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Background: Non-invasive clinical algorithms for the detection of liver fibrosis (LF) can re-
duce the need for liver biopsy (LB). We explored the implementation of two serum biomark-
ers, enhanced liver fibrosis (ELF) and Mac-2 binding protein glycosylation isomer (M2BPGi), 
in clinical algorithms for LF in chronic hepatitis B (CHB) patients.

Methods: Two clinical algorithms were applied to 152 CHB patients: (1) transient elastog-
raphy (TE) followed by biomarkers (TE/ELF and TE/M2GPGi); (2) biomarker test followed 
by TE (ELF/TE and M2BPGi/TE). Using the cut-off value or index for the detection of ad-
vanced LF (TE≥F3; 9.8 in ELF and 3.0 in M2BPGi), LB was expected to be performed in 
cases with discordant TE and biomarker results.

Results: In both algorithms, the expected number of LBs was lower when using M2BPGi 
than when using ELF (TE/ELF or ELF/TE, 13.2% [N=20]; TE/M2BPGi or M2BPGi/TE, 9.9% 
[N=15]), although there was no statistical difference (P =0.398). In the TE low-risk group 
(TE≤F2), the discordance rate was significantly lower in the TE/M2BPGi approach than in 
the TE/ELF approach (1.5% [2/136] vs. 11.0% [15/136], P =0.002). In the biomarker 
low-risk group, there was no significant difference between the ELF/TE and M2BPGi/TE 
approaches (3.9% [5/126] vs. 8.8% [13/147], P =0.118).

Conclusions: Both ELF and M2BPGi can be implemented in non-invasive clinical algo-
rithms for assessing LF in CHB patients. Given the lowest possibility of losing advanced LF 
cases in the low-risk group when using the TE/M2BPGi approach, this combination seems 
useful in clinical practice.
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INTRODUCTION

Various diseases in different organs are associated with fibrosis 

through a common pathogenic pathway [1]. Acute and chronic 

inflammation can lead to fibrosis by inducing epithelial cell in-

jury resulting in fibrogenic effector cell activation and prolifera-
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tion [1]. Chronic hepatitis B (CHB), affecting approximately 350 

million people worldwide, is among the most common causes of 

chronic liver injury [2, 3]. Chronic inflammation due to CHB af-

fects hepatocytes or biliary cells, activates fibrogenic effector 

cells, and leads to the deposition of extracellular matrix (ECM). 

In response to injury and excess ECM synthesis, hepatic stellate 

cells are transformed into myofibroblasts [1]. Liver fibrosis (LF) 

can cause liver cirrhosis (LC), leading to portal hypertension, 

variceal hemorrhage, and ascites, and even hepatocellular car-

cinoma in some cases. As hepatocytes are capable of regenera-

tion, LF is a dynamic process that can be reversed by therapeu-

tic intervention [1, 3].

Liver biopsy (LB), the reference method for diagnosing LF, 

has several limitations, including invasiveness, high cost, sam-

pling error, and inter-observer variability in pathologic interpreta-

tion [4–7]. Therefore, non-invasive approaches have been de-

veloped to assess LF [4, 7]. Transient elastography (TE) using 

the FibroScan (Echosens, Paris, France) is widely used for 

grading LF in routine clinical practice, but TE results can be af-

fected by the technique, obesity, ascites, or liver mass [8–11].

Recently, novel biomarkers for assessing LF have been intro-

duced into clinical practice. The enhanced liver fibrosis (ELF) 

score is a set of circulating markers of hepatic matrix metabo-

lism comprising hyaluronic acid (HA), tissue inhibitor of matrix 

metalloproteinases-1 (TIMP-1), and aminoterminal propeptide 

of procollagen type III (PIIINP) [4, 7, 12]. Mac-2 binding protein 

glycosylation isomer (M2BPGi) is a glycoprotein secreted by he-

patic stellate cells during LF progression [13–17]. ELF and 

M2BPGi have comparable performance for assessing LF and 

are significantly associated with fibrosis stages 2 and 3 in CHB 

patients [18, 19]. Non-invasive clinical algorithms using TE in 

combination with serum biomarkers for assessing LF in various 

liver diseases have been suggested [20–24]. Tapper and Lok 

[25] suggested a sequential approach using TE and a serum 

biomarker to detect advanced liver diseases; in cases of indeter-

minate or discordant TE and serum biomarker results, LB 

should be performed in advanced liver diseases. Yoneda, et al. 
[26] suggested that intermediate and high risk of LF based on 

serum biomarkers and moderate and severe LF based on TE 

indicate a need to perform LB in non-alcoholic fatty liver dis-

eases (NAFLDs). The 2021 NAFLD clinical practice guidelines 

from the Korean Association for the Study of the Liver suggest a 

non-invasive clinical algorithm that considers additional serologi-

cal test, such as ELF and M2BPGi, radiologic test, or LB, follow-

ing the evaluation of TE, fibrosis-4 (FIB-4), or NAFLD fibrosis 

score (NFS) [27].

To the best of our knowledge, no study has compared non-in-

vasive clinical algorithms to assess LF using ELF and M2BPGi. 

We implemented these two novel biomarkers in newly proposed 

non-invasive clinical algorithms for LF in CHB patients [25]. We 

hypothesized that sequential approaches combining a serum 

biomarker and TE may significantly reduce the number of LBs. 

We explored how much these clinical algorithms would reduce 

the number of LBs and how high the discordance rate between 

biomarkers and TE would be, especially in the low-risk group, 

for each sequential approach.

MATERIAS AND METHODS

Study population
The study population consisted of 152 CHB patients who were 

admitted to Konkuk University Medical Center (KUMC), Seoul, 

Korea between October 2016 and February 2017. For 123 of 

these patients, data were derived from a previous study [18], 

and 29 patients were additionally enrolled. The patients visited 

the liver clinic and completed TE and blood sampling as a rou-

tine clinical practice. The patients were diagnosed as having CHB 

prior to study enrollment and received antiviral treatment. Pa-

tients with human immunodeficiency virus infection and other 

hepatic diseases, such as hepatitis A, hepatitis C, autoimmune 

hepatitis, alcoholic liver diseases, or NAFLDs, were excluded 

(Supplemental Data Fig. 1).

LB was not performed, but simulated using the clinical algo-

rithms, and no additional intervention or blood sampling was 

performed; therefore, this retrospective study with forward sam-

ple collection was exempted from approval by the Institutional 

Review Board (KUH 1200104) of KUMC, and the need for in-

formed consent from the patients was waived.

Basic patient characteristics are summarized in Table 1. Pa-

tients’ medical records were reviewed at enrollment to obtain 

demographic, clinical, and laboratory data, and the diagnosis of 

LC (N=46) was made by hepatologists based on a combination 

of clinical and radiological results, such as splenomegaly, esoph-

ageal varix, and liver surface nodularity. Aspartate aminotrans-

ferase/alanine aminotransferase (AST/ALT), AST-to-platelet ratio 

index (APRI), and FIB-4 were calculated using laboratory data 

[4, 28]. TE using FibroScan was performed by a well-trained 

technician, and TE results with >10 valid measurements and a 

success rate of >60% and interquartile range (IQR) ≤30% were 

considered reliable [8, 11]. Simultaneously, residual serum sam-

ples were collected following routine blood tests and stored at 

–70°C until use, as described previously [18]. 
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ELF and M2BPGi measurement
ELF was measured using the ADVIA Centaur XP automated im-

munoanalyzer (Siemens Diagnostics, Tarrytown, NY, USA). The 

ELF score was calculated using the following equation: 2.278+ 

0.851 ln(HA)+0.751 ln(PIIINP)+0.394 ln(TIMP-1), and was in-

terpreted as follows: none/mild (<7.7), moderate (7.7–9.8), se-

vere (≥9.8) [12]. M2BPGi was measured using the HISCL-5000 

immunoanalyzer (Sysmex, Kobe, Japan), based on a two-step 

sandwich chemiluminescent enzyme immunoassay [29]. The 

M2BPGi value was calculated as follows: cut-off index (COI)=  

(M2BPGi–negative control)/(positive control–negative control) 

[14, 18]. The M2BPGi value was interpreted as follows: COI>1.0 

was considered positive (1+, 1.0≤COI<3.0; 2+, COI≥3.0) [29].

Non-invasive clinical algorithms
We applied two non-invasive clinical algorithms: a TE-first algo-

rithm (TE/ELF or TE/M2BPGi approach) and a biomarker-first 

algorithm (ELF/TE or M2BPGi/TE approach) [25]. Based on the 

TE results, the degree of LF was dichotomized as advanced (F≥3) 

or mild (F≤2). Using biomarkers, manufacturer-claimed cut-off 

values with a high negative likelihood ratio (NLR) were selected 

to predict advanced LF: ELF≥9.8 and M2BPGi ≥3.0 (Table 2). 

In the TE-first algorithm, the low-risk group was defined as  

TE≤F2, and in the biomarker-first algorithm, the low-risk group 

was defined as ELF<9.8 and M2BPGi<3.0. If patients were not 

classified into the low-risk group by each algorithm, they were 

divided into concordant and discordant groups depending on 

the combined TE and biomarker results. The concordant group 

was defined as high risk (TE≥F3; ELF≥9.8 or M2BPGi≥3.0), 

and LB was simulated only in the discordant group. Recently 

suggested clinical algorithms do not consider LB if the first risk 

assessment indicates low risk [25, 27]. However, we simulated 

LB consideration in the TE or biomarker low-risk group when 

the TE and biomarker values were discordant, not to lose cases 

with advanced LF in this group.

Statistical analysis
Data are expressed as mean±standard deviation (SD), median 

(interquartile range), or number (percentage). A normal distri-

bution was evaluated using the Shapiro–Wilk test. The perfor-

mances of ELF and M2BPGi in predicting advanced LF were 

evaluated by receiver operating characteristic (ROC) curve analy-

sis. The area under the curve (AUC) with 95% confidence inter-

val (CI), sensitivity (95% CI), specificity (95% CI), positive likeli-

hood ratio, and NLR of manufacturer-claimed cut-off values for 

ELF and M2BPGi were estimated by ROC curve analysis to pre-

Table 1. Basic patient characteristics

Parameter Total (N=152)

Age (yr) 50.2±10.9

Sex

   Male (N, %) 97 (63.8)

   Female (N, %) 55 (36.2)

LC (N, %) 46 (30.3)

TE (kPa) 4.7 (3.9–6.5)

   F0/1 (no or minimal) (≤7.0 kPa) (N, %) 117 (77.0)

   F2 (moderate) (≥7.1 kPa) (N, %) 19 (12.5)

   F3 (severe) (≥10.0 kPa) (N, %) 7 (4.6)

   F4 (cirrhosis) (≥13.0 kPa) (N, %) 9 (5.9)

AST (U/L) 28.0 (23.0–34.0)

ALT (U/L) 26.0 (19.0–41.8)

ALP (U/L) 63.5 (52.0–75.0)

GGT (U/L)* 37.0 (22.0–67.5)

PLT (×109/L)† 191.0 (165.0–234.0)

PT (sec/%/INR)‡ 13.2 (12.7–13.7)/99.0 (92.0–107.5)/ 
1.0 (0.9–1.1)

aPTT (sec)§ 34.8 (32.2–37.2)

AST/ALT 1.1 (0.8–1.4)

APRI† 0.3 (0.2–0.5)

FIB-4† 1.4 (1.0–2.1)

ELF 8.9 (8.2–9.6)

   None/mild (<7.7) (N, %) 2 (1.3)

   Moderate (7.7–9.8) (N, %) 124 (81.6)

   Severe (≥9.8) (N, %) 26 (17.1)

M2BPGi (COI) 0.5 (0.3–0.7)

   - (<1.0) (N, %) 134 (88.2)

   1+ (1.0–3.0) (N, %) 13 (8.6)

   2+ (≥3.0) (N, %) 5 (3.3)

HBV DNA (copies/mL)|| 120.0 (0.0–436.8)

Data are presented as mean±SD, median (interquartile range), or number 
(percentage). Data of APRI, FIB-4, ELF, and M2BPGi according to the fibro-
sis grade based on TE are summarized in Supplemental Data Table S1.
*GGT levels were obtained from 71 patients at enrollment. †PLT levels and 
APRI and FIB-4 scores were obtained from 130 CHB patients at enrollment. 
‡PT levels were obtained from 112 CHB patients at enrollment. §aPTT levels 
were obtained from 11 CHB patients at enrollment. ||HBV DNA levels were 
obtained from 137 CHB patients at enrollment.
Abbreviations: LC, liver cirrhosis; TE, transient elastography; kPa, kilopascal; 
AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alka-
line phosphatase; GGT, gamma-glutamyltransferase; PLT, platelet count; PT, 
prothrombin time; INR, international normalized ratio; aPTT, activated par-
tial thromboplastin time; APRI, AST-to-platelet ratio index; FIB-4, fibrosis-4; 
ELF, enhanced liver fibrosis; M2BPGi, Mac-2 binding protein glycosylation 
isomer; COI, cut-off index; HBV, hepatitis B virus; DNA, deoxyribonucleic 
acid; SD, standard deviation.
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dict mild LF (F≤2 by TE) and advanced LF (F≥3 by TE). The 

Kruskal–Wallis test was used to compare values of APRI, FIB-4, 

ELF, and M2BPGi among fibrosis grades by TE (Supplemental 

Data Table 1). Chi-squared and Fisher’s exact tests were used 

to compare the categorical variables; ELF and M2BPGi grades 

among fibrosis grades by TE, between advanced LF by TE and 

ELF, between advanced LF by TE and M2BPGi, the expected 

number of LBs between ELF and M2BPGi, and the expected 

number of LBs between the original and each modified ap-

proach. Concordance with 95% CI and Cohen’s kappa with 

95% CI between TE and ELF and between TE and M2BPGi 

were estimated. Cohen’s kappa was interpreted as follows: none 

(<0.01), slight (0.01–0.2), fair (0.21–0.4), moderate (0.41–

0.6), substantial (0.61–0.8), and nearly perfect (>0.81) concor-

dance [30]. We compared the added value of sensitivity across 

various combinations of TE, ELF, and M2BPGi using the con-

cordance rate of TE, ELF, and M2BPGi as an analytical gold 

standard. In low-risk groups, the discordance rate between the 

TE/ELF and TE/M2BPGi approaches and between the ELF/TE 

and M2BPGi/TE approaches was compared. We considered 

that a sequential approach with a low discordance rate in the 

low-risk group would be a suitable option for use in clinical 

practice. Statistical analysis was performed using MedCalc Sta-

tistical Software version 20 (MedCalc Software Ltd., Ostend, 

Belgium; https://www.medcalc.org; 2021). G*Power software 

version 3.1.9.7 (Franz Faul, University of Kiel, Kiel, Germany) 

was used to calculate the sample size based on statistical 

power. P <0.05 was considered statistically significant.

RESULTS

The concordance among TE, ELF, and M2BPGi to predict mild 

and advanced LF are presented in Table 3. The concordance 

rate between TE and ELF was 86.8% and that between TE and 

M2BPGi was 90.1%, showing similar results for both biomark-

ers. The concordance between TE and ELF was moderate 

Table 2. Manufacturer-claimed cut-off values for ELF and M2BPGi to predict mild LF (F≤2 by TE) and advanced LF (F≥3 by TE)

Mild LF (N=136)

Cut-off AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI) PLR (95% CI) NLR (95% CI)

ELF <7.7 0.51 (0.43–0.59) 98.5 (94.8–99.8) 0.0 (0.0–20.6) 1.0 (0.9–1.0) N/A

<9.8 0.52 (044–0.61) 88.9 (82.4–93.7) 68.8 (41.3–88.9) 2.8 (1.4–5.9) 0.2 (0.1–0.3)

M2BPGi (COI) <1.0 0.71 (0.63–0.78) 92.6 (86.8–96.4) 50.0 (24.7–75.4) 1.8 (1.1–3.0) 0.1 (0.0–0.3)

<3.0 0.55 (0.47–0.63) 96.3 (91.6–98.8) 0.0 (0.0–20.6) 1.0 (0.9–1.0) N/A

Advanced LF (N=16)*

Cut-off AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI) PLR (95% CI) NLR (95% CI)

ELF ≥7.7 0.51 (0.43–0.59) 100.0 (79.4–100.0) 1.5 (0.2–5.2) 1.0 (0.9–1.0) 0.0 (N/A)

≥9.8 0.79 (0.71–0.85) 68.8 (41.3–88.9) 88.9 (82.4–93.7) 6.2 (3.5–11.1) 0.4 (0.2–0.7)

M2BPGi (COI) ≥1.0 0.71 (0.63–0.78) 50.0 (24.6–75.3) 92.6 (86.9–96.4) 6.8 (3.1–14.7) 0.5 (0.3–0.9)

≥3.0 0.59 (0.50–0.67) 18.8 (4.0–45.6) 98.5 (94.8–99.8) 12.8 (2.3–70.7) 0.8 (0.6–1.0)

*See Supplemental Data Fig. 3.
Abbreviations: ELF, enhanced liver fibrosis; M2BPGi, Mac-2 binding protein glycosylation isomer; LF, liver fibrosis; TE, transient elastography; AUC, area un-
der the curve; CI, confidence interval; PLR, positive likelihood ratio; NLR, negative likelihood ratio; N/A, not available; COI, cut-off index.

Table 3. Concordance among TE, ELF, and M2BPGi to predict mild LF (F≤2 by TE) and advanced LF (F≥3 by TE)

Mild LF (N=136) Advanced LF (N=16) P Concordance (95% CI) Kappa (95% CI)

ELF <9.8 121   5 <0.001* 86.8 (72.7–102.9) 0.45 (0.25–0.65)

≥9.8   15 11

M2BPGi (COI) <3.0 134 13 0.009† 90.1 (75.7–106.6) 0.25 (-0.00–0.50)

≥3.0     2   3

*Chi-squared test. †Fisher’s exact test.
Abbreviations: TE, transient elastography; ELF, enhanced liver fibrosis; M2BPGi, Mac-2 binding protein glycosylation isomer; LF, liver fibrosis; CI, confidence 
interval; COI, cut-off index.
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(kappa=0.45), whereas that between TE and M2BPGi was fair 

(kappa=0.25). 

In ROC curve analysis, the performances of ELF and M2BPGi 

in predicting advanced LF did not differ significantly; however, 

when the manufacturer-claimed cut-off values (≥9.8 for ELF 

and ≥3.0 for M2BPGi) were applied, their performances dif-

fered significantly (P =0.002) (Supplemental Data Fig. 2). The 

concordance rate of TE, ELF, and M2BPGi was 80.9% (N=123). 

When it was applied as an analytical gold standard (TE+ELF+ 

M2BPGi), three patients had advanced LF. In ROC curve analy-

sis, the AUC was 0.97 for TE+ELF, 1.00 for TE+M2BPGi, and 

0.99 for ELF+M2BPGi, showing a significant difference between 

TE+ELF and TE+M2BPGi (P =0.004).

The application of the TE-first algorithm, with the TE/ELF and 

TE/M2BPGi approaches, is shown in Fig. 1. Except for the TE 

low-risk group (N=136), when using the sequential combina-

Fig. 1. Application of the TE-first algorithm. (A) TE/ELF approach. (B) TE/M2BPGi approach. The expected number of LBs was lower in the 
TE/M2BPGi approach than in the TE/ELF approach, with no statistical difference (9.9% [15/152] vs. 13.2% [20/152], P =0.398). The dis-
cordance rate in the low-risk group was significantly lower in the TE/M2BPGi approach than in the TE/ELF approach (1.5% [2/136] vs. 
11.0% [15/136], P =0.002). 
Abbreviations: TE, transient elastography; LC, liver cirrhosis; ELF, enhanced liver fibrosis; M2BPGi, Mac-2 binding protein glycosylation isomer; LB, liver biopsy.

A F≤2

F≥3 No low risk

TE 
(N=152)

ELF<9.8 
(N=121)
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Fig. 2. Application of the serum biomarker-first algorithm. (A) ELF/TE approach. (B) M2BPGi/TE approach. The expected number of LBs 
was lower in the M2BPGi/TE approach than in the ELF/TE approach (9.9% [15/152] vs. 13.2% [20/152], P =0.398). The discordance rate 
in the low-risk group was lower in the ELF/TE approach than in the M2BPGi/TE approach, with no statistical difference (3.9% [5/126] vs. 
8.8% [13/147], P =0.118). 
Abbreviations: see Fig. 1.

A ELF<9.8

ELF≥9.8 No low risk

ELF 
(N=152)

TE (F≤2) 
(N=121)

TE (F≥3)
(N=5)

Combined ELF and TE 
(N=26)

Concordant 
(N=11)

Discordant
(N=15)

ELF≥9.8
TE (F≥3) 

ELF≥9.8
TE (F≤2) 

High risk 
(N=11) LB (N=15) LB (N=20)

LC unlikely (N=98)
LC (N=28)

Low risk 
(N=126)

B
M2BPGi

<3.0

M2BPGi≥3.0 No low risk

M2BPGi
(N=152)

TE (F≤2) 
(N=134)

TE (F≥3)
(N=13)

Combined M2BPGi and TE 
(N=5)

Concordant 
(N=3)

Discordant
(N=2)

M2BPGi≥3.0
TE (F≥3) 

M2BPGi≥3.0
TE (F≤2) 

High risk 
(N=3) LB (N=2) LB (N=15)

LC unlikely (N=104)
LC (N=43)

Low risk 
(N=147)



Hur M, et al.
Clinical algorithms for liver fibrosis

254  www.annlabmed.org https://doi.org/10.3343/alm.2022.42.2.249

tion of TE and biomarkers, the expected number of LBs was 

lower in the TE/ELF approach than in TE/M2BPGi approach, 

with no significant difference (3.3% [5/152] vs. 8.6% [13/152], 

P =0.059). In the TE low-risk group, the discordance rate be-

tween TE and biomarker results was significantly lower in the 

TE/M2BPGi approach than in the TE/ELF approach (1.5% 

[2/136] vs. 11.0% [15/136], P =0.002). The overall expected 

number of LBs was lower in the TE/M2BPGi approach than in 

the TE/ELF approach, with no significant difference (9.9% 

[15/152] vs. 13.2% [20/152], P =0.398). 

The application of the serum biomarker-first algorithm, with 

the ELF/TE and M2BPGi/TE approaches, is shown in Fig. 2. Ex-

cept for the low-risk groups based on each biomarker (N=126 

for ELF and N=147 for M2BPGi), using the sequential combi-

nation of a biomarker and TE, the expected number of LBs was 

significantly lower in the M2BPGi/TE approach than in the ELF/

TE approach (1.3% [2/152] vs. 9.9% [15/152], P =0.002). In 

the low-risk group based on each biomarker, the discordance 

rate between the biomarker and TE results was lower in the 

ELF/TE approach than in the M2BPGi/TE approach, with no sig-

nificant difference (3.9% [5/126] vs. 8.8% [13/147], P =0.118). 

The overall expected number of LBs was lower in the M2BPGi/

TE approach than in the ELF/TE approach (9.9% [15/152] vs. 

13.2% [20/152], P =0.398), with similar results for the two clini-

cal algorithms. 

DISCUSSION

This is the first study to apply non-invasive clinical algorithms 

using ELF and M2BPGi for the assessment of LF in CHB pa-

tients. Using sequential approaches combining TE and the two 

serum biomarkers, the final LB candidates ranged from 9.9% to 

13.2% of the total of 152 CHB patients, reserving LB only for 

patients with discordant results. In both the TE-first and serum 

biomarker-first algorithms, the expected number of LBs was the 

same, regardless of the test sequence applied. Between the two 

biomarkers, the expected number of LBs was lower when M2B-

PGi was applied than when ELF was applied, although the dif-

ference was not significant (P =0.398).

In a previous study, the optimal cut-off values for ELF to pre-

dict advanced LF (F≥3 by LB, N=151) ranged from 8.4 (sensi-

tivity of 95%) to 10.8 (specificity of 92%) [21]. With these ELF 

cut-off values, LB candidates among CHB patients ranged from 

21.2% (N=18/85, validation cohort) to 25.2% (N=60/238, 

training cohort) [21]. In another recent study, a non-invasive 

clinical algorithm using ELF, FIB-4, or TE was proposed to pre-

dict advanced LF in patients with NAFLDs [31]. Combined ELF 

(>10.83) and TE (>11.45 kPa) results increased the specificity 

to 97.9% and the positive predictive value to 91.7% when com-

pared with ELF alone, and the sequential use of FIB-4 (>2.67) 

and ELF (>9.34) increased the sensitivity to 95.9% [31]. To in-

corporate non-invasive tests into clinical practice, the simplest 

strategy is to begin with a test that has a high NLR to rule out 

high-risk cases [25]. We applied the manufacturer-claimed cut-

off values to predict advanced LF (ELF≥9.8 and M2BPGi≥3.0), 

with NLRs of 0.4 and 0.8, respectively. Although cut-off values 

with higher NLRs were obtained in this study population, study-

specific cut-off values cannot be generalized to other clinical 

settings. Accordingly, manufacturer-claimed cut-off values are 

more relevant in clinical practice and allow easy and objective 

interpretation, especially when used by non-specialists.

Using the manufacturer-claimed cut-off values, the concor-

dance rates between TE and ELF and between TE and M2BPGi 

were similar, but their agreement was different. Kappa values 

can be influenced by several factors, such as prevalence and 

bias, and are reduced in case of a high prevalence index and 

high bias index [30]. The prevalence and bias indices of M2B-

PGi were greater than those of ELF, resulting in a low kappa 

value and explaining the difference in agreement (ELF vs. M2B-

PGi, 0.72 vs. 0.86 for the prevalence index, 0.06 vs. 0.07 for 

the bias index).

The European Association for Study of Liver-Asociacion Lati-

noamericana para el Estudio del Higado (EASL-ALEH) clinical 

practice guidelines state that non-invasive tests should be con-

ducted prior to therapy by non-specialists to ensure that pa-

tients with severe fibrosis/cirrhosis are referred to a disease-spe-

cific specialist and that non-invasive approaches, such as se-

rum biomarker or TE, can be used as first-line tests to assess 

the risk of severe fibrosis/cirrhosis [24]. The expected numbers 

of LBs were lower in both algorithms using M2BPGi (TE/M2B-

PGi and M2BPGi/TE approaches) than in those using ELF (TE/

ELF and ELF/TE approaches). Notably, the discordance rate in 

the low-risk group was the lowest when the TE/M2BPGi ap-

proach was used (1.5% [2/136]). ELF and M2BPGi showed dif-

ferent diagnostic performance. The sensitivity of M2BPGi was 

significantly higher than that of ELF for predicting mild LF, 

whereas it was lower than that of ELF for predicting advanced 

LF; thus, ELF and M2BPGi seem to be suitable for screening 

and confirmatory test, respectively. However, the high NLR of 

M2BPGi was related to the low number of false positives in the 

low-risk group. A low discordance rate is important in clinical 

practice to minimize the risk of losing or neglecting cases of ad-
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vanced LF in the first-line test. The AUC of TE+M2BPGi was sig-

nificantly higher than that of TE+ELF to predict advanced LF 

based on TE+ELF+M2BPGi (Supplemental Data Fig. 2). Taken 

together, among the four sequential approaches, the TE/M2B-

PGi approach seems to be the most relevant option in clinical 

practice. Our finding is in line with the recent NAFLD clinical 

practice guidelines from Korea, which suggest the TE-first ap-

proach as one of the sequential approaches in a non-invasive 

clinical algorithm [27].

Although TE is a first-line test for non-invasive assessment of 

LF, TE results should be interpreted with caution along with other 

test results. High AST or ALT levels may affect M2BPGi or ELF 

results as well as TE results [9, 14, 24, 31]. Although high AST 

or ALT levels may be a cause of discordance in each algorithm, 

very high AST or ALT levels were not observed in our study pop-

ulation. The non-invasive clinical algorithm using combined TE 

and ALT results has been suggested for treatment-naïve hepati-

tis B virus (HBV)-infected patients, with a cut-off value of TE for 

LB of 6–9 kPa in case of a normal ALT level and of 6–12 kPa in 

case of an elevated ALT level [24]. TE should be used to detect 

LF only in HBV-infected patients with HBV DNA >2,000 IU/mL 

and a normal ALT level; in patients with very high ALT levels 

(>10× the upper normal limit), it is necessary to combine se-

rum biomarkers and TE for predicting LF [24]. Boursier, et al. 
[32] proposed a stepwise algorithm using easy LF test (eLIFT), 

including age, sex, gamma-glutamyl transferase, AST, platelets, 

and prothrombin time, and then FibroMeter (FM) with vibration-

controlled TE (VCTE). VCTE was indicated in patients with an 

eLIFT score >8. The sensitivity of the eLIFT-FMVCTE algorithm 

(first-line eLIFT, second-line FMVCTE) was 76.1% for advanced 

LF and 92.1% for cirrhosis [32].

In this study, LC patients ranged from 22.2% to 29.3% in the 

low-risk groups: 25.0% (34/136) in the TE low-risk group, and 

22.2% (28/126) and 29.3% (43/147) in the ELF and M2BPGi 

low-risk groups, respectively. They all had been diagnosed be-

fore study enrollment and received antiviral treatment. The pres-

ence of LC may not exactly reflect the current pathological con-

dition of the liver. LF is a dynamic, bidirectional process that has 

an inherent capacity for recovery and remodeling [1, 3, 33, 34]. 

As LF is reversible by treatment, regression from LC to early LF 

or resolution of early LF to a nearly healthy liver is possible [1, 3]. 

Accordingly, except for treatment-naïve patients, LC patients 

can be included in TE low-risk and/or serum biomarker low-risk 

groups, as shown in this study. Our data also indicated that both 

TE-first and serum biomarker-first approaches can be used not 

only for the initial diagnosis or assessment of LC and LF, but 

also for the assessment of LF, if successfully treated, during its 

dynamic process. In each approach, follow-up and risk profile 

reassessment would be needed in the low-risk group regardless 

of the ELF or M2BPGi results. The total sample size was 152 in 

this study. To compare the algorithms, chi-squared and Fisher 

exact tests were mainly used. In the statistical power analysis, 

the estimated sample size ranged from 122 to 191 when as-

suming effect size of 0.3, α error probability of 0.05, power (1–β 

error probability) from 0.8 to 0.95, and df of 3 for the chi-squared 

test [35]. For the sample size of 152, the power was approxi-

mately 0.92, indicating a sufficient sample size for Fisher exact 

test [36].

This study has several limitations. First, the study was per-

formed in a limited number of CHB patients; the clinical algo-

rithms using ELF and M2BPGi should be explored in patients 

with other liver diseases. Second, LB was not performed, but 

only simulated in the study population [19]. As TE is widely used 

to assess LF in many institutions, including ours, it was difficult 

and impractical to enroll patients with LB results. Considering 

the current strategies for non-invasive risk stratification that re-

serve LB only for patients with indeterminate results, our data 

provide an insightful strategy using readily available serum bio-

markers [25]. However, more advanced and appropriate non-

invasive algorithms, combining clinical and laboratory data (in-

cluding biomarkers), are awaited. Third, we focused on applying 

and comparing non-invasive clinical algorithms using ELF and 

M2BPGi; thus, other conventional serum biomarkers, such as 

AST/ALT, APRI, or FIB-4, as well as HBV DNA levels were not 

considered. Both ELF and M2BPGi are novel biomarkers spe-

cific for LF assessment, and their levels can be interpreted ob-

jectively with suggested cut-off values. Accordingly, compared 

with conventional biomarkers, these biomarkers would be more 

beneficial for and applicable to initial screening that can be per-

formed even by non-specialists to identify patients at risk of LF. 

Fourth, the purpose of this study was not to explore the diag-

nostic performance or accuracy of each test method in parallel 

or in combination, but to implement each biomarker sequen-

tially in existing non-invasive clinical algorithms. Fifth, a selec-

tion bias effect could not be excluded. In this retrospective study, 

patients with mild LF according to TE were more prevalent than 

those with advanced LF according to TE, and M2BPGi was more 

concordant with mild LF based on TE than ELF, showing more 

favorable results in the low-risk group. Although it may be re-

quired to compare the clinical utility of these biomarkers using 

the same numbers of patients with mild LF and advanced LF, 

such equally sized patient populations can neither be expected 
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in nor reflect the real clinical setting.

In conclusion, this was the first study to compare two non-in-

vasive clinical algorithms using sequential approaches combin-

ing TE and the serum biomarkers ELF and M2BPGi. In each al-

gorithm, regardless of the test sequence, both ELF and M2BPGi 

comparably reduced the expected number of LBs. Both ELF and 

M2BPGi could be used in initial screening tests to assess LF in 

CHB patients, although they showed different diagnostic perfor-

mance. If priority is given to the capability of not losing advanced 

LF cases in the low-risk group, the sequential analysis of TE and 

M2BPGi seems to be the most practical approach to assess LF. 

Implementing novel serum biomarkers into non-invasive clinical 

algorithms should be further evaluated in patients with various 

other liver diseases. 
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