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Abstract

AIM

To identify chromosomal copy number aberrations
(CNAs) in early-stage hepatocellular carcinoma (HCC)
and analyze whether they are correlated with patient
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prognosis.

METHODS

One hundred and twenty patients with early-stage
HCC were enrolled in our study, with the collection of
formalin fixed, paraffin-embedded (FFPE) specimens
and clinicopathological data. Tumor areas were marked
by certified pathologists on a hematoxylin and eosin-
stained slide, and cancer and adjacent non-cancerous
tissues underwent extraction of DNA, which was
analyzed with the Affymetrix OncoScan platform to
assess CNAs and loss of heterozygosity (LOH). Ten
individuals with nonmalignant disease were used as the
control group. Another cohort consisting of 40 patients
with stage I /Il HCC were enrolled to analyze gene
expression and to correlate findings with the OncoScan
data.

RESULTS

Copy number amplifications occurred at chromosomes
1g21.1-g44 and 8ql12.3-24.3 and deletions were
found at 4q13.1-935.2, 8p 23.2-21.1, 16qg23.3-24.3,
and 17p13.3-12, while LOH commonly occurred at
1p32.3, 3p21.31, 8p23.2-21.1, 16q22.1-24.3, and
17p 13.3-11 in early-stage HCC. Using Cox regression
analysis, we also found that a higher percentage of
genome change (= 60%) was an independent factor
for worse prognosis in early-stage HCC (P = 0.031).
Among the 875 genes in the OncoScan GeneChip, six
were independent predictors of worse disease-free
survival, of which three were amplified (MYC, ELAC2,
and SYK) and three were deleted (GAK, MECOM, and
WRN). Further, patients with HCC who exhibited = 3
CNAs involving these six genes have worse outcomes
compared to those who had < 3 CNAs (P < 0.001).
Similarly, Asian patients with stage I HCC from The
Cancer Genome Atlas harboring CNAs with these genes
were also predicted to have poorer outcomes.

CONCLUSION

Patients with early-stage HCC and increased genome
change or CNAs involving MYC, ELAC2, SYK, GAK,
MECOM, or WRN are at risk for poorer outcome after
resection.

Key words: Early-stage hepatocellular carcinoma; Copy
number aberration; Prognosis; OncoScan; Molecular
inversion probe

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this paper, we report that patients with
early-stage hepatocellular carcinoma presenting a
higher percentage of genome change or copy number
aberrations affecting MYC, ELAC2, SYK, GAK, MECOM,
or WRN are predicted to have worse outcomes, and
they should be intensively followed after resection.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the second leading cause of
cancer death worldwide!*?. Partial hepatectomy,
ablation therapy, and liver transplantation are
considered curative treatments for HCC; however,
the high probability of recurrence frequently results
in unsatisfactory outcomes, which has led to the
increased importance of combined or multimodal
treatments in recent years®®. Among patients with
HCC, most patients with early-stage (stage I /1)
cancer have a favorable outcome; nevertheless,
a proportion of patients have poor prognosis after
resection, which may arise from increased genomic
instability!”). Emergent efforts to resolve this dilemma
include the integration of genomics, proteomics,
metabolomics data, and clinical variants to predict
outcomes for patients with early-stage HCC at both
the research and clinical levels'®.,

In particular, it appears that a differential gene
expression profile in HCC arises from genetic
instability or mutation®*®. Chromosome instability
and copy number aberrations (CNAs) in HCC and
other solid tumors could lead to the activation of
oncogenes and the inactivation of tumor suppressor
genes, which induce tumor invasiveness*". The
common chromosome imbalances in HCC comprise
of gains (amplification) at 1q, 8g, and 20q or losses
(deletion) at 1p, 4q, 8p, 13q, 16q, and 17p across
HCC specimens of different etiologies and cell lines
using comparative genomic hybridization™. Some
studies have also used formalin-fixed paraffin-
embedded (FFPE) specimens for genome-wide copy
number variation (CNV) analysis via high-density
array, which disclosed common CNV regions, such
as gains of 1q, 8q, 7q, 5p, 7p, Xq, 59, and Xp and
losses of 17p, 4921.21-926, 8p, 1p36.11-pter, and
9p**, In addition to these regions, chri2q13, 13q12,
and 6p21-p24 may also contribute to the invasive
phenotype of HCC™*>*®!, However, little survival analysis
has been performed in prior HCC FFPE studies owing
to the limited number of cases or incomplete survival
datal>'®,

Since FFPE specimens represent the most abundant
bioresources in hospitals and the clinical outcome of
some patients is already known, these factors allow
scientists to integrate both complete clinical data and
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genomic information to reveal potential biomarkers
either for cancer diagnosis or prognosis, especially
for rare tumors or early-stage cancers. Therefore,
an increasing number of studies have analyzed FFPE
specimens using a global analysis of chromosome
imbalance via the Affymetrix OncoScan FFPE Express
2.0 system with molecular inversion probes (MIPs) in
ovary, breast, colon, and brain tumorst’*,

In the current study, global chromosomal CNAs
in early-stage (stage 1 /11 ) HCC FFPE samples were
analyzed using the Affymetrix OncoScan platform to:
(1) disclose genomic alterations; (2) determine their
correlation with patient characteristics; (3) predict
long-term outcomes with CNA percent change; and (4)
identify the most significant altered genes.

MATERIALS AND METHODS

Patients

This study was approved by the Institutional Review
Board of the Chang Gung Memorial Hospital (CGMH) in
Linkou, Taiwan (#104-3511C). The inclusion criterion
for participants was defined as having a resectable
single HCC lesion (stage I orII as defined in the
American Joint Committee on Cancer/International
Union Against Cancer TNM system) and the exclusion
criteria were the presence of distant metastasis or
abnormal liver function tests'®. One hundred and
twenty patients with early-stage HCC were enrolled in
this study, with the collection of FFPE specimens and
clinicopathological data.

DNA extraction, FFPE sample gene chip analysis, and
analysis of MIP data

FFPE samples were sliced into 10-um sections and
the tumor area was marked by certified pathologists
on a hematoxylin and eosin-stained slide. Cancer
and adjacent non-cancerous tissues underwent DNA
extraction using the QIAamp DNA FFPE Tissue Kit
(Qiagen, Sussex, United Kingdom) according to the
manufacturer’s instructions. DNA concentration and
purity were determined using the Qubit Fluorometer
(Thermo Fisher Scientific UK Ltd., Paisley, United
Kingdom). The extracted samples were further
processed at the Genomic Medicine Core Laboratory
at CGMH and analyzed with the Affymetrix OncoScan
platform (Santa Clara, CA, United States) to assess
CNAs and loss of heterozygosity (LOH)?**,

MIP data and the percentage of the genome that
changed (percent genome change) were analyzed
using the Nexus Copy Number software included
in the Affymetrix OncoScan FFPE Express Service
(Biodiscovery, El Segundo, CA, United States). The
OncoScan GeneChip includes 875 gene targets
representing tumor suppressor genes and oncogenes;
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each gene is represented by 20-40 probes depending
on the length of the gene.

RNA extraction, microarray data processing, and
Affymetrix GeneChip Human Genome U133 Plus 2.0
Array

Another cohort consisting of 40 patients with stage I
/I HCC were enrolled to analyze gene expression
and to correlate findings with the OncoScan data
(IRB N0.96-1371C, 99-1127B, 101-1186B, and
201600707B0). Total RNA was extracted with TRIzol
as recommended by the manufacturer followed by
RNA cleanup using the MinElute Kit (Thermo Fisher
Scientific Inc.). RNA labeling, hybridization, washes,
and processing were performed by the Genomic
Medicine Core Laboratory of CGMH. To filter the lower
variance genes, we used a standard deviation > 0.5
to filter 6522 probe sets from the original 22215.
The differentially expressed genes between cancer
and non-cancerous tissues were identified with
paired t-tests, and P-values of gene expression were
calculated as previously described™.

TagMan copy number assay

Validation of chromosome aberrations was performed
with TagMan copy number real-time polymerase
chain reaction (PCR) using genomic DNA extracted
from FFPE samples. Twenty nanograms of genomic
DNA were mixed with 1 pL of target gene, RNASEP
primer/probes (Thermo Fisher Scientific Inc.), and 1 x
TagPath ProAmp Master Mix (Thermo Fisher Scientific
Inc.) to a final volume of 20 uL. Copy number PCR was
performed in QuantStudio 3 (Thermo Fisher Scientific
Inc.) and then further analyzed with CopyCaller v2.1
(Thermo Fisher Scientific Inc.) by normalization with
RNASEP Ct values and calculating the log2 ratio of ACt
between RNASEP and the target gene, which were
further normalized to their normal counterpart tissues
to show as 2" (fold change).

Survival and long-term outcome analysis

Categorical data were analyzed using the chi-square
test or Fisher’s exact test. Continuous variables were
analyzed using Student’s t test. Survival rates in each
group were determined by the Kaplan-Meier method
and differences between groups were analyzed using
log-rank test. Tumor recurrence was analyzed with
area under the receiver operating characteristic curve
(AUROC) comparisons using the percent genome
change, a-fetoprotein (AFP), and tumor size for each
patient. Long-term outcomes were determined using
Cox regression analysis incorporating CNAs from the
OncoScan data. All P-values calculated were two-tailed
and significance was defined at the 95% level (P <
0.05). Statistical analyses were performed using SPSS
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Figure 1 Virtual karyotyping analysis of amplification, deletion, and loss of heterozygosity in 120 formalin fixed, paraffin-embedded specimens of early-
stage hepatocellular carcinoma. The frequency of copy number amplification (AMP), deletion (DEL), and loss of heterozygosity (LOH) in (A) specimens from all 120
patients with hepatocellular carcinoma (HCC), (B) patients with benign liver lesions (n = 10), (C) Edmonson grade I/ll HCC specimens (n = 68), and (D) Edmonson
grade II/IV HCC specimens (n = 52) are shown on the Y-axis of each panel. Relative chromosomal position is shown on the X-axis. Blue and red plots represent
the frequency of copy number amplification and deletion, respectively (upper panel), and LOH (shown in green, lower panel). Note that +1, 0, and -1 represent a
frequency of 100% amplification, no alteration, and 100% deletion, respectively. (E) The gene expression profiles of another set of early-stage HCC tumors (n = 40).
The log ratio of each probe set was normalized by the normal counterpart of each HCC tumor [log(T-N)] and fold changes > 2 or < 2 were considered up- (shown
in blue) or down-regulated (shown in pink), respectively. The P-value for differential gene expression in tumor versus normal tissue was calculated and considered
significant with P < 0.05. Clustered chromosome regions associated with genome change are shown as horizontal blue bars (P < 0.05).
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Figure 2 Validation of OncoScan copy number aberration data. The CNAs of (A) MDM2, (B) KRAS, (C) MYC, and (D) RRMZ in early-stage HCC were validated
by TagMan copy number assay. Correlations between OncoScan CNAs and TagMan PCR-determined CNAs were calculated via Pearson’s correlation r and P-value.
The X-axis shows the CNA results from TagMan PCR and the Y-axis shows that of the OncoScan data. CNA: Copy number aberration.

statistical software version 17.0 (SPSS, Inc., Chicago,
IL, United States).

RESULTS

Virtual karyotyping analysis and validation of OncoScan
data via TagMan copy number assay

Global genomic alterations in early-stage HCC FFPE
were analyzed using the Affymetrix OncoScan
platform. The most frequent CNAs identified by virtual
karyotyping of chromosomes were amplifications of
1g21.1-g44 and 8q12.3-24.3 as well as deletions
of 4q13.1-35.2, 8p23.2-21.1, 16923.3-24.3, and
17p13.3-12. In addition, LOH was commonly identified
at 1p32.3, 3p21.31, 8p23.2-21.1, 16q22.1-24.3,
and 17p13.3-11 (Figure 1A). These CNAs were rarely
found in patients with nonmalignant liver tumors or
normal HCC counterpart tissue (Figure 1B). To confirm
the OncoScan data, the same genomic DNA samples
extracted from FFPE specimens were tested via
TagMan copy number assay using real-time PCR. Four
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target genes including MDM2 proto-oncogene (MDMZ2
at 12gq15), KRAS proto-oncogene, GTPase (KRAS
at 12p12.1), MYC at 89g24.21, and ribonucleotide
reductase regulatory subunit M2 (RRM2 at 2g25.1)
were chosen to validate the OncoScan CNV data.
We found comparable results between the TagMan
copy number PCR results of these four genes and the
corresponding OncoScan data, with robust Pearson
correlation coefficients (r) of 0.684, 0.71, 0.67, and
0.77 for MDM2, KRAS, RRM2, and MYC, respectively
(Figure 2).

Correlation of Affymetrix OncoScan results with gene
expression microarray analysis

Next, gene expression of the global chromosome
CNAs was investigated in the second cohort of 40
cases with stage I /Il HCC, and six clustered regions
were identified. Overexpressing genes in HCC
tumors were found in 1g21.1-44, 8q12.3-24.3, and
17g22-25.3 with P-values of 7.72 x 10, 0.002, and
0.042, respectively. These regions were also found

November 28, 2017 | Volume 23 | Issue 44 |



Table 1 Summary of chromosome imbalances in 120

hepatocellular carcinoma specimens and normal paired tissues

Chromosome Copy Cytoband Grade I Grade Il P2 value
region number /T HCC /IV HCC

1q Gain 1q21.1-44  57.86% 60.63% NS
4q Loss 4q13.1-35.2 39.56%  47.51% NS
8p Loss 8p23.2-21.1 48.56% 56.28% NS
8q Gain 8q12.3-24.3  39.99% 62.01% 0.006"
16q Loss  16q23.3-24.3 38.96%  47.32% NS
17p Loss 17p13.3-12  52.22%  53.73% NS
17q Gain 17q22-25.3 37.76%  36.37% NS

P < 0.05, statistically significant (Grade I /1l vs Grade Il /IV). NS: Not
significant; HCC: Hepatocellular carcinoma.

to be amplified based on OncoScan data (Figure
1E, blue bar). In addition, we found down-regulated
genes in HCC tumors were clustered in 4q13.1-35.2,
8p23.2-21.1, and 16g23.3-24.3 with P-values of 0.002,
0.03, and 0.047, respectively, and these regions were
deleted in tumors (Figure 1E, blue bar). These findings
indicate that differential gene expression arises from
CNVs in the HCC cancer genome.

Analysis of chromosome aberrations in early-stage HCC
Regarding the clinical characteristics of our patients
with early-stage HCC, 60% were stage I and 40%
were stage Il ; 16.7% had grade I tumors, 40% had
grade Il tumors, and 43.3% had grade IlI/IV tumors.
In our cohort, the mean tumor size was 4.2 cm,
7.5% presented with satellite lesions, 28.3% with
vascular invasion, 0.8% with a microscopic margin,
and all were Child-Pugh grade A (supplementary
table 1). The mean disease-free survival (DFS) and
overall survival were 43.8 + 4.3 mo and 108.1 + 10.5
mo, respectively. Tumor relapse occurred in 62.5%
(75/120) of patients.

There were no correlations between CNAs and
clinicopathological factors except for tumor grade. We
found that amplification of chromosome 8q12.3-24.3
was associated with tumor differentiation and
recurrence (%CNA = 39.99% and 62.01% in grade [
/T vs M/IV , respectively, P = 0.006, Table 1, Figure
1C and D, Supplementary figure 1). Furthermore, we
found from univariate analysis that factors conferring
worse prognosis for early-stage HCC included older
age (P = 0.004), larger tumor size (P = 0.001), higher
tumor grading (P = 0.004), elevated AFP > 100 ng/
mL (P = 0.006), elevated alkaline phosphatase level
> 120 U/L (P = 0.016), and higher percent genome
change = 60% (P = 0.004), whereas Cox regression
analysis showed that tumor size > 4.5 cm (P =
0.012), the presence of satellite lesions (P = 0.013),
elevated serum alkaline phosphatase > 120 U/L (P =
0.042), and percent genome change (P = 0.031) were
independent predictors (Table 2). Taken together, our
findings show that HCC genomic alteration patterns
are consistent with those of previous reports using
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fresh or FFPE specimens, and a higher percentage of
genome change itself is a prognostic factor for early-
stage HCC.

Area under the receiver operating characteristic curve
(AUROC) analysis for percent genome change, AFP, and
tumor size in early-stage HCC

We next compared percent genome change with
current risk factors, such as AFP and tumor size,
by performing AUROC analysis. We found that the
AUROC of percent genome change was higher than
that found with AFP and tumor size with values of
0.657, 0.598, and 0.633, respectively (Figure 3A). The
sensitivity and specificity of percent genome change
were 0.467 and 0.8 for HCC recurrence at a cutoff of
30% (Supplementary table 2). Additionally, patients
with a higher percentage of genome change (= 60%)
were associated with extremely poor outcomes as
determined by Kaplan-Meier curve analysis (P = 0.004,
Figure 3B).

Predictive genes with copy number alteration for early-
stage HCC

Of the 875 oncogenes and tumor suppressor genes
evaluated, we found that 83 amplified genes, 14
deleted genes, and 35 LOH genes were associated
with recurrence in DFS analysis (Supplementary table
3). Cox regression analysis for DFS identified six
independent genes: three of which were amplified,
ELAC2 (P = 0.023), MYC (P = 0.025), and SYK (P =
0.001); and three deleted, GAK (P < 0.001), MECOM
(P = 0.001), and WRN (P = 0.009) (Table 3). Patients
with stage I /Il HCC and any CNAs affecting these
six genes have poor prognosis in Kaplan-Meier
curve analysis (P = 0.0036, Figure 4A, dashed line).
Furthermore, early-stage HCC with = 3 CNAs affecting
these six genes was associated with an extremely
unfavorable outcome (P < 0.001, Figure 4B, dashed
line). Subgroup analysis using tumor stage showed
that CNAs of these six genes were associated with
an unfavorable outcome in stage I HCC (n = 72, P =
0.0209) but not in stage I HCC (n = 48, P = 0.15)
(Figure 4C and D, dashed line). Thus, genes within
CNAs may predict poor outcome in early-stage HCC,
especially patients with stage 1 cancer, using OncoScan
GeneChips.

Validation of CNAs as prognostic indicators for patients
with early-stage HCC using The Cancer Genome Atlas
Liver Hepatocellular Carcinoma database

CNAs involving these six putative prognostic genes
for early-stage HCC were further analyzed using
The Cancer Genome Atlas Liver Hepatocellular
Carcinoma (TCGA-LIHC) database!**®!. Of the 431
cases with HCC, we excluded those patients with liver
dysfunction or lacking CNA or DFS follow-up data as
well as patients with stage II/IV HCC, and selected
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Figure 3 Comparisons of area under the receiver operating characteristic curve (AUROC) for percent genome change, a-fetoprotein, and tumor size in
early-stage hepatocellular carcinoma, and Kaplan-Meier plot for 10-yr disease-free survival in patients with hepatocellular carcinoma with or without
= 60% genome change. A: AUROC analysis of AFP (dotted line, 0.598), tumor size (dashed line, 0.633), and percent genome change (solid line, 0.657)
shows predictive ability for early-stage HCC recurrence. Cutoffs for AFP, tumor size, and percent genome change are 5.2 ng/mL, 4.25 cm, and 30%, respectively
(Supplementary table 3). B: The Kaplan-Meier plot for 10-yr disease-free survival in patients with HCC with = 60% (dashed line) or < 60% (solid line) genome change
as determined from Affymetrix OncoScan CNA data. AFP: a-fetoprotein; HCC: Hepatocellular carcinoma.

Table 2 Disease-free survival analysis of clinicopathological data and percentage genome change of 120 patients with hepatocellular

carcinoma

Clinicopathological factor

Log-rank test, P value

Cox regression analysis, 2P value HR (95%CI)

Age (yr), < 49 (22.5%) vs > 49 (77.5%)

Sex (M/F), M (81.7%) vs F (19.3%)

Tumor size (cm), < 4.5 (69.2%) vs > 4.5 (30.8%)

Satellite lesions (%), Yes (7.5%) vs No (92.5%)

Vascular invasion (%), Yes (28.3%) vs No (71.7%)

Grading I, II, I, IV (%), Il & IV (43.3%) vs I & II (56.7%)
Margin < 0.5 cm (%), < 0.5 cm (47.5%) vs > 0.5 cm (52.5%)
Cirrhosis (%), Yes (54.2%) vs No (45.8%)

AFP (100 ng/mL), £100 (77.5%) vs > 100 (22.5%)

Alkaline phosphatase (120 U/L), < 120 (88.3%) vs > 120 (11.7%)
Staging I/ I, II (40.0%) vs I (60.0%)

Percentage genome changed (60%), = 60% (7.5%) vs < 60% (92.5%)

0.004" 0.169 0.674 (0.384-1.183)
0.146
0.001° 0.012* 1.959 (1.160-3.309)
0.088 0.013* 2.900 (1255-6.702)
0.240
0.004" 0.063 1.626 (0.974-2.717)
0.210
0.258
0.006" 0.462 1.244 (0.695-2.227)
0.016" 0.042° 1.976 (1.025-3.808)
0.104
0.004* 0.031* 2.346 (1.080-5.097)

P < 0.05, statistically significant. AFP: a-fetoprotein; HCC: Hepatocellular carcinoma; HR: Hazard ratio; CI: Confidence interval; M: Male; F: Female.

Table 3 Cox regression analysis for disease-free survival in

early-stage hepatocellular carcinoma

Gene Cytoband CNA HR 95%Cl P value
ELAC2 17p12  Amplification 2.784 1.153-6.724  0.023"
MYC 8q24.21 Amplification 1.772  1.074-2.924  0.025°
SYK 9g22.2  Amplification 4204 1.813-9.748  0.001"
GAK 4p16.3 Deletion 2916  1.635-5.199 <0.001"
MECOM 3q26.2 Deletion 5.932 2.012-17.489 0.001°
WRN 8p12 Deletion 19 1.172-3.080  0.009°

P < 0.05, statistically significant. HCC: Hepatocellular carcinoma; CNA:
Copy number aberration; HR: Hazard ratio; CI: Confidence interval.

155 patients with early-stage HCC, of which 108 had
stage [ and 47 had stage II cancer. We found from
this cohort those cases with a CNA that involved any
of these six genes (MYC, WRN, ELAC2, MECOM, GAK,
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and SYK) have a trend towards worse prognosis (Figure
5C and D). Cases with stage I HCC and these CNAs
showed a borderline difference in DFS (P = 0.0583,
Figure 5A), while Asian cases with stage I (n = 73)
and CNAs involving these genes have poorer outcome
(P = 0.0203, Figure 5B). These findings from TCGA-
LIHC patients were comparable to those found in our
cohort.

DISCUSSION

Patients with early-stage HCC usually have a good
survival outcome after curative treatment; however,
the purpose of this study was to determine the
underlying cause why some of those patients have a
poor outcome®™”), In addition to driver gene mutations,
and towards improvements in HCC treatment
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Figure 4 Disease-free survival analysis in patients with early-stage hepatocellular carcinoma with or without copy number aberrations involving six
important genes identified using OncoScan data. A: Patients with stage I /I hepatocellular carcinoma (HCC) (n = 120) and copy number aberrations (CNAs)
involving critical genes (dashed line) exhibited worse outcome compared to those without the predictive gene-containing CNAs (solid line) (P = 0.0036). B: Patients
with early-stage HCC with three or more CNAs affecting these six identified genes had worse outcome (= 3 CNAs affecting these genes, dashed line, n =14 vs <3
CNAs affecting these genes, solid line, n = 106; P < 0.0001). C: Patients with stage I HCC (n = 72) and CNAs affecting any of the six identified genes (MYC, WRN,
ELAC2, GAK, SYK, or MECOM) were associated with worse outcome after resection (dashed line, P = 0.0209). D: Patients with stage II HCC (n = 48) with/without
any of the CNAs affecting these six genes (MYC, WRN, ELAC2, GAK, SYK, or MECOM) showed no difference in DFS (P = 0.15). DFS: Disease-free survival.

outcomes, we found that CNAs were also important in
cancer genomics. In this study, we found that a higher
percentage of genome change in CNAs identified
via the Affymetrix OncoScan platform was of clinical
significance, a finding which suggests that high-risk
patients should be intensively followed after resection.
The most important CNA region was gene amplification
at chromosome 8qg12.3-24.3, a region consistently
reported in previous studies™**. Within chromosome
8q12.3-24.3, MYC encodes a transcription factor with
a basic helix-loop-helix leucine zipper domain that
regulates various kinds of cellular processes. MYC has
also been previously identified as a prognostic marker
in HCC®”?%, In our study, we found that MYC showed
copy number amplification in 50.8% of patients with
HCC and it was also an independent predictor of long-
term survival for patients with early-stage HCC.

In contrast to MYC, the other five genes identified
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in our study have rarely been reported in either HCC
carcinogenesis or prognosis®®. WRN is associated
with the autosomal recessive disorder Werner
syndrome in which patients show premature aging
and sarcomas because of chromosomal instability™ 2.
WRN'’s functions are related to its DNA helicase and
exonuclease activities, and therefore, it interacts with
p53 in DNA replication, repair, and recombination
pathways to influence genomic instability’**. The
functions of MECOM in HCC carcinogenesis are
linked with hepatitis B X protein carcinogenesis and
antagonized growth inhibition induced by transforming
growth factor-g (TGF-B) signaling™". Another CNA-
linked gene, ELACZ2, encodes a protein that contributes
to endoribonuclease activity for tRNA 3’ processing™®*.
In addition, ELAC2 is associated with Smad2 and
its nuclear partner, forkhead box H1 (also known
as FAST-1), which suggests that ELAC2 may be
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Figure 5 The Kaplan-Meier plot for 10-year disease-free survival in patients with stage 1/II hepatocellular carcinoma with or without copy number
aberrations involving MYC, WRN, ELAC2, GAK, SYK, or MECOM using The Cancer Genome Atlas Liver Hepatocellular Carcinoma data. A: Patients with
stage | hepatocellular carcinoma (HCC) (n = 108) with any copy number aberrations (CNAs) affecting one of the six genes identified in this study (MYC, WRN,
ELAC2, GAK, SYK, or MECOM) had a trend for worse outcome after resection (dashed line, P = 0.0583). B: Asian patients with stage | HCC (n = 73) and CNAs
affecting these six genes (dashed line) exhibited poorer outcome compared to those cases without such CNAs (solid line, P = 0.0203). C: Patients with stage 1/1I
HCC (n = 155), and D: Asian patients with stage I /I HCC (n = 93) with/without any of these CNAs affecting MYC, WRN, ELAC2, GAK, SYK, or MECOM showed
no change in DFS (P = 0.2552 and P= 0.1707, respectively). DFS: Disease-free survival.

involved in TGF-B/Smad signaling in prostate cancer
cells®®, SYK, a non-receptor tyrosine kinase, is widely
expressed in hematopoietic cells®”). Down-regulation of
SYK has also been reported in epithelial malignancies
implicated in tumor formation and progression®>?,
The protein of another gene, GAK, regulates clathrin-
mediated membrane trafficking and functions as a
transcriptional repressor of the androgen receptort*®**,
It has been reported that knockdown of GAK activates
the spindle-assembly checkpoint to induce misaligned
or abnormally condensed chromosomes, a finding
which indicates that GAK has a role in the maintenance
of chromosome stability!*?!, These findings suggest that
the roles of these five genes in HCC carcinogenesis
may involve genome stability, although their specific
functions require further exploration. It would be
worthwhile in the future to evaluate the genetic
signature of MYC, ELAC2, SYK, WRN, GAK, and MECOM
with respect to the survival of patients with early-stage
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HCC using another large cohort.

This study demonstrated the value of using FFPE
samples to investigate CNAs in patients. In fact, some
patients in our cohort had samples taken over 14 years
ago and there were no issues regarding their quality
and quantity for use in our study. FFPE samples may
be a vital resource for cancer genomic studies enabling
the prediction of long-term outcomes in patients
who had surgery years ago. Furthermore, the TCGA
database has been used to validate findings for various
cancer genomic studies®”* . Our finding of a trend
towards survival outcome using the TCGA dataset
conferred further validation of our finding that Asians
have a worse outcome, especially regarding cases with
stage 1 HCC. Although there was a different outcome
based on the BRIDGE study, which may be because
of ethical and/or regional differences in treatment
choice, our use of the TCGA database consistently
demonstrated that differences exist in the genomic
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background of patients with HCC**!,

In conclusion, our identification of percent genome
change and six independently predictive genes from
CNA data obtained using the Affymetrix OncoScan
platform illustrates that chromosomal alterations are
crucial regarding the outcome of patients with early-
stage HCC after resection. Adoption of this platform
could be useful in precision medicine for the prediction
of early-stage HCC prognosis using FFPE specimens.

ARTICLE HIGHLIGHTS

Research background

Most patients with early-stage (stage I / II) hepatocellular carcinoma (HCC)
have a favorable outcome; nevertheless, increased genomic instability possibly
leads to postoperative recurrence.

Research motivation

Previous studies using frozen HCC tumor tissue with array comparative
genomic hybridization were of limited clinical value because of the absence of
patient survival data. Since formalin fixed, paraffin-embedded (FFPE) samples
are the largest bio-resource with long-term patient survival data found in every
hospital worldwide, the aim of this research was to determine whether FFPE
specimens of early-stage HCC with long-term survival data may be used with
OncoScan GeneChips towards prognostic analysis of patients.

Research objectives

The study enrolled 120 patients with early-stage HCC and ten nonmalignant
liver tumors or normal HCC counterpart tissues to explore genome instability
and copy number aberrations (CNAs) in early-stage HCC.

Research methods

Extracted DNA was processed at the Genomic Medicine Core Laboratory and
analyzed with the Affymetrix OncoScan platform to assess CNAs and loss
of heterozygosity (LOH). We reliably obtained global genome amplification/
deletion and overall percentage genome change from all FFPE samples in our
cohort.

Research results

CNA amplifications were clustered at chromosomes 1g21.1-q44 and
8q12.3-24.3 and deletions at 4q13.1-935.2, 8p 23.2-21.1, 16023.3-24.3, and
17p13.3-12 in patients with early-stage HCC. We found that percentage of
genome change = 60% was an independent factor for worse prognosis and
MYC, ELAC2, and SYK (amplification) as well as GAK, MECOM, and WRN
(deletion) were the most powerful predicting genes. Using Asian patients with
stage | HCC from The Cancer Genome Atlas as an independent cohort, we
found that patients harboring CNAs affecting these genes were also predicted
to have poorer outcomes.

Research conclusions

The identification of percent genome change and six independently predictive
genes from the Affymetrix OncoScan platform illustrates that chromosomal
alterations are crucial for outcome of patients with early-stage HCC after
resection, which may be further applied for clinical practice using OncoScan or
a custom-designed chip covering these six genes regions.

Research perspectives

Genome instability was related to early-stage HCC clinical outcome and
patients with CNAs affecting MYC, ELAC2, SYK, GAK, MECOM, or WRN are
at risk for poorer outcome after resection. In the era of precision medicine, the
identification of CNAs in these six genes could be further applied for clinical
practice using a small custom-designed chip.
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