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Abstract

Background: Various noninvasive tests can be used to identify high-risk

groups of patients with metabolic dysfunction–associated steatotic liver

disease/steatohepatitis (MASLD). In this study, we compared the diagnostic

performance of serum type 4 collagen 7S (COL4-7S) and the Enhanced

Liver Fibrosis (ELF) score for detecting fibrosis in patients with MASLD.

Methods: Among 1368 patients with MASLD who underwent liver biopsy,

794 with values for both serum COL4-7S and the ELF score were enrolled in

this multicenter study. The diagnostic performance of COL4-7S and ELF for

detecting fibrosis stage ≥2, fibrosis stage ≥ 3, and at-risk metabolic dys-

function–associated steatohepatitis were evaluated using ROC curve, con-

tinuous net reclassification improvement, and integrated discrimination

improvement analyses.

Results: Both COL4-7S and ELF scores increased significantly with

increasing fibrosis. The AUROC for each outcome was higher for COL4-7S

than ELF, but not significantly. The diagnostic performance for detecting

fibrosis stage ≥ 2 was significantly better for COL4-7S than for the ELF score

(s net reclassification improvement= 16.7%, p= 0.018; integrated discrimi-

nation improvement= 3.9%, p< 0.01). In patients without diabetes, the

diagnostic performance for each outcome did not differ significantly between

COL4-7S and ELF score, but in patients with diabetes, the diagnostic per-

formance for fibrosis stage ≥2 was higher for COL4-7S than for the ELF

score (AUROC=0.817 vs. 0.773, p=0.04; s net reclassification improve-

ment=32.7%, p<0.01; integrated discrimination improvement= 5.6%,

p< 0.01).

Conclusions: The diagnostic performance of serum COL4-7S (a single

marker) for identifying more advanced disease in patients with MASLD was

at least equivalent to that of the ELF score (a combined marker).

Keywords: at-risk MASH, ELF test, liver fibrosis, metabolic dysfunction–
associated steatotic liver disease/steatohepatitis, type IV collagen 7S

INTRODUCTION

The prognosis of metabolic dysfunction–associated
steatotic liver disease (MASLD) worsens as liver
fibrosis progresses.[1] Although liver biopsy is the gold
standard for quantifying hepatic fibrosis, the clinical
efficacy of various noninvasive tests, such as the
fibrosis-4 index, has been studied.[2] Current evidence
suggests that fibrosis-4 index has good performance for
not only diagnosing advanced liver fibrosis but also for

predicting the future occurrence of liver-related events
and HCC.[3]

Other surrogate fibrosis markers, such as the
Enhanced Liver Fibrosis (ELF) score and type IV collagen
7S (COL4-7S), can also accurately diagnose liver
fibrosis.[4,5] These markers focus on products of extrac-
ellular matrix turnover. Extensive dynamic extracellular
matrix remodeling involving both the interstitial and
basement membrane matrices occurs during fibrogene-
sis. Proteolytic fragments of different collagen subtypes
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are released during fibrogenesis and/or fibrinolysis and
can be used as noninvasive biomarkers.[6]

The ELF score is based on 3 serum fibrosis markers:
hyaluronic acid (HA), TIMP-1, and N-terminal peptide of
procollagen III.[7] Sharma et al[8] reported that the ELF
score showed good diagnostic accuracy for advanced
fibrosis and cirrhosis in several cohorts of patients with
chronic liver disease. The AUROCs were > 0.80.
Furthermore, the ELF score is recommended as a
noninvasive test in guidelines published by the Euro-
pean Association for the Study of the Liver[9] and in the
practice guidance for NAFLD published by the Ameri-
can Association for the Study of Liver Diseases.[10]

COL4-7S is a fragment of type IV collagen, which is
the most abundant structural component of the base-
ment membrane. COL4-7S is a well-established bio-
chemical marker of liver fibrosis[11,12] and is stable in
blood because of its relative resistance to proteolytic
enzymes. Serum COL4-7S levels are increased during
the progression of liver fibrosis in various types of
chronic hepatitis, including metabolic dysfunction–
associated steatohepatitis (MASH, previously known as
NASH).[13] COL4-7S has been used to study fibrogenic
activity in both animal models[11] and humans.[3] It has
been covered by insurance in Japan since 1989 and
has become one of the most useful liver fibrosis
markers at our institution.[14] We previously reported
the effectiveness of COL4-7S for diagnosing fibrosis in
MASLD.[5] Importantly, the effectiveness of CO4-7S for
diagnosing advanced liver fibrosis was not affected by
the presence of type 2 diabetes mellitus (T2DM) in
patients with MASLD (the AUROC was 0.883 in patients
without T2DM and 0.872 in those with T2DM). The
diagnostic accuracy of the ELF score for liver fibrosis is
also unaffected by the presence or absence of
T2DM.[15]

The ELF score is widely used as a fibrosis marker for
MASLD in the West, while the effectiveness of COL4-
7S has been rarely studied outside Japan despite it
being one of the oldest fibrosis markers.[16] This study
aimed to compare the diagnostic performance of COL4-
7S and ELF for liver fibrosis and at-risk MASH (MASH
at increased risk of disease progression).

METHODS

Patients

Among 1368 patients with biopsy-confirmed MASLD,
794 with values for both serum COL4-7S and the ELF
score were enrolled in this multicenter study. This is a
retrospective, observational, cross-sectional study com-
paring the diagnostic accuracy for fibrosis between ELF
and COL4-7S. The patients were enrolled from January
1990 to February 2020 at 6 centers in Japan: Saga
University, Kyoto Prefectural University of Medicine,

Yokohama City University, Saiseikai Suita Hospital,
Ogaki Municipal Hospital, and Gifu Municipal Hospital.
The exclusion criteria were daily consumption of
alcohol-associated beverages; the presence of other
liver diseases (including viral hepatitis, autoimmune
hepatitis, primary biliary cholangitis, primary sclerosing
cholangitis, hemochromatosis, alpha-1-antitrypsin
deficiency–associated liver disease, Wilson disease,
and drug-induced liver disease); and evidence of HCC,
biliary tract cancer, or pancreatic cancer. This study
was conducted in accordance with the Declaration of
Helsinki and Istanbul approved by the institutional
review board at each participating institution. Partici-
pants were enrolled using an opt-out consent process.

Laboratory and clinical parameters

Physical characteristics, medical history, lifestyle habits,
and clinical laboratory data were collected for all
patients. Blood samples were analyzed using standard
techniques in the clinical laboratory at each institution.
T2DM, hypertension, and dyslipidemia were diagnosed
according to standard criteria.[17–20] T2DM was diag-
nosed in accordance with the following: physician
diagnosis of T2DM, documented use of oral hypo-
glycemic medication and a random glucose level
≥200 mg/dL, or a fasting plasma glucose level
≥126 mg/dL and hemoglobin A1c ≥6.5%.[17] Blood
samples were collected 1 day before and after the liver
biopsy was performed, and then the blood tests were
performed. ELF was measured using serum stored at
that time.

The serum COL4-7S level and the ELF score were
determined in all patients. COL4-7S levels were
measured using double-antibody radioimmunoassay.
The ELF score was calculated using values from serum
samples obtained with the patient’s consent when the
liver biopsy was performed. After measuring serum
levels of HA, PIIP, and TIMP-1 (Siemens Health Care
Diagnostics Inc., Tokyo, Japan), the ELF score was
calculated as follows: 2.278 + 0.851 ln [HA] + 0.751 ln
[peptide of procollagen III] + 0.394 ln [TIMP-1].

Liver histology

All patients underwent percutaneous liver biopsy with
ultrasonic guidance. Liver specimens were read and
scored at a central location (Kyushu University) by a
single, experienced pathologist (Shinichi Aishima)
who was blinded to the clinical and laboratory data.
A 16G needle was used for liver biopsy; specimens
measuring 1.5–2 cm with enough evaluable portal
tracts were considered eligible. The Kleiner scoring
system was used for histologic assessment of
MASLD, including the determination of the amount of
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steatosis (grades 0–3), lobular inflammation (grades
0–3), and hepatocellular ballooning (grades 0–2), as
well as the stage of fibrosis (stages 0–4).[21,22] MASH
was diagnosed according to the fatty liver inhibition of
progression algorithm.[23] At-risk MASH was defined
as MASH with an NAFLD activity score ≥ 4 or a
fibrosis stage ≥ 2.

Statistical analysis

ROC analysis, continuous net reclassification improve-
ment (cNRI) analysis, and IDI analysis were used to
assess the prognosis accuracy of COL4-7S and ELF
for fibrosis stage ≥3, fibrosis stage ≥2, and at-risk
MASH.[24] These analyses were repeated in subgroups
of patients with or without T2DM to determine whether
the presence of T2DM affected the diagnostic accuracy
of COL4-7S or the ELF score for fibrosis stage ≥ 3,
fibrosis stage ≥ 2, or at-risk MASH. The Jonckheere-
Terpstra trend test was used to assess the association
between each histologic feature of MASLD (steatosis,
inflammation, ballooning, and fibrosis) and COL4-7S
or ELF.

We standardized the values for COL4-7S, the ELF
score, HA, peptide of procollagen III, and TIMP-1
(mean=0 and SDs= ±1) to assess the relative impact
of each histologic features at the same level when
performing the regression analysis. We then performed
multiple regression analysis to calculate regression
coefficients and ordinal logistic regression analysis to
estimate ORs for each histologic feature. All statistical
analyses were performed using R, version 4.2.2.
Nominal two-sided p-values < 0.05 were considered
statistically significant.

RESULTS

Patient characteristics

Characteristics of the enrolled patients are shown in
Table 1. A total of 794 patients were included in the
study, 348 (43.8%) of whom were male. The median
patient age was 59 years. A total of 393 patients (49.5%)
had fibrosis stage ≥2, 189 patients (23.8%) had fibrosis
stage ≥3, and 504 patients (63.5%) met the criteria for
at-risk MASH. Twenty-five cases of grade 0 included liver
fibrosis, and 4 cases were burned-out MASH. The
median serum COL4-7S was 5.1 ng/mL, and the median
ELF score was 9.92.

A total of 398 patients had T2DM. Compared to
patients without T2DM, those with T2DM were signifi-
cantly older (61 vs. 57 y, p< 0.01), had a higher median
COL4-7S level (5.5 vs. 4.8 ng/mL, p< 0.01), and ELF
score (10.2 vs. 9.7, p< 0.01); and had significantly

higher rates of fibrosis stage ≥ 2, fibrosis stage ≥ 3, and
at-risk MASH. However, there were no significant
differences in rates of steatosis, inflammation, or
ballooning between patients with or without T2DM.

Comparison of the diagnostic accuracy of
COL4-7S versus ELF score for fibrosis
stage ≥ 2, fibrosis stage ≥ 3, and at-risk
MASH

Violin plots of the distribution of COL4-7S levels and
ELF scores at each stage are shown in Figure 1. The
distribution of both markers increased significantly with
increasing stage. However, the distribution was wider
for COL4-7S than for the ELF score at each stage.

ROC analysis was performed, and the Delong test
was used to compare the diagnostic accuracy of COL4-
7S versus ELF score for fibrosis stage ≥ 2, fibrosis
stage ≥ 3, and at-risk MASH. The AUROC of COL4-7S
was higher than that of ELF for all 3 outcomes,
although the differences were not statistically significant
(Figure 2). Specifically, the AUROCs of COL4-7S and
ELF were 0.81and 0.783, respectively, for fibrosis stage
≥2 (p=0.063), 0.844 and 0.820 for fibrosis stage ≥ 3
(p= 0.096); and 0.743 and 0.719 for at-risk MASH
(p= 0.129).

The cutoff values of ELF and COL4-7S for each
outcome on sensitivity 90% and specificity 90% were
the following: the cutoff values of COL4-7S were 4.2
and 6.0 for stage≥ 2, respectively; 5.1 and 7.2 for
stage≥ 3; and 4.2 and 6.0 for at-risk MASH. On the
other hand, the values of ELF were 9.2 and 10.7 for
stage≥ 2, respectively; 9.8 and 11.0 for stage≥ 3; and
8.9 and 10.8 for at-risk MASH (Supplemental Table S1,
http://links.lww.com/HC9/B70).

cNRI and IDI analyses were also performed to
compare the diagnostic accuracy of COL4-7S and
ELF for detecting fibrosis stage ≥ 2, fibrosis stage
≥ 3, and at-risk MASH (Table 2). cNRI was 0.167
(p= 0.018) and IDI was 0.039 (p= 0.003) for fibrosis
stage ≥ 2. The accuracy of COL4-7S was significantly
higher than that of ELF for detecting fibrosis stage ≥ 2
according to both types of analysis. cNRI was 0.022
(p= 0.796) and IDI was 0.036 (p= 0.021) for diagnos-
ing fibrosis stage ≥ 3. Thus, there was no significant
difference in the accuracy of COL4-7S and ELF
scores for detecting fibrosis stage ≥ 3 according to
cNRI analysis, but the diagnostic accuracy of COL4-
7S was significantly higher than that of ELF according
to IDI analysis. In terms of detecting at-risk MASH,
cNRI was 0.098 (p= 0.183), and IDI was 0.011
(p= 0.261), indicating that there was no significant
difference in the accuracy of COL4-7S and ELF for
diagnosing at-risk MASH according to either type of
analysis.
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TABLE 1 Patient characteristics

Characteristic Total (n= 794) Non-DM (n=396) DM (n= 398) p

Age (y) 59 [17, 85] 57 [17, 85] 61 [19, 84] <0.001

Male sex 348 (43.8) 182 (46.0) 166 (41.7) 0.256

BMI (kg/m2) 27.9 [15.4, 62.8] 27.4 [15.4, 62.8] 28.6 [16.8, 53.2] <0.001

Total protein (g/dL) 7.2 [4.4, 9.6] 7.2 [4.4, 8.4] 7.2 [4.9, 9.6] 0.7

Albumin (g/dL) 4.2 [2.5, 6.0] 4.3 [2.8, 6.0] 4.2 [2.5, 5.2] 0.003

Platelet counts (108/μL) 19.8 [4.4, 63.7] 20.2 [6.0, 44.5] 19.4 [4.4, 63.7] 0.026

AST (IU/L) 46 [11, 608] 46 [11, 251] 47 [13, 608] 0.824

ALT (IU/L) 60 [2, 401] 66 [2, 401] 57 [10, 323] 0.005

GGT (IU/L) 59 [11, 1070] 55 [11, 1070] 62 [11, 566] 0.96

Total cholesterol
(mg/dL)

192 [68, 423] 196 [68, 347] 187 [77, 423] 0.139

LDL-C (mg/dL) 121 [17, 259] 125 [34, 259] 116 [17, 243] <0.001

HDL-C (mg/dL) 47 [16, 115] 47 [16, 113] 47 [22, 115] <0.001

Triglycerides (mg/dL) 134 [39, 751] 132 [40, 751] 138 [39, 614] 0.482

COL4-7S (ng/mL) 5.1 [0.9, 19.8] 4.8 [0.9, 19.8] 5.5 [2.7, 14.0] <0.001

HA (ng/mL) 69.11 [4.33, 1632.40] 57.81 [4.33, 1086.14] 91.03 [7.59, 1632.40] <0.001

P3P (U/mL) 13.3 [1.4, 148.3] 13.6 [1.4, 62.4] 13.2 [2.7, 148.3] 0.264

TIMP-1 (ng/mL) 232.0 [26.2, 935.6] 222.5 [26.2, 806.0] 243.1 [92.5, 935.6] <0.001

ELF score 9.92 [5.07, 14.06] 9.70 [5.07, 13.37] 10.20 [7.49, 14.06] <0.001

Fibrosis stages 2–4 393 (49.5) 168 (42.4) 225 (56.5) <0.001

Fibrosis stages 3–4 189 (23.8) 67 (16.9) 122 (30.7) <0.001

At-risk MASH 504 (63.5) 234 (59.1) 270 (67.8) 0.013

Steatosis grades 0 : 1 :
2 : 3

40 (5.0) : 546 (68.8) : 138 (17.4)
: 70 (8.8)

17 (4.3) : 269 (67.9) : 69 (17.4) :
41 (10.4)

23 (5.8) : 277 (69.6) : 69 (17.3)
: 29 (7.3)

0.381

Inflammation grades 0 :
1 : 2 : 3

33 (4.2) : 515 (64.9) : 197 (24.8)
: 49 (6.2)

22 (5.6) : 258 (65.2) : 98 (24.7) :
18 (4.5)

11 (2.8) : 257 (64.6) : 99 (24.9)
: 31 (7.8)

0.068

Ballooning grades 0 : 1 :
2

263 (33.1) : 366 (46.1) : 165
(20.8)

143 (36.1) : 180 (45.5) : 73
(18.4)

120 (30.2) : 186 (46.7) : 92
(23.1)

0.117

Note: Results are presented as number (%) for qualitative data or as median [range] for quantitative data.
p-values were obtained using the Mann-Whitney U test or χ2 test.
Abbreviations: BMI, body mass index; COL4-7S, type IV collagen 7S; DM, diabetes mellitus; ELF, Enhanced Liver Fibrosis; HA, hyaluronic acid; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MASH, metabolic dysfunction–associated steatohepatitis; P3P, procollagen III protein.
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Comparison of the diagnostic accuracy of
COL4-7S and ELF score for fibrosis stage
≥ 2, fibrosis stage ≥ 3, and at-risk MASH in
patients with or without T2DM

ROC, cNRI, and IDI analyses were also performed to
assess the performance of COL4-7S and ELF for
detecting fibrosis stage ≥2, fibrosis stage ≥3, and at-
risk MASH in patients with or without T2DM. In patients
without T2DM, the diagnostic accuracy was not signifi-
cantly different between COL4-7S and the ELF score for
all three outcomes, using any of the 3 methods of
analysis (AUROC, cNRI, and IDI) (Figure 3, Table 3A). In
patients with T2DM, the diagnostic accuracy for fibrosis
stage ≥2 was significantly better for COL4-7S than for
the ELF score during AUROC analysis (AUROC of
COL4-7S vs. ELF: 0.817 vs. 0.773 of ELF, p=0.040),
cNRI analysis (cNRI=0.327, p<0.01), and IDI analysis
(IDI=0.056, p<0.01). Conversely, the diagnostic accu-
racy for fibrosis stage ≥3 did not differ significantly
between COL4-7S and ELF score during AUROC
analysis, cNRI analysis (cNRI=−0.094, p=0.386), or
IDI analysis (IDI=0.0152, p=0.444). For diagnosing at-
risk MASH, the AUROC was significantly higher for

COL4-7S than for the ELF score (0.772 vs. 0.728,
p=0.044), but no significant difference between markers
was observed during cNRI analysis (cNRI=0.20,
p=0.061) or IDI analysis (IDI=0.024, p=0.093)
(Figure 3, Table 3B).

Association of COL4-7S and ELF score
with specific histologic features of MASLD

Relationships between both fibrosis makers (COL4-7S
and ELF) and histologic features of MASLD were
assessed using the Jonckheere-Terpstra trend test.
The COL4-7S level tended to decrease as steatosis
progressed, although the trend was not statistically
significant (p= 0.07), whereas the ELF score decreased
significantly as steatosis increased (p< 0.01). Regard-
ing other histologic features, COL4-7S levels and ELF
scores increased significantly as inflammation, balloon-
ing, and fibrosis progressed (p<0.01) (Supplemental
Figure S1A–C, http://links.lww.com/HC9/B71).

The results of multiple regression analysis after
standardization of COL4-7S levels and ELF scores
are shown in Supplemental Table S2, http://links.lww.
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F IGURE 2 Area under the receiver operating characteristics curve of COL4-7S and ELF score for diagnosing fibrosis stage ≥ 2 (A), fibrosis
stage ≥3 (B), and at-risk MASH (C). Abbreviations: COL4-7S, type IV collagen 7S; ELF, Enhanced Liver Fibrosis; MASH, metabolic dysfunction–
associated steatohepatitis.

TABLE 2 Diagnostic performance of COL4-7S and the ELF score according to ROC curve, net reclassification improvement, and integrated
discrimination improvement analyses

Method of analysis Fibrosis stage ≥3 p Fibrosis stage ≥2 p At-risk MASH p

AUROC — 0.0961 — 0.0632 — 0.129

COL4-7S 0.844 — 0.81 — 0.743 —

ELF score 0.82 — 0.783 — 0.719 —

ELF score → COL4-7S

NRI 0.0215 0.796 0.167 0.018 0.098 0.183

NRI for events 0.0794 0.274 0.139 0.005 0.064 0.153

NRI for nonevents −0.0579 0.154 0.0274 0.583 0.035 0.557

IDI 0.0361 0.021 0.0389 0.003 0.011 0.261

Abbreviations: COL4-7S, type IV collagen 7S; ELF, Enhanced Liver Fibrosis; IDI, integrated discrimination improvement; MASH, metabolic dysfunction–associated
steatohepatitis; NRI, net reclassification improvement.
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com/HC9/B70. The coefficients for COL-7S were
−0.022 (p=0.591) for steatosis, 0.206 (p< 0.01) for
inflammation, 0.092 (p=0.06) for ballooning, and 0.434
(p<0.01) for fibrosis. The coefficients for ELF score
were −0.091 (p=0.032) for steatosis, 0.132 (p=0.013)
for inflammation, 0.163 (p<0.01) for ballooning, and
0.394 (p<0.01) for fibrosis.

Ordinal logistic regression analysis results are shown
in Supplemental Table S3, http://links.lww.com/HC9/
B70. Higher COL4-7S levels and ELF scores were
significantly associated with a higher fibrosis stage, with
an OR of 2.65 (95% CI: 2.16–3.25, p< 0.01) for COL4-
7S and 1.86 (95% CI: 1.53–2.24, p< 0.01) for
ELF score.

The rate of steatosis was higher in patients with
fibrosis stage ≥2 than in those with fibrosis stage ≥ 3
(Supplemental Table S4, http://links.lww.com/HC9/
B70).

DISCUSSION

In this study, we compared the diagnostic performance
of serum COL4-7S level versus the ELF score for

detecting liver fibrosis. We noted several key findings.
First, there was no significant difference in diagnostic
accuracy between COL4-7S and ELF score for fibrosis
stage ≥ 3 or at-risk MASH. Second, the diagnostic
ability of both markers for liver fibrosis was not
significantly different between patients with or without
T2DM. Third, COL4-7S was superior to the ELF score
for diagnosing fibrosis stage ≥2. COL4-7S was also
more closely associated with the grade of inflammation
and stage of fibrosis than ELF. Thus, COL4-7S appears
to be an effective noninvasive marker for detecting
higher stages of fibrosis in patients with MASLD. As
such, it may not only have an important role in the risk-
stratification of these patients, but it may also be useful
for evaluating treatment efficacy.

We previously reported the effectiveness of COL4-
7S for diagnosing MASH and advanced fibrosis in
patients with MASLD.[25] Sumida et al[26] reported that
the NAFIC score, which consists of serum ferritin,
insulin, and COL4-7S levels, predicted MASH. Oka-
noue et al[27] reported that the CA index, which consists
of COL4-7S and aspartate aminotransferase, predicted
MASH-related and MASH-related fibrosis. Furthermore,
the good diagnostic accuracy of COL4-7S for detecting
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fibrosis stage ≥3 was maintained in patients with
T2DM, with an AUROC of 0.883 in patients with MASLD
who do not have DM and 0.872 in those with MASLD
plus DM.[5]

The ELF score, as a noninvasive marker of fibrosis,
has demonstrated excellent performance in detecting
fibrosis stage ≥3, with an AUROC of 0.90.[28] However,
Vali and colleagues reported that the ELF score had an
AUROC of 0.83 for detecting advanced fibrosis, with high
sensitivity but limited specificity for excluding advanced
fibrosis at low cutoff values. Furthermore, the diagnostic
performance of the ELF score at higher thresholds was
limited in low-prevalence settings.[29] Furthermore, Seko
et al[30] reported that the AUROC for fibrosis stage ≥3
was 0.802, which was not superior to that of fibrosis-4
index. As with COL4-7S, the diagnostic accuracy of the
ELF score was maintained whether or not T2DM was
present.[15] ELF scores using a low cutoff value were
reported to have a high sensitivity (≥91.4%) and high
negative predictive value (≥96.8%), regardless of the
presence or absence of T2DM.

As in previous investigations, both COL4-7S and
ELF scores exhibited high diagnostic performance in
detecting fibrosis stage ≥3 in the current study.
However, the diagnostic accuracy tended to be lower
for the fibrosing stage ≥ 2 or at-risk MASH compared to
the fibrosis stage ≥ 3. Interestingly, the diagnostic
performance for diagnosing fibrosis stage ≥2 was
significantly higher for COL4-7S than for the ELF score
in patients with T2DM. ELF scores were associated with
each of the assessed histologic features of MASLD

(steatosis, inflammation, ballooning, and fibrosis),
whereas COL4-7S levels were associated with only
inflammation and fibrosis. While most of these associ-
ations were positive, the ELF score was negatively
associated with steatosis grade. This negative associ-
ation can be explained by the higher rate of steatosis in
patients with fibrosis stage ≥2 than in those with
fibrosis stage ≥3. Therefore, the ELF score appears to
be influenced by this negative relationship, which may
lower its value and reduce its diagnostic performance.
In contrast, COL4-7S was not associated with steatosis,
likely contributing to its superior performance as an
indicator of hepatic fibrosis. In the violin plot of this
study, the ELF score and COL4-7S statistically signif-
icantly distinguish fibrosis stages, but in practice, at
lower stages (stages 0–1), their values overlap and
cannot be clearly distinguished. In this study, the ELF is
~8–12 for stages 0–1, but similar ranges have been
reported in another article.[31] Because of the heteroge-
neous effects of fat deposition, inflammation, and
ballooning at low stages, ELF may be less stable in
values at low stages than COL4-7S.

COL4-7S and the ELF score appeared to be overall
less useful for detecting earlier-stage MASLD than the
later-stage disease (ie, fibrosis stage ≥3). As MASLD
progresses very slowly, this drawback might be
improved by periodic measurements of these markers,
with more emphasis on changes over time rather than
just absolute values. Future studies are necessary to
confirm our observations and to determine appropriate
monitoring intervals.

TABLE 3 Diagnostic performance of COL4-7S and the ELF score according to ROC curve, net reclassification improvement, and integrated
discrimination improvement analyses in patients with or without type 2 diabetes mellitus

Method of analysis Fibrosis stage ≥3 p Fibrosis stage ≥2 p At-risk MASH p

Patients without T2DM

AUROC — 0.830 — 0.687 — 0.763

COL4 0.857 — 0.788 — 0.703 —

ELF score 0.830 — 0.780 — 0.696 —

ELF score → COL4-7S

NRI 0.221 0.0924 0.045 0.657 0.046 0.649

NRI for events 0.224 0.0601 0.071 0.353 0.034 0.601

NRI for nonevents −0.003 0.956 −0.026 0.691 0.012 0.875

IDI 0.062 0.011 0.018 0.317 4.47×10−5 0.997

Patients with T2DM

AUROC — 0.359 — 0.040 — 0.044

COL4 0.819 — 0.817 — 0.772 —

ELF score 0.800 — 0.773 — 0.728 —

ELF → COL4-7S

NRI −0.094 0.386 0.327 0.001 0.2 0.061

NRI for events 0 0.999 0.182 0.005 0.0593 0.329

NRI for nonevents −0.094 0.116 0.145 0.055 0.141 0.108

IDI 0.0152 0.444 0.056 0.002 0.024 0.093

Abbreviations: COL4-7S, type IV collagen 7S; ELF, Enhanced Liver Fibrosis; IDI, integrated discrimination improvement; MASH, metabolic dysfunction–associated
steatohepatitis; NRI, net reclassification improvement; T2DM, type 2 diabetes mellitus.
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This study has some limitations. For example, COL4-
7S was measured by radioimmunoassay, whereas the
currently preferred method is the chemiluminescent
enzyme immunoassay. However, Shima et al[32] reported
a close correlation between COL4-7S-radioimmuno-
assay and COL4-7S-chemiluminescent enzyme
immunoassay values in patients with NAFLD (r=0.888,
p<0.01), suggesting that our results are likely also
applicable to COL4-7S measured by chemiluminescent
enzyme immunoassay. Another limitation was that this
study was conducted in Japanese patients. Further
validation studies in other populations should be consid-
ered. If measurements of COL4-7S become available
outside of Japan in the future, we believe it will be
possible to conduct validation studies and evaluate the
diagnosis performance of COL4-7S in the future.

In conclusion, serum COL4 levels had comparable
diagnostic power for fibrosis stage ≥3 and at-risk MASLD,
compared to the ELF score, but were superior to ELF for
diagnosing fibrosis stage ≥2. The ELF score, which is
calculated as a composite of 3 serum protein levels, was
associated with steatosis, inflammation, ballooning, and
fibrosis, whereas COL4-7S was associated with only
inflammation and fibrosis. Our results suggest that
diagnosing fibrosis stage ≥2 using noninvasive markers
may be influenced by differences in histologic background,
resulting in the ELF score being less useful for diagnosing
earlier-stage fibrosis than COL4-7S.
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