hepatopathy
In patients with congestive hepatopathy, the diagnostic 

performance of serum markers for liver fibrosis is low.351 A 

study involving 27 patients post-Fontan surgery used the 

FibroSure test, which includes serum markers such as α2-

macroglobulin, total bilirubin, GGT, apolipoprotein A1, and 

haptoglobin, and compared the results with liver biopsy 

outcomes.352 The PPV was only 33%, and the NPV was 

53%. This low diagnostic performance is likely due to the 

distinct pathophysiology of congestive hepatopathy com-

pared to other liver diseases. Serum markers such as AST 

and ALT, which are part of some fibrosis marker panels 

and are useful indicators of inflammation within the liver, 

have limited utility in diagnosing fibrosis in congestive hep-

atopathy, which is not primarily an inflammatory disease.351

In patients with congestive hepatopathy, LS values on 

VCTE are generally elevated, primarily due to increased 

hepatic blood flow.353-355 A Korean study involving 45 pa-

tients with at least 10 years of Fontan duration showed that 

the LS values were consistently high across various stages 

of liver fibrosis: 26.1 kPa for significant fibrosis, 22.1 kPa for 

advanced fibrosis, and 24.2 kPa for cirrhosis, indicating LS 

elevation irrespective of the histological stage of fibrosis.354 

In contrast, a study involving 32 patients with congestive 

hepatopathy due to cardiac valve disease demonstrated 

that the average LS measurement before valve surgery 

was 7.9 kPa, which significantly decreased to 6.0 kPa post-

surgery as hepatic congestion improved.356

Conflicting results have been reported regarding the utili-

ty of MRE in patients with congestive hepatopathy. In a US 

study involving 29 patients who underwent Fontan surgery, 

LS on MRE showed a significant correlation (R=0.62) with 

the histological degree of liver fibrosis.357 However, another 

study involving 34 patients who underwent Fontan surgery 

reported that the average LS on MRE for diagnosing signif-

icant fibrosis, advanced fibrosis, and cirrhosis was 4.36 

kPa, 4.02 kPa, and 3.33 kPa, respectively, showing no sig-

nificant differences across histological stages of liver fibro-

sis.358

In summary, in patients with congestive hepatopathy, LS 

measurements on VCTE are influenced not only by histo-

logical liver fibrosis but also by hepatic congestion and car-

diac function, limiting the utility of this approach. Similarly, 

the role of MRE is currently based on retrospective studies 

involving a small number of patients, which have yielded 

conflicting results. This underscores the need for further 

validation in future research.

[Recommendations]

1. ‌�VCTE can be used to assess liver fibrosis in patients 

with PBC, AIH, and PSC. (B1)
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Cost-effectiveness

Studies on the cost-effectiveness of NITs for liver fibrosis 

have predominantly been based on VCTE. According to a 

prospective cohort study involving 6,295 individuals across 

six countries in Europe and Asia, using VCTE as a screen-

ing method was found to be cost-effective compared to liv-

er function tests.359 The incremental cost-effectiveness ra-

tio (ICER) was reported to be €6,217 per quality-adjusted 

life-year (QALY) in the general population. Notably, for 

populations over the age of 45 at high-risk for ALD, the 

ICER for VCTE screening was exceptionally favorable, cal-

culated at €2,570 per QALY.

In a Canadian study targeting populations at high-risk for 

liver fibrosis, such as patients with T2DM or obesity, a se-

quential testing strategy using the NFS, followed by VCTE 

and confirmation with MRE, was found to be cost-effective. 

The ICER per QALY was calculated to be $7,991 Canadian 

dollars for patients with T2DM and $9,051 Canadian dollars 

for patients with obesity.360 However, several consider-

ations need to be kept in mind: (1) Serum markers like NFS 

and FIB-4 have limited diagnostic performance in diagnos-

ing significant or lesser liver fibrosis in patients with 

T2DM.361,362 (2) Interventions such as aggressive lifestyle 

modifications are recommended before the advanced 

stages of liver fibrosis in high-risk groups such as those 

with T2DM.363 Given these considerations, some studies 

suggest that directly implementing VCTE in patients with 

NAFLD and T2DM could be cost-effective by facilitating 

timely treatment. However, further validation through large-

scale data is necessary to substantiate these findings.364

Cost-effectiveness studies of NITs for liver fibrosis in pa-

tients with NAFLD have predominantly been conducted in 

the US, Canada, and western Europe (Table 20). One US 

study analyzed the cost-effectiveness of four approaches: 

1) NFS alone, 2) VCTE, 3) a combined strategy of NFS and 

VCTE, and 4) liver biopsy.365 Both the NFS alone and the 

combined NFS and VCTE strategies proved cost-effective 

compared to liver biopsy, with ICERs per QALY of $5,795 

and $5,768, respectively. Another US study assessed the 

use of FIB-4, VCTE, and MRE, either alone or in combina-

tion, for diagnosing cirrhosis in patients with NAFLD.366 The 

sequential use of FIB-4 followed by VCTE was found to be 

the most cost-effective. particularly across a range of cir-

rhosis prevalence from 0.27% in the general population to 

4% in tertiary care settings. In two UK studies, a strategy of 

using FIB-4 followed by VCTE or the ELF test in primary 

care settings, and then referring to specialized care based 

on the results, proved effective in reducing healthcare 

costs.367,368 In a Canadian study, a strategy of performing 

SWE after FIB-4 was cost-effective for diagnosing signifi-

cant fibrosis at a cost of $148.85 per diagnosis, accurately 

diagnosing 84% of the patients, and was also 92% accu-

rate for advanced fibrosis, proving to be the most cost-ef-

fective.369 A recent US study compared the cost-effective-

ness of MRE and VCTE following a high FIB-4 score 

(≥2.67) in patients with NAFLD suspected of having ad-

vanced fibrosis.370 Although MRE was more expensive at 

$392,945 compared to $384,557 for VCTE, it offered supe-

rior QALY (51.13 vs. 49.94), resulting in an ICER of $7,048 

per QALY, suggesting cost-effectiveness. Collectively, 

these findings indicate that in primary care settings, se-

quential testing using serum markers such as FIB-4 fol-

lowed by imaging tests like VCTE or SWE may be the most 

cost-effective approach for assessing liver fibrosis in pa-

tients with NAFLD. However, due to differences in health-

care systems and costs among countries, further validation 

in local contexts, including Korea, is necessary.

Recent research on the cost-effectiveness of NITs for liv-

er fibrosis in patients with alcohol use disorder has com-

pared four distinct strategies: 1) routine clinical care includ-

ing liver function tests and abdominal ultrasound, 2) 

conducting the ELF test followed by VCTE, 3) performing 

both the ELF test and VCTE if the Forns index is ≥6.8, and 

4) directly performing VCTE.371 These findings indicate that 

in primary care settings, where the prevalence of liver fibro-

sis is relatively low, the strategy of conducting an ELF test 

followed by VCTE is the most cost-effective. This approach 

costs $194 per patient, with an accuracy of 96%, and an 

ICER ranging from $5,387 to $8,430 per QALY. Converse-

ly, in secondary care settings where liver fibrosis is more 

common, directly performing VCTE is more cost-effective, 

costing $297 per patient with an accuracy of 93% and an 

ICER ranging from $490 to $1,037 per QALY.

A systematic review of cost-effectiveness studies on the 

use of VCTE in patients with various CLD analyzed four 

cost-effectiveness studies and four cost-utility studies pub-

lished between 2009 and 2015.372 The review found that 

while VCTE is less expensive than liver biopsy, it generally 

offers lower diagnostic performance. However, its cost-ef-
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fectiveness improves as the severity of liver fibrosis in-

creases. Notably, VCTE showed excellent cost-effective-

ness in patients with CHC, where the ICER per QALY 

compared to liver biopsy ranged from $9,000 to $14,000. 

Cost-effectiveness analyses heavily depend on the prev-

alence of the condition within a target population, necessi-

tating tailored strategies based on specific group charac-

teristics. In primary care settings, where the prevalence of 

advanced fibrosis and cirrhosis is relatively low, a strategy 

of initially using serum markers followed by sequential im-

aging tests such as VCTE has proven to be most cost-ef-

fective for assessing liver fibrosis in patients with both 

NAFLD and ALD. Thus, employing such strategies in pri-

mary care to screen high-risk groups is advisable, though 

there is a lack of Korean data to fully support this. Recent 

clinical utility has been demonstrated for combined ap-

proaches using serum markers and imaging tests, such as 

the AGILE score and the MEFIB index, in patients with 

NAFLD.247,261 These approaches have shown promise; how-

ever, further research is needed to assess their cost-effec-

tiveness. Additionally, as effective pharmacological treat-

ments for NAFLD/NASH are developed, the cost-

effectiveness of NITs for liver fibrosis is likely to improve 

further. 

[Summary]

In cost-effectiveness analyses, the prevalence of a con-

dition within a target population heavily influences the 

need for tailored strategies. For patients with NAFLD or 

alcohol use disorder, the approach to assessing liver fi-

brosis can vary significantly based on the clinical setting. 

In environments where the prevalence of cirrhosis is low, 

it is cost-effective to first use serum markers followed by 

imaging tests such as VCTE or SWE. Conversely, in set-

tings with a high prevalence of cirrhosis, directly initiating  

imaging tests like VCTE or SWE can be more cost-effec-

tive. However, there is a notable lack of domestic literature 

in this area, underscoring the need for further research to 

validate these strategies within local contexts and ensure 

the most efficient use of resources in diagnosing liver fi-

brosis.

Figure 6. Antiviral therapy algorithm for chronic hepatitis B patients in the gray zone. HBsAg, hepatitis B surface antigen; HBeAg, hepati-
tis B e antigen; HBV, hepatitis B virus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; VCTE, vibration-controlled tran-
sient elastography; MRE, magnetic resonance elastography.
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SCREENING HIGH-RISK GROUPS 

Chronic hepatitis B

Patients with CHB are considered a high-risk group re-

quiring continuous monitoring and management. However, 

the risk of HCC and the effectiveness of AVT vary depend-

ing on the natural immunological course of the virus.373,374 

Approximately 30% of patients with CHB fall into a gray 

zone.375,376 In these patients, serum hepatitis B virus (HBV) 

DNA and ALT levels do not match a specific phase of the 

natural course. Periodic and meticulous monitoring is es-

sential to identify gray zone status in patients with CHB, 

which can be achieved using liver biopsy or NITs for liver fi-

brosis. The risk of HCC in patients in the gray zone has 

been reported to be higher than that during the immune-

tolerant and immune-inactive phases. However, these pa-

tients have often been excluded from AVT as the serum 

ALT, an indicator of liver damage, is not significantly elevat-

ed.375-377 According to a recent multinational study, AVT in 

patients with CHB in the gray zone may reduce the risk of 

HCC by up to 70% compared to no treatment. The cumula-

Figure 7. Algorithm for screening high-risk groups of patients with nonalcoholic fatty liver disease. T2DM, type 2 diabetes mellitus; HBV, 
hepatitis B virus; HCV, hepatitis C virus; FIB-4, fibrosis-4 index; VCTE, vibration-controlled transient elastography; LS, liver stiffness; 
MRE, magnetic resonance elastography; ELF, enhanced liver fibrosis; NITs, non-invasive tests.
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tive incidence of HCC significantly decreased five years af-

ter AVT.378 Therefore, strategies to identify high-risk pa-

tients who require AVT are being explored. 

Patients with CHB and ALT levels that are consistently 

one to two times the ULN are considered to be in the gray 

zone, and AVT can be initiated if moderate or greater in-

flammatory necrosis or significant fibrosis is confirmed.100 

The risk of HCC is high in patients with CHB aged 30–40 

years or older or with ALT levels at the ULN as well as in 

patients with normal ALT but persistently high HBV DNA. 

Therefore, these patients should be assessed for liver fi-

brosis and AVT should be considered.100,374 Methods for as-

sessing for liver fibrosis include NITs, such as VCTE and 

MRE. When significant fibrosis is detected, AVT can be ini-

tiated (Fig. 6).81,379 Although serum markers such as APRI 

and FIB4 can also be used to assess for liver fibrosis, there 

is insufficient evidence for their use as a basis for initiating 

AVT.

Nonalcoholic fatty liver disease 

Liver fibrosis is the most important prognostic factor in 

patients with NAFLD. Therefore, an accurate assessment 

of liver fibrosis is crucial in these patients.380 Although liver 

biopsy is the standard test for identifying liver fibrosis, it is 

difficult to perform routinely. 

In primary care settings, a thorough history and blood 

tests are used to check for viral hepatitis, ALD, and other 

liver diseases when NAFLD is suspected. Several NITs can 

be used to assess the risk among patients with NAFLD, 

and serum markers obtained using basic blood tests and 

clinical information can be used to classify patients into 

high-risk groups in a cost-effective manner. 

FIB-4 is a well-known serum marker; patients with FIB-4 

<1.3 are classified as low-risk, while patients with FIB-4 

>1.3 should undergo VCTE or be referred to a hepatologist 

for further risk analysis.81,381 However, patients aged ≥65 

years with FIB-4 <2.0 are not considered high-risk.35 The 

diagnostic performance of FIB-4 for advanced fibrosis may 

be lower in patients with NAFLD and T2DM. If the VCTE 

test fails or further evaluation of liver fibrosis is necessary, 

MRE and liver biopsy can be considered.81,382 Moderate or 

high-risk patients require a referral to a hepatologist for ac-

curate assessment and appropriate management of liver fi-

brosis. 

The hepatologist will conduct a comprehensive review of 

the patient’s history and liver fibrosis risk, and additional 

NITs, such as MRE, ELF, and the AGILE score, may be 

considered to assess liver fibrosis. If cirrhosis is diagnosed, 

careful monitoring and follow-up are necessary due to the 

significantly increased risk of liver-related complications 

and HCC. Liver biopsy can be performed in patients with 

inconsistent NIT results or when the degree of liver fibrosis 

is difficult to determine, and follow-up and treatment are 

considered depending on the progression of the liver fibro-

sis. 

Although guidelines regarding the duration and method 

of follow-up have not yet been established, FIB-4 can be 

re-evaluated after one to two years in low-risk patients with 

prediabetes, T2DM, or two or more metabolic risk factors. 

FIB-4 can be re-evaluated after two to three years in pa-

tients with NAFLD but without T2DM or other metabolic risk 

factors (Fig. 7).383,384

[Recommendations]

1. ‌�Liver fibrosis should be assessed using VCTE, SWE, 

and MRE to determine antiviral therapy in patients 

with CHB who are in the gray zone. (A2)

2. ‌�If patients with NAFLD have FIB-4 ≥1.3, referral to a 

hepatologist or VCTE examination for assessing liver 

fibrosis can be considered. (B1)

NONINVASIVE DIAGNOSIS OF PORTAL HY-
PERTENSION AND PREDICTION OF PROG-
NOSIS

Portal hypertension (PH) is an abnormal increase in 

blood pressure of the portal vein and its tributaries. The 

most common cause of PH is cirrhosis, which leads to in-

creased intrahepatic vascular resistance and portal blood 

flow. Because PH is a direct cause of various complica-

tions related to cirrhosis, evaluation and regular follow-up 

are necessary for the presence or absence of PH in cirrho-

sis.317 

The gold-standard test for PH is the measurement of he-

patic venous pressure gradient (HVPG), which is assessed 

by inserting a balloon catheter directly into the hepatic vein. 

HVPG is the difference between the wedge hepatic venous 
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pressure and free hepatic venous pressure measured at 

the border of the hepatic vein and the inferior vena cava, 

and is an estimate of the pressure difference between the 

portal vein and the inferior vena cava. If HVPG is more 

than 6 mmHg, it is defined as PH, and if it is more than 10 

mmHg, it is defined as clinically significant PH (CSPH). 

Measurement of HVPG has many limitations in clinical 

practice because it is invasive and can only be performed 

by experts at institutions equipped with specific facilities. 

To date, there is no NIT available that can replace HVPG 

as a quantitative measure of PH, but studies on various 

NITs to evaluate PH and the risk of developing complica-

tions are ongoing. 

Serum markers

There are studies attempting to evaluate PH using serum 

markers due to the advantages of low cost and high repro-

ducibility, using APRI, FIB-4, Forns index, Lok score, indo-

cyanine green, etc.,385,386 but these serum markers alone 

also have limitations in evaluating portal pressure and are 

not of high clinical utility. 

Imaging markers

Presumption of PH is possible, if portosystemic shunting 

(recanalization of the umbilical vein, esophageal varices, 

gastric varices, spleen-kidney shunt) is observed on imag-

ing tests such as abdominal ultrasound, computed tomog-

raphy (CT), or MRI, regardless of the cause of CLD. In par-

ticular, the phenomenon of portal blood flow reversal 

(reduced portal blood flow velocity due to intrahepatic por-

tal blood flow resistance, loss of physiological respiratory 

changes in portal flow, and severe portal regurgitation of 

portal blood flow) on Doppler ultrasound shows high speci-

ficity in the diagnosis of CSPH.387,388 Splenomegaly does 

not occur only in PH, but spleen size needs to be carefully 

observed in patients with CLD. Splenomegaly is also relat-

ed to an increase in splenic venous pressure due to an in-

crease in portal pressure, as well as fibrosis and tissue 

proliferation of the spleen itself. An increase in splenic ar-

tery blood flow in splenomegaly also leads to an increase 

in splenic venous blood flow, worsening PH.389,390

Vibration-controlled transient elastography

Portal hypertension
There are many studies on the usefulness of VCTE in 

screening patients at high risk for CSPH, and it shows ex-

cellent overall diagnostic performance. In a recent meta-

analysis of 11 studies and 1,451 patients, the hierarchical 

summary AUC of VCTE for CSPH diagnosis was 0.90, 

sensitivity 87.5%, specificity 85.3%, and the summary 

HVPG-LS correlation coefficient was also high at 0.783.391 

In studies including patients with cirrhosis mainly caused 

by viruses or alcohol, it was suggested that CSPH can be 

diagnosed when LS exceeds 20–25 kPa,317,392-394 and it was 

reported that LS above 21 kPa was specific for CSPH diag-

nosis. 395

In the study by Robic et al., no PH-related complications 

occurred when LS was 20 kPa or less during the 2-year fol-

low-up period.396 In a study by Vergniol et al., patients with 

LS exceeding 20 kPa had a survival rate of only 66%.397 

This corresponded to predicting the occurrence of decom-

pensated cirrhosis when HVPG was 10 mmHg or higher.

However, CSPH diagnosis by VCTE has AUC that varies 

from 0.82 to 0.94 depending on the cause of liver disease 

or study conditions,393,395,398 and cannot provide accurate 

HVPG values as a stand-alone test. In addition, when 

HVPG becomes more severe than 12 mmHg, the correla-

tion between LS and portal pressure tends to be somewhat 

lower, which means that in severe PH, the increase in por-

tal blood flow has greater impact on PH than the progres-

sion of liver fibrosis and increase in intrahepatic vascular 

pressure.398,399

To overcome these limitations, there are studies attempt-

ing to increase diagnostic performance by combining 

VCTE with other serum or imaging markers. A representa-

tive example is LSPS, which was designed by Korean re-

searchers and combines LS measurements on VCTE, 

spleen size, and platelet count (LS [kPa]×spleen size [cm]/

platelet count [/mL]).389 In a cross-sectional study of pa-

tients with compensated cirrhosis, the AUC for diagnosing 

CSPH in LSPS was 0.92, and the specificity was over 90% 

at a cutoff value of >2.06.390 In a recent prospective study, 

LSPS cutoff values of 0.75, 1.70, and 2.65 were associated 

with a prevalence of PH of 20, 50, and 80%, respectively.400 

Based on these results, a sequential approach has been 

proposed to exclude or diagnose CSPH using VCTE and 
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recommend additional evaluation if necessary, but a con-

sistent cutoff value has not been established depending on 

the cause and clinical conditions of liver disease therefore, 

the clinical application is limited yet.

Esophageal varices
In the past, screening tests using upper gastrointestinal 

endoscopy were recommended to identify esophageal var-

ices requiring primary prevention in patients with cirrho-

sis.401 Recently, with the development of NITs for liver fibro-

sis, there have been many studies using this method to 

predict the presence of esophageal varices and clinically 

significant esophageal varices. In a systematic review and 

meta-analysis of 3,644 patients in 18 studies, the AUC of 

VCTE for diagnosing esophageal varices was 0.84, sensi-

tivity 87%, and specificity 53%, and the AUC for diagnos-

ing large esophageal varices was 0.78, sensitivity 86%, 

and specificity 59%.402 

The AUC of LSPS for diagnosing all stages of esopha-

geal varices was over 90%, showing high diagnostic per-

formance, and the AUC for diagnosing large esophageal 

varices was 0.80, sensitivity 93%, and NPV 90%. It has 

been reported that high-risk esophageal varices can be ex-

cluded or predicted in more than 90% of patients using two 

cutoff values of 3.5 and 5.5.389,390,400 

In 2015, BAVENO VI suggested a standard for avoiding 

upper gastrointestinal endoscopy to screen for esophageal 

varices in patients with cACLD if LS is less than 20 kPa 

and platelet count is more than 150,000/mL.317 These 

BAVENO VI criteria have been validated in many studies, 

avoiding endoscopy in approximately 20% of cases and 

missing less than 4% of patients with esophageal varices 

requiring treatment.400,403,404 In order to reduce the probabil-

ity of screening failure of large esophageal varices and ad-

ditional upper gastrointestinal endoscopy, various studies 

evaluated different cutoffs for LS and platelet count, the 

two indicators used in the BAVENO VI standard, in patients 

with cirrhosis of various causes. Additional verification is 

required prior to application.404-408 

Thus, the Baveno VI criteria can be helpful in screening 

for large esophageal varices. In low-risk cases, VCTE and 

platelet count can be measured and re-evaluated annually 

without performing invasive endoscopy for screening. How-

ever, in high-risk groups potentially requiring primary bleed-

ing prevention treatment, selective endoscopy is neces-

sary.

Other noninvasive tests

Shear wave elastography
A few studies have investigated the diagnostic perfor-

mance of pSWE for PH, and overall, it overcomes the limi-

tations of VCTE and has a high measurement success 

rate, with an AUC for diagnosing PH of 0.82–0.90.409-411 2D-

SWE showed excellent performance with an AUC of 0.88, 

sensitivity of 85%, and specificity of 85% in a meta-analy-

sis including nine studies.412 However, both methods have 

insufficient validation compared to VCTE, and clinical ap-

plication is difficult due to differences in the cause and se-

verity of liver disease included depending on the study, as 

well as the various cutoff values used. 

Magnetic resonance elastography
Limited data is available on the direct correlation between 

MRE and portal pressure. In cross-sectional studies, the com-

bination of a cutoff value of 4.2 kPa and platelet count >180,000/

mL showed a high NPV for high-risk esophageal varices, and 

prospective validation studies are needed. 413 

Spleen stiffness
Spleen stiffness (SS) shows a high correlation with 

HVPG. However, there is heterogeneity in the etiologies of 

liver diseases and patient groups included in each study, 

and additional research is needed. In a systematic litera-

ture review including 12 studies, SS showed 78% sensitivi-

ty and 76% specificity regardless of the stage of esopha-

geal varices. In a meta-analysis including nine studies, SS 

showed 81% sensitivity and 66% specificity for clinically 

significant esophageal varices, and was more specific for 

large esophageal varices at a cutoff value of 50–75 kPa.414

A limitation of SS measured by VCTE in PH evaluation is 

that VCTE is not optimized for measuring SS because it 

uses a LS measurement method. SS is generally higher 

than LS; in VCTE, the maximum measurable value is 75 

kPa, but SS often exceeds this.415,416 Additionally, the 

spleen is smaller than the liver, is more mobile due to its 

proximity to the left ventricle, and is often not visible on left 

intercostal approach.417 However, it was recently reported 

that CSPH can be more accurately predicted with a sensi-

tivity of 83% and a specificity of 82% when the cutoff value 
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exceeds 26.5 kPa through SS measurement using 100-Hz-

probe VCTE dedicated to spleen measurement.418 

Noninvasive follow-up of portal hypertension

There is a lack of research on whether the Baveno VI cri-

teria can be used as noninvasive follow-up for CSPH. In a 

study on patients with cirrhosis caused by HBV and HCV, 

there was no development of large esophageal varices in 

patients who met the Baveno VI criteria and showed sus-

tained viral suppression. Patients who did not meet the 

Baveno VI criteria did not show progression of PH if they 

maintained consistently good viral suppression.419 Addi-

tional research is needed to determine the most appropri-

ate interval for follow-up depending on the patient’s clinical 

condition, the presence and size of esophageal varices, 

and the cause and treatment of liver disease.

Research on noninvasive monitoring following nonselec-

tive beta-blocker treatment is also limited. One study iden-

tified hemodynamic parameters associated with the hemo-

dynamic response to intravenous infusion of propranolol,420 

another study showed an association between hemody-

namic response to carvedilol and SS changes as a primary 

preventive treatment for large esophageal varices,421 but 

further validation is needed.

[Recommendations]

1. ‌�Patients with cACLD and LS on VCTE greater than 

20 kPa or platelet count less than 150,000/mL require 

upper gastrointestinal endoscopy to screen for 

esophageal varices. (A2)

2. ‌�CSPH and large esophageal varices can be predict-

ed using LSPS, a combination of LS on VCTE, 

spleen size, and platelet count. (B1) 

3. ‌�CSPH and large esophageal varices can be predicted 

using SS on VCTE, SWE, and MRE. (B2) 

PREDICTION OF HEPATOCELLULAR CARCI-
NOMA, HEPATIC DECOMPENSATION, AND 
DEATH

Liver fibrosis is a risk factor for the development of hepat-

ic decompensation and HCC, as well as liver-related 

death.4 Consequently, several studies utilizing NITs to pre-

dict liver-related complications have been conducted. 

Among NITs, meta-analyses of VCTE, which has been 

most extensively studied, are summarized in Table 21.

Moreover, for early-stage HCC, curative treatments such 

as hepatectomy and radiofrequency ablation (RFA) show 

favorable clinical outcomes, but there is a risk of recur-

rence and complications following those treatments. There-

fore, accurately assessing the degree of liver fibrosis be-

fore hepatectomy or RFA is necessary in selecting 

treatment modality and evaluating prognosis. Predicting 

post-hepatectomy liver failure is particularly crucial in mak-

ing these decisions.

Development of hepatocellular carcinoma

Serum markers
Among serum markers, the predictive performance for 

HCC development has been relatively well studied in FIB-

4. The predictive performance of FIB-4 for HCC develop-

ment in patients with CHB has been primarily reported in 

Korean studies.422-425 In a study involving 986 Korean pa-

tients with CHB, the hazard ratio (HR) was 4.57 for the FIB-

4 group of 1.7≤FIB-4 <2.4, and 21.34 for FIB-4 ≥2.4, indi-

cating a higher risk of HCC development compared to 

patients with FIB-4 <1.25.425 Additionally, a decrease in 

FIB-4 after 1 year of AVT in patients with HBV-related cir-

rhosis was associated with reduced risk of HCC develop-

ment.426 In a Korean study of 1,193 patients who achieved 

SVR after interferon or direct-acting antiviral (DAA) treat-

ment, a high FIB-4 significantly predicted HCC develop-

ment (HR=1.08).427 High FIB-4 before DAA treatment428 and 

after SVR significantly predicted HCC development in pa-

tients with CHC,428,429 and a decrease in FIB-4 after achiev-

ing SVR was also a significant predictor of reduced risk of 

HCC development.429 In particular, patients with a high FIB-

4 of more than 3.25 after SVR maintained a high annual in-

cidence rate of HCC of 2.39%.429 Additionally, high FIB-4 

was a significant risk factor for HCC development in pa-

tients with NAFLD430 and ALD.431 In a European multina-

tional study on patients with NAFLD, patients were classi-

fied into three groups based on FIB-4 cutoff values of 1.45 

and 2.67, and the group with consistently high FIB-4 above 

2.67 both at baseline and at 3 years had a significantly 

higher risk of HCC development, with a HR of 57.69 com-
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pared to the group with FIB-4 lower than 1.45.432

Other serum markers such as NFS have also been 

shown to predict HCC development in patients with 

NAFLD.430 M2BPGi,433 APRI,434 and ELF435 are also serum 

markers that can predict HCC development in CLDs. How-

ever, serum markers including FIB-4 lack international vali-

dation and are mostly based on retrospective studies. Se-

rum markers can predict the degree of liver fibrosis, but 

their accuracy is relatively low compared to imaging-based 

fibrosis tests, making them useful as initial screening tools 

for diagnosing liver fibrosis. Similarly, in predicting HCC 

development, they can be used as a supplement to other 

tests or as one risk factor in prediction models for HCC de-

velopment. The accuracy of the cutoff values of each test 

or comparative accuracy with other NITs is also unclear in 

predicting HCC development.

Vibration-controlled transient elastography 
More studies have explored the prediction of HCC devel-

opment using VCTE compared to serum markers. A meta-

analysis including 17 studies on patients with CLD showed 

a significant correlation between LS measured by VCTE 

and the HR of HCC development at 1.11.436 A meta-analysis 

including 54 studies on patients with CLD showed that high 

LS, compared to low LS, had significantly increased the 

risk of HCC development with a HR of 4.20, and a dose-re-

sponse correlation with a HR of 1.05/kPa.437 In a meta-

analysis involving 62 studies, similar results were observed 

with a HR of 1.08/kPa. Specifically, a detailed analysis of 

six studies with 5,566 patients revealed that, compared to 

LS of 5 kPa, the HRs of HCC development at cutoff values 

of 7.2 kPa, 12.5 kPa, 19 kPa, and 35 kPa were 1.80, 5.38, 

9.05, and 14.36, respectively.438 	

Among patients with CHB, Korean cohort studies linked 

VCTE to a prediction of HCC development at LS cutoff val-

ues of 8–14.1 kPa.439-445 Notably, in a Korean prospective 

study, LS exceeding 8 kPa was a significant risk factor for 

HCC development, with HRs of 3.07, 4.68, 5.55, and 6.60 

at LS of 8.1–13 kPa, 13.1–18 kPa, 18.1–23 kPa, and >23 

kPa, respectively.444 Another Korean study found that LS 

on VCTE of above 13 kPa, indicating subclinical cirrhosis, 

was an independent risk factor for HCC development re-

gardless of AVT, with a risk ratio of 4.68 in patients with 

CHB without clinical cirrhosis.441 This suggests the addi-

tional value of VCTE in predicting HCC development 

alongside morphological assessments like abdominal ul-

trasonography and CT scans. 

In a Korean study of 190 patients with CHC who achieved 

SVR after interferon and ribavirin combination therapy, 

post-SVR LS exceeding 7.0 kPa on VCTE significantly in-

creased the risk of liver-related complications, including 

HCC, with a HR of 8.23.446 The VCTE LS cutoff values pre-

dicting HCC in patients with CHB who achieved SVR after 

DAA therapy ranged from 9.2 to 17.3 kPa,428,447,448 with post-

SVR LS cutoff values reported between 8.4–10 kPa at 6–12 

months post-treatment.447,449,450 A multicenter study in Eu-

rope found that high LS value prior to DAA treatment was a 

significant risk factor for HCC development in patients with 

CHB, with a cutoff value of 17.3 kPa.428 However, LS values 

at 1-year post-SVR were not a significant factor for HCC 

development, though a significant reduction in LS of more 

than 25.5% did reduce the risk of HCC.428 Other retrospec-

tive European studies also indicated that LS values greater 

than 30.0 kPa before DAA treatment were an independent 

predictor of HCC development and recurrence.451 Europe-

an prospective studies showed that LS value ≥10.0 kPa 1 

year post-SVR was a significant risk factor for HCC devel-

opment, although changes in LS or baseline LS did not 

predict HCC development.450,452 

In addition, a multinational retrospective cohort study on 

patients with NAFLD identified LS on VCTE as an indepen-

dent risk factor for HCC development, although specific 

cutoff values were not provided.453 This study also found 

that a VCTE LS increase of more than 20% during follow-

up significantly raised the risk of HCC development, but 

the timing of follow-up varied among patients.453 In patients 

with ALD, a LS cutoff value of 15 kPa significantly in-

creased the risk of HCC development, hepatic decompen-

sation, and liver-related death, with a HR of 27.9.454 In sum-

mary, these findings suggest that while VCTE is helpful in 

predicting the risk of HCC development in patients with 

CLDs regardless of the underlying cause, there is relatively 

less evidence for its utility in ALD and NAFLD, underscor-

ing the need for further detailed analysis and validation of 

follow-up tests in each disease etiology.

Shear wave elastography
Studies on the predictive performance of SWE for HCC 

development are limited. Retrospective studies focusing on 

patients with CHB455,456 and CHC457 demonstrated that 
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SWE can predict HCC development. Notably, a small-scale 

Korean study analyzing patients with CHB found that LS 

greater than 10 kPa on 2D-SWE was a significant risk fac-

tor for HCC development, with a HR of 4.08.456 Similarly, a 

small-scale retrospective study in Japan reported that LS 

values greater than 11 kPa were significantly associated 

with HCC development in patients who achieved SVR after 

DAA treatment, with a HR of 28.71.457

Magnetic resonance elastography
An international multicenter study on patients with CLD 

showed that increased LS on MRE was associated with 

HCC development, with a HR of 1.28. The LS value ex-

ceeding 4.7 kPa significantly increased the risk of HCC de-

velopment compared to the LS value below 3 kPa, with a 

HR of 4.20.458 A Korean study on patients with CLD also 

confirmed this dose-response relationship, with a HR of 

1.59 per 1 kPa increase in the LS value.459 In patients with 

CHC who achieved SVR after DAA treatment, LS exceed-

ing 3.75 kPa was a significant predictor of HCC develop-

ment.460 A meta-analysis of six studies with 2,018 patients 

with NAFLD explored the predictive performance of the 

MEFIB index and MRE alone for HCC development,261 and 

found that patients with LS above 8 kPa were at significant-

ly higher risk of HCC development compared to those with 

LS value below 5 kPa, with a HR of 33.8, and a HR of 23.4 

when comparing the 5–8 kPa group to the <5 kPa group. 

The incidence rates of HCC at three years were 0.35%, 

5.25%, and 5.66% for <5 kPa, 5–8 kPa, and >8 kPa 

groups, respectively. High MEFIB patients had a HR of 

40.5 for HCC development.

Models predicting hepatocellular carcinoma develop-
ment based on vibration-controlled transient elastogra-
phy

Efforts to enhance the performance of models for HCC 

development using LS on VCTE have been reported. In 

particular, various predictive models for HCC development 

in Korean patients with CHB have incorporated clinical fac-

tors, blood tests, and LS as components of these predic-

tion models (Table 22). Models such as the LS model using 

age, sex, HBV DNA, and LS values461; the LSPS model 

combining LS, spleen size, and platelet count462; the CAM-

PAS model incorporating LS, age, sex, platelet count, se-

rum albumin, and cirrhosis detected by ultrasound463; and 

the SAGE-B model combining LS and age at 5 years post-

treatment for CHB464 all showed good predictive accuracy 

with AUCs above 0.8. The mREACH-B model, which incor-

porates LS values in place of HBV DNA in the REACH-B 

model for Korean patients with CHB, showed superior pre-

dictive performance for HCC development compared to the 

original model.465 Furthermore, significant reduction of 

mREACH-B after AVT was observed,466 indicating the dy-

namic assessment of HCC risk through predictive models 

incorporating LS measured via VCTE might be feasible. 

The modified PAGE-BLS model, combining VCTE LS with 

the existing PAGE-B model for patients with CHB undergo-

ing AVT, exhibited superior predictive accuracy,467 demon-

strating the potential of VCTE to enhance the predictive 

performance of existing HCC development models. The 

LS-HCC model, which adds VCTE LS to the CU-HCC 

score, also accurately predicted HCC development in pa-

tients with CHB, showing superior predictive performance 

compared to the original CU-HCC score.439 Similarly, a pre-

dictive model for HCC development in patients with NAFLD 

incorporating age, platelet count, and LS measured by 

VCTE accurately predicted HCC development.468 In sum-

mary, VCTE can enhance the predictive performance of 

HCC development models when combined with other clini-

cal factors in patients with CLD. However, validation stud-

ies outside Korea or Asia are necessary, and whether the 

current HCC screening strategy needs to be adjusted 

based on these predictive models including VCTE requires 

further research.

�Prognosis prediction after curative treatment 
for hepatocellular carcinoma

Prognosis prediction after hepatectomy
Prognosis following hepatectomy of HCC can be predict-

ed using NITs (Table 23). A FIB-4 cutoff value above 3.25 

is associated with a 5-year recurrence rate of 47.2%, while 

a value above 2.7 correlates with a 77.2% recurrence 

rate.469,470 In regions with a high prevalence of CHB, other 

indices such as APRI, AAR, AAR-to-platelet ratio index 

(AARPRI), and albumin-bilirubin (ALBI) score were related 

to survival and disease-free survival, albeit with lower pre-

dictive performance compared to FIB-4.471 Combining FIB-

4 and PIVKA-II offers more accurate prediction of overall 

survival (OS) and disease-free survival (DFS) than using 
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either test alone.472 A nomogram for predicting recurrence 

using FIB-4 and ALBI has also been reported.473

Recent studies using VCTE have presented varying LS 

cutoff values ranging from 8.5–22 kPa, with each value as-

sociated with major post-hepatectomy complications (Cla-

vien-Dindo Grade 3a or higher), OS, and DFS. These stud-

ies predominantly involved patients with CHB, with LS 

cutoff values generally between 8.5–13.4 kPa.474-479 A Kore-

an study reported a HR of 19.14 for post-resection liver fail-

ure development at a LS cutoff value of 25.6 kPa,480 while a 

study from China found an OR of 1.21 for liver failure at a 

LS cutoff value of 14 kPa.481 A retrospective study analyz-

ing 471 patients from Korean and European cohorts devel-

oped a nomogram using LS value by VCTE, age, Model for 

End-Stage Liver Disease (MELD) score, and serum albu-

min, significantly predicting post-hepatectomy complica-

tions.482

Although models using VCTE for predicting HCC recur-

rence based on prospective cohorts have been reported,483 

applications in clinical practice might be limited due to the 

need for histological examination results including the in-

trahepatic inflammation and histologic fibrosis grade, in ad-

dition to VCTE, number of intrahepatic tumors and indocy-

anine green R15% value. Furthermore, the heterogeneity 

in LS cutoff values among the reports emphasizes the 

need for the future studies. 

In addition, most recent studies, primarily those conduct-

ed in China, Japan, and Korea, involve patients with HBV-

related cirrhosis, making it difficult to apply LS values ob-

tained via VCTE to pre-surgical evaluations in liver 

diseases of various etiologies (Table 23). The included 

studies exhibit clear limitations due to the wide variation in 

HCC size, α-fetoprotein level, and the inclusion rate of ma-

jor hepatectomy. Variability in follow-up duration also ne-

cessitates caution in interpreting outcomes such as recur-

rence rates, patient survival, and post-hepatectomy 

complication rates.

Studies using 2D-SWE have suggested that a LS cutoff 

value of 9.5 kPa in patients with Child-Pugh A liver function 

can predict post-hepatectomy liver failure, aiding in pre-

surgical patient selection.484 Another study introduced a 

nomogram predicting post-hepatectomy liver failure using 

a 2D-SWE LS measurement >9.5 kPa, residual liver vol-

ume, Child-Pugh grade, and the presence of PH, providing 

safe residual liver function parameters based on the de-

gree of fibrosis and PH.485 A study utilizing MRE reported 

that LS >4.53 kPa is associated with a HR of 1.27 for 

DFS.486 Another prospective study indicated that a thresh-

old of 4.3 kPa could predict a higher rate of major post-

hepatectomy complications.487

Histological staging of HCC and non-tumorous tissue 

findings post-hepatectomy provide more accurate prognos-

tic information than NITs. However, preoperative serum 

markers and NITs such as VCTE, SWE, and MRE aid in 

determining the extent of hepatectomy and predicting post-

hepatectomy residual liver function.

Radiofrequency ablation
NITs are useful in predicting the recurrence rate and sur-

vival of HCC patients following RFA (Table 24). Relevant 

studies from Korea, Taiwan, China, and France, published 

between 2015 and 2020, include three retrospective and 

three prospective studies investigating the utility of NITs for 

prognosis prediction post-RFA. These studies utilized vari-

ous methods such as pSWE, 2D-SWE, and VCTE. When 

LS measured by pSWE exceeded 1.5–1.6 m/s, the HR for 

HCC recurrence ranged from 2.87–4.1.488,489 Although LS 

cutoff values for VCTE ranged from 13–14 kPa, the HRs 

varied between 1.03–3.12 across studies.488,490,491 The as-

sociation between high LS on VCTE and poor OS was also 

noted, with HRs ranging from 1.02–9.80.488-491 In patients 

with cirrhosis due to various etiologies such as ALD, 

NAFLD, CHB, and CHC who underwent RFA, significant 

differences in survival periods were observed when a 

VCTE LS cutoff value of 40 kPa was used (59 vs. 34 

months).492 However, the inclusion of patients with multiple 

tumors and large tumors, as well as the lack of observation 

period data in several studies, should also be considered 

limitations when interpreting the results.

Development of hepatic decompensation

Serum markers
Similar to HCC development, the role of serum markers 

in predicting the development of hepatic decompensation 

is limited and has primarily been reported in retrospective 

cohorts for various liver diseases.430,493-496 According to a 

study from Taiwan, CHB patients who received AVT for 

more than a year and who had a low FIB-4 of less than 3 

showed a cumulative 8-year incidence rate of 1.03%, 
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whereas those with a high FIB-4 demonstrated a signifi-

cantly higher incidence rate of 8.62%.495 In patients with 

CHC treated with DAA therapy, the development of liver-re-

lated complications, including hepatic decompensations, 

was higher with a FIB-4 cutoff value of 2.9, showing a HR 

of 2.6.497 In NAFLD patients, NFS, FIB-4, APRI, and BARD 

significantly predicted the development of hepatic decom-

pensation.430,496 Specifically, a study from the US reported 

risk ratios of 34.2, 20.9, 14.6, and 6.6 for the development 

of hepatic decompensation in high-risk groups with cutoff 

values of NFS 0.676, APRI 1.5, FIB-4 2.67, and BARD 4, 

respectively, although it did not specify which test was su-

perior.496 ELF was significantly predictive of hepatic decom-

pensation development in NAFLD493 and PSC.494

Vibration-controlled transient elastography
The usefulness of VCTE in predicting the development of 

hepatic decompensation has been extensively studied 

across various liver diseases, showing more promise than 

serum markers. A meta-analysis including 17 studies of pa-

tients with CLD found a significant correlation between in-

creased LS on VCTE and the development of hepatic de-

compensation, with a HR of 1.07.436 Another meta-analysis 

of 54 studies found a significant correlation between high 

VCTE LS and the development of hepatic decompensa-

tion, with a HR of 13.1, and a dose-response correlation 

with a HR of 1.06/kPa.437 This is similar to another meta-

analysis of 62 studies that found a HR of 1.08/kPa, particu-

larly in a subgroup analysis of four studies with 6,368 pa-

tients, where the HRs for the development of hepatic 

decompensation at LS cutoff values of 8.6 kPa, 13.5 kPa, 

20.2 kPa, and 37.5 kPa were 1.50, 4.69, 16.23, and 21.29, 

respectively.438 These findings suggest that VCTE can be 

used to predict the development of hepatic decompensa-

tion in patients with CLD.

A prospective study in Europe on patients with CLD 

showed that VCTE had equivalent performance to HVPG 

measurement in predicting the development of hepatic de-

compensation, with both LS cutoff values of 21.1 kPa and 

HVPG cutoff values of 10 mmHg showing a NPV of 

100%.396 A retrospective study in Europe of patients co-in-

fected with HCV/human immunodeficiency virus showed 

that VCTE had similar predictive performance to liver biop-

sy for the development of hepatic decompensation.498 

While evidence is still insufficient, VCTE may be a useful R
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test for predicting the development of hepatic decompen-

sation.

In Korean patients with CHB, LS measurement by VCTE 

above 19 kPa was associated with an increased risk of de-

veloping hepatic decompensation, with a HR of 7.18.499 An-

other Korean study on CHB patients found a HR of 12.4 

when comparing patients with LS cutoff value above 18 

kPa to those with LS cutoff value below 13 kPa.500 A Kore-

an study on CHB patients showed that the development of 

liver-related complications, including hepatic decompensa-

tion, was 5.9% versus 23.1% with a LS cutoff value of 11.6 

kPa, and 9.8% versus 33.3% for 18.2 kPa, and noted that 

the risk of liver-related complications decreased when LS 

decreased during follow-up.443

In a study from the US, CHC patients who achieved SVR 

after antiviral therapy and had LS on VCTE above 20 kPa 

had a HR of 3.85 for the development of hepatic decom-

pensation compared to those with LS below 12.5 kPa.501 A 

small retrospective study reported that liver-related compli-

cations, including hepatic decompensation, were signifi-

cantly higher in patients with LS >8 kPa 1 year post-SVR, 

with a HR of 5.04.502 In patients with ALD, LS >15 kPa sig-

nificantly increased the risk of liver-related complications, 

including HCC, hepatic decompensation, and death, with a 

HR of 27.9.454

A prospective study in Europe analyzing patients with 

NAFLD found that LS >12 kPa significantly increased the 

risk of hepatic decompensation.503 Another study analyzing 

patients with advanced fibrosis on liver biopsy or VCTE LS 

>10 kPa retrospectively found that higher baseline LS and 

a 20% or more increase in LS during follow-up of at least 6 

months significantly increased the risk of hepatic decom-

pensation and liver-related death.453 Therefore, VCTE ap-

pears useful for predicting the development of hepatic de-

compensation in CLD, although the predictive performance 

and cutoff values may vary based on the cause of liver dis-

ease and patient characteristics, making direct clinical ap-

plication challenging. Moreover, whether VCTE is superior 

to direct HVPG measurement or liver biopsy in predicting 

the development of hepatic decompensation and the use-

fulness of follow-up VCTE remains unclear.

Shear wave elastography
Evidence for the usefulness of SWE in predicting the de-

velopment of hepatic decompensation in patients with CLD 

is limited. However, a recent multinational, multicenter co-

hort study involving 5,648 patients with cACLD reported 

significant differences in the incidence rates of hepatic de-

compensation among low-, medium-, and high-risk groups 

classified based on a 2D-SWE LS <20 kPa and MELD <10, 

LS ≥20 kPa or MELD ≥10, and both LS ≥20 kPa and MELD 

≥10, respectively, with 1-year incidence rates of 0.7%, 7.7%, 

and 26.6%, respectively, and 2-year rates of 4.1%, 20.0%, 

and 61.8%, respectively.504

Magnetic resonance elastography
An international multicenter study on patients with CLD 

showed that increased MRE LS was associated with the 

development of hepatic decompensation, with a HR of 

1.34, and patients with LS >4.7 kPa had a significantly 

higher risk of developing hepatic decompensation com-

pared to those with LS <3 kPa, with a risk ratio of 67.5.458 

This was also confirmed in a Korean retrospective study.459 

A meta-analysis using IPMA from six cohorts and 2,018 

patients with NAFLD reported that the MEFIB index and 

MRE alone showed predictive performance for the devel-

opment of hepatic decompensation, with HRs of 15.9 for 

LS >8 kPa compared to <5 kPa, and 11.0 when comparing 

5–8 kPa to <5 kPa groups.261 Patients with a high MEFIB 

index showed a risk ratio of 20.6 for the development of 

hepatic decompensation compared to the patients with a 

low MEFIB index. Thus, MRE seems useful for predicting 

the development of hepatic decompensation in patients 

with NAFLD, and further research is needed in patients 

with CLDs of other etiologies.

Death

Serum markers
A study involving 46,456 adults without CLD in Korea re-

ported that the group with FIB-4 >2.67 had a HR of 1.64 for 

all-cause death and 10.50 for liver-related death.505 In pa-

tients with CHB, a FIB-4 score >2.67 was associated with 

higher liver-related death.506 A systematic review including 

13 studies on NAFLD reported predictive AUCs for FIB-4, 

NFS, and APRI between 0.67–0.82, 0.70–0.83, and 0.52–

0.73, respectively, for predicting death.507 A large study of 

437,828 individuals in Korea categorized patients into low-, 

intermediate-, and high-risk groups based on FIB-4 cutoff 

values of 1.3 and 2.67. Compared to healthy individuals, 
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HRs for death in patients with NAFLD were 0.43, 2.74, and 

84.66, respectively, and 0.67, 5.44, and 59.73 in patients 

with ALD.508 Meta-analyses of 10 studies with 3,485 HCC 

patients and 15 studies with 5,051 HCC patients found that 

increases in FIB-4 and APRI were associated with poor 

survival rates, with HRs of 1.74509 and 1.62,510 respectively.

Vibration-controlled transient elastography
A meta-analysis of 17 studies on patients with CLD 

showed that an increase in VCTE LS measurements had a 

relative risk ratio of 1.22 for liver-related mortality.436 Anoth-

er meta-analysis including 54 studies found that high VCTE 

LS was associated with a HR of 4.2 for liver-related death, 

with a dose-response correlation of 1.11/kPa.437 This is con-

sistent with another meta-analysis of 62 studies showing a 

similar result with a relative HR of 1.08/kPa, especially in a 

subgroup analysis of three studies with 4,374 patients, 

where liver-related death HRs at cutoff values of 8.5 kPa, 

13.5 kPa, 19.8 kPa, and 37.5 kPa were 1.34, 3.25, 7.72, and 

14.25, respectively.438 A retrospective study in Europe on 

patients co-infected with HCV/human immunodeficiency vi-

rus showed that a predictive model including LS from 

VCTE was equivalent to liver biopsy in predicting death.498

In Korea, the development of liver-related death and 

complications in CHB patients showed significant differ-

ences at LS cutoff values of 11.6 kPa and 18.2 kPa, with 

rates of 5.9% vs. 23.1% and 9.8% vs. 33.3%, respectively. 

Moreover, a decrease in LS during follow-up was associat-

ed with reduced liver-related complications.443 A small 

study in Taiwan showed that CHC patients treated with 

DAA therapy had a significant difference in liver-related 

death or complications with a LS cutoff value of 8 kPa 

1-year post-SVR, showing a HR of 5.04.502 For ALD, LS >15 

kPa was associated with a significantly higher risk of liver-

related complications, including HCC development and 

death, with a HR of 27.9.454 A prospective study in Europe 

on patients with NAFLD showed that LS >12 kPa signifi-

cantly increased mortality risk,503 and another study found 

that higher baseline LS and a 20% or more increase in LS 

over a six-month follow-up period were associated with in-

creased risks of liver-related death.453 Thus, VCTE can aid 

in predicting death in patients with CLD, in addition to its 

predictive value for the development of HCC and hepatic 

decompensation.

Shear wave elastography
While evidence on the predictive performance of SWE 

for death is limited, a recent multinational, multicenter co-

hort study involving 5,648 patients with cACLD reported 

significant differences in mortality rates when classified by 

2D-SWE LS and MELD score into low-, intermediate-, and 

high-risk groups. The death rates at 1 year were 0.3%, 

4.6%, and 15.7%, and at two years were 1.5%, 11.7%, and 

38.8%, respectively.504 

Magnetic resonance elastography
An international multicenter study on patients with CLD 

found that an increase in MRE LS was associated with in-

creased death rate, with a HR of 1.17. Patients with LS >4.7 

kPa had a higher risk of death compared to those with LS 

<3 kPa, with a HR of 2.90.458 A Korean study on patients 

with CLD also showed similar results.459 A meta-analysis of 

six studies with 2,018 patients with NAFLD reported a HR 

of 4.78 for death in patients with LS >8 kPa compared to 

those <5 kPa, and a HR of 2.31 when comparing the 5–8 

kPa group to the <5 kPa group. Patients with a high MEFIB 

index had a HR of 3.78 for death.261 Therefore, MRE can 

be useful in predicting death in patients with CLD.

[Recommendations]

1. ‌�Serum markers (B2), VCTE (A2), and MRE (B2) can 

be used to assess the risk of HCC, hepatic decom-

pensation, and death in patients with CLD.

2. ‌�In patients with CHC, VCTE before and after DAA 

therapy can assess the risk of HCC (B2).

3. ‌�In patients with HCC, VCTE before hepatectomy or 

RFA can predict prognosis (B2).

MONITORING OF CHRONIC LIVER DISEASE

Chronic hepatitis B 

Long-term AVT in patients with CHB is closely related to 

improvement of liver fibrosis.513-515 NITs are good tools for 

monitoring change in liver fibrosis. In many studies, LS on 

VCTE in patients with CHB who received AVT showed sig-

nificant improvement (Table 25).516 In a recent systematic 

review and meta-analysis including 24 studies that continu-
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ously measured VCTE LS values during AVT in patients 

with CHB, LS decreased by -2.56 kPa (21.3%) compared 

to baseline after 1 year of AVT.517 Among patients who 

were expected to have cirrhosis due to having LS >11 kPa, 

approximately 30.4% showed a decrease in LS to less than 

11 kPa after one year. Reductions in LS after AVT in these 

studies may not only reflect improvement in liver fibrosis 

but also improvement in inflammation. However, liver biop-

sy, which is the reference standard, was not performed be-

fore or after AVT in most studies; thus, it was difficult to de-

termine correlations between the degree of improvement in 

liver fibrosis or inflammation and improvement in LS mea-

surements. In a recent Chinese multicenter prospective 

study conducted by Dong et al., 182 patients underwent 

liver biopsy and VCTE simultaneously before and after 78 

weeks of entecavir treatment.518 In this study, LS showed 

an excellent diagnostic performance for each stage of fi-

brosis before treatment, but the decrease in LS during 78 

weeks of AVT appeared to reflect improvement in inflam-

mation rather than liver fibrosis. The only predictor of im-

provement in histological liver fibrosis after AVT was the 

Ishak fibrosis score before treatment. Therefore, when 

measuring LS using VCTE before and after AVT, clinicians 

should consider that when ALT is elevated, LS can be over-

estimated independently from liver fibrosis.49,127 Improve-

ments in LS after AVT may be related to improvement in in-

flammation represented by normalization of ALT rather 

than improvement in liver fibrosis.

VCTE can also be used to monitor the natural history of 

patients with CHB who are naïve to AVT.41,519-521 According 

to one study, in CHB patients with normal ALT who did not 

meet the requirements for AVT and were being monitored, 

an LS increase of more than 20% showed an excellent 

AUC of 0.79 in predicting the progression of liver fibrosis 

defined as a one-point increase in METAVIR fibrosis score 

on liver biopsy.519 Continuous measurement of LS using 

VCTE had better predictive performance for the progres-

sion of liver fibrosis than serum markers. However, as the 

above studies included a small number of patients and had 

a retrospective study design, additional research is needed 

to determine the usefulness and optimal interval for VCTE 

in patients with inactive CHB who are not receiving AVT.

Many studies have reported that monitoring the improve-

ment of liver fibrosis in CHB patients receiving long-term 

AVT through APRI and FIB-4 is useful in evaluating treat-

ment effectiveness.522-524 However, some studies have 

shown that APRI and FIB-4 have poor diagnostic perfor-

mance for evaluating improvement in liver fibrosis com-

pared to VCTE.518,525 According to a comprehensive study 

of two phase 3 clinical trials that repeated liver biopsies be-

fore and after tenofovir disoproxil fumarate (TDF) treat-

ment, decreases in APRI or FIB-4 scores after 240 weeks 

of treatment with TDF did not correlate with the improve-

ment in liver fibrosis observed on liver biopsy.525 In this 

study, baseline APRI and FIB-4 scores correlated with the 

histological stage of liver fibrosis; however, the APRI and 

FIB-4 scores after long-term AVT tended to underestimate 

the degree of liver fibrosis compared to liver biopsy. There-

fore, follow-up studies are needed to determine whether 

APRI and FIB-4 can predict improvement in liver fibrosis 

after AVT.

In a study of 71 CHB patients, pSWE LS values contin-

ued to decrease during long-term AVT,526 but these results 

should be supported by future research with a larger num-

ber of patients.

Chronic hepatitis C 

After the introduction of highly potent DAAs for CHC 

worldwide, there has been an increasing need for NITs to 

confirm improvement of liver fibrosis in patients who have 

achieved a SVR after CHC treatment. In a meta-analysis 

that investigated changes in VCTE LS before and after 

AVT in patients with CHC, LS measurements decreased in 

approximately 28.2% of patients who achieved SVR after 

AVT.527 Post-treatment LS compared to baseline decreased 

more in patients who received DAA treatment compared to 

those who received interferon treatment, in patients with 

cirrhosis compared to those without, and in patients with a 

high liver enzyme level compared to those with low levels. 

In particular, among patients who were considered to have 

advanced fibrosis because their baseline LS value was 

higher than 9.5 kPa, 47% showed decreased LS to less 

than 9.5 kPa after treatment.527 In an Italian study of 749 

CHC patients with advanced fibrosis, VCTE-measured LS 

significantly reduced from 19.3 kPa to 14.2 kPa in patients 

who achieved SVR after DAA treatment.528 In another study 

of 84 patients who received DAA due to recurrence of HCV 

after liver transplantation and achieved SVR, liver biopsy 

and VCTE were repeatedly measured before and 12 
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months after treatment, and LS significantly decreased in 

the group showing improvement in liver fibrosis compared 

to the group without improvement (47% vs. 30%).529 Al-

though LS on VCTE 12 months after SVR had a high AUC 

of 0.90 for diagnosing advanced fibrosis, the AUC of LS 

improvement for predicting the degree of improvement in 

liver fibrosis was low, at 0.65.529 In addition, other studies 

investigated improvement in liver fibrosis in patients with 

CHC by measuring LS on VCTE before and after DAA 

treatment.530-536 However, the European Association for the 

Study of the Liver currently does not recommend perform-

ing VCTE routinely to confirm improvement of liver fibrosis 

after CHC treatment, as it cannot distinguish whether a de-

crease in LS reflects an improvement in inflammation or 

improvement in liver fibrosis.537 Moreover, applying the 

same cutoff value for diagnosing advanced fibrosis or cir-

rhosis used in untreated patients to patients who have 

achieved SVR may underestimate the degree of liver fibro-

sis.529,537,538 According to one study with 33 CHC patients 

with SVR achievement, 24 (73%) were considered to have 

improved cirrhosis at an LS value less than 12 kPa, but five 

(21%) still had cirrhosis on liver biopsy.538 This may be re-

lated to the liver remodeling process during the AVT, and if 

the VCTE before treatment is applied to patients who 

achieve SVR, the diagnostic performance for liver fibrosis 

after treatment may be reduced. Further research is need-

ed to determine an appropriate cutoff value to evaluate the 

stage of liver fibrosis after AVT in NITs, including VCTE. 

There are studies on LS measurements obtained via p-

SWE534,536,539-543 and MRE544-546 after achieving a SVR in 

CHC patients, which showed a significant reduction com-

pared to baseline values.

Nonalcoholic fatty liver disease

Assessment of treatment response and disease progres-

sion via NITs is increasingly crucial for patients with 

NAFLD. Serum ALT serves as the most accessible serum 

marker in clinical practice and has been widely used as an 

indicator of liver damage in various studies. The TONIC 

study, which focused on pediatric patients with NAFLD, 

highlighted a correlation between the mean change in ALT 

from baseline to 96 weeks and histologic improvement.547 

Similarly, the FLINT study identified a significant associa-

tion between a decline in ALT levels of at least 17 IU/L after 

24 weeks of treatment and histological improvement (AUC 

0.83, odds ratio 11.0).548 A retrospective, longitudinal study 

in the US, covering 292 patients with biopsy-proven NAFLD 

and monitored through serum markers and liver biopsies 

over a median of 2.6 years, found significant associations 

between changes in the APRI, FIB-4, and NFS scores and 

the progression of fibrosis (the cross-validated C-statistic 

for detecting progression to advanced fibrosis: APRI 0.82, 

FIB-4 0.81, NFS 0.80).549 APRI, FIB-4, and NFS demon-

strated a high NPV of over 90% for predicting progression 

to advanced fibrosis, although their PPV was limited to the 

40% range. In simtuzumab trials, an ELF score exceeding 

9.76 predicted progression to cirrhosis with a sensitivity of 

77% and specificity of 66% in patients with bridging fibrosis 

at baseline. Furthermore, changes in ELF score from base-

line were associated with progression to cirrhosis in a mul-

tivariable model.493 Conversely, a retrospective study in 

Sweden with 135 NAFLD patients revealed the limited clini-

cal applicability of APRI, FIB4, and NFS for detecting fibro-

sis progression as assessed by liver biopsy or VCTE (AUC 

0.56–0.64, PPV 0.28–0.36).550 In addition, a systematic re-

view based on three studies similarly showed inconsistent 

performance of serum markers in predicting the progres-

sion of hepatic fibrosis.507 

Research on noninvasive evaluation of treatment re-

sponse remains limited in the literature. An Indian study 

evaluating LS measurements and paired liver biopsy be-

fore and after one year of bariatric surgery among 58 pa-

tients showed no significant difference in LS cutoff values 

for diagnosing various stages of hepatic fibrosis.551 A Japa-

nese study based on 14 patients revealed a modest asso-

ciation (correlation coefficient 0.56) between 10-year 

changes in LS and fibrosis stage, suggesting the feasibility 

of repeated LS measurements for monitoring treatment re-

sponse.552 An analysis of 1,135 patients with compensated 

cirrhosis involved in the selonsertib and simtuzumab trials 

indicated that those exhibiting fibrosis regression (176 pa-

tients) demonstrated significant improvements in ELF, LS, 

and fibrosis markers based on machine learning algorithms 

compared to those without fibrosis regression.553 Further-

more, in the REGENERATE study evaluating the effects of 

obeticholic acid in patients with NASH, patients with 

≥1-stage fibrosis improvement showed a decrease in LS at 

month 18 (mean kPa, -3.68; percentage change, 19.8%).554 

However, univariate logistic regression analysis showed a 
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weak association between changes in LS and fibrosis im-

provement (odds ratio 1.10 per 10% decrease in LS, AUC 

0.62), suggesting the need for improvement in the perfor-

mance of NITs through combination with other clinical 

measurements. Although recent clinical trials evaluated 

changes in LS as a candidate biomarker for monitoring 

treatment response, the exact thresholds correlating with 

treatment-induced fibrosis improvement are not well estab-

lished. Thus, liver biopsy remains the reference for evaluat-

ing treatment response in patients with NAFLD.4,555

MRI-PDFF provides precise, sensitive, and reproducible 

quantification of steatosis.297,556,557 A recent meta-analysis 

demonstrated that a ≥30% relative decline in MRI-PDFF is 

associated with higher odds of histologic response (odds 

ratio 6.98) and NASH resolution (odds ratio 5.45).558 There-

fore, MRI-PDFF appears as a promising tool for monitoring 

steatosis evolution and was used as a reference in recent 

clinical trials.559-562 Given that MRE can be used to image 

the entire liver without operator dependency and is unaf-

fected by obesity, it represents the most accurate NIT for 

staging liver fibrosis. However, its use in routine clinical 

practice is limited by its high cost and limited availabili-

ty.258,259 A prospective cohort study evaluating paired liver 

biopsy in 102 NAFLD patients over a median period of 1.4 

years showed that a 15% increase in MRE was associated 

with histologic fibrosis progression and progression to ad-

vanced fibrosis.563 Another retrospective study of 128 pa-

tients undergoing at least two serial MREs (median interval 

3.4 years) reported that those with an increase in LS of 

19% or more from baseline had a significantly higher risk of 

developing cirrhosis, hepatic decompensation, or mortality 

compared to non-progressors.564 However, a study involv-

ing 54 patients with NASH and stage 2 or 3 fibrosis failed 

to show a significant difference in the change in LS on 

MRE between fibrosis responders (≥1-stage reduction) and 

non-responders (median relative change, –2.3% vs. 

3.0%).565 

In summary, the potential of NITs for assessing therapeu-

tic response to inflammation and fibrosis in patients with 

NAFLD is highlighted. MRI-PDFF stands out as a promis-

ing test in noninvasive evaluation of steatosis evolution 

during treatment; however, overcoming challenges related 

to high cost and limited accessibility is required.

Alcohol-related liver disease 

A recent systematic review of 11 studies involving over 

20,000 patients with ALD reported that NITs such as FIB-4, 

ELF, VCTE, and FibroTest can predict mortality and liver-

related events with an AUC exceeding 0.7.566 However, due 

to heterogeneity among these studies, a direct comparison 

between these NITs was not feasible, and the number of 

included studies was limited. Currently, there is insufficient 

evidence to support the use of NITs for monitoring disease 

progression, treatment response, and prognosis in alcohol-

related liver disease, highlighting the need for further re-

search.

Cholestatic and autoimmune liver disease

Research on the course of AIH using NITs remains 

scarce. A retrospective study in Germany involving 125 

AIH patients reported that those who failed to achieve com-

plete biochemical remission exhibited an increasing trend 

in LS values (+1.7%/year; P=0.19), while a significant de-

crease in LS was observed in the complete biochemical 

remission group (–7.5%/year), indicating that fibrosis re-

gression can be monitored by VCTE.567 However, further 

validation studies are needed. Moreover, since hepatic in-

flammation impacts LS, it is recommended to stage liver fi-

brosis using VCTE after at least 6 months of treatment.343 

Despite the small number of studies, there is evidence to 

support the use of NITs in the monitoring of cholestatic liver 

disease. In PBC, a LS cutoff value of ≥10.2 kPa by VCTE 

and ≥4.3 kPa by MRE was acceptable for identifying PBC 

patients with advanced fibrosis and increased risk of future 

hepatic decompensation.337,568 In another study, an in-

crease of 2.1 kPa/year in VCTE LS was associated with an 

8.4-fold increase in the risk of liver-related complications.331 

The European Association for the Study of the Liver rec-

ommends repeating LS measurement every 2 years in pa-

tients with early stage and annually in patients with ad-

vanced stage disease.81 More studies are required to 

define the optimal interval between repeated tests.

In patients with PSC, liver fibrosis can progress unevenly 

or locally due to irregular narrowing of the bile ducts and 

cholestasis, frequently leading to sampling error during liv-

er biopsy. Therefore, VCTE or MRE is preferred over liver 

biopsy in clinical practice.569 A recent study reported that 



https://doi.org/10.3350/cmh.2024.0506S72

Clinical and Molecular Hepatology
Volume_30 Supplement September 2024

http://www.e-cmh.org

baseline VCTE LS exceeding 9.9 kPa was associated with 

increased risk of hepatic decompensation, liver transplan-

tation, or mortality, and an increase of 1.3 kPa/year was 

associated with a 10.4-fold increase in the risk of adverse 

outcomes.348 Therefore, despite the lack of solid evidence 

regarding the optimal timeframe, the European Association 

for the Study of the Liver recommends the implementation 

of repeated VCTE LS measurement in patients with PSC.81 

In 204 PSC patients who underwent repeated MRE with a 

median interval of 1.1 years, the overall change in LS value 

was only 0.05 kPa/year. However, the change in LS value 

was ten-fold higher in patients with cirrhosis (0.31 kPa/

year), with the highest risk of hepatic decompensation 

seen with a LS value increased of >0.34 kPa/year, indicat-

ing the potential of MRE in monitoring disease progres-

sion.570 As LS can be significantly influenced by biliary ob-

struct ion and stasis in PSC, hepat ic imaging is 

recommended before LS measurement in patients with 

PSC to accurately interpret the results.350,571

The ELF test showed good performance in predicting 

transplant-free survival in several studies of patients with 

PSC (AUC 0.78–0.81) and can be useful as a surrogate 

marker in clinical trials.572-574 Furthermore, in a phase 2 sim-

tuzumab trial, patients with a change in ELF ≥0.19 at week 

12 showed an increased risk of hepatic decompensation, 

cholangitis, or cholangiocarcinoma compared to those with 

a lesser change.325 However, the commercial availability of 

the ELF test is limited.569 

[Recommendations]

1. ‌�VCTE can assess changes in liver fibrosis during 

AVT in patients with CHB (B1).

2. ‌�In patients with NAFLD, serum markers, VCTE, and 

MRE can monitor changes in liver fibrosis. (B1)

3. ‌�In patients with PBC and PSC, VCTE can assess 

treatment response and monitor disease course. (B1)

PEDIATRIC PATIENTS 

CLD in children and adolescents encompasses a wide 

range of conditions resulting from congenital or metabolic 

disorders, autoimmune diseases, and viral hepatitis. The 

incidence and prevalence of pediatric chronic liver disease 

is increasing worldwide and, if not managed appropriately, 

can progress to significant fibrosis or cirrhosis.598-600

Although liver biopsy is the standard test for assessing 

the degree of liver fibrosis in CLDs among children and ad-

olescents, there are several ethical concerns, including the 

need for general anesthesia, which significantly limits its 

application in the pediatric population. Research on NITs 

for assessing liver fibrosis in this group has mostly been 

reported through cross-sectional studies. 

Serum markers

AST to platelet ratio index
The APRI has been extensively studied as a serum 

marker in pediatric patients with CLDs. In a study involving 

48 infants with biliary atresia, the mean APRI was 1.38 for 

those with advanced fibrosis or less and 3.74 for those with 

cirrhosis. Using an APRI of 1.38 as a cutoff value, the sen-

sitivity and specificity for diagnosing advanced fibrosis 

were 100% and 21.43%, respectively.601 In a prospective 

cohort study of 260 infants with biliary atresia who under-

went Kasai operation, the AUC for diagnosing cirrhosis 

was 0.83 using an APRI of 1.22 as the cutoff value.602 In 46 

patients with CHC, the APRI cutoff value for diagnosing 

significant fibrosis was 0.62, with sensitivity and specificity 

of 16.43% and 94.4%, respectively.603 A study involving 92 

patients with NAFLD found that the AUC of APRI for diag-

nosing advanced fibrosis was 0.628.604 In a study of 204 

patients with NAFLD, the AUCs of PIIINP, APRI, and FIB-4 

for diagnosing significant fibrosis were 0.92, 0.77, and 0.74, 

respectively, while AUCs for diagnosing advanced fibrosis 

were 1.00, 0.85, and 0.77, respectively.605 

These studies indicate that APRI is useful for assessing 

the degree of liver fibrosis in pediatric populations, but also 

highlight the need for larger validation studies.

Fibrosis-4 index
In pediatric studies, FIB-4 generally demonstrates lower 

diagnostic performance for liver fibrosis compared to the 

APRI across var ious l iver  condi t ions,  inc lud ing 

NAFLD,604-606 CHC,607 CHB,608 choledochal cysts,609 and 

other CLDs.610-613 However, an exception was noted in a 

study of 77 patients with NAFLD, where FIB-4 showed su-

perior diagnostic performance for significant fibrosis com-

pared to APRI (AUC of 0.81 vs. 0.70).614
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Pediatric NAFLD Fibrosis Index and Pediatric NAFLD 
Fibrosis Score

The Pediatric NAFLD Fibrosis Index (PNFI) was devel-

oped based on age, waist circumference, and triglyceride 

levels in a cohort of pediatric NAFLD.615 In a study of 111 

pediatric patients with NAFLD, the PNFI had a diagnostic 

AUC of 0.618 for advanced fibrosis.616 Alkhouri et al. report-

ed an AUC of 0.747 for diagnosing significant fibrosis.617

In 2014, the Pediatric NAFLD Fibrosis Score (PNFS) was 

initially developed based on ALT, ALP, platelet count, and 

GGT in a cohort of 242 pediatric patients with NAFLD and 

the AUC for diagnosing advanced fibrosis was 0.7.613 How-

ever, the PNFS lacks external validation.

Other serum markers
Serum markers of liver fibrosis in children and adoles-

cents have been studied, including HA,612,618-628 type IV col-

lagen,612,621,622,624,629 PIIINP,623 laminin,623,626-628 YKL-

40,618,626,630 monocyte chemoattractant protein,612 soluble 

Fas,612 cytokeratin-18 fragments,620,626,631,632 autotaxin,629,633 

and M2BPGi.621,629,634 However, serum markers for diagnos-

ing liver fibrosis need to be studied on a larger scale in the 

pediatric population.

Vibration-controlled transient elastography

VCTE has been extensively researched for diagnosing 

liver fibrosis in children and adolescents.155 In a study in-

volving 83 healthy pediatric participants, the median LS 

measurement was 4.1 kPa.635 Another study with 123 

healthy children and adolescents reported median LS val-

ues of 3.4 kPa for ages 1–5, 3.8 kPa for ages 6–11, and 4.1 

kPa for ages 12–18, indicating an increase in LS values ac-

cording to age.636 Recently, a prospective population-based 

cohort study in Germany (LIFE Child cohort) involving 482 

healthy adolescents aged 10–18 demonstrated sex differ-

ences in LS value percentiles, with significant increases 

observed in males during puberty but not in females.637 

Based on these findings, when interpreting VCTE LS mea-

surements in pediatric populations, it is crucial to consider 

factors such as age, sex, and pubertal status.

Studies of pediatric patients with chronic liver disease of 

various etiologies have suggested a LS cutoff value of 7.5–

13 kPa for advanced fibrosis.618,620,638 Looking at the cutoff 

values for each etiology, Luo et al. reported a cutoff value 

of 5.9 kPa (diagnostic AUC 0.74) for significant fibrosis in 

43 patients with CHB.608 In studies assessing the diagnos-

tic performance of preoperative VCTE in infants with biliary 

atresia, Shen et al. identified a cutoff value of 15.5 kPa (di-

agnostic AUC 0.87) for cirrhosis in a study of 31 patients,639 

while Shin et al. reported cutoff values of 9.6 kPa (diagnos-

tic AUC 0.86) for advanced fibrosis and 18.1 kPa (diagnos-

tic AUC 0.96) for cirrhosis in a study of 47 patients.640 In a 

study of patients with NAFLD by Nobili et al, the cutoff val-

ue for advanced fibrosis was 9 kPa.641 A cutoff value of 9.7 

kPa (range, 6.2–12.7 kPa) has been proposed for diagnos-

ing PH.642

In a meta-analysis of 11 studies involving 723 pediatric 

patients in 2018, VCTE had an AUC of 0.96 for diagnosing 

significant fibrosis (sensitivity 95%, specificity 90%).643

Shear wave elastography

Research on normal values of SWE in pediatric popula-

tions is limited. In a recent study, 2D-SWE LS values in 32 

pediatric patients with liver disease (mean age 2.1 years) 

and 15 controls (mean age 11.8 years) were compared, 

and the mean LS in patients with liver disease was signifi-

cantly higher than in controls (6.2 kPa vs. 4.6 kPa).644  

A meta-analysis of 10 studies reported a LS cutoff value 

of 9.4 kPa by SWE (diagnostic AUC 0.91)645 for significant 

fibrosis. In a prospective cross-sectional study involving 

213 patients with chronic liver diseases, the cutoff value for 

advanced fibrosis was 12 kPa (diagnostic AUC 0.91).646 An-

other study involving 160 patients showed AUCs of 0.990, 

0.923, 0.819, and 0.884 for diagnosing each fibrosis stage 

(≥F1, ≥F2, ≥F3, and F4), respectively.647

Regarding specific etiologies, 46 patients with CHC ex-

hibited higher LS values than those without (10.43 vs. 4.26 

kPa).603 In a study of 68 pediatric patients with biopsy-prov-

en NASH, the AUC for diagnosing stage 1 or greater liver 

fibrosis and stage 2 or greater liver fibrosis was 0.92 and 

0.97, respectively.648 In a prospective cohort study of 69 

patients with biliary atresia, LS on 2D-SWE showed a 

strong correlation with fibrosis stage (correlation coefficient 

0.79), with cutoff values of 9.1 kPa, 11.6 kPa, 13.0 kPa, and 

15.7 kPa for each fibrosis stage (≥F1, ≥F2, ≥F3, and F4), 

respectively.628

SWE demonstrates good sensitivity and specificity for di-

agnosing liver fibrosis, but shear wave velocity may be in-
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fluenced by age and height.649

Magnetic resonance elastography 

Normal values for MRE are limited in pediatric popula-

tions. In a prospective study of 81 healthy children and ad-

olescents (mean age 12.6 years), mean LS was 2.45 kPa, 

which was higher than values reported in healthy adults.650

Trout et al. reported an AUC of 0.70 for diagnosing signifi-

cant fibrosis using MRE in pediatric liver transplant candi-

dates,651 and Xanthakos et al. reported a cutoff value of 

2.71 kPa (AUC >0.90) for significant fibrosis in various 

chronic liver disease patients.652 In a recent multi-center, 

prospective study, the AUC for diagnosing liver fibrosis was 

0.93.653 

In a cohort study including 93 pediatric patients with vari-

ous liver diseases, the AUCs for diagnosing advanced fi-

brosis using SWE, VCTE, and MRE were 0.80, 0.86, and 

0.90, respectively.654 Although there are studies indicating 

high diagnostic performance of MRE for liver fibrosis in pe-

diatric populations, the number of these studies remains 

limited.

[Recommendations]

1. ‌�VCTE can assess the degree of liver fibrosis in pedi-

atric patients with chronic liver disease. (B2) 
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