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Abstract
Background: Liver biopsy for the diagnosis of non-alcoholic steatohepatitis (NASH) is limited by its inherent invasiveness and
possible sampling errors. Some studies have shown that cytokeratin-18 (CK-18) concentrations may be useful in diagnosing
NASH, but results across studies have been inconsistent. We aimed to identify the utility of CK-18 M30 concentrations as an
alternative to liver biopsy for non-invasive identification of NASH.
Methods: Individual data were collected from 14 registry centers on patients with biopsy-proven non-alcoholic fatty liver disease
(NAFLD), and in all patients, circulating CK-18 M30 levels were measured. Individuals with a NAFLD activity score (NAS) ≥5
Correspondence to: Ming-hua Zheng, Department of Hepatology, MAFLD
Research Center, The First Affiliated Hospital of Wenzhou Medical University; No. 2,
Fuxue Lane, Wenzhou, Zhejiang 325000, China
E-Mail: zhengmh@wmu.edu.cn

Copyright © 2023 The Chinese Medical Association, produced by Wolters Kluwer, Inc. under
the CC-BY-NC-ND license. This is an open access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND),
where it is permissible to download and share the work provided it is properly cited. The work
cannot be changed in any way or used commercially without permission from the journal.

Chinese Medical Journal 2023;Vol(No)

Received: 08-09-2022; Online: -- Edited by: Yuanyuan Ji

Access this article online

Quick Response Code: Website:
www.cmj.org

DOI:
10.1097/CM9.0000000000002603

1

mailto:zhengmh@wmu.edu.cn
http://creativecommons.org/licenses/by-nc-nd/4.0
http://creativecommons.org/licenses/by-nc-nd/4.0


CMJ-2022-2498; Total nos of Pages: 10;

CMJ-2022-2498

Chinese Medical Journal 2023;Vol(No) www.cmj.org
including a score of ≥1 for each of steatosis, ballooning, and lobular inflammation were diagnosed as having definite NASH;
individuals with a NAS �2 and no fibrosis were diagnosed as having non-alcoholic fatty liver (NAFL).
Results:A total of 2571 participants were screened, and 1008 (153 with NAFL and 855 with NASH) were finally enrolled.Median
CK-18 M30 levels were higher in patients with NASH than in those with NAFL (mean difference 177 U/L; standardized mean
difference [SMD]: 0.87 [0.69–1.04]). There was an interaction between CK-18 M30 levels and serum alanine aminotransferase,
body mass index (BMI), and hypertension (P< 0.001, P= 0.026 and P= 0.049, respectively). CK-18 M30 levels were positively
associated with histological NAS in most centers. The area under the receiver operating characteristics (AUROC) for NASH was
0.750 (95% confidence intervals: 0.714–0.787), and CK-18 M30 at Youden’s index maximum was 275.7 U/L. Both sensitivity
(55% [52%–59%]) and positive predictive value (59%) were not ideal.
Conclusions: This large multicenter registry study shows that CK-18 M30 measurement in isolation is of limited value for non-
invasively diagnosing NASH.
Keywords:Apoptosis; Diagnosis; Cytokeratin-18; Liver histology; Non-alcoholic steatohepatitis; Non-alcoholic fatty liver disease
Introduction

Non-alcoholic fatty liver disease (NAFLD) is estimated to
affect up to approximately 25% to 40% of the global
adult population, particularly driven by the increasing
epidemics of both obesity and type 2 diabetes mellitus.[1-3]

The histological phenotypes of NAFLD extend from non-
alcoholic fatty liver (NAFL) to non-alcoholic steatohepa-
titis (NASH),[4,5] which is histologically characterized by
steatosis plus hepatocyte ballooning with or without
fibrosis.[6] Over timeNASH can progress to cirrhosis, liver
failure, and even hepatocellular carcinoma [7] that heralds
a burdensome liver disease, which greatly increases overall
mortality.[8] In a population-based study, the prevalence
of advanced fibrosis related to NAFLD was around
1.1%.[9] NASH has rapidly become the second leading
indication for liver transplantation in the United States
and Europe and is expected to become the leading
indication in the next decade.[2,10,11] In Europe, the
disease burden and financial strains of NASH for the
healthcare systems are high.[12]

NAFLD is histologically characterized by the accumula-
tion of fat in >5% of hepatocytes in the absence of
excessive alcohol consumption or other competing causes
of hepatic steatosis.[13,14] NASH and cirrhosis can be
identified and stratified based on the semi-quantitative
histological features. Hence, liver biopsy is considered the
“gold standard” for diagnosing NASH. However, this
procedure is not a routine test due to its invasiveness and
considerable costs.[15] Consequently, a non-invasive
alternative to liver biopsy for diagnosing NASH is needed.
Hepatocyte apoptosis is typically increased in patients
with NASH, but not in those with NAFL.[16] Cytokeratin
18 (CK-18) has been proposed as a promising alternative
to liver biopsy to diagnose NASH. CK-18 is the major
intermediate filament protein comprising the cytoskeletal
structure of hepatocytes. During hepatocyte apoptosis,
effector caspase cleaved CK-18 fragments (including
M30) into the bloodstream.[6,17]

Current studies on the CK-18 level and its diagnostic
performance in NASH have been inconclusive. On the
other hand, the most relevant studies are either meta-
analyses[18,19] with missing raw data, or single-center
small studies.[20] Thus, the aim of this study was to identify
the utility of the CK-18 M30 level as a non-invasive
alternative to liver biopsy for non-invasively diagnosing
2

NASH and to determine its optimal clinical performance in
amulti-national registry study of the largest sample to date.
Methods

Study design and ethical approval

We conducted a multicenter study to collect available
individual registry data using an open online reporting
form for patients with biopsy-confirmed NAFLD. The
registry study and online form were widely publicized
through multiple accredited gastroenterology and hep-
atology societies, and emails were sent directly to
hepatology providers, and social media. A copy of the
content of the data collection tool is available in
[Supplementary Table 1, http://links.lww.com/CM9/
B434]. It is needed to state that some of the data have
been reported in previous papers,[21-31] and the details are
presented in [Supplementary Table 2, http://links.lww.
com/CM9/B434].

The data collected contained no personal health identifiers
(all objects were digitally anonymized), and this registry
was deemed not to constitute human research by the
Institutional Ethics Committee.
Participants

All liver biopsies confirmed NAFLD cases from all
participating centers. Subjects were excluded if any of
the following conditions were met: if NAFLD was not
biopsy-confirmed; if the patient had a confirmed diagnosis
of other types of hepatitis (such as hepatitis A, hepatitis B,
or alcohol related liver disease); or if there were missing
data for any patient information, especially for CK-18
M30 measurement.

Variables and definitions

Supplementary Table 2 [http://links.lww.com/CM9/B434]
provides information on each center, including whether
the data were used for publication, eligibility criteria, liver
biopsy results reading, and the time interval between CK-
18 M30 testing and liver biopsy. Liver histological
specimens were scored separately at each central labora-
tory strictly by experienced liver histopathologists accord-
ing to the NASH-Clinical Research Network scoring
system.[32] The NAFLD activity score (NAS) was
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calculated as the sum of three histological components,
namely, steatosis (grades 0–3), ballooning (grades 0–2),
and lobular inflammation (grades 0–3). The stage of
fibrosis was graded from 0 to 4. In order to exclude
possible interference of fibrosis in the NAFL population
(i.e. burned-out NASH – after progression to NASH and
fibrosis, but instead NAS decreases) and to be consistent
with the definition ofNASH in the earliest article[20] on the
use of CK-18 forNASH diagnosis, we defined the presence
of NAFL and NASH as follows: individuals with a NAS
≥5 including a score of ≥1 for each of steatosis,
ballooning, and lobular inflammation were diagnosed
as having definite NASH; individuals with a NAS �2 and
no fibrosis were diagnosed as having NAFL (simple
steatosis). Individuals with borderline NASH, defined as a
NAS of 3 to 4, were initially excluded from this primary
analysis as they cannot be assigned to a clear-cut category.

Body mass index (BMI) was calculated as weight in
kilograms divided by height in square meters (kg/m2).
Diabetes was defined by a fasting plasma glucose level of
≥7.0 mmol/L (≥126 mg/dL) or a hemoglobin A1c of ≥48
mmol/mol (≥6.5%) and/or current use of any anti-
hyperglycemic agents. Hypertension was defined as a
blood pressure of ≥130/85 mmHg and/or current use of
any anti-hypertensive drugs.[33] CK-18 levels were
measured using the M30-apoptosense enzyme-link immu-
nosorbent assay kit.
Statistical analysis

All statistical analyses were conducted using IBM SPSS
Statistics (version 26.0, SPSS Inc., Chicago, IL, USA) and
Stata (version 11.0 SE, Stata Corporation, College Station,
TX, USA). We undertook pre-specified subgroup analyses
for CK-18M30measurements according to sex, age strata
(�44, 45–59, and ≥60 years),[34,35] ethnicity (White and
non-White), BMI (<30 kg/m2 and ≥30 kg/m2), hyperten-
sion, diabetes, and serum alanine aminotransferase (ALT)
(�40 U/L and >40 U/L). Since CK-18 exhibited a right-
skewed distribution, a logarithmic transformation of
values was undertaken before statistical analysis. We used
a two-step process for pooled effect size analysis: an odds
ratio was estimated for each cohort and then the odds
ratios were pooled. We also undertook tests for interac-
tion between patient subgroups, partitioning the total
heterogeneity of all cohorts into within- and between-
group heterogeneity (interaction test). Because the overall
sample composition varied across cohorts (i.e. in terms of
ethnicity, and geographic location), a random effect model
was conducted to calculate the pooled effect size. Random
effect models typically result in wider confidence intervals
(CIs) than the fixed effect models; however, when there is
no high heterogeneity, the results of random and fixed
effect models are equivalent.[36]

The receiver operating characteristic curves were used to
test the diagnostic performance of CK-18 M30 for
identifying NASH. The cut-off value for the CK-18
M30 level giving the optimum balance of sensitivity and
specificity (i.e. Youden’s index) was identified and applied
to each cohort. When appraising performance at a given
cut-off, sensitivity, specificity, positive predictive value
3

(PPV), and negative predictive value (NPV) were comput-
ed and graphically presented. All reported probability
values were 2-tailed, and a P value of <0.05 was
considered statistically significant.
Results

We obtained data from a total of 14 cohorts in eight
different countries with CK-18 M30 results and baseline
characteristics in patients with biopsy-proven NAFLD.
After excluding 1563 patients, a total of 1008 subjects
were included in the present study [Supplementary
Figure 1, http://links.lww.com/CM9/B434]. The included
cohorts were located in Asia, Europe, and Oceania. The
Chinese region contributed the most cohorts and most
cases with 419 cases (41.6%) in 6 cohorts, followed by the
French region, which contributed the second most cases
with 247 (24.5%) in two cohorts; and one each from
Greece, Australia, Germany, Malaysia, Switzerland, and
Turkey, respectively. Among the 1008 eligible participants
with biopsy-proven NAFLD, the mean age was 46.8
(range 12–79) years, 477 (47.3%) were male, and 855
(84.8%) had definite NASH. The patient characteristics of
cohorts enrolled are summarized in Table 1 and
Supplementary Figure 2 [http://links.lww.com/CM9/
B434]. Table 2 lists the histological characteristics of
participants: 153 (15.2%) had a NAS compatible with
NAFL (simple steatosis), and none of participants in the
NAFL group had liver fibrosis. Of 1008 subjects, 756
(75.0%) had varying levels of liver fibrosis, all of whom
also had definite NASH. Detailed cohort information is
presented in [Supplementary Table 2, http://links.lww.
com/CM9/B434].
CK-18 M30 levels in NAFL and NASH

Figure 1A shows the circulating levels of CK-18 M30 in
the NASH and NAFL groups from each cohort (four
cohorts did not present data due to an insufficient NAFL
population). Except for cohorts from Nice (France) and
Bern (Switzerland), all cohorts showed significantly
higher levels of CK-18 M30 in patients with NASH
than in those with NAFL. Overall, in our multicenter
registry study, CK-18 M30 levels were on average 177
units higher in the NASH group than in NAFL
(standardized mean difference: 0.87, 95% CI: 0.69–
1.04; median of 315 and 138 U/L in the two patient
groups, respectively). Additionally, as shown in Supple-
mentary Table 3 (http://links.lww.com/CM9/B434), we
compared the serum CK-18 M30 levels in NAFL,
borderline NASH, and NASH populations. Both in the
pooled cohort and in most individual cohorts, serum CK-
18 M30 concentrations were highest in NASH, interme-
diate in borderline NASH, and lowest in NAFL.

In pre-specified subgroups of patients [Figure 1B], CK-18
M30 concentrations remained significantly higher in
NASH patients than in those with NAFL, irrespective
of sex, age strata, ethnicity, and presence of obesity,
hypertension, or diabetes. Patients with elevated serum
ALT levels (ALT>40 U/L) also had significantly increased
CK-18 M30 levels in the NASH group (P< 0.001).
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Table 1: Biopsy-proven NAFLD patient characteristics of the included cohorts.

Centers Age range (years) Included patients Male patients NASH patients Ln CK-18 M30 (U/L)

Angers (France) 21–79 (56.4) 199 (19.7) 104 (52.3) 175 (87.9) 5.75± 0.75
Athens (Greece) 19–72 (46.1) 42 (4.2) 22 (52.4) 17 (40.5) 5.48± 0.61
Sydney (Australia) 17–79 (47.8) 62 (6.2) 34 (54.8) 32 (51.6) 5.26± 1.14
Mainz (Germany) 25–61 (42.7) 7 (0.7) 5 (71.4) 7 (100.0) 6.64± 1.09
Hangzhou (China) 24–70 (41.2) 30 (3.0) 23 (76.7) 30 (100.0) 5.33± 0.76
Hong Kong (China) 26–70 (46.9) 58 (5.8) 36 (62.1) 33 (56.9) 5.97± 0.86
Kuala Lumpur (Malaysia) 26–68 (50.6) 90 (8.9) 41 (45.6) 82 (91.1) 6.26± 0.76
Nice (France) 21–62 (42.6) 48 (4.8) 10 (20.8) 43 (89.6) 5.88± 0.59
Shanghai Ruijin (China) 21–70 (49.7) 34 (3.4) 20 (58.8) 34 (100.0) 5.35± 0.77
Shanghai Xinhua (China) 18–66 (39.1) 31 (3.1) 22 (71.0) 24 (77.4) 5.90± 0.76
Bern (Switzerland) 28–75 (55.3) 31 (3.1) 12 (38.7) 28 (90.3) 5.63± 0.56
Tianjin (China) 18–62 (38.4) 17 (1.7) 9 (52.9) 17 (100.0) 5.25± 0.98
Istanbul (Turkey) 29–70 (48.8) 110 (10.9) 58 (52.7) 101 (91.8) 4.80± 1.02
Wenzhou (China) 12–71 (38.4) 249 (24.7) 81 (32.5) 232 (93.2) 5.49± 1.12

Total 12–79 (46.8) 1008 (100) 477 (47.3) 855 (84.8) 5.58± 0.99

Values were shown as mean (range), n (%), or mean± standard deviation. CK-18: Cytokeratin-18; NAFLD: Non-alcoholic fatty liver disease.

Table 2: Histological characteristics of biopsy-proven NAFLD patients.

Liver histology features All patients (n= 1008) NAFL patients (n= 153) NASH patients (n= 855)

Steatosis grades, n (%)
1 (5–33%) 200 (19.8) 137 (89.5) 63 (7.4)
2 (34–66%) 310 (30.8) 16 (10.5) 294 (34.4)
3 (>66%) 498 (49.4) 0 498 (58.2)

Lobular inflammation grades, n (%)
0 124 (12.3) 124 (81.0) 0
1 462 (45.8) 29 (19.0) 433 (50.6)
2 377 (37.4) 0 377 (44.1)
3 45 (4.5) 0 45 (5.3)

Ballooning grades, n (%)
0 130 (12.9) 130 (85.0) 0
1 417 (41.4) 23 (15.0) 394 (46.1)
2 461 (45.7) 0 461 (53.9)

Fibrosis stages, n (%)
0 252 (25.0) 153 (100.0) 99 (11.6)
1 339 (33.6) 0 339 (39.6)
2 209 (20.7) 0 209 (24.4)
3 155 (15.4) 0 155 (18.1)
4 53 (5.3) 0 53 (6.2)

NAFL: Non-alcoholic fatty liver; NASH: Non-alcoholic steatohepatitis; NAFLD: Non-alcoholic fatty liver disease.

Chinese Medical Journal 2023;Vol(No) www.cmj.org
Furthermore, for each of these pre-specified patient
subgroups, interaction tests were conducted. We detected
significant interactions with serum ALT level, BMI, and
hypertension (F= 16.35, P< 0.001; F= 5.00, P= 0.026;
F= 3.88, P= 0.049; respectively).

Univariable correlation analyses were undertaken be-
tween CK-18 M30 level and histological NAS in each
cohort [Supplementary Figure 3, http://links.lww.com/
CM9/B434]. These results were consistent with those in
[Figure 1A] to some extent, indicating no significant
association between CK-18 M30 and NAS in Bern
(Switzerland) (r= 0.19, P= 0.307).
4

Diagnosis of NASH using the best cut-off of CK-18 M30
level

Multiple results showed significant differences in CK-18
M30 levels between the NASH and NAFL patient groups;
hence, its reliability for the diagnosis of NASH in NAFLD
patients was further investigated. The optimum cut-off
values of CK-18M30 to diagnose NASHwere determined
using the area under receiver operator characteristic
(AUROC) curve analysis and Youden’s index. Different
cohort data gave different optimal values, and finally, a
CK-18M30 level of 275.7 U/L was determined as the best
cut-off in the whole sample [Table 3 and Figure 2A].
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Figure 1: Differences in the CK-18 M30 level between NASH and NAFL patient groups. (A) In each registry center. (B) Subgroup analysis by main characteristics. ALT: Alanine
aminotransferase; BMI: Body mass index; CI: Confidence interval; CK-18: Cytokeratin-18; NAFL: Non-alcoholic fatty liver; NASH: Non-alcoholic steatohepatitis; SMD: Standardized mean
difference.

Chinese Medical Journal 2023;Vol(No) www.cmj.org
We recalculated sensitivity and specificity using this
optimal threshold for each cohort and subgroup [Figure 3].
As shown in [Table 3 and Figure 2A], the AUROC for CK-
18 M30 to diagnose the presence of NASH was 0.750
5

(95% CI: 0.714–0.787). Even at the best cut-off value, the
sensitivity (55% [95% CI: 52%–59%]) of CK-18 M30
levels for diagnosing NASH was low, although the
specificity was 87% (95% CI: 81%–92%).

http://www.cmj.org
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Table 3: AUROC curve analysis of plasma CK-18 M30 levels for NASH diagnosis.

Centers AUROC (95% CI) Best cut-off (U/L) Sensitivity (%) Specificity (%)

Angers (France) 0.849 (0.776–0.921) 275.8 62.9 91.7
Athens (Greece) 0.879 (0.766–0.992) 215.8 82.4 84.0
Sydney (Australia) 0.886 (0.795–0.977) 203.0 84.4 86.7
Mainz (Germany)

∗
– – – –

Hangzhou (China)
∗

– – – –

Hong Kong (China) 0.813 (0.703–0.924) 285.3 81.8 76.0
Kuala Lumpur (Malaysia) 0.759 (0.508–1.000) 253.0 90.2 75.0
Nice (France) 0.758 (0.584–0.932) 327.4 60.5 100.0
Shanghai Ruijin (China)

∗
– – – –

Shanghai Xinhua (China) 0.815 (0.648–0.983) 457.8 54.2 100.0
Bern (Switzerland) 0.655 (0.347–0.962) 386.0 35.7 100.0
Tianjin (China)

∗
– – – –

Istanbul (Turkey) 0.901 (0.814–0.988) 79.4 72.3 100.0
Wenzhou (China) 0.810 (0.721–0.899) 169.5 67.2 88.2

Total 0.750 (0.714–0.787) 275.7 55.4 86.9
∗
The cohort does not have enough NAFL data to calculate the best cut-off for plasma CK-18 M30 levels. AUROC: Area under receiver operating

characteristic; CK-18: Cytokeratin-18; CI: Confidence interval; NASH: Non-alcoholic steatohepatitis. –: Not applicable.

Figure 2: Diagnostic performance of the CK-18 M30 level. (A) AUROC curve of CK-18 M30 levels for the diagnosis of NASH. (B) Sensitivity, specificity, PPV, and NPV versus all possible CK-
18 M30 levels. AUROC: Area under receiver operating characteristic; CI: Confidence interval; CK-18: Cytokeratin-18; NASH: Non-alcoholic steatohepatitis; NPV: Negative predictive value;
PPV: Positive predictive value; ROC: receiver operating characteristic.

Chinese Medical Journal 2023;Vol(No) www.cmj.org
Further subgroup analyses were performed to estimate the
sensitivity and specificity, as given in [Table 3 and
Figure 3A, 3B]. In pre-specified patient subgroups, the
specificity was high in all patient subgroups, but low
sensitivity was observed even in the populationwith a BMI
of ≥30 kg/m2 (sensitivity: 62% [57%–66%], specificity:
87% [73%–95%]) or in old (sensitivity: 58% [50%–
65%], specificity: 96% [81%–100%]). In addition, as
shown in [Figure 2B], at different cut-off values, the
changes in sensitivity, specificity, PPV, and NPV of CK-18
M30 levels for the diagnosis of NASH are presented. With
increases in the cut-off value, the corresponding specificity
and PPV increased, the sensitivity gradually decreased,
while the overall NPV changed little. At the optimal cut-
off point of the CK-18M30 level, the PPVwas low (59%),
although the NPV was better (85%).

Discussion

In this large, multinational cohort of patients with biopsy-
proven NAFLD, our aim was to assess the utility of the
6

CK-18 M30 level as a non-invasive alternative to
distinguish between NASH and NAFL and to further
determine the optimal cut-off value for NASH diagnosis.
Data from different cohorts around the world enriched the
present study, which were both large and multi-ethnic
with a wide age range. Unfortunately, although we used
strict entry criteria and our results showed a significant
difference in CK-18 M30 levels between the NASH and
NAFL groups, the present data do not support a role for
the CK-18M30 level alone to accurately diagnose NASH.

The global prevalence of NASH has been steadily
increasing, and although histological changes are current-
ly the gold standard, liver biopsy is infrequently performed
due to its important limitations.[37] Since liver fat
accumulation and inflammation in NASH are more
patchy than in chronic hepatitis C, liver biopsy is prone
to sampling errors, and its utility is further limited by
significant intra- and inter-observer variabilities.[38,39]

Moreover, liver biopsy also represents a significant

http://www.cmj.org
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Figure 3: Diagnostic performance of the CK-18 M30 level at the optimal cut-off value of 275.7 U/L. (A) Sensitivity in each registry center. (B) Specificity in each registry center. (C)
Sensitivity in subgroups by main characteristics. (D) Specificity in subgroups by main characteristics. ALT: Alanine aminotransferase; BMI: Body mass index; CI: Confidence interval; CK-
18: Cytokeratin-18; NAFL: Non-alcoholic fatty liver.

Chinese Medical Journal 2023;Vol(No) www.cmj.org
physical and financial burden on patients and healthcare
providers, with associated morbidity and even mortality.
These risks, as stated by Davison et al,[40] especially in the
context of clinical studies, lead to inherent limitations in
conducting larger NASH research.

Based on these concerns, a non-invasive alternative to liver
biopsy isurgentlyneeded.Since there is suchamechanismin
hepatocytes thatapoptotic cells are associatedwith caspase-
cleaved CK-18 fragments being released into the blood.
Increased apoptotic activity is frequently observed in
NASH, but not in NAFL.[17,41,42] Hence, the conjecture
that CK-18 fragments in blood might be useful to
distinguish between NASH and NAFL has attracted
increasingattention.However, fromtheavailablepublished
7

studies, research on the value of CK-18M30 in NASH has
produced mixed results. It showed promising results in
some,[41-43] but not all, studies.[1,44,45] In the present
multicenter registry study, circulating levels of CK-18M30
were markedly different betweenNASH andNAFL (which
in turn confirms theplausibility of themechanism triggering
CK-18 release as described before). However, further
analysis from the perspective of a screening test, its efficacy
maybemore limited thanpreviously thought, that is, at least
the measurement of the CK-18 M30 level alone appears to
not be accurate enough to diagnose NASH, although its
diagnostic performance is much better than that of serum
Aspartate aminotransferase (AST) levels for the non-
invasive identification of NASH [Supplementary Figure 4,
http://links.lww.com/CM9/B434].
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Of note, we do not rule out the possibility that the CK-18
M30 level, when used in combination with other non-
invasive tests, might play a role in the non-invasive
identification of NASH without the need to resort to liver
biopsy. For example, some studies put forward a
composite score index MACK-3, comprising hemoglobin
A1c and serum AST levels,[22,24,40] or combination with
metabolic syndrome and ALT,[21] or the combined use
with controlled attenuation parameter.[4] In addition,
there are new non-invasive markers proposed, which do
not involve CK-18, such as circulating oxidized fatty
acids[46,47] based on the theory of cell death and oxidative
stress, novel liquid biopsy marker[48] based on the mass
spectrometry, and flow cytometry as well as the acNASH
index[49] based on statistical models. Of course, from a
practical point of view, we would prefer to find a single,
high-efficacy, non-invasive biomarker for accurately
diagnosing NASH.

Additionally, in the present study, we used the definition
of NASH as a NAS >5 and excluded the “borderline
NASH” population in order to exclude possible interfer-
ence of fibrosis in the NAFL population (i.e. burned-out
NASH) and to be consistent with the definition of NASH
used in the original paper[20]. However, we acknowledge
that there are other definitions of NASH currently
available, and so we undertook additionally analysis:
individuals with a NAS ≥4 with a score of ≥1 for each
steatosis, ballooning, and lobular inflammation being
diagnosed as having definite NASH; individuals with a
NAS�3 diagnosed as having definite NAFL, regardless of
the presence of fibrosis. Notably, the results were similar,
thereby suggesting that although CK-18 M30 was
significantly different in the two populations, it was not
ideal for the non-invasive diagnosis of NASH (data not
shown).

We acknowledge that there are some important limita-
tions to this study. First, as a multicenter registry study,
both liver biopsies and laboratory tests for measuring CK-
18 M30 levels were performed and measured indepen-
dently by individual laboratories and analyzed by
experienced liver pathologists at each center (note well,
this is similar practice to other multicenter registry studies,
where blinded evaluation of all liver biopsy specimens by
independent pathologists at a central laboratory is not
undertaken). The relevant information for each cohort is
disclosed in Supplementary Table 2 [http://links.lww.com/
CM9/B434]. Second, even though our study included 14
different cohorts, the data may not be representative of all
global ethnic groups. Third, since most of the subjects who
agreed to undergo liver biopsy were patients with certain
liver diseases, and all patients included in this study were
patients with NAFLD, there was no comparison with a
non-NAFLD healthy population. However, as previously
stated,[43] it is not possible or ethical to obtain liver tissue
in healthy individuals.

In conclusion, this large multinational registry study
shows that the CK-18 M30 level is significantly different
between patients with NASH and those with NAFL.
However, CK-18 M30 measurement in isolation is of
limited value for diagnosing NASH. We do not rule out
8

the possibility that the CK-18 M30 level could be a
promising diagnostic biomarker of NASH when used in
combination with other non-invasive tests, but we prefer
to find a single, cost-effective, efficient, non-invasive
indicator in the future studies.
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