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Background: Fragmented cytokeratin 18 (fCK18) is released from damaged
hepatocytes undergoing apoptosis and is recognized as a liver condition
biomarker. We have developed a highly sensitive serum fCK18 CLEIA and
reported that serum levels of this caspase-derived protein were significantly
associated with hepatocyte ballooning, thus assisting in the accurate diagnosis
of nonalcoholic steatohepatitis (NASH). We aim to investigate serum fCK18
levels in a variety of chronic liver diseases and to explore its potential as a
prognostic marker of survival in hepatocellular carcinoma (HCC) patients.

Methods: Serum fCK18 levels were measured using a highly sensitive CLEIA
in 497 chronic liver disease patients (297 outpatients and 200 hospitalized
with HCC).

Results: In 497 chronic liver disease patients, serum fCK18 levels were
significantly correlated with overall liver condition, including ALT, FIB-4 index
and albumin-bilirubin (ALBI) score and were significantly increased in patients
with HCC. In 200 HCC patients, serum fCK18 levels were significantly
correlated with alpha-fetoprotein (AFP) and des-gamma-carboxy
prothrombin (DCP), and were significantly associated with HCC stage,
whereas FIB-4 index and ALBI score were not changed based on HCC stage.
The Survival group had significantly lower levels of serum fCK18, AFP, DCP, FIB-
4 index and ALBI score. A ROC analysis yield area under the curve (AUC) value
of 0.728 for serum fCK18 is a significantly high value when compared to AUC
measurements for other factors. Notably, AUROC values for serum fCK18 levels
were constant in the short- and long-term by time-dependent ROC analysis
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for the prediction of HCC patient survival. HCC patients with serum fCK18
measured at < 1.15 ng/mL, AFP < 7.7 ng/mL, DCP < 133 mAU/mL, ALBI score <
-2.97 or FIB-4 index < 6.4 had significantly longer rates of survival when
compared to patients with values exceeding these thresholds. Serum fCK18
(HR, 3.5; P < 0.0001), DCP (HR, 3.2; P < 0.0001) and Barcelona Clinic Liver
Cancer (BCLC) (HR, 2.4; P = 0.001) values were independent predictors of
patient survival. [Conclusion] Serum fCK18 levels reflect overall liver function,
the level of liver fibrosis and the progression of HCC, and are a potential

predictor of survival in HCC patients.

KEYWORDS

cytokeratin 18 (CK18), prognostic factor, hepatocellular carcinoma (HCC), liver
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Introduction

Hepatocellular carcinoma (HCC) is the third leading cause
of cancer-related deaths worldwide and one of the leading causes
of death in patients with cirrhosis (1). Recommended
surveillance guidelines for patients at high risk for HCC
include abdominal imaging, using ultrasonography coupled
with serum alpha-fetoprotein (AFP) measurement, followed by
dynamic computed tomography (CT) or magnetic resonance
imaging (MRI) (2-5). However, some patients with advanced
HCC do not secrete AFP, moreover AFP can be elevated in
conditions other than HCC, such as chronic hepatitis (6).
Because of this, various biomarkers such as des-gamma-
carboxy prothrombin (DCP) and AFP Lens culinaris
agglutinin-reactive fraction of AFP (AFP-L3) have been
developed and reported to be clinically useful (7, 8), however a
prognostic marker with the ability to predict HCC patient
survival has not been discovered.

Cytokeratins are major structural proteins found in
epithelial cells that form a network of intermediate filaments
in the cytoplasm. Cytokeratins consist of at least 20 unique gene
products and are classified into two groups: type I (CK9-CK20)
and type II (CK1-CK8) (9). Of particular importance to us in

Abbreviations: AFP, alpha-fetoprotein; ALB, albumin; ALBI, albumin-
bilirubin; ALT, alanine aminotransferase; ALD, alcohol-associated liver
disease; AST, aspartate aminotransferase; AUC, area under the curve;
BCLC, Barcelona Clinic Liver Cancer; CK18, cytokeratin 18; CT, computed
tomography; DCP, des-gamma-carboxy prothrombin; FIB-4, Fibrosis-4;
fCK18, fragmented cytokeratin 18; y-GT, gamma-glutamyltransferase;
HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C
virus; HR, hazard ratio; NAFLD, nonalcoholic fatty liver disease; NASH,
nonalcoholic steatohepatitis; MRI, magnetic resonance imaging; PT,
prothrombin time; ROC, receiver operating characteristic curve; T-Bil,

total bilirubin.
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this manuscript is CK18, which is cleaved at various sites by
activated caspases during apoptosis yielding several fragments,
including 19 kD fragments that are released into the blood (10,
11). The process of apoptosis occurs as epithelial tumors
progress, resulting in the elevation of serum CK18, and
fragmented CK18 (fCK18) (12-15). However, few reports exist
outlining the utility of serum fCK18 values with respect to HCC
patients presenting with macrovascular invasion (16), therapy
evaluation of transarterial chemoembolization (TACE) (17) or
predictive outcomes of one-year survival rates after liver
transplantation (18).

Recently, we have established a highly sensitive
chemiluminescent enzyme immunoassay (CLEIA) that uses a
new monoclonal antibody targeted against the caspase-derived
19 kD fragments of serum fCK18 (19). We have demonstrated
that serum fCK18 levels were significantly associated with
hepatocyte ballooning thus making them useful in diagnosing
nonalcoholic steatohepatitis (NASH) (20). In this manuscript,
we use this new highly sensitive CLEIA to investigate the
association between serum fCK18 levels and markers of HCC,
including HCC stage, and explore the predictive capacity of
serum fCK18 with respect to HCC patient rate of survival.

Materials and methods
Human samples

The study protocol was approved by the Clinical Research
Ethics Review Committee of Mie University Hospital. This study
was performed retrospectively on stored samples from 2015 to
2016 and patients can opt out of their data being used. Written
informed consent was obtained from all subjects at the time of
blood sampling. Outpatients (n = 297) were recruited by
their stage of chronic liver disease. Hospitalized HCC patients
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(n = 200) were also recruited. For HCC surgical resection,
additional 34 HCC patients were recruited. Patients positive
for hepatitis B surface antigen were diagnosed with hepatitis B
virus (HBV) infection, whereas those positive for hepatitis C
virus (HCV) RNA were diagnosed with HCV infection. Alcohol-
associated liver disease (ALD) was defined as the presence of
alcohol consumption > 60 g/day. NASH was diagnosed based on
pathological findings in some of 200 hospitalized and 34 HCC
liver resection patients and fatty liver without any other evident
causes of chronic liver diseases (viral, autoimmune, genetic, etc.).
HCC was diagnosed based on dynamic CT, MRI and/or
pathological findings obtained during the clinical course.
Barcelona Clinic Liver Cancer (BCLC) and tumor node
metastasis (TNM) staging were determined based on criteria
for TNM staging for HCC presented by the Liver Cancer Study
Group of Japan and were used in the evaluation of tumor
progression. Patients who had other malignancies within the
past 3 years, severe hepatic failure (MELD score > 30),
uncontrollable infection, heart failure greater than the New
York Heart Association-defined category of class II, human
immunodeficiency virus (HIV) infection, pregnancy, or
psychiatric problems were deemed to be unsuitable for clinical
study. As a general rule, the follow-up examinations included
routine physical examinations, and biochemical tests (1-3
monthly) and diagnostic imaging studies including
ultrasonography, dynamic CT, or MRI (3-6 monthly). All
treatments were performed following the Japanese practical
guidelines for HCC as possible.

Blood preparation

Clinical records including alanine aminotransferase (ALT),
aspartate aminotransferase (AST), albumin (ALB), gamma-
glutamyltransferase (y-GT), total bilirubin (T-Bil),
prothrombin time (PT), AFP and DCP were retrospectively
evaluated. Blood samples were kept at -80 d until fCK18
measurement using the HISCL-5000 CLEIA system (Sysmex
Corporation, Japan) (19) according to manufacturer’s
instructions. The fibrosis index based on 4 factors (Fibrosis-4
[FIB-4]) (21) and albumin-bilirubin (ALBI) score (22)
were calculated.

Statistical analyses

All data are expressed as mean + standard deviation, and
categorical variables are shown as numbers of patients. Data
were analyzed using Mann-Whitney U test in two groups,
Kruskal-Wallis test for comparison of continuous variables
and Wilcoxon test in the same HCC patients who received the
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surgical therapy. Correlation was determined using single
regression analysis or Spearman rank-sum test. Receiver
operator characteristic (ROC) curves and the corresponding
area under the curve (AUC) were used to obtain cut-offs for
the outcomes. The Youden index was applied to calculate the
optimal cut-off point. We also conducted time-dependent ROC
analysis for the prediction of HCC patient survival or death
based on duration after HCC diagnosis. The cumulative survival
rates were estimated with the Kaplan-Meier method and
compared between groups by the log-rank test. Associations
between predictor variables and overall survival were
determined by the hazard ratio (HR) and a 95% confidence
interval (CI) was calculated using Cox proportional hazards
regression. The statistical analyses were performed using Prism 9
(GraphPad Software, Inc., CA, USA) for comparison of
continuous variables and JMP version 9.0 (SAS Institute Japan,
Inc., Tokyo) for univariate and multivariate Cox regression
analyses. Differences were considered to be significant at
P <0.05.

Result

Serum fCK18 levels correlate with liver
condition and are elevated in the
patients with HCC

We investigated whether serum fCK18 levels reflect overall liver
condition in human chronic liver diseases of varying etiology. We
recruited 497 patients (293 males, 204 females) with a mean age of
67.4 £ 12.4 years old. The cohort of study patients was admitted to
our investigation based on a variety of causative agents: 54 HBV,
193 HCV, 116 nonalcoholic fatty liver disease (NAFLD)-NASH, 65
ALD, 27 autoimmune hepatitis, 29 primary biliary cholangitis, one
(undefined) and 12 with no detectable liver disease (Table 1). We
identified 229 (29 outpatients and 200 hospitalized patients) out of
497 patients who presented with HCC in addition to their
underlying chronic liver disease (Table 1). Serum fCK18 levels
were significantly correlated with ALT (r = 0.638; P < 0.0001), AST
(r = 0.637; P < 0.0001), ALB (r = —0.252; P < 0.0001), y-GT (r =
0.536; P < 0.0001), T-Bil (r = 0.158; P = 0.0004), PT (r = —0.242; P <
0.0001), FIB-4 index (r = 0.264; P < 0.0001) and ALBI score (r =
0.274; P < 0.0001) (Figure 1A), suggesting a predictive ability
inherent in serum fCK18 levels for liver damage and fibrosis. To
further investigate whether apoptosis in HCC can be detected by a
highly sensitive CLEIA, we divided our patient cohort into two
groups: with or without HCC. Serum fCK18 levels were
significantly elevated in HCC patients compared to those without
HCC (P < 0.0001) (Figure 1B). In our cohort, FIB-4 index and ALBI
score measurements were shown to be significantly increased in
patients with HCC (P < 0.0001) (Figure 1B).
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TABLE 1 All patient characterization.

Age, years

Gender, male/female

Etiology (HBV/HCV/NAFLD-NASH/alcohol/ATH/PBC/others/no liver disease)
HCC (-/+)

ALB (g/dL)
ALT (IU/L)
AST (IU/L)
v-GT (IU/L)
T-Bil (mg/dL)
PT (%)

FIB-4 index
ALBI score

Values are mean + SD.

10.3389/fonc.2022.993705

N =497

67.4 + 124
293/204
54/193/116/65/27/29/1/12

268/229
(229: 29 outpatients and 200 hospitalized patients)

40+05
314 £ 257
409 + 349
75.8 + 120.6

1.0 £0.7
872 +£19.9

3.7+3.0
-27£04

ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; y-GT, gamma-glutamyltransferase; T-Bil, total bilirubin; PT, prothrombin time; FIB-4, Fibrosis-4; ALBI,
albumin-bilirubin; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; AIH, autoimmune hepatitis; PBC, primary biliary cholangitis.

Serum fCK18 levels significantly increase
in HCC

To explore the association between serum fCK18 and HCC
stage, we focused on 200 hospitalized HCC patients on whom
detailed tumor information was available. This HCC cohort
included 154 males and 46 females with a mean age of 71.3 £ 9.8
years old. The cohort of study patients was admitted to our
investigation based on a variety of causative agents: 20 HBV,
102 HCV, 43 NAFLD-NASH, 28 ALD and seven others
(Table 2). Serum fCKI18 levels were significantly correlated
with ALT (r = 0.570; P < 0.0001), AST (r = 0.591; P < 0.0001),
ALB (r = —0.247; P < 0.001), -GT (r = 0.430; P < 0.0001), FIB-4
index (r = 0.241; P < 0.001) and ALBI score (r = 0.241; P < 0.001)
(Figure 2A), indicating a predictive ability inherent in serum
fCK18 levels for liver damage in HCC. Moreover, serum fCK18
levels were significantly correlated with several blood tumor
markers, namely AFP (r = 0.279; P < 0.0001) and DCP (r =
0.232; P <0.001) (Figure 2B), although the correlation coefficient
is low. We observed gradually increasing serum fCK18 levels
corresponding to BCLC stage (BCLC 0 versus BCLC B or C-D,
BCLC A versus BCLC B or C-D; P < 0.05) (Figure 2C) and TNM
staging of HCC (HCC stage) (stage I versus stage III; P < 0.05,
stage I versus stage IVa-b; P < 0.0001, stage II versus stage IVa-b;
P <0.01) (Figure 2D). In addition, AFP and DCP were gradually
increased corresponding to BCLC stage (AFP: BCLC 0 or A
versus BCLC C-D; P < 0.001, BCLC 0 or A versus BCLC B; P <
0.05) (DCP: BCLC 0 versus BCLC B; P < 0.01, BCLC 0 versus
BCLC A or BCLC B versus BCLC C-D; P < 0.05) (Figure 2C) and
HCC stage (AFP: stage I or II versus stage IVa-b; P < 0.0001,
stage I or II versus stage III; P < 0.01) (DCP: stage I or II versus
stage IVa-b; P < 0.0001, stage I versus stage III; P < 0.001, stage
III versus stage IVa-b; P < 0.01, stage I versus stage II; P < 0.05)
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(Figure 2D). In contrast, FIB-4 index and ALBI score
measurements were not changed based on BCLC and HCC
stages, although the FIB-4 index value was increased in BCLC B
when compared to BCLC 0 (P < 0.05) (Figures 2C, D). Serum
fCK18 levels, as well as AFP and DCP, were significantly elevated
in the HCC up-to-seven group (largest tumor diameter [in cm] +
tumor number > 7) (23) (P < 0.0001), while FIB-4 index and
ALBI score was the same between groups in or out of the HCC
up-to-seven criteria (Figure 2E). These results indicate that serum
fCK18 levels are associated with HCC progression and may reflect
HCC-driven apoptosis in addition to hepatocellular damage.

Serum fCK18 levels are significantly
increased in deceased HCC patients and
have an impact on short-term to long-
term survival

We examined the prognosis of 200 HCC patients and found
that 78 patients died (henceforth called Deceased) within the
follow-up period of 995.5 + 409.5 days. Serum fCK18 levels were
significantly increased in the Deceased group compared to the
Survival group (P < 0.0001) (Figure 3A). Several blood tumor
markers, AFP and DCP, and liver condition markers, ALBI score
and FIB-4 index, were also significantly increased in the
Deceased group compared to the Survival group (AFP and
DCP; P < 0.0001, ALBI score and FIB-4 index; P < 0.01)
(Figure 3A). ROC analyses yielded AUC values of 0.728 (95%
CI: 0.659-0.798; P < 0.0001) for serum fCK18 levels (Figure 3B),
whereas AUC values of 0.697 (95% CI: 0.621-0.773; P < 0.0001),
0.746 (95% CI: 0.672-0.820; P < 0.0001), 0.618 (95% CI: 0.539-
0.697; P = 0.0051) and 0.630 (95% CI: 0.551-0.710; P = 0.0019)
were observed for AFP, DCP, ALBI score and FIB-4 index,
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TABLE 2 HCC Patient characterization.

n=200
Age, years 713 +9.8
Gender, male/female 154/46
Etiology, HBV/HCV/NASH/alcohol/others 20/102/43/28/7
BCLC (0/A/B/C/D) 39/76/41/41/3
ALB (g/dL) 39+05
ALT (IU/L) 38.2 +28.7
AST (IU/L) 54.0 £47.3
¥-GT (IU/L) 103.9 + 155.7
T-Bil (mg/dL) 1.0 £ 0.6
FIB-4 index 50+33
ALBI score -25%05

Values are mean + SD.

ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; y-GT,
gamma-glutamyltransferase; T-Bil, total bilirubin; FIB-4, Fibrosis-4; ALBI, albumin-
bilirubin; NASH, nonalcoholic steatohepatitis; BCLC, Barcelona Clinic Liver Cancer.

respectively (Figure 3B). In ROC analysis, AUC values for serum
fCK18 were significantly higher than those of AFP (P < 0.0001),
ALBI score (P < 0.01) and FIB-4 index (P < 0.05) (Figure 3B).
We further conducted time-dependent ROC analysis for the
prediction of HCC patient survival, or death, based on the
duration of time post HCC diagnosis. AUROC values for
HCC markers (AFP and DCP) were highest in the short-term,
but decreased months after diagnosis (Figure 3C). In contrast,
AUROC values for ALBI score and FIB-4 index were lower in
the short-term and long-term (Figure 3C). Notably, AUROC
values for serum fCK18 levels were constant in the short-term
and long-term (Figure 3C).

Serum fCK18 levels are a prognostic
factor for survival in HCC

We calculated the cut-off value of serum fCK18 levels to be 1.15
ng/mL, AFP levels to be 7.7 ng/mL, DCP levels to be 133 mAU/mL,
ALBI sore to be -2.97 and FIB-4 index to be 6.4. The survival rate
was significantly decreased in patients with serum fCK18 levels >
1.15 ng/mL compared to patients with fCK18 < 1.15 ng/mL (P <
0.0001) (Figure 4) and similar observations were made in patients
with AFP > 7.7 ng/mL (P < 0.0001), DCP > 133 mAU/mL (P <
0.0001), ALBI score > -2.97 and FIB-4 index > 6.4 (Figure 4). To
determine the significant factors driving survival in HCC, we used
univariate Cox regression analysis and included gender, age, serum
fCK18 levels, AFP, DCP, BCLC, ALBI score and FIB-4 index. It was
determined that serum fCK18 levels (HR, 5.0; P < 0.00001), AFP
(HR, 2.8; P < 0.0001), DCP (HR, 4.7; P < 0.0001), BCLC (HR, 4.4;
P <0.0001), ALBI score (HR, 4.2; P = 0.0001) and FIB-4 index (HR,
2.3; P = 0.0006) were independent predictors of survival (Table 3).
Moreover, we used multivariate Cox regression analyses to
assess serum fCK18 levels (HR, 3.5; P < 0.0001), DCP (HR, 3.2;
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P < 0.0001) and BCLC (HR, 24; P = 0.0011) as independent
predictors of survival, but excluded AFP, ALBI score and FIB-4
index values (Table 3). These results reveal serum fCK18 levels to be
a prognostic factor in HCC.

Changes in serum fCK18 levels after
surgical therapy for HCC

To explore whether serum fCK18 levels have a potential for
HCC marker, we measured serum fCK18 levels in 34 HCC
patients who received surgical resection. This surgical therapy
cohort included 29 males and five females with a mean age of
70.5 £ 10.1 years old, all Child-Pugh A class and BCLC 28 A/
one B/five C within the follow-up period of 106.9 + 120.4 days.
The causative agents of liver disease were follows: seven HBV,
seven HCV, six NASH, 13 ALD and one others. In this cohort,
six HCC stage I, 21 HCC stage II, four HCC stage III and three
HCC stage IV with 0.97 (0.06-4.2) ng/mL of serum fCK18
levels as a mean, suggested that majority of 34 HCC patients
would not have high serum fCK18 levels due to early HCC
stage. HCC markers, AFP and DCP, were significantly
decreased and ALBI score were improved in HCC patients
who received the surgical therapy (Figure 5). In contrast, serum
fCK18 levels were not changed by the surgical therapy
(Figure 5), suggesting that serum fCK18 levels were not
useful to determine therapy effect.

Discussion

Our study demonstrates that serum fCK18 levels are
significantly increased in patients with HCC. Serum fCK18
levels are also associated with HCC stage and may be useful in
predicting HCC patient survival, making this manuscript the
first to outline a biomarker with this ability. Significant increases
in serum fCK18 levels have been associated with hepatocyte
damage, particularly apoptosis, and well-recognized in NASH
(24). However, it is the unfortunate truth that fCK18
measurement cannot be applied clinically due to widely
variable cut-oft values and no correlation with hepatocyte
ballooning under the current enzyme-linked immunosorbent
assay platform (24). Notably, our highly sensitive CLEIA using
new antibodies generated against fCK18 or CK18 can assess
hepatocyte ballooning and distinguish fatty liver patients from
healthy individuals (19, 20). Our highly sensitive CLEIA also
enables the detection of HCC-related apoptosis resulting in the
ability to predict overall survival in HCC patients within
this study.

DCP and AFP are widely used surveillance markers for
HCC, although some HCC patients present with low DCP or
AFP levels (25), and DCP can be affected by the administration
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FIGURE 2

Serum fCK18 levels are associated with HCC markers and BCLC stage. (A) Correlation between serum fCK18 levels and ALT, AST, ALB, y-GT, T-Bil, ALBI
score and FIB-4 index. (B) Correlation between serum fCK18 levels and HCC markers, such as AFP and DCP, with linear and log axis (C—E) Serum fCK18
levels, FIB-4 index and ALBI score in (C) BCLC stage, (D) HCC stage or (E) in or out of HCC up-to-seven. Values are boxed with minimum/maximum.
**¥+p<0.0001, ***p<0.001, **p<0.01, *p<0.05. ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; y-GT, gamma-
glutamyltransferase; T-Bil, total bilirubin; ALBI, albumin-bilirubin; FIB-4, fibrosis-4; fCK18, fragmented cytokeratin 18; AFP, alpha-fetoprotein; DCP, des-
gamma-carboxy prothrombin; BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma.

of warfarin and vitamin K antagonists (26). In contrast, fCK18 successful TACE treatment due to HCC apoptosis thus
values reflect hepatocyte apoptosis throughout the entire liver, highlighting the usefulness of serum fCK18 levels as a measure
including damaged hepatocytes and HCC tissue. Indeed, serum of therapy efficacy (17). In this study, we used a cohort in which
fCK18 levels were significantly increased a few days after FIB-4 index and ALBI scores were not different based on HCC
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Survival rate improved in HCC patients indicated by serum fCK18 levels. (A) Serum fCK18, AFP and DCP levels, as well as ALBI score and FIB-4
index, in Survival and Deceased groups in HCC cohort. (B) ROC curve of serum fCK18, AFP and DCP levels, as well as ALBI score and FIB-4
index. ROC curve of all five factors. (C) Plots of 0.5 year AUROC for serum fCK18 levels, AFP, DCP, ALBI score and FIB-4 index. ****p<0.0001,
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HCC patients with low serum fCK18 levels have longer rate of survival. Survival curve in HCC patients with serum fCK18, AFP and DCP levels, as
well as ALBI score and FIB-4 index. fCK18, fragmented cytokeratin 18; AFP, alpha-fetoprotein; DCP, des-gamma-carboxy prothrombin; ALBI,

albumin-bilirubin; FIB-4 fibrosis-4.

stage. We demonstrated that serum fCK18 levels were
significantly elevated mirroring HCC progression, as assessed
using BCLC and HCC stages and the up-to-seven criteria,
suggesting that HCC itself releases fCK18 via apoptosis as a
function of HCC progression. However, serum fCKI18 levels
were not changed by the liver resection in HCC patients,
meaning that serum fCK18 levels are useful only for advanced

HCC and prognostic purposes. We guess that the majority of 34
HCC patients who received the liver resection had an early HCC
stage, thus serum fCK18 levels may not be high enough to
explore the changed of serum fCK18 levels by the liver resection.
We need further study to investigate the changes of serum fCK18
levels using a late HCC stage of patients. In general, tumor stage,
ALBI score and nutritional status are well-known prognostic

TABLE 3 Univariate and multivariate Cox regression analysis for predictors of survival in HCC patients.

Univariate

Variables HR 95% CI

Gender 0.872 0.530-1.502
Male

Age 1.326 0.843-2.123

fCK18 4.976 2.741-9.960
> 1.15

AFP 2.765 1.693-4.710
>77

DCP 4.671 2.941-7.603
> 133

BCLC 4.432 2.762-7.310
>0and A

ALBI score 4222 1.887-12.037
> -2.97

FIB-4 index 2.285 1.438-3.581
>6.4

Multivariate
P Value HR 95% CI P Value

0.6095

0.2248

<0.0001 3.490 1.822-7.281 <0.0001
<0.0001 1.343 0.658-2.046 0.6438
<0.0001 3.244 1.921-5.570 <0.0001
<0.0001 2393 1.409-4.164 0.0011
0.0001 2.084 0.882-6.134 0.0989
0.0006 1.550 0.950-2.503 0.0790

HCC, hepatocellular carcinoma; fCK18, fragment cytokeratin 18; AFP, alpha-fetoprotein; DCP, des-gamma-carboxy prothrombin; BCLC, Barcelona Clinic Liver Cancer; ALBI, albumin-

bilirubin; FIB-4, Fibrosis-4; HR, hazard ratio; CI, confidence interval.
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factors used in the assessment of HCC patients (27). Therefore,
keeping favorable liver function/condition is essential in order to
continue HCC treatments, and close monitoring of HCC
progression and overall liver condition is required in the
proper management of HCC patients. The present study
clearly showed that all factors, including serum fCK18 levels,
ALBI score, FIB-4 index, AFP and DCP were significant survival
rate prognostic markers in patients with HCC. Time-dependent
ROC analyses highlighted that serum fCK18 levels had a
consistent impact on short- to long-term survival of HCC
patients, while AFP and DCP had a strong impact on the
short-term survival of patients with HCC. In this study, we
showed the potential of serum fCK18 levels, in both HCC and
residual functional liver, to provide a predictive capacity in
gauging overall HCC patient survival.
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This study is limited insofar as it is retrospective and all
samples were collected from a single center. We need to validate
these results using a multi-center study approach.

In conclusion, serum fCK18 levels correlate with liver
function, liver fibrosis and the progression of HCC in patients
spanning a variety of chronic liver diseases, which promotes the
use of this measure as a means to predict survival in
HCC patients.

Data availability statement

The data analyzed in this study is subject to the following
licenses/restrictions. Patient datasets are not available on the

frontiersin.org


https://doi.org/10.3389/fonc.2022.993705
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Eguchi et al.

public. Requests to access these datasets should be directed to
akieguchi@med.mie-u.ac.jp.

Ethics statement

The studies involving human participants were reviewed
and approved by the Clinical Research Ethics Review
Committee of Mie University Hospital. Written informed
consent for participation was not required for this study
in accordance with the national legislation and the
institutional requirements.

Author contributions

AE, MI, YT and HN contributed to conception and design of
the study. YT, MY, KO, RS, KY, MT, KSa, HT, and KSu
organized the database. AE, YT and YK performed the statistical
analysis. AE wrote the first draft of the manuscript. MI wrote
sections of the manuscript. All authors contributed to
manuscript revision, read, and approved the submitted version.

References

1. Singal AG, El-Serag HB. Hepatocellular carcinoma from epidemiology to
prevention: Translating knowledge into practice. Clin Gastroenterol Hepatol (2015)
13:2140-51. doi: 10.1016/j.cgh.2015.08.014

2. Omata M, Cheng AL, Kokudo N, Kudo M, Lee JM, Jia J, et al. Asia-pacific
clinical practice guidelines on the management of hepatocellular carcinoma:
A 2017 update. Hepatol Int (2017) 11:317-70. doi: 10.1007/s12072-017-9799-9

3. EASL (European Association for the Study of the Liver). EASL clinical
practice guidelines: Management of hepatocellular carcinoma. J Hepatol (2018)
69:182-236. doi: 10.1016/j.jhep.2018.03.019

4. Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn RS, Abecassis MM, et al.
Diagnosis, staging, and management of hepatocellular carcinoma: 2018 practice
guidance by the american association for the study of liver diseases. Hepatology
(2018) 68:723-50. doi: 10.1002/hep.29913

5. Kokudo N, Takemura N, Hasegawa K, Takayama T, Kubo S, Shimada M,
et al. Clinical practice guidelines for hepatocellular carcinoma: The Japan society of
hepatology 2017 (4th JSH-HCC guidelines) 2019 update. Hepatol Res (2019)
49:1109-13. doi: 10.1111/hepr.13411

6. Hanif H, Ali MJ, Susheela AT, Khan IW, Luna-Cuadros MA, Khan MM,
et al. Update on the applications and limitations of alpha-fetoprotein for
hepatocellular carcinoma. World ] Gastroenterol (2022) 28:216-29. doi:
10.3748/wjg.v28.i2.216

7. Tsuchiya N, Sawada Y, Endo I, Saito K, Uemura Y, Nakatsura T. Biomarkers
for the early diagnosis of hepatocellular carcinoma. World J Gastroenterol (2015)
21:10573-83. doi: 10.3748/wjg.v21.i37.10573

8. Tayob N, Kanwal F, Alsarraj A, Hernaez R, El-Serag HB. The performance of
AFP, AFP-3, DCP as biomarkers for detection of hepatocellular carcinoma (HCC):
A phase 3 biomarker study in the United States. Clin Gastroenterol Hepatol (2022).
$1542-3565(22):000106-9 doi: 10.1016/j.cgh.2022.01.047

9. Fuchs E, Weber K. Intermediate filaments: structure, dynamics, function, and
disease. Annu Rev Biochem (1994) 63:345-82. doi: 10.1146/annurev.bi.
63.070194.002021

Frontiers in Oncology

11

10.3389/fonc.2022.993705

Funding

This research was supported by JSPS KAKENHI Grant Number
21H02892, and AMED under Grant Number JP21fk0210090
and JP22tk0210115.

Conflict of interest

Author's MY, KO, KS and TY were employed by
Sysmex Corporation.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

10. Caulin C, Salvesen GS, Oshima RG. Caspase cleavage of keratin 18 and
reorganization of intermediate filaments during epithelial cell apoptosis. J Cell Biol
(1997) 138:1379-94. doi: 10.1083/jcb.138.6.1379

11. Kramer G, Erdal H, Mertens HIMM, Nap M, Mauermann J, Steiner G, et al.
Differentiation between cell death modes using measurements of different soluble
forms of extracellular cytokeratin 18. Cancer Res (2004) 64:1751-6. doi: 10.1158/
0008-5472.CAN-03-2455

12. Yaman E, Coskun U, Sancak B, Buyukberber S, Ozturk B, Benekli M. Serum
M30 levels are associated with survival in advanced gastric carcinoma patients. Int
Immunopharmacol (2010) 10:719-22. doi: 10.1016/j.intimp.2010.03.013

13. Oyama K, Fushida S, Kinoshita J, Okamoto K, Makino I, Nakamura K, et al.
Serum cytokeratin 18 as a biomarker for gastric cancer. Clin Exp Med (2013)
13:289-95. doi: 10.1007/s10238-012-0202-9

14. Benedict WF, Fisher M, Zhang XQ, Yang Z, Munsell MF, Dinney CN. Use
of monitoring levels of soluble forms of cytokeratin 18 in the urine of patients with
superficial bladder cancer following intravesical ad-IFNalpha/Syn3 treatment in a
phase 1 study. Cancer Gene Ther (2014) 21:91-4. doi: 10.1038/cgt.2014.1

15. Fazilat-Panah D, Vakili Ahrari Roudi S, Keramati A, Fanipakdel A,
Sadeghian MH, Homaei Shandiz F, et al. Changes in cytokeratin 18 during
neoadjuvant chemotherapy of breast cancer: A prospective study. Iran J Pathol
(2020) 15:117-26. doi: 10.30699/ijp.2020.116238.2261

16. Elalfy H, Besheer T, Arafa MM, El-Hussiny MA, El Latif MA, Alsayed S.
Caspase-cleaved cytokeratin 18 fragment M30 as a potential biomarker of
macrovascular invasion in hepatocellular carcinoma. J Gastrointest Cancer
(2018) 49:260-7. doi: 10.1007/s12029-017-9937-6

17. Bock B, Hasdemir D, Wandrer F, Rodt T, Manns MP, Schulze-Osthoff K,
et al. Serum cell death biomarker mirrors liver cancer regression after transarterial
chemoembolisation. Aliment Pharmacol Ther (2016) 44:747-54. doi: 10.1111/
apt.13758

18. Lorente L, Rodriguez ST, Sanz P, Perez-Cejas A, Padilla J, Diaz D, et al.
Prognostic value of serum caspase-cleaved cytokeratin-18 levels before liver

frontiersin.org


mailto:akieguchi@med.mie-u.ac.jp
https://doi.org/10.1016/j.cgh.2015.08.014
https://doi.org/10.1007/s12072-017-9799-9
https://doi.org/10.1016/j.jhep.2018.03.019
https://doi.org/10.1002/hep.29913
https://doi.org/10.1111/hepr.13411
https://doi.org/10.3748/wjg.v28.i2.216
https://doi.org/10.3748/wjg.v21.i37.10573
https://doi.org/10.1016/j.cgh.2022.01.047
https://doi.org/10.1146/annurev.bi.63.070194.002021
https://doi.org/10.1146/annurev.bi.63.070194.002021
https://doi.org/10.1083/jcb.138.6.1379
https://doi.org/10.1158/0008-5472.CAN-03-2455
https://doi.org/10.1158/0008-5472.CAN-03-2455
https://doi.org/10.1016/j.intimp.2010.03.013
https://doi.org/10.1007/s10238-012-0202-9
https://doi.org/10.1038/cgt.2014.1
https://doi.org/10.30699/ijp.2020.116238.2261
https://doi.org/10.1007/s12029-017-9937-6
https://doi.org/10.1111/apt.13758
https://doi.org/10.1111/apt.13758
https://doi.org/10.3389/fonc.2022.993705
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Eguchi et al.

transplantation for one-year survival of patients with hepatocellular carcinoma. Int
J Mol Sci (2016) 17:1524-34. doi: 10.3390/ijms17091524

19. Yamada M, Eguchi A, Okuno K, Sakaguchi K, Yamaguchi T. Development
of a highly sensitive chemiluminescent enzyme immunoassay for fragmented
cytokeratin 18 using new antibodies. Sci Rep (2021) 11:18187. doi: 10.1038/
541598-021-97439-5

20. Eguchi A, Iwasa M, Yamada M, Tamai Y, Shigefuku R, Hasegawa H, et al. A
new detection system for serum fragmented cytokeratin 18 as a biomarker
reflecting histologic activities of human nonalcoholic steatohepatitis. Hepatol
Commun (2022) 6(8):1987-99. doi: 10.1002/hep4.1971

21. Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner J, et al.
Development of a simple noninvasive index to predict significant fibrosis in
patients with HIV/HCV coinfection. Hepatology (2006) 43:1317-25. doi:
10.1002/hep.21178

22. Johnson PJ, Berhane S, Kagebayashi C, Satomura S, Teng M, Reeves HL,
et al. Assessment of liver function in patients with hepatocellular carcinoma: A new
evidence-based approach-the ALBI grade. J Clin Oncol (2015) 33:550-8. doi:
10.1200/JCO.2014.57.9151

Frontiers in Oncology

12

10.3389/fonc.2022.993705

23. D'Amico F, Schwartz M, Vitale A, Tabrizian P, Roayaie S, Thung S, et al.
Predicting recurrence after liver transplantation in patients with hepatocellular
carcinoma exceeding the up-to-seven criteria. Liver Transpl (2009) 15:1278-87.
doi: 10.1002/1t.21842

24. Lee ], Vali Y, Boursier J, Duftin K, Verheij ], Brosnan M]J, et al. Accuracy of
cytokeratin 18 (M30 and M65) in detecting non-alcoholic steatohepatitis and
fibrosis: A systematic review and meta-analysis. PloS One (2020) 15:¢0238717.
doi: 10.1371/journal.pone.0238717

25. Song T, Wang L, Xin R, Zhang L, Tian Y. Evaluation of serum AFP and DCP
levels in the diagnosis of early-stage HBV-related HCC under different backgrounds. J
Int Med Res (2020) 48:300060520969087. doi: 10.1177/0300060520969087

26. Tameda M, Shiraki K, Sugimoto K, Ogura S, Inagaki Y, Yamamoto N, et al.
Des-gamma-carboxy prothrombin ratio measured by p-11 and p-16 antibodies is a
novel biomarker for hepatocellular carcinoma. Cancer Sci (2013) 104:725-31. doi:
10.1111/cas.12149

27. Llovet JM, Kelley RK, Villanueva A, Singal AG, Pikarsky E, Roayaie S, et al.
Hepatocellular carcinoma. Nat Rev Dis Primers (2021) 7:6. doi: 10.1038/s41572-
020-00240-3

frontiersin.org


https://doi.org/10.3390/ijms17091524
https://doi.org/10.1038/s41598-021-97439-5
https://doi.org/10.1038/s41598-021-97439-5
https://doi.org/10.1002/hep4.1971
https://doi.org/10.1002/hep.21178
https://doi.org/10.1200/JCO.2014.57.9151
https://doi.org/10.1002/lt.21842
https://doi.org/10.1371/journal.pone.0238717
https://doi.org/10.1177/0300060520969087
https://doi.org/10.1111/cas.12149
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.3389/fonc.2022.993705
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	The prognostic potential of fragmented CK18 serum levels in HCC patients reflecting disease progression and overall hepatocyte damage
	Introduction
	Materials and methods
	Human samples

	Blood preparation
	Statistical analyses
	Result
	Serum fCK18 levels correlate with liver condition and are elevated in the patients with HCC
	Serum fCK18 levels significantly increase in HCC
	Serum fCK18 levels are significantly increased in deceased HCC patients and have an impact on short-term to long-term survival
	Serum fCK18 levels are a prognostic factor for survival in HCC
	Changes in serum fCK18 levels after surgical therapy for HCC

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


