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Abstract

AIM: To investigate whether expressing biliary pheno-
type predicted poor outcome after the surgical treat-
ment in primary liver cancers.

METHODS: Out of 204 patients that underwent liver
resection due to hepatocellular carcinoma (HCC), liver
specimens of 70 patients with HCC were evaluated for
biliary components by cytokeratin (CK) 19 immunostain
(CK19" HCC and CK19" HCC). CK19 positivity was de-
fined as membranous and/or cytoplasmic expression in
= 5% of tumor cells with moderate or strong intensity.
Patients with other primary liver cancers, such as com-
bined HCC and cholangiocarcinoma (cHCC-CC), intrahe-
patic cholangiocarcinoma (ICC) who received curative
liver resection, were also included in the study. Clinical
characteristics of CK19" HCC and CK19" HCC patients,
including survival outcome after curative liver resection,
were compared with that of cHCC-CC and ICC patients.

RESULTS: The overall survival (OS) rate of CK19 HCC
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(n = 49) after the curative surgical treatment was
90.7%, and 80.4% at 1 and 5 years after the resection.
OS rate of CK19" HCC (n = 21) was 74.3%, 28.9% and
OS rate of cHCC-CC (7 = 22) was 66.7%, 32.2% at 1
and 5 years after the surgery. For ICC (7 = 19), 1 and
5-year-OS rate was 50.2% and 14.3% after the cura-
tive resection. The OS rates of CK19" HCC and cHCC-
CC were significantly lower than that of CK19" HCC, but
higher than the OS rate of ICC (P = 0.000). There was
no statistically significant difference in OS rate between
CK19* HCC and cHCC-CC. The disease free survival
(DFS) rate of CK19" HCC was 72.0% and 54.5% at 1
and 3 years after the surgical treatment. DFS rate of
CK19" HCC was 53.3%, 34.3% and DFS rate of cHCC-
CC was 51.5%, 39.2% at 1 and 3 years after the resec-
tion. For ICC, 1 and 3-year-DFS rate was 28.0% and
14.0% after the curative resection. DFS rate of CK19
HCC was significantly higher than that of ICC (P =
0.017), but marginally higher than DFS rate of either
CK19" HCC or cHCC-CC (P = 0.097, P = 0.089, respec-
tively). Predictors of outcome after the surgery of pri-
mary liver cancer were pathology of the resected mass,
existence of microvascular invasion and accompanying
satellite nodule.

CONCLUSION: Primary liver cancers with biliary com-
ponents tended to show poorer surgical outcome. This
suggested that immuno-phenotype of liver cancers was
as important as their morphological classification.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Proposed treatment strategy for solid tumor is usually
guided by tumor stage. In case of hepatocellular carcino-
ma (HCC), Barcelona Clinic Liver Cancer (BCLC) staging
system, that has come to be widely accepted in clinical
practice”] carefully allocates HCC patients according to
tumor stage and liver function as well as physical status.
Despite the careful selection of candidates for each treat-
ment option, HCC patients with similar BCLC grade that
underwent the same mode of treatments may show very
different outcome. It has been suggested that HCC het-
erogeneity in the molecular and morphological features
may be related to the treatment outcome™”. Recently, ef-
forts have been made to classify HCC histopathologically,
encompassing subpopulations of HCC according to their
distinct molecular features',

While the World Health Organization (WHO) still
classifies primary liver cancer into HCC, intrahepatic chol-
angiocarcinoma (ICC), and combined hepatocellular and
cholangiocarcinoma (cHCC-CC) Pl there has been a re-
port on HCCs whose cells of some proportion displayed
cholangiolar differentiation and which showed highly ag-
gressive behavior'”. The authors claimed that this type of
HCC with biliary differentiation must be different from
cHCC-CC since it displayed typical HCC morphological
features, and referred it as dual-phenotype HCC. On the
other hands, according to the WHO classification, cHCC-
CC is characterized by having unequivocal, intimately
mixed elements of both HCC and ICC components
within a single nodule™, and it is also reported to show
much worse prognosis than Hec,

Meanwhile, it has recently been proposed that HCC
with biliary differentiation should be categorized as HCC
with stem/progenitor cell immunophenotype whereas
cHCC-CC should be included as mixed hepatobiliary car-
cinoma, classical type!.

Since both HCC with biliary differentiation and cHCC-
CC appeared to be the primary liver cancer displaying
biliary phenotype, we hypothesized that the outcome of
curative resection in primary liver cancer would be grave
as the cancer expressed biliary phenotype rather than
hepatic phenotype. In order to test this hypothesis, we
compared the surgical outcome of classical HCC without
biliary differentiation, with that of HCC with biliary dif-
ferentiation, defined as having cytokeratin (CK) 19 posi-
tive cells, along with cHCC-CC and ICC.

South Korea) were reviewed and selected from pathologic
files. Out of 204 patients who underwent liver resection
due to HCC, 70 patients were assessed for CK19 posi-
tivity. These patients had well preserved liver function,
evaluated by Child-Pugh scoring system. None of the
selected cases experienced preoperative cancer treatment
including transarterial chemoembolization (TACE). HCC
was diagnosed under hematoxylin and cosin (HE) stain
according to the morphologic criteria as defined by the
WHO. Edmondson and Steiner Grading System (E-S, |
-IV) was used to evaluate the degree of differentiation”.,
The primary antibody for CK19 (monoclonal, DAKO,
Glostrup, Denmark, 1:50) was applied in order to detect
CK19 positivity in HCC. CK19 positivity was defined as
membranous and/or cytoplasmic expression in = 5% of
tumor cells with moderate or strong intensity.

Twenty-two cases of cHCC-CC wete analyzed. Com-
bined HCC-CC was diagnosed when there were evidenc-
es of both HCC and CC differentiation demonstrated
within the same nodule'”. Nineteen cases of ICC were
included as the control.

Medical records of the selected patients were re-
viewed for etiology of underlying liver disease and labo-
ratory data for liver function and tumor markers. The
patients were regulatly followed up. Liver function tests,
acrylic fixed prosthesis measurements were done every
2-3 mo. Dynamic CT was regularly performed with the
interval no longer than 6 mo. All patients were followed
until the time of death or for at least 12 mo. Recurrence
was defined as the appearance of a new lesion with the
radiologic features of HCC. Early recurrence was defined
as any recurrence within 12 mo after the initial hepatec-
tomy.

Histopathologic analysis was also performed for tu-
mor size, differentiation, presence of multiple tumors,
microvascular and major vessel invasion, lymph node me-
tastasis and existence of background liver cirrhosis.

Statistical analysis

Statistical analysis was performed using SPSS software
version 12.0 (SPSS, Chicago, IL). Clinicopathologic char-
acteristics among different liver cancers were compared
using ;{Z test. Overall survival (OS) was calculated using
Kaplan-Meier method, and differences in survival rate
were compared using Log-rank test. Univariate analysis
for factors affecting prognosis of primary liver cancer
after curative resection was evaluated using Log-rank
test. All variables that appeared to be associated with the
prognosis were put under multivariate analysis using Cox
proportional hazards model. Statistical significance and
marginal significance were assumed when P < 0.05 and
P < 0.01, respectively.

MATERIALS AND METHODS

RESULTS

Case selection and histopathologic analysis
Liver specimens, surgically resected between January 2000
and August 2010 at Inha University Hospital (Incheon,
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Pathological evaluation
Diagnosis of HCC was made under HE stain in all 70
cases. Forty-nine HCC patients had CK19 immunostain
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Figure 1 Pathological features of primary liver cancer. A-D: Hematoxylin and eosin (HE) stain for cytokeratin 19 negative hepatocellular carcinoma (CK19"HCC) (A),
cytokeratin 19 positive hepatocellular carcinoma (CK19" HCC) (B), combined hepatocellular carcinoma and cholangiocarcinoma (cHCC-CC) and intrahepatic cholan-
giocarcinoma (ICC); E-H: Immunohistochemical stain results of CK19 stain for CK19" HCC (E), CK19" HCC (F), cHCC-CC (G) and ICC (H). All in original magnification
x 200.

negative (CK19" HCC), and identified as HCC without Clinical features

biliary differentiation (Figure 1). Another 21 cases out of All the patients underwent curative liver resection of pri-
70 HCC cases showed CK19 positivity (CK19" HCC) and mary liver cancer. There were no statistically significant
classified as HCC with biliary differentiation (Figure 1). differences in clinical findings of CK19° HCC (» = 49),
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Figure 2 Clinical outcome after the curative liver resection of primary liver cancers. A: Overall survival (OS) rates of different groups of primary liver cancer
after the curative resection. The OS rates of cytokeratin 19 positive hepatocellular carcinoma (CK19” HCC) and combined hepatocellular carcinoma and cholangio-
carcinoma (cHCC-CC) were significantly lower than that of cytokeratin 19 negative hepatocellular carcinoma (CK19"HCC), but higher than the OS rate of intrahepatic
cholangiocarcinoma (ICC) (P < 0.05). There was no statistically significant difference in OS rate between CK19" HCC and cHCC-CC (P = 0.245); B: Disease free sur-
vival (DFS) rate. The DFS rate of CK19" HCC was significantly higher than that of ICC (P = 0.017), but marginally higher than DFS rate of either CK19" HCC or cHCC-

CC (P=0.097, 0.089, respectively).

CK19" HCC (# = 21), cHCC-CC ( = 22) and ICC (»
= 21) except in gender composition, etiologies of liver
disease, and proportion of patients having liver cirrhosis
(Table 1). In cases of CK19 and CK19" HCC, as well
as cHCC-CC, male gender was the predominant popula-
tion, whereas in ICC, there was no gender predisposition
(Table 1). There was significantly lower number of pa-
tients with liver cirrhosis in the ICC group.

Comparison of clinical prognosis

The OS rate of CK19" HCC after the curative surgical
treatment was 90.7% and 80.4% at 1 and 5 years after
the resection, respectively. OS rate of CK19" HCC was
74.3%, 28.9%, and OS rate of cHCC-CC was 66.7%,
32.2% at 1 and 5 years after the surgery. In cases of 1CC,
1 and 5-year-OS rate was 50.2% and 14.3% respectively
after the curative resection. The OS rates of CK19"
HCC and cHCC-CC were significantly lower than that
of CK19 HCC, but higher than the OS rate of ICC (P =
0.000) (Figure 2A). There was no statistically significant
difference in OS rate between CK19" HCC and cHCC-
CC (Figure 2A).

The disease free survival (DFS) rate of CK19° HCC
was 72.0% and 54.5% at 1 and 3 years after the surgical
treatment. DFS rate of CK19" HCC was 53.3%, 34.3%,
and DFS rate of cHCC-CC was 51.5%, 39.2% at 1 and
3 years after the resection. In cases of 1CC, 1 and 3-year-
DFS rate was 28.0% and 14.0% respectively after the
curative resection. The DFS rate of CK19° HCC was
significantly higher than that of ICC (P = 0.017), but
marginally higher than DFS rate of either CK19" HCC
or cHCC-CC (P = 0.097, P = 0.089, respectively) (Figure
2B). However there was no statistically significant differ-
ence in DFS rate among CK19" HCC, cHCC-CC and
ICC (Figure 2B). The percentage of patients that received
treatment for the recurred cancer was much smaller in
cases of ICC whereas the majority of HCC regardless
of CK19 expression, and cHCC-CC patients underwent
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TACE for the recurred mass (Table 1).

Prognostic factors for primary liver cancer after the
curative resection

In cases of resectable primary liver cancer in functionally
well preserved liver, surgical resection is usually recom-
mended regardless of its pathologic diagnosis. Univariate
analysis of prognostic factors after the curative resection
in primary liver cancer was performed. The tested factors
included pathologic diagnosis of the liver mass, age at the
operation, gender, existence of liver cirrhosis, tumor size,
tumor number, coexisting satellite nodule, existence of
micro and macro vascular invasion, as well as lymph node
and distant metastasis. Pathologic diagnosis of the resect-
ed mass, tumor size, accompanying satellite nodule, exis-
tence of microvascular, macrovascular and lymph node
invasion were possible prognostic factors forecasting sur-
vival after the curative surgery (Table 2). On multivariate
pathologic diagnosis of the resected mass, existence of
microvascular invasion and accompanying satellite nodule
affected the prognosis of primary liver cancer after the
surgical resection (Table 2).

DISCUSSION

This study suggested that the outcome of the surgical
treatment in the primary liver cancer would be worse as

the resected tumor expressed more components with
biliary phenotypes.

Although current WHO classification of primary
liver cancer is still guided by the morphologic features
of the tumot!”| new classification emphasizing morpho-
phenotypic categories with patho-genetic implications
is rapidly emerging. Demand for the new type of pri-
mary liver cancer classification came from heterogeneous
treatment outcome within the liver mass that had similar
morphological features. Several studies supported that
there would be subpopulation of HCCs, expressing bili-
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Table 1 Clinical characteristics of patients and treatment modality of recurrent with primary liver cancer 7 (%)

CK19"HCC CK19* HCC cHCC-CC ICC P value
(n = 49) (n = 21) (n = 22) (n=19)
Age (yr) 0.43
<45 11 (22.4) 4 (19.0) 4(18.2) 1(5.3)
=45 38 (77.6) 17 (81.0) 18 (81.8) 18 (94.7)
Gender 0.014"
Male 41 (83.7) 14 (66.7) 18 (81.8) 9 (47.4)
Female 8 (16.3) 7 (33.3) 4(18.2) 10 (52.6)
Underlying liver disease 0.004"
None 0 (0.0 0(0.0) 3 (13.6) 12 (63.2)
HBV 38 (79.2) 18 (85.7) 17 (77.3) 2 (10.5)
HCV 4(8.3) 0(0.0) 0(0.0) 0(0.0)
Others 6 (12.5) 3 (14.3) 2(9.1) 5(26.3)
Cirrhosis 0.024*
No 22 (44.9) 10 (47.6) 10 (45.5) 16 (84.2)
Yes 27 (55.1) 11 (52.4) 12 (54.5) 3 (15.8)
Tumor number 0.313
Single 41 (83.7) 17 (81.0) 16 (72.7) 18 (94.7)
Multiple 8 (16.3) 4 (19.0) 6 (27.3) 1(5.3)
Satellite nodule 0.063
Absent 43 (87.8) 19 (90.5) 15 (68.2) 18 (94.7)
Present 6 (12.2) 2(9.5) 7 (31.8) 1(5.3)
Microvascular invasion 0.836
Absent 21 (42.9) 10 (47.6) 11 (55.0) 9 (47.4)
Present 28 (57.1) 11 (52.4) 9 (45.0) 10 (52.6)
Macrovascular invasion 0.119
Absent 45 (91.8) 17 (81.0) 19 (95.0) 14 (73.7)
Present 4(8.2) 4 (19.0) 1(5.0) 5(26.3)
Lymph node metastasis 0.086
Absent 47 (95.9) 20 (95.5) 21 (95.5) 15 (78.9)
Present 2 (4.1) 1 (4.8) 1 (4.5) 4(21.1)
Distant metastasis 0.521
Absent 46 (93.9) 21 (100) 21 (95.5) 17 (89.5)
Present 3(6.1) 0(0.0) 1(45) 2(10.5)
Differentiation 0.301
E1, E2 or well, moderate 15 (30.6) 7 (33.3) 9 (47.4) 9(52.9)
E3, E4 or poorly 34 (69.4) 14 (66.7) 10 (52.6) 8 (47.1)
Treatment modality
Number of patience with recurrence 19/49 (38.8) 12/21 (57.1) 15/22 (68.2) 11/19 (57.9)
Conservative treatment 2/19 (10.5) 1/12(8.3) 3/15 (20.0) 8/11 (72.7)
Transarterial chemoembolization 15/19 (78.9) 11/12 (91.7) 12/15 (80.0) 0/11 (0.0)
Systemic chemotherapy 0/19 (0.0) 0/12 (0.0) 0/15 (0.0) 2/11 (3.5)
Others 2/19 (10.5) 0/12 (0.0) 0/15 (0.0) 3/11 (5.3)

P < 0.05 among 4 groups. CK19° HCC: Cytokeratin 19 negative hepatocellular carcinoma; CK19” HCC: Cytokeratin 19 positive hepatocel-
lular carcinoma; cHCC-CC: Combined hepatocellular carcinoma and cholangiocarcinoma; ICC: Intrahepatic cholangiocarcinoma; HBV:
Hepatitis B virus; HCV: Hepatitis C virus.

ary phenotype as being CK19 positive, and that this sub-
population would demonstrate aggressive behavior'™*"”,
Our study also showed that morphologically similar HCC
might exhibit very different outcome after the curative
treatment if their malignant cells contain components of
biliary phenotype detected by CK19 immunochemical
study.

Out of 70 patients who had CK19 immunochemical
study, 21 patients had CK19 positive. These 70 patients
underwent immunochemical study due to atypical patho-
logic features that made diagnosis ambiguous without
immunochemical evaluation. Therefore, the proportion
of CK19" HCC was relatively higher than that of other
studies™’. Even though HCC patients in this study had
resectable liver mass, they had higher Edmonson grade in
more than 60% regardless of CK19 immunostain result.
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It 1s very likely that HCC with ambiguous morphology
under HE stain might have poorer differentiation and
thus might demonstrate less favorable surgical outcome.
However, it appeared that CK19° HCC had more favor-
able outcome compared with that of CK19" HCC inde-
pendent of Edmonson grade.

It 1s beyond the scope of this study addressing the
origin of this biliary component in HCC. However, since
CK19 is known as a stem cell marker, it can be contem-
plated that CK19 positive phenotype reflected an origin
from a progenitor cell. Studies suggesting primary liver
cancer of progenitor cell origin used CK19 as one of
liver stem cell markers®*?. Moreover, one recent study
reported that CK19 was well correlated with tumor ag-
gressiveness, compared to other stemness-related mark-
ers™?. Tn addition CK19 being a stem cell marker, a re-
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Table 2 Univariate and multivariate analysis of predictors of

survival

Univariate Multivariate
analysis analysis
Variable P value Hazard ratio 95% ClI P value
Pathologc diagnosis 0.000 0.000
CK19 HCC
CK19" HCC BI85 1.235-7.558  0.016
cHCC-CC 4.588 1.953-10.781 0.000
ICC 6.986 2.997-16.284 0.000
Age (yr) 0.672
<459ps =45
Gender 0.197
Cirrhosis 0.542
Tumor size (cm) 0.000
<5vs=5
Tumor number 0.179

Single vs multiple
Satellite nodule 0.001 1.997
Microvascular invasion 0.005 2.884

1.010-3.949  0.047
1.491-5.581 0.002
Macrovascular invasion  0.000
Lymph node metastasis ~ 0.002
Distant metastasis 0.111

CK19 HCC: Cytokeratin 19 negative hepatocellular carcinoma; CK19"
HCC: Cytokeratin 19 positive hepatocellular carcinoma; cHCC-CC: Com-
bined hepatocellular carcinoma and cholangiocarcinoma; ICC: Intrahe-
patic cholangiocarcinoma; 95% CI: 95% confidence interval.

port suggested that expression of CK19 was related with
epidermal growth factor thereby increasing the growth
abilities of HCC™",

Most of the studies on CK19 in liver cancer perform-
ed immunohistochemical analysis in order to evaluate its
expression'” ™. Some studies that assessed CK79 gene
expression along with its protein expression demonstrat-
ed that protein expression well correlated gene expres-
sion™?",

Meanwhile, origin of cancer cells in cHCC-CC also
needs to be verified. By definition, cHCC-CC has ateas
of typical HCC and areas of typical cholangiocarcinoma.
It was reported that cholangiocarcinoma components in
cHCC-CC were usually positive for CK19, and careful
examination usually revealed intermediate morphology
at the interface between HCC and cholangiocarcinoma
areas'”.

Clinically, studies consistently reported that prognosis
of cHCC-CC wortse than that of HCC in generalw’g’z”. In
this study, when CK19" HCC was compared with cHCC-
CC, we found their clinical features somewhat similar,
as both cell types demonstrated unfavorable prognosis
than CK19" HCC. Regarding OS, both CK19" HCC and
cHCC-CC showed lower OS rates than CK19" HCC,
and higher rates than ICC. However, when we compared
DES rates, although CK19 HCC still showed higher DES
rate than any other types of primary liver cancer, there
were no significant differences in DFS rates of CK19"
HCC, cHCC-CC and ICC. This discrepancy in OS and
DES rates might be resulted from not having effective
means of treating recurrent ICC when HCC and cHCC-
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CC could partly be controlled by the non-surgical method
such as TACE.

Recently suggested histopathological classification
of primary liver cancer put CK19" HCC as cancer of
hepatocellular phenotype with stem/progenitor cell im-
munophenotype, whereas cHCC-CC as cancer of mixed
hepatobiliary carcinoma, classical type. According to this
proposed classification, these two subpopulations of liver
cancer resided between the spectrum of HCC and ICC,
where CK19" HCC closer to HCC and ¢cHCC-CC being

. . 4 . .
closer to cholanglocarcmomztl ! In accordance with this

classification, our study showed that clinical outcome of
CK19" HCC and cHCC-CC after the curative liver resec-
tion was also placed between that of HCC and 1CC where
HCC side showing good prognosis and ICC side display-
ing poor prognosis. It seemed that primary liver cancer
that possessed more components with biliary phenotype
resulted in poor prognosis after the curative surgical treat-
ment. However, since our study was limited by relatively
small number of patients, especially in CK19" HCC and
cHCC-CC group, another study over larger number of
patients should be able to verify this suggestion.

COMMENTS

Background

Hepatocellular carcinoma (HCC) of similar clinical stage may produce heteroge-
neous treatment outcome, and immuno-phenotypical information of HCC might
facilitate more appropriate stratification of the tumor.

Research frontiers

Efforts have been made to classify HCC histopathologically according to their
distinct molecular features. Several studies suggested that there would be sub-
population of HCCs, expressing biliary phenotype as being cytokeratin (CK) 19
positive, and that this subpopulation would demonstrate aggressive behavior.

Innovations and breakthroughs

New classification emphasizing morpho-phenotypic categories with patho-
genetic implications is rapidly emerging. This histopathological classification of
primary liver cancer put cytokeratin 19 positive hepatocellular carcinoma (CK19"
HCC) as cancer of hepatocellular phenotype with stem/progenitor cell immuno-
phenotype, whereas combined hepatocellular and cholangiocarcinoma (cHCC-
CC) as cancer of mixed hepatobiliary carcinoma, classical type. According to
this proposed classification, these two subpopulations of liver cancer resided
between the spectrum of HCC and intrahepatic cholangiocarcinoma, where
CK19" HCC closer to HCC and cHCC-CC being closer to cholangiocarcinoma.

Applications

Primary liver cancer that possessed more components with biliary phenotype,
detected by CK19 immunochemical study, might predict poor outcome after the
curative surgical treatment. Therefore, alternative treatments or more vigorous
adjuvant therapy after the surgical treatment could be recommended in such
cases.

Terminology

Studies on primary liver cancer of progenitor cell origin used CK19 as one of
liver stem cell markers along with other markers such as cluster of differentia-
tion 133, c-kit and epithelial cell adhesion molecule. Among many stemness-
related markers, a recent study reported that CK19 was well correlated with
tumor aggressiveness.

Peer review

The authors examined three different types of primary liver cancers for its bili-
ary phenotype and gave a vital conclusion that primary liver cancer that showed
more of biliary components resulted in poor prognosis after the surgery. This
work provides useful information on immuno-phenotype of primary liver cancers
might be as important as their morphological classification with interesting re-
sults.
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