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Abstract
The presence of bridging fibrosis predicts survival of primary biliary cholangitis (PBC). This study aimed to compare serum
parameters for the estimation of liver fibrosis and prediction of clinical outcomes in PBC.
Out of 392 patients with PBC, 102 who underwent liver biopsy and in whom fibrosis indices, platelet count, hyaluronic acid, type IV

collagen 7second domain, procollagen type III amino-terminal peptide, tissue inhibitor of metalloproteinases 1, Mac-2 binding
protein glycosylation isomer, N-terminal type III collagen propeptide levels; fibrosis index based on 4 factors, aspartate
aminotransferase-to-platelet ratio index, and enhanced liver fibrosis (ELF) score were determined, were included. The correlation of
histological stages based on both Scheuer and Nakanuma classifications with fibrosis indices was investigated. The Nakanuma
system comprises grading for liver fibrosis and bile duct loss. Diagnostic performances of 10 fibrosis indices were evaluated to
identify patients with poor prognosis. Moreover, correlations of those with PBC clinical manifestation and survival were also
investigated.
Enhances liver fibrosis (ELF) score had the highest correlation coefficient for liver fibrosis evaluated according to either the Scheuer

or Nakanuma classification among 10 serum fibrosis indices. It also had the highest diagnostic performance in estimating Scheuer
stage III and Nakanuma fibrosis score 2, both of which represent portal-bridging fibrosis. Patients with an ELF score of ≥10.0 had
shorter survival and presented more frequently clinical complications than those with an ELF score of <10.0.
ELF score determines the severity of liver fibrosis and predicts the occurrence of complications and survival in patients with PBC.

Abbreviations: APRI = the aspartate aminotransferase-to-platelet ratio index, ELF score = enhances liver fibrosis score, Fib-4 =
the fibrosis index based on four factors, M2BPGi = Mac-2-binding protein glycosylation isomer, PBC = primarily biliary cholangitis,
PIIINP = procollagen type III amino-terminal peptide, PLT = platelet, Pro-C3 = N-terminal type III collagen propeptide, TIMP-1 =
metalloproteinase 1, UDCA = ursodeoxycholic acid.
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1. Introduction

Primary biliary cholangitis (PBC) is histologically characterized
by chronic non-suppurative destructive cholangitis and intra-
hepatic bile duct destruction, leading to an unfavorable
biochemical response and progress to end-stage liver disease
that may ultimately require liver transplantation.[1,2] Liver
fibrosis is a major independent prognostic factor in patients
with chronic liver disease (CLD), including PBC[3] and
nonalcoholic steatohepatitis.[4] Repeat liver biopsy helps assess
liver fibrosis progression or regression over a period of time and
evaluate the effects of drug treatment. Despite being an invasive
procedure with possible adverse events and limitations, liver
biopsy remains the most reliable method to diagnose CLD.[5]

Surrogate disease progression markers are required for multiple
reasons, such as providing pathological and prognostic informa-
tion to patients and serving as end-points in clinical trials.[6] At
present, several putative biomarkers have been used for assessing
the development of liver fibrosis in PBC.[7] Single biomarkers,
such as increased serum levels of hyaluronic acid,[8] laminin,[9,10]

type IV collagen 7s domain (7S collagen),[10] and procollagen
type III amino-terminal peptide (PIIINP),[9,11] are notably higher
in PBC at an advanced stage than those at an early stage.[12]-

Wisteria floribunda agglutinin (WFA)-positive Mac-2bp was
reported as a liver fibrosis biomarker for PBC[13,14] and verified in
another study.[15] Studies also report that liver stiffness is a good
indicator of liver fibrosis[8] and clinical outcomes associated with
PBC.[16] Nonetheless, these biomarkers inaccurately reflect the
fibrosis progression in PBC owing to the considerable over-
lapping of data in different histological stages. Liver-related death
involves mortality caused by hepatic events, including hepato-
cellular carcinoma, liver failure, and gastrointestinal bleeding.
The enhanced liver fibrosis (ELF) score, which is based on the
combination of serum HA, metalloproteinase 1 (TIMP-1), and
PIIINP, can be used for the prediction of advanced fibrosis in
patients with PBC.[17] On the basis of diagnostic accuracy and
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Figure 1. Flow chart of the study design. A retrospective review of medical records
227 patients with PBC who were not histologically confirmed or in whom not all 10
collagen 7second domain (7S collagen), procollagen type III amino-terminal pepti
isomer (M2BPGi), N-terminal type III collagen propeptide (Pro-C3), fibrosis index bas
(APRI), and enhanced liver fibrosis (ELF) scores, were not determined were exclu
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cost-effectiveness among novel diagnostic tests and biomarkers,
ELF was ranked at highest at a cost-effectiveness threshold value
of £20,000 per quality-adjusted life year gained. It is linearly
related with Ishak fibrosis stages and predicts the likelihood of
clinical progression associated with PBC.[18] The recently
developed Nakanuma classification, a new staging and grading
system for PBC,[19] is recommended as the Japanese version of
clinical practice guidelines for PBC to individually evaluate
damage and the loss of small intrahepatic bile ducts, fibrosis, and
cholestasis.[20] Therefore, we aimed to compare the performance
of 10 liver fibrosis indices in predicting liver fibrosis progression
and related clinical outcomes using histological classifications
devised by Nakanuma[19] and Scheuer et al[21] for evaluating the
severity of intrahepatic bile duct injury and hepatic fibrosis in
patients with PBC.

2. Methods

2.1. Patient population

A retrospective observation study that enrolled a single-center
cohort comprising 392 patients with PBC was conducted
between January 2000 and December 2019 at Nara Medical
University Hospital. In the whole cohort (n=392), platelet (PLT)
count, serum levels of HA, 7S collagen, PIIINP, TIMP-1, Mac-2
binding protein glycosylation isomer (M2BPGi), N-terminal type
III collagen propeptide (Pro-C3), fibrosis index based on 4 factors
(FIB-4 index), aspartate aminotransferase-to-platelet ratio index
(APRI), and enhances liver fibrosis (ELF) scores were determined
in 102 patients (Fig. 1). Patients with PBC without histological
confirmation or those without all 10 serum fibrosis indices were
not included (n=252). Patients were diagnosed based on the
Japanese version of the clinical practice guidelines for PBC, which
was developed in 2012 and revised by the Intractable
Hepatobiliary Disease Study Group in 2017, with the support
of the Ministry of Health, Labor, and Welfare of Japan.[20]
Exclusion criteria
 PBC who do not histologically confirmed or 
ot all 10 serum fibrosis indices were not 

determined (n=252) 
immune overlap syndrome, use of 
uppressive agents, and clinical findings 

tive of concomitant liver disease (n=38)

10 serum fibrosis indices 
1) platelet count, 2) hyaluronic acid, 2) type IV collagen 7s 
domain, 4) procollagen type III amino-terminal peptide, 5)
tissue inhibitor of metalloproteinases 1, 6) Mac-2 binding 
protein glycosylation isomer, 7) N-terminal type III collagen 
propeptide levels; 8)  fibrosis index based on four factors, 9)
aspartate aminotransferase-to-platelet ratio index, and 10)
enhanced liver fibrosis (ELF) score 

was undertaken for 392 patients with primary biliary cholangitis (PBC). In total,
serum fibrosis indices, such as platelet (PLT) count, serum levels of HA, type IV
de (PIIINP), metalloproteinase 1 (TIMP-1), Mac-2 binding protein glycosylation
ed on 4 factors (FIB-4 index), aspartate aminotransferase-to-platelet ratio index
ded. The inclusion criteria were met by 102 out of 392 patients.
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Patients who met the following 3 criteria were included in the
study:
1.
 positive for anti-mitochondrial antibody (AMA)/AMA-M2,

2.
 elevation of serum biliary enzyme levels for >6months, and

3.
 typical histopathological feature of PBC observed on liver

histology.

All patients were treatment naive when they underwent
percutaneous liver biopsy. A total of 88/102 (86.3%) patients
were treated with ursodeoxycholic acid (UDCA) 600mg/day and
the remaining 14/102 (13.7%) were treated with UDCA 900mg/
day when we did not obtain an optimal biochemical response to
UDCA at a dose of 600mg/day for 1year. Liver-related death is
defined as mortality related to hepatic events, including
hepatocellular carcinoma, liver failure, and gastrointestinal
bleeding. Exclusion criteria were autoimmune overlap syn-
drome,[22] use of immunosuppressive agents, and clinical findings
suggestive of concomitant liver disease (i.e., hepatitis B virus and
hepatitis C virus infection, and alcoholic liver disease) (n=38).
This study was conducted in accordance with the standards of the
Declaration of Helsinki and an opt-out method was used to
recruit patients for this study. The Ethics Committee of Nara
Medical University Hospital approved this study (approval no.
O11–118).
2.2. Clinical characteristics of patients with primarily
biliary cholangitis

Gender, age, occurrence of clinical manifestations, survival,
histological stage, observation period, biochemical tests, and
fibrosis markers were recorded at baseline. Consequently, all
patients included in the study, serologically and histologically
diagnosed with PBC. Symptoms and complications of PBC
include pruritus, jaundice, ascites, esophageal varices, and
hepatocellular carcinoma.[20] Additionally, PLT count, serum
levels of HA, 7S collagen, PIIINP, TIMP-1,M2BPGi, Pro-C3, and
FIB-4 index, APRI, and ELF score were used as noninvasive
biomarkers of liver fibrosis. The following formulas were used:
FIB-4 index= (age�AST) / [(PLT count)� (ALT) 1/2]; APRI =
[(sample AST / reference AST)�100] / PLT count; and ELF score
= 2.278 + [0.851 ln (HA) + 0.751 ln (PIIINP) + 0.394 ln (TIMP-
1)]. HA, TIMP-1, and PIIINP levels were determined using
chemiluminometric immunoassays conducted on the ADVIA
Centaur XP Immunoassay System (Siemens Healthineers).[23]

Serum 7S collagen was measured using radioimmunoassay kits
(7S-RIA; Nippon DPC Corporation).[24] TheWisteria floribunda
agglutinin (WFA)-positive Mac-2 bp assay was performed using
an automated chemiluminescence enzyme immunoassay analyzer
(HISCL-5000; Sysmex Corporation).[25] Pro-C3 level was
measured using the UniQ PIIINP RIA assay (Orion Diagnostica
Ltd.).[26]
2.3. Histological evaluation of liver tissues according to
Scheuer and Nakanuma classifications

Liver specimens were obtained from all patients using an 18-G
needle under ultrasound guidance. Tissue sections were stained
with hematoxylin and eosin (H&E) and Mallory’s azan stain,
followed by assessment according to Scheuer[21] and Naka-
numa[27] classifications. Briefly, Scheuer classificationwas used to
classify patients into 4 stages. Subsequently, Nakanuma
classification was used to reassess staging for bile duct loss
3

(BDL) and fibrosis. BDL and fibrosis were individually scored
and then subsequently summed up together (range for both
scores, 0–3). A final score of 0 was classified as stage 1 (no or
minimal disease progression), 1 or 2 as stage 2 (mild disease
progression), 3 or 4 as stage 3 (moderate disease progression),
and 5 or 6 as stage 4 (advanced disease progression). All liver
specimens were confirmed with H&E staining to contain at least
15 portal tracts, including 11 full-portal triads composed of
hepatic artery and portal vein branches and the bile duct.[28] Prof.
Dr. Chiho Obayashi and Dr. Kohei Morita (Department of
Diagnostic Pathology, Nara Medical University) independently
reviewed all participants to validate histological characteristics of
PBC. Interpretation discrepancies were solved by consensus.
2.4. Statistical analysis

All statistical analyzes were conducted using the GraphPad Prism
version 9.0 for Windows (GraphPad Software, La Jolla, CA,
USA). All serum fibrosis indices except PLT were abnormally
distributed. Mann–Whitney test was used for non-normally
distributed variables and Student t-test was used for normally
distributed variables. Areas under the receiver operating
characteristic (ROC) curves (AUCs) were used to evaluate the
diagnostic value of fibrosis indices in order to identify patients
with Scheuer stage III and those with Nakanuma fibrosis score of
2. Sensitivities, specificities, positive-predictive values (PPVs),
negative-predictive values (NPVs), diagnostic accuracy (AC) with
confidence intervals (CI 95%), and cut-off values of fibrosis
indices were estimated from the ROC curves. The DeLongs
nonparametric test was used to compare 2 AUC values of
different fibrosis indices.[29] Complications and survival analyses
were performed using the Kaplan–Meier method. The log-rank
test was used to compare the incidence of complications and
survival distributions between 2 or more groups. All tests were
two-tailed, and a probability (P) value of <.05 was considered
statistically significant.[30] The level of significance of Spearman’s
rank test was determined as P< .05 and r>0.2, respectively.
3. Results

3.1. Baseline clinical characteristics of patients with
different fibrosis stages

A total of 102 patients with histological findings compatible with
PBC were investigated. Summary of demographics and baseline
characteristics for 102 patients are shown in Table 1. Among
them, 89 (87.3%) were women, and the median age was 61.0±
10.8years at the time of histological diagnosis. Of 102 patients,
23 (22.5%) developed clinical complications, such as pruritus
(11, 10.8%), ascites (6, 5.9%), esophageal varices (3, 2.9%),
hepatocellular carcinoma (HCC) (2, 2.0%), and jaundice (1,
1.0%), during the study period. Six patients died of liver-related
events, 2 and 4 of them had HCC and liver failure, respectively.
The number of patients stratified as stage I, II, III, and IV
according to the Scheuer classification was 33 (32.3%), 51
(50.0%), 17 (16.7%), and 1 (1.0%), respectively. The distribu-
tion of patients in stage 1, 2, 3, and 4 according to the Nakanuma
classification were 6 (5.9%), 38 (37.3%), 53 (51.9%), and 5
(4.9%), respectively. The number of patients with fibrosis scores
of 0, 1, 2, and 3 was 19 (18.6%), 60 (58.8%), 22 (21.6%), and 1
(1.0%), respectively. The distribution of BDL scores 0, 1, 2, and 3
was 9 (8.8%), 36 (35.3%), 39 (38.2%), and 18 (17.6%),
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Table 1

Baseline characteristics of patients with primary biliary cholangi-
tis.

Variable PBC patients (n=102)

Gender (M/F) 13/89
Age (yr old)

∗
61.0±10.8

Survival (Alive/dead) 96/6
Scheuer stage (I/II/III/IV) 33/51/17/1
Nakanuma stage (1/2/3/4) 6/38/53/5
Fibrosis score (0/1/2/3) 19/60/22/1
Bile duct loss score (0/1/2/3) 9/36/39/18
Platelet, (x109/l)

∗
21.5±4.8

Albumin, (g/dl)
∗

4.2±0.59
Aspartate transaminase, (IU/l)

∗
71.5±106.1

Alanine aminotransferase, (IU/l)
∗

68.4±85.4
Alkaline Phosphatase, (IU/l)

∗
515.7±329.5

g-glutamyltransferase, (IU/l)
∗

222.3±239.3
Total bilirubin, (mg/dl)

∗
0.92±0.55

Hyaluronic acid (ng/mL)
∗

116.4±143.6
PIIINP (ng/mL)

∗
11.8±5.7

TIMP-1 (ng/mL)
∗

253.5±78.2
Type 4 collagen 7S (ng/mL)

∗
4.4±1.8

M2BPGi (COI)
∗

1.07±0.85
ProC3 (ng/ml)

∗
14.3±4.1

FIB-4 index
∗

2.93±3.3
APRI

∗
1.48±3.2

ELF score
∗

10.0±1.2

4C7S = 7S domain of type 4 collagen, APRI = the aspartate aminotransferase-to-platelet ratio index,
ELF score = enhances liver fibrosis score, Fib-4 = the fibrosis index based on four factors, M2BPGi =
Mac-2-binding protein glycosylation isomer, PBC = primarily biliary cholangitis, Pro-C3 = N-terminal
type III collagen propeptide.
∗
Median ± standard error of mean.
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respectively. The mean follow-up period was 4.5±3.0years.
Mean values and standard deviation of the ELF score, TIMP-1
level, PIIINP level, HA level, Pro-C3 level, M2BPGi level, FIB-4
index, APRI, 7S collagen level, and PLT count were 10.0±1.2,
253.5±78.2, 11.8±5.7, 116.4±143.6, 14.3±4.1, 1.07±0.85,
2.93±3.3, 1.48±3.2, 4.4±1.8, and 21.5±6.7, respectively.
Spearman’s rank correlation coefficients between the Scheuer
stage and ELF score, TIMP-1 level, PIIINP level, HA level, Pro-C3
level, M2BPGi level, FIB-4 index, APRI, 7S collagen level, and
PLT count were 0.44, 0.39, 0.43, 0.26, 0.31, 0.26, 0.07, 0.27,
0.19, and �0.26, respectively (Fig. 2A–J). Those between the
Nakanuma fibrosis score and ELF score, TIMP-1 level, PIIINP
level, HA level, Pro-C3 level, M2BPGi level, FIB-4 index, APRI,
7S collagen level, and PLT count were 0.50, 0.44, 0.49, 0.41,
0.37, 0.31, 0.19, 0.22, 0.31, and�0.29, respectively (Fig. 3A–J).
All fibrosis biomarkers, except for the M2BPGi level, 7S collagen
level, and Fib-4 index, were significantly correlated with the
Scheuer stage, whereas all of them, except the Fib-4 index,
correlated with the Nakanuma fibrosis score. ELF score had the
highest correlation coefficient for liver fibrosis evaluated
according to either the Scheuer or Nakanuma classification
among 10 serum fibrosis indices.

3.2. Diagnostic performances of serum fibrosis
biomarkers to identify significant liver fibrosis in patients
with primarily biliary cholangitis

Nakanuma classification, a new histological staging and grading
system score, is the most effective scoring system to evaluate all
fibrosis degrees in PBC. The long-term prognosis of patients with
PBC was previously found to be predicted only in Scheuer stage
III and Nakanuma fibrosis score 2, both of which represent
3 4
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portal-bridging fibrosis.[31] The diagnostic sensitivity; specificity;
PPV, NPV, and ELF score accuracy; TIMP-1, PIIINP, HA, Pro-
C3, andM2BPGi levels; FIB-4 index; APRI; 7S collagen level; and
PLT count for the differentiation of Scheuer stage ≥ III and
Nakanuma fibrosis score of≥2 in patients with PBC are shown in
Tables 2 and 3, respectively. These findings indicated that the ELF
score may predict poor prognosis in patients with PBC. The
diagnostic accuracy of ELF score was compared to that of other
fibrosis markers, including TIMP-1 level, PIIINP level, HA level,
Pro-C3 level, M2BPGi level, FIB-4 index, APRI, 7S collagen level,
and PLT count. Significant differences were observed in AUCs to
identify Scheuer stage III between the ELF score and M2BPGi
level (P= .046) and Nakanuma fibrosis score of 2 between the
ELF score and PLT count, HA level, M2BPGi level, and FIB-4
index (P= .013, P= .016, P= .031, and P= .027, respectively).
Table 2

Diagnostic accuracy of serum fibrosis markers for patients with PBC

Variable Cut-off Sensitivity (95% CI) Specificity (95% CI) AUC (95%

ELF score 10.0 92.3 (0.669–0.987) 66.7 (0.583–0.810) 0.81 (0.67–0
TIMP-1 270 76.9 (0.462–0.950) 72.2 (0.604–0.821) 0.75 (0.59–0
P-III-P 13.5 76.9 (0.462–0.950) 74.6 (0.629–0.842) 0.80 (0.69–0
HA 125 53.3 (0.266–0.787) 76.6 (0.656–0.855) 0.67 (0.50–0
Pro-C3 12.5 94.4 (0.727–0.999) 38.1 (0.277–0.493) 0.74 (0.62–0
M2BPGi 0.9 66.7 (0.349–0.901) 61.4 (0.490–0.728) 0.63 (0.45–0
Fib-4 index 2.16 69.2 (0.386–0.909) 57.9 (0.460–691) 0.64 (0.48–0
APRI 0.73 84.6 (0.546–0.981) 59.2 (0.473–0.704) 0.74 (0.62–0
7S collagen 4.1 73.3 (0.449–0.922) 59.2 (0.473–0.704) 0.65 (0.49–0
Platelet 22.9 71.4 (0.419–0.916) 51.9 (0.403–0.635) 0.67 (0.53–0

4C7S= 7S domain of type 4 collagen, APRI= the aspartate aminotransferase-to-platelet ratio index, ELF sc
2-binding protein glycosylation isomer, PBC = primarily biliary cholangitis, Pro-C3 = N-terminal type II
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3.3. Prognostic significance of enhances liver fibrosis
score in primarily biliary cholangitis

ELF score was the best predictor of Scheuer stage III and
Nakanuma fibrosis score 2 with a cut-off value of 10.0 and AUCs
of 0.81 and 084, respectively. The diagnostic performance of
Kaplan–Meier analysis demonstrated that patients with PBC
with an ELF score of ≥10.0 had higher incidence of clinical
complications and worse survival than those with an ELF score of
<10.0 (Figs. 4 and 5).

4. Discussion

Liver fibrosis progression has been shown to predict survival of
patients with CLD including PBC.[31] However, repeated
procedures are difficult to perform due to various limitations
in Scheuer stage III.

CI) PPV (95% CI) NPV (95% CI) Accuracy (95% CI) P

.92) 45.9 (0.295–0.631) 96 (0.863–0.995) 74.7 (0.643–0.834)

.92) 33.3 (0.173–0.528) 94.5 (0.849–0.989) 72.9 (0.622–0.820) .538

.94) 35.7 (0.186–0.559) 94.6 (0.851–0.989) 75.0 (0.644–0.838) .94

.83) 30.8 (0.143–0.518) 89.4 (0.794–0.956) 72.8 (0.626–0.816) .059

.86) 24.6 (0.151–0.365) 97.0 (0.842 – 0.999) 48.0 (0.380–0.582) .821

.81) 22.9 (0.104–0.401) 91.5 (0.796–0.976) 62.2 (0.508–0.727) .046

.80) 22.0 (0.106–0.376) 91.7 (0.800–0.977) 59.6 (0.486–0.698) .156

.85) 26.2 (0.139–0.420) 95.7 (0.855–0.995) 62.9 (0.525–0.729) .859

.81) 26.2 (0.139–0.420) 91.8 (0.804–0.977) 61.5 (0.508–0.716) .647

.82) 21.3 (0.107–0.357) 90.9 (0.783–0.975) 54.9 (0.442–0.654) .129

ore= Enhances Liver Fibrosis score, Fib-4= the fibrosis index based on four factors, M2BPGi=Mac-
I collagen propeptide.
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Table 3

Diagnostic accuracy of serum fibrosis markers for patients with PBC in Nakanuma fibrosis score 2.

Variable Cut-off Sensitivity (95% CI) Specificity (95% CI) AUC (95% CI) PPV (95% CI) NPV (95% CI) Accuracy (95% CI) P

ELF score 10.0 89.5 (0.669–0.987) 69.7 (0.571–0.804) 0.84 (0.73–0.93) 45.9 (0.295–0.631) 95.8 (0.857–0.995) 74.1 (0.635–0.830)
TIMP-1 270 78.9 (0.544–0.939) 77.3 (0.653–0.867) 0.79 (0.66–0.93) 50.0 (0.313–0.687) 92.7 (0.824–0.980) 77.6 (0.673–0.860) .39
P-III-P 11.6 81.2 (0.604–0.966) 59.2 (0.473–0.704) 0.80 (0.71–0.92) 34.0 (0.209–0.493) 93.8 (0.828–0.987) 64.2 (0.537–0.738) .63
HA 125 57.1 (0.340–0.782) 80.3 (0.691–0.888) 0.75 (0.59–0.86) 46.2 (0.266–0.666) 86.4 (0.757–0.936) 75.0 (0.649–0.834) .016
Pro-C3 17.1 54.5 (0.322–0.756) 88.6 (0.795–0.947) 0.75 (0.63–0.88) 57.1 (0.340–0.782) 87.5 (0.782–0.938) 81.2 (0.722–0.883) .36
M2BPGi 0.85 72.2 (0.465–0.903) 62.5 (0.495–0.743) 0.66 (0.52–0.80) 35.1 (0.202–0.525) 88.9 (0.759–0.963) 64.6 (0.533–0.749) .031
Fib-4 index 1.95 82.4 (0.566–0.962) 54.8 (0.427–0.665) 0.67 (0.54–0.79) 29.8 (0.173–0.449) 93 (0.809–0.985) 60.0 (0.491–0.702) .027
APRI 0.73 82.4 (0.566–0.962) 61.1 (0.489–0.724) 0.74 (0.63–0.86) 33.3 (0.196–0.495) 93.6 (0.825–0.987) 65.2 (0.543–0.750) .37
7S collagen 4 90 (0.683–0.988) 60.8 (0.488–0.720) 0.74 (0.61–0.86) 38.3 (0.245–0.536) 95.7 (0.855–0.995) 67.0 (0.566–0.764) .52
Platelet 22.9 72.2 (0.465–0.903) 53.4 (0.414–0.652) 0.67 (0.55–0.80) 27.7 (0.156–0.426) 88.6 (0.754–0.962) 57.1 (0.463–0.675) .013

4C7S= 7S domain of type 4 collagen, APRI= the aspartate aminotransferase-to-platelet ratio index, ELF score= enhances liver fibrosis score, Fib-4= the fibrosis index based on four factors, M2BPGi=Mac-2-
binding protein glycosylation isomer, PBC = primarily biliary cholangitis, Pro-C3 = N-terminal type III collagen propeptide.
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on the principle, sampling error, and cost.[32,33] Therefore,
noninvasive methods of assessing liver fibrosis are required to
overcome these limitations. A noninvasive approach to monitor
fibrosis progression is clearly advantageous and accurately
predicts clinical outcomes. Despite the identification of various
promising biomarker candidates, efficient serum biomarkers of
PBC have not yet been established. In this study, the ELF test can
be used to effectively evaluate the liver fibrosis severity and to
predict liver-related complications and mortality in patients with
PBC. This is the first study to demonstrate that the ELF panel is an
accurate noninvasive test for determining the severity of hepatic
fibrosis according to 2 histological classifications and correctly
identifies patients with liver-related complications and those with
poor prognosis.
The ROC curve showed that the AUC and sensitivity values of

ELF score were higher than that of PIIINP, but PIIINP had higher
specificity than that of ELF score; this helped identify patients
with Scheuer stage III. However, higher AUC, sensitivity, and
No. at risk
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Figure 4. Kaplan–Meier curves of liver-related survival according to ELF score
in 102 patients with primary biliary cholangitis (PBC). Patients with PBC with an
ELF score of ≥10.0 had worse prognosis than those with an ELF score of
<10.0 (P< .05).
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specificity values of ELF compared with those of PIIINP helped
identify patients with Nakanuma fibrosis score 2. Nakanuma
fibrosis score is more useful than the Scheuer stage in terms of the
estimation of liver fibrosis progression as Scheuer’s classification
is characterized by both fibrosis and bile duct changes, indicating
that ELF score is more useful than PIIINP as a hepatic fibrosis
marker in PBC. In case where liver biopsy is appropriate for
diagnostic purposes, the Nakanuma classification should be
employed for more accurate staging because a more recent
staging system described by Nakanuma et al added individual
scores for fibrosis, BDL, and severity of chronic cholestasis based
on copper deposition in the liver to evaluate the histological stage
of PBC. Therefore, the PBC prognosis has significantly improved
over the last 2 decades due to the early diagnosis before the onset
of clinical signs and manifestations. Inflamed and damaged
intrahepatic bile ducts and ductular reaction were generally
detected in early stage PBC. The Ishak system is based entirely on
the extent of fibrosis and provides prognostic information in
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Figure 5. Kaplan–Meier curves for the occurrence of liver-related events
according to ELF score in 102 patients with primary biliary cholangitis (PBC).
Patients with PBC with an ELF score of ≥10.0 developed clinical symptoms
more frequently than those with an ELF score of <10.0 (P< .05).
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PBC, a condition characterized by the presence of typical
histological features such as non-suppurative destructive chol-
angitis and ductopenia in its early stages. These data reinforce the
fact that ELF score reflects liver fibrosis progression associated
with bile duct damage.[3]

The ELF score of ≥10.0 was highly significantly associated
with significant fibrosis in PBC and reliably identifies those highly
at risk of experiencing these complications and death. The 2016
United Kingdom’s National Institute for Health and Care
Excellence (NICE) guidelines have shown that ELF of ≥10.51
could successfully diagnose advanced fibrosis in nonalcoholic
fatty liver disease.[34] ELF score of ≥11.3 has been shown to be
associated with a fivefold increased risk of developing a liver-
related outcome in nonalcoholic steatohepatitis and compensated
cirrhosis.[35] An ELF score of ≥7.3 indicates significant fibrosis in
patients with chronic hepatitis type B requiring antiviral
medications.[36] The ELF test of ≥9.1 is a promising noninvasive
method to assess severe liver fibrosis in patients with chronic
hepatitis C.[37] Differences in ELF score cut-off values in CLD
remain unclear, but may be explained by fibrous expansion
differences of portal areas among CLDs. Fredrich-Rust et al have
shown that ELF cut-off for F4 is 9.89, whereas it was 10 in this
cohort. The reason for this discrepancy remains unclear, but this
could be partially explained by the fact that differences in the
number of enrolled patients with PBC, and the histological
classification used, determined the grade and stage of PBC.
The optimal cut-off value and diagnostic performance of

respective serum fibrosis biomarkers might vary according to
CLDs, and due to the prevalence of liver fibrosis stages in
CLDs.[38,39] However, ELF score has been confirmed to predict
significant liver fibrosis with a certain degree of accuracy.
Nevertheless, optimization of cut-off values and evaluation of the
diagnostic performance are prerequisite for the assessment of
liver fibrosis in each clinical setting.[40] Furthermore, comparing
AUCs among noninvasive methods based on liver histology as a
reference remains controversial. Differences in AUCs of liver
fibrosis markers do not always differentiate the quality difference
among parameters. Furthermore, the inaccuracy of liver biopsy
may be attributed to the misdiagnosis of various noninvasive
techniques as histological features of PBC are heterogeneously
distributed throughout the liver and sampling errors occur in
percutaneous liver biopsy in PBC. These findings suggest that
noninvasive composite blood biomarkers, including ELF score,
are clinically useful in predicting fibrosis in PBC.
Nevertheless, our study results should be interpreted in light of

several limitations. First, the small number of participants,
especially of those with Scheuer stage 4 and Nakanuma fibrosis
score of 3. Second, the histological progression of PBC may be
relatively steady, regardless of whether the starting point is early
or advanced disease. The number of patients with clinical
manifestations is small. Third, comparison of ELF usefulness in
different etiologies was restricted by a relatively low frequency of
clinical symptom occurrence in PBC. Future studies are
warranted to compare the need for magnetic resonance
elastography and transient elastography as well as combinations
of liver stiffness measurement and serum fibrosis indices.
Noninvasive parameters should be assessed based on a large-
scale prospective longitudinal study using surrogate end-points of
changes in histological disease stage. Therefore, ELF panel can
serve as a hepatic fibrosis marker and predictor of liver-related
complications and mortality.
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