
Abstract. Background/Aim:  The aim of this study was to
describe the clinicopathological features of hepatocellular
carcinoma (HCC) diagnosed at 40 years of age or below.
Materials and Methods: Expression of CK19, Glypican-3 and
β-catenin was assessed in clinical samples by
immunohistochemistry (IHC). IHC expression was correlated
with clinicopathological parameters. Hotspot mutations in
TP53 gene were analyzed by sequencing. Results: Thirty-six
cases were included with a male to female ratio of 3:1. Eighty
percent of cases were associated with chronic hepatitis B
infection. CK19 and GPC3 were expressed in 61% and 56%
of cases, respectively. Only one case demonstrated β-catenin
over-expression. TP53 hotspot mutation was identified in 4
cases. Number of tumor nodules, vascular invasion, and
preoperative serum AFP level were associated with prognosis.
Conclusion: A higher CK19 expression rate was observed in
our young-onset HCC cohort, whereas β-catenin pathway
activation and TP53 gene mutation events were less frequent.
Conventional clinicopathological parameters remain
predictors of survival.

Hepatocellular carcinoma (HCC) is a major cancer
worldwide, showing a male predominance. Local data
revealed a mean age of diagnosis at 65 years for men and 73
years for women (Hong Kong Cancer Registry, Hospital
Authority, 2015). Occurrence of HCC in the younger age
group is relatively rare. Pediatric and adolescent HCC
(below 20 years of age) has been reported to constitute less
than 1% of HCC (1). For chronic hepatitis B patients, young-
onset HCC was defined as a diagnosis under 40 years of age

for men and 50 years of age for women according to the
American Association for the Study of Liver Diseases
(AASLD) guidelines. In particular, clinicopathological
features of HCC in the younger age group exhibit some
differences compared to the older age group. Early-onset
HCC (under 40 years of age) is largely related to ethnic
factors (2) and encompasses a broader spectrum of
etiological factors such as hepatitis B virus (HBV),
hepatitis C virus, tyrosinemia, biliary atresia, Alagille
syndrome, glycogen storage disease, etc. (3, 4). On
histological examination, the fibrolamellar HCC subtype
comprised 15-41% cases in a meta-analysis (4). In terms of
prognosis, compared to adult HCC patients, pediatric
patients present with longer overall survival (7.98 vs. 2.78
years) (5). While genomic changes in HCC including
TERT, TP53, CTNNB1, TSC, ARID1A mutations have been
reported in many studies (6), little is known about the
subset of young-onset HCC. A recent study has reported on
the genetic alterations in a cohort of 15 pediatric HCC
patients, among which 6 were associated with non-
hepatotropic virus diseases, while the remaining 9 had no
underlying liver disease (7). Among these 15 patients, 4 were
found to have CTNNB1 deletion. A TP53, TERT and APC
mutation was identified in 1, 2, and 2 patients, respectively
(7). This prompted us to examine the clinicopathological
characteristics of our local young-onset HCC. Specifically,
we focused on the expression of cytokeratin 19 (CK19),
Glypican-3 (GPC3), and β-catenin. In addition, we analyzed
the mutation status of TP53, the most commonly mutated
tumor suppressor gene in HCC (8). 

CK19 is an intermediate filament in the cytoplasm of
epithelial cells. In the context of primary liver cancer, CK19
had been known as a biliary marker. It was only recently
found to be expressed in some HCCs, signifying an
intermediate phenotype between hepatocellular and biliary
differentiation of tumor cells. The expression rate of CK19
in HCC samples ranged from 10-35.7% (9-12). Compared to
CK19– HCC, CK19+ HCC demonstrated a lower overall
survival rate (80.4% vs. 28.9% at 5 years) and disease-free
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survival rate (54.5% vs. 34.3% at 3 years) after surgical
resection (12). GPC3 is a membrane-bound proteoglycan, in
a meta-analysis from our group (13). Expression is absent in
the normal liver and benign liver diseases, rendering it a key
marker for distinguishing HCC from its precursor lesion
(14). Similar to CK19, high GPC3 expression in HCC tissues
was found to confer poor prognostic outcome (15). 

TP53 and CTNNB1 mutations have been identified in 30-
37.2% (8, 16-19) and 12.8-35.7% of clinical samples (8, 16,
20), respectively. Notably, Wnt/β-catenin pathway and TP53
alterations in HCC have been shown to be mutually
exclusive molecular events (16, 21). In a study on profiling
TP53 mutation status by Woo et al. (18) in a Chinese HCC
cohort (n=329), 125 cases harbored a TP53 mutation. Among
these 125 cases, R249S (61.6%, 77 cases) and V157F (6.4%,
8 cases) were the two most common TP53 mutations. R249S
in codon 249 in exon 7 is characterized by the G:C to T:A
transversion at the third base of the TP53 codon 249, which
leads to an amino acid substitution from arginine to serine.
In terms of prevalence, R249S demonstrates a geographic
variation with a high prevalence (40-77%) in high−aflatoxin
exposure regions, such as China and Africa, whereas it is less
frequent in the white population. V157F is a missense
mutation characterized by the G:C to T:A transversion at the
first base of the TP53 codon 157, leading to an amino acid
change from valine to phenylalanine. Hotspot mutations of
TP53 at codons 249 and 157 have been correlated with
poorer prognosis (18, 22). R249S and V157F confer a
significantly shorter overall survival rate with a hazard ratio
of 1.98 and 4.25, respectively, compared to wild−type TP53
HCC patients (18). CTNNB1 mutations have been found in
20−40% of all HCC cases worldwide (23-25). The lowest
overall CTNNB1 mutation rate of 15.9% was observed in
Asians (24). Most CTNNB1 mutations occur in exon 3, a
region encoding for the protein sequence containing
consensus sites for phosphorylation (24). CTNNB1 mutations
lead to the stabilization and nuclear translocation of the
protein, with the latter readily detectable by
immunohistochemical staining. β-catenin accumulation in
the cytoplasm and/or the nucleus has been reported in
10−50% of HCC cases (11, 26-28).

In this study, we studied the clinicopathological features
of a cohort of young-onset HCC (below 40 years of age) in
our center. Pathologically, immunohistochemical (IHC)
expression of CK19, GPC3, and β-catenin together with the
mutation status of TP53 were examined. 

Materials and Methods

Clinical samples. Surgical resection specimens of HCC were
retrospectively identified and retrieved from the pathology archive
of Queen Mary Hospital, a tertiary referral center in Hong Kong.
Cases with surgical resection performed when the patient was 40
years or younger were chosen. Patients with recurrence or those who
received neoadjuvant therapy were excluded. The histology sections
were reviewed by a pathologist (R.C.L.) to confirm the diagnosis.
Fibrolamellar HCC was excluded. A representative tumor block was
selected from each case for subsequent analyses. Clinical data were
retrieved from medical records. Use of human clinical samples was
approved by the institutional review board of the University of Hong
Kong/Hospital Authority Hong Kong West Cluster.

DNA extraction. Ten 10-μm thick tissue sections were cut from
formalin-fixed paraffin-embedded (FFPE) tissue blocks for DNA
extraction. The sections were dewaxed and rehydrated in xylene and
decreasing concentrations of ethanol. Hematoxylin and eosin-stained
slides of each FFPE tissue block were evaluated by a pathologist
(R.C.L.) and the region of interest was marked. DNA was extracted
from the region of interest using QIAamp DNA FFPE Tissue Kit
(Qiagen, Hilden, Germany) according to the manufacturer’s
protocol. DNA quantification was performed by BioDrop−μLITE
(BioDrop, Cambridge, UK). Extracted DNA was stored at −20˚C
prior to use.

Polymerase chain reaction (PCR) and Sanger sequencing. PCR
reaction was performed in a 15 μl reaction volume containing 100-
200 ng of genomic DNA, 1 μM of each primer, 0.2 mM of dNTP
Mix, 1 U of AmpliTaq Gold™ DNA Polymerase with 1x PCR
Buffer II and 1.5 mM of MgCl2 (Applied Biosystems, Foster City,
CA, USA). A touchdown PCR program was adopted and the
conditions were as follows: For TP53 exon 7, initial denaturation
performed at 94˚C (9 min) for 1 cycle, followed by 5 cycles of 94˚C
(1 min), 62˚C (1.5 min) and 72˚C (2 min), where the annealing
temperature was decreasing 1˚C/cycle, followed by 35 cycles at
94˚C (1 min), 57˚C (1.5 min) and 72˚C (2 min). Final extension was
performed at 72˚C for 7 min. For TP53 exon 5, the annealing
temperature was set at either 62˚C or 64˚C initially, decreasing
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Table I. PCR Primers and annealing temperature.

Gene (region of exon)                                            Primer                                                                                           Annealing temperature (˚C)

TP53 exon 5 (upper region)                                  5’-CCTCTTCCTACAGTACTCCC-3’                                                             59
                                                                                5’-AACCTCCGTCATGTGCTGTG-3’                                                              
TP53 exon 5 (lower region)                                  5’-GTGCAGCTGTGGGTTGATTC-3’                                                           57
                                                                                5’-GCTGCTCACCATCGCTATCT-3’                                                               
TP53 exon 7 (whole exon)                                    5’-AGGTTGGCTCTGACTGTACC-3’                                                           57
                                                                                5’-CTCCTGACCTGGAGTCTTCC-3’                                                              



1˚C/cycle in the first 5 cycles. PCR products were separated using
electrophoresis and visualized in a 1.5-2% agarose gel with
SYBR®Safe DNA Gel Stain (Invitrogen, Hercules, CA, USA) using
Molecular Imager® Gel Doc™ XR+ System with Image Lab™
Software (Bio−Rad, Hercules, CA, USA). DNA fragment was
purified from agarose gel using GeneJET Gel Extraction Kit
(ThermoFisher Scientific, Waltham, MA, USA). Either purified
DNA fragment or PCR products were subjected to Sanger
sequencing using 3730xl DNA Analyzer or 3500xl Genetic Analyzer
(Applied Biosystems). PCR Primers are listed in Table I.

Immunohistochemical staining and analysis. Four-μm FFPE tissue
sections were used. After dewaxing and rehydration, tissue sections
were subjected to heat−induced epitope retrieval using Tris−EDTA
(pH9.0). 3% hydrogen peroxide and serum−free protein block

(Dako, Carpinteria, CA, USA) were used as blocking reagents to
inhibit endogenous peroxidase activity and avoid non−specific
binding. The sections were incubated at 4˚C overnight with a
primary antibody against cytokeratin 19 (CK19) (ab52625, Abcam,
Cambridge, UK at 1:1,000 dilution), glypican−3 (GPC3) (B0025R,
BD Biosciences, San Jose, CA, USA at 1:200 dilution) and β-
Catenin (610153, BD Biosciences at 1:200 dilution), followed by
incubation with a horseradish−peroxidase (HRP)−conjugated
secondary antibody at room temperature for 1 h. Signals were
developed using the DAB+ substrate chromogen system (Dako) and
counterstained with hematoxylin. For IHC analysis, positive staining
of CK19 and GPC3 was defined as ≥5% of tumor cells showing
cytoplasmic expression (for CK19) and membranous and/or
cytoplasmic expression (for GPC3), respectively. Staining was
estimated with reference to the percentage of tumor cells showing
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Table II. Clinicopathological parameters of the hepatocellular carcinoma (HCC) patients in our cohort.

Case                        Gender/age                Single(s)/                  Size of largest                  Vascular                       Primary                       Pre-operative 
                                                                multiple (m)                     nodule                        invasion                    liver disease                     AFP (IU/ml)
                                                                    nodules                            (cm)                                                                      

HCC-1                          M/22                           M                                  10                                  +                                HBV                                19,530
HCC-2                          M/29                            S                                  3.8                                  –                                HBV                                     2
HCC-3                          M/27                           M                                   7                                   +                                   –                                    7,860
HCC-4                          M/25                           M                                  13                                  +                                HBV                               162,763
HCC-5                          F/18                            M                                  14                                  –                                    -                                     705.5
HCC-6                          M/26                           M                                 N/A                                 +                                HBV                               174,051
HCC-7                          M/20                            S                                  1.5                                  –                                HBV                               419,980
HCC-8                          M/12                            S                                  1.5                                  –                                HBV                                158.53
HCC-9                          F/25                            S                                  2.8                                  –                                HBV                               1,305.6
HCC-10                        M/27                           M                                 19.5                                 +                                   –                                   4,440.5
HCC-11                        M/28                            S                                  1.5                                  +                                HBV                               2,362.2
HCC-12                        M/28                            S                                  2.2                                  +                                HBV                                 17.43
HCC-13                        M/24                           M                                  12                                  +                                   –                                   13,887
HCC-14                        F/24                            S                                  9.5                                  +                                   –                                   37,119
HCC-15                         F/9                             S                                    5                                   –                                HBV                                659.02
HCC-16                        M/39                            S                                    8                                   +                                HBV                                  9.13
HCC-17                        F/36                            S                                   12                                  –                                HCV                                23,016
HCC-18                        F/31                            S                                    9                                   +                                HBV                                 630.8
HCC-19                        M/34                            S                                    2                                   +                                HBV                                  16.6
HCC-20                        M/34                            S                                   23                                  +                                HBV                                  N/A
HCC-21                        M/39                            S                                  5.5                                  –                                HBV                                  4.98
HCC-22                        M/40                            S                                 18.5                                 +                                HBV                               109,726
HCC-23                        M/35                           M                                  4.5                                  +                                HBV                                 3320
HCC-24                        M/36                            S                                  3.5                                  –                                HBV                                145.25
HCC-25                        M/40                           M                                  2.8                                  –                                HBV                                  4.15
HCC-26                        F/38                            M                                  3.5                                  +                                HBV                               1,648.4
HCC-27                        M/40                           M                                   8                                   +                                HBV                                  4.98
HCC-28                        M/32                            S                                  3.5                                  +                                HBV                                  2.49
HCC-29                        F/31                            S                                  1.5                                  –                                HBV                                 24.07
HCC-30                        M/38                           M                                  17                                  +                                HBV                               524,063
HCC-31                        F/39                            M                                   9                                   +                                HBV                                35,376
HCC-32                        M/40                            S                                  2.5                                  +                                HCV                                  5.81
HCC-33                        M/32                            S                                   10                                  +                                HBV                                  3.32
HCC-34                        M/39                            S                                   11                                  +                                HBV                               155,262
HCC-35                        M/39                            S                                  1.5                                  –                                HBV                                101.26
HCC-36                        M/39                            S                                  4.5                                  –                                HBV                                  3.32

M: Male; F: female; HBV: hepatitis B virus.



positive staining. Cytoplasmic and/or nuclear accumulation of β-
catenin was regarded as β-catenin overexpression. Staining was
estimated with reference to the percentage of tumor cells showing
positive staining, and scored to the nearest 5%. 

Statistical analysis. Clinical data were retrieved from patients’
records. Overall survival was defined as the interval from the date
of surgery to death or last follow up. Recurrence-free survival was
defined as the interval from the date of surgery to recurrence, death
or last follow up. Kaplan–Meier curves were used to analyze
survival. Correlation between CK19 and GPC3 expression was

analyzed using Fisher’s exact test. Statistical significance was
analyzed using Prism 8 software (GraphPad, San Diego, CA, USA)
and defined as p<0.05. 

Results

Clinicopathological features of the cohort. Thirty-six cases
were recruited to the study comprising 27 males and 9
females. The median age was 32 years, with a range between
9 and 40 years. Thirteen patients presented with multiple
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Figure 1. IHC expression of CK19 in HCC. Focal cytoplasmic pattern with weak staining intensity on 5% of tumor cells, (A) magnification ×100, (B)
magnification ×200. Diffuse cytoplasmic pattern with moderate to strong staining intensity in 50% tumor cells, (C) magnification ×100 (D)
magnification ×200. Diffuse cytoplasmic pattern with strong staining intensity in 90% of tumor cells, (E) magnification ×100, (F) magnification ×200. 



nodules and the median size of the largest nodule was 9.5
cm. Single nodule was found in 23 patients and the median
size was 3.8 cm. Twenty-nine patients (80.5%) suffered from
HBV infection and two patients (5.5%) had HCV infection.
Five patients (14%) were not known to have any
predisposing primary liver diseases. The median preoperative
serum AFP levels were 705.5 IU/ml (range=2-524,062.8
IU/ml). The clinicopathological parameters are summarized
in Table II. 

Au et al: Young-onset HCC

2937

Table III. Correlation of CK19 and GPC3 expression assayed by
immunohistochemistry.

                              GPC3+                GPC3–                         p-Value
                                                                                    (Fisher’s exact test)

CK19+                     16                          6                               0.016

CK19–                        4                        10                                    

Figure 2. Immunohistochemical expression of GPC3 in HCC. Focal cytoplasmic pattern with weak staining intensity in 5% of tumor cells, (A)
magnification ×100, (B) magnification ×200. Diffuse cytoplasmic pattern with moderate to strong staining intensity in 50% tumor cells, (C)
magnification ×100 (D) magnification ×200. Diffuse cytoplasmic pattern with strong staining intensity in 90% of tumor cells, (E) magnification
×100, (F) magnification ×200. 



Immunohistochemical expression of CK19, GPC3 and β-
catenin in HCC. CK19 was expressed in 22 (61%) of 36
cases, while GPC3 was expressed in 20 (56%) cases (Figure
1). The majority of CK19+ (19/22) and GPC3+ HCC (15/20)
was associated with 5-70% staining (Figure 2). Three CK19+
and 5 GPC3+ HCCs showed a strong and diffuse expression
pattern (80-90%) with strong staining intensity. Comparing
the IHC expression of CK19 and GPC3, the
immunoreactivities of CK19 and GPC3 were positively
correlated (p=0.016) (Table III). For β-catenin, membranous
staining was present in tumor cells in all cases. Only one
case (3%) demonstrated β-catenin over-expression with a
strong cytoplasmic and nuclear staining intensity (Figure 3). 

TP53 hotspot mutation analysis. Thirty-four cases were
examined for TP53 mutations in exons 5 and 7, and two
cases were excluded due to suboptimal DNA quality. Among
the 34 cases, 4 demonstrated a hotspot TP53 mutation. One
case (HCC-6) harbored V157F, while the R249S mutation in
exon 7 was found in HCC-18, HCC-26, and HCC-30 (Figure
4). None of these cases harbored both V157F and R249S

mutations. All 4 mutated cases were associated with HBV
infection. Preoperative AFP levels of HCC-6, HCC-18,
HCC-26, and HCC-30 were 174,051 IU/ml, 631 IU/ml,
1,648 IU/ml and 524,063 IU/ml, respectively. One case was
associated with a single tumor nodule; the other three cases
had multiple nodules. Regarding the respective IHC results,
all 4 cases were negative for β-catenin accumulation but
demonstrated varying expression of CK19 and GPC3 (Table
IV). At the time of writing, three patients died of disease;
one patient defaulted follow up (HCC-26). Recurrence was
observed in one case (HCC-18) with a recurrence-free
survival of 124 days.  

Correlation between clinicopathological parameters and
survival outcome. The follow up period was 10 to 5,541 days
(median: 805 days). Of these 36 patients, as of last follow up
date, 16 patients died of the disease, 14 were alive with no
evidence of disease, and 4 were alive with the disease. There
were 2 defaulters. The median overall survival was 867 days
(range=71-5,541 days). Recurrence was observed in 21
patients with a median recurrence−free survival of 178 days.

ANTICANCER RESEARCH 41: 2933-2944 (2021)

2938

Figure 3. Immunohistochemical expression of β-catenin. Membranous pattern is observed in the (A) tumor region, and weak membranous pattern
is observed in the (B) non-tumor region in a case showing no β-catenin overexpression. Magnification ×100. Diffuse cytoplasmic and nuclear
pattern with strong staining intensity is observed in a case positive for β-catenin over-expression, (C) magnification ×100, (D) magnification ×200.
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Figure 4. Sequencing analysis of TP53 exons 5 and 7. (A) Sequencing analysis of TP53 exon 5. Upper panel - Tumor tissue with wild type TP53
exon 5. Lower panel - Tumor tissue harboring V157F. (B) Sequencing analysis of TP53 exon 7. Upper panel - tumor tissue with wild type TP53
exon 7. Middle and lower panels - Tumor tissue harboring R249S. Arrows indicate the mutation sites.



A significant correlation between overall survival and number
of tumor nodules (p=0.011), vascular invasion (p=0.0074),
and preoperative AFP levels (p=0.011), was found (Figure
5A-C). The recurrence-free survival was correlated with the
number of tumor nodules (p=0.015) and vascular invasion
(p=0.014) (Figure 5D and E). The IHC expression was then
correlated with the survival outcome. The median overall
survival of CK19+ and CK19– groups were 867 and 939 days
(p=0.61), respectively. For GPC3, the median overall survival
of the GPC3+ and GPC3– groups was 936 and 765.5 days
(p=0.72), respectively. The median recurrence-free survival
of the CK19+ and CK19– groups was 399.5 and 468 days

(p=0.88), respectively. For GPC3, the median recurrence-free
survival time of the GPC3+ and GPC3– groups was 446 and
410.5 days (p=0.74), respectively. No significant correlation
between CK19 or GPC3 and overall survival or recurrence-
free survival was observed (Figure 6A and B). CK19 and
GPC3 were co-expressed (CK19+/GPC3+) in 14 cases; 10
cases showed no CK19 or GPC3 expression (CK19–/GPC3–).
There was no significant difference in overall survival
between CK19+/GPC3+ and CK19–/GPC3– groups (p=0.84)
(Figure 6C). 

Discussion

In the current study, we reported the clinicopathological features
and expression of some well-characterized biomarkers in a
cohort of young-onset HCC. Similar to the general HCC
population, young-onset HCC showed male predominance with
a ratio of 3:1 and the majority of HCCs associated with HBV
infection. Consistent with reported studies on HCC cohorts,
young-onset HCC commonly expressed GPC3. On the other
hand, the expression of CK19 was notably higher (61%) in our
young-onset HCC cohort compared to results from other studies
(10-30%). Klein et al. demonstrated the immunoreactivity of
CK19 in HCC patients under 30 years of age, in which 22%
(2/9) of cases were CK19 positive (29). The enhanced CK19
expression in our cohort possibly indicates an increased
stemness signature of HCC in this subset of patients. Of note,
young-onset HCC resulted in similar postoperative recurrence
rate but presented a robust reduction in time to recurrence. The
median time to recurrence ranges from 12.5 to 23 months based
on previous reports (11, 30). In the present study, 72.4% of
HCC patients experienced recurrence, with a median
recurrence−free survival of only 5.9 months (178 days). 

Previous reports have also indicated that expression of
CK19 and GPC3 exhibits an adverse effect on HCC
prognosis. In a study by Feng et al. (11), co−expression of
CK19 and GPC3 was found to be associated with more
aggressive disease and a higher risk of intrahepatic or
extrahepatic metastasis, microvascular invasion, and regional
lymph node involvement, when compared to CK19−/GPC3+
and CK19−/GPC3− HCC. In the same study, median
recurrence-free survival of CK19+/GPC3+ HCC patients was
shorter than that of CK19−/GPC3− groups (10 vs. 43
months). In contrast, despite the positive correlation between
CK19 and GPC expression, no significant difference in
survival was observed in our cohort (CK19+ vs. CK19–,
p=0.61; GPC3+ vs. GPC3–, p=0.72). Regarding TP53
mutation, our young-onset HCC cases demonstrated a lower
mutation rate in both R249S and V157F. Besides, in the
present study, only 1 case (4.5%) showed β-catenin
accumulation, suggesting a lower activation rate of β-catenin
pathway in young-onset HCC. However, considering the
cohort size, further studies are required. In our young-onset
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Table IV. Immunohistochemical staining and TP53 mutation analysis
results.

                              Immunohistochemistry                    TP53 mutation

Case ID         CK19       GPC-3      β-catenin*         Exon 5         Exon 7

HCC-1              10             70                 –                    WT              WT
HCC-2                0               0                 –                    WT              WT
HCC-3              90             10                 –                    WT              WT
HCC-4              70             30                 –                    WT              WT
HCC-5                0               0                 –                    WT              WT
HCC-6                0               0                 –                 V157F            WT
HCC-7              20               5                 –                    WT              WT
HCC-8              30             90                 –                    WT              WT
HCC-9              90             10                 –                    WT              WT
HCC-10              0               0                 –                    WT              WT
HCC-11            50             90                 –                    WT              WT
HCC-12            50             40                 –                    WT              WT
HCC-13            20             50                 –                    WT              WT
HCC-14            10             60                 –                    WT              WT
HCC-15            20               5                 –                    WT              WT
HCC-16              0             10                 –                    WT              WT
HCC-17              0             90                 –                    WT              WT
HCC-18            20             80                 –                    WT            R249S
HCC-19            20               0                 –                    WT              WT
HCC-20              0               0                 –                   N/A             N/A
HCC-21              0               0                 –                    WT              WT
HCC-22            20               0                 –                    WT              WT
HCC-23              0             40                 –                    WT              WT
HCC-24              0             60                 –                    WT              WT
HCC-25            10               0                 –                   N/A             N/A
HCC-26            30             30                 –                    WT            R249S
HCC-27              0               0                 –                    WT              WT
HCC-28              0               0                 –                    WT              WT
HCC-29            50             70                 –                    WT              WT
HCC-30            30               0                 –                    WT            R249S
HCC-31            50               0                 –                    WT              WT
HCC-32              0               0                 –                    WT              WT
HCC-33              0               0                 –                    WT              WT
HCC-34            30             90                 –                    WT              WT
HCC-35            80               5                 +                   WT              WT
HCC-36            70               0                 –                    WT              WT

*Nuclear accumulation of β-catenin; WT: wild type; N/A: no
sequencing results available. 



HCC cases, vascular invasion, preoperative AFP levels and
the number of tumor nodules were correlated with survival.

Our study has some limitations. The use of FFPE tissues
could have introduced DNA fragmentation thus, restricting
the primer design process. To optimize the target sequence
length for each set of primers, three different housekeeping
genes with target product length of around 100 bp, 200 bp
and 300 bp were used to estimate the approximate size of the

DNA fragment of the sample. In this study, primers were
designed for a target product within 150 bp. Second,
expansion of the cohort size could have possibly facilitated
more definitive results from the statistical analyses. 
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Figure 5. Kaplan–Meier curves for overall survival with reference to (A) number of tumor nodules; (B) vascular invasion, and (C) preoperative
AFP levels. Kaplan–Meier curves for recurrence-free survival with reference to (D) number of tumor nodules and (E) vascular invasion.
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Figure 6. Kaplan–Meier curves for (A) overall survival and (B) recurrence-free survival in (left panel) CK19+ versus CK19- groups and (right
panel) GPC3+ versus GPC3– groups. (C) Kaplan–Meier curves for overall survival in CK19+/GPC+ versus CK19–/GPC– groups. 
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