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Abstract Hepatocellular carcinoma (HCC) has a poor prognosis even after curative
surgery, due to the high frequency of early intrahepatic recurrence (IHR). Conventional
staging systems are almost completely inadequate, and need to be complemented by
novel tools. To this end, many investigators have performed DNA microarray analysis
on the basis of genome-wide information. However, so far, few studies have been able to
truly account for the clinical efficacy of DNA microarray analysis in HCC. To address
this dilemma, we used a supervised learning method with information of 7070 genes
from 33 HCC samples, to construct a 12-gene predictor for early IHR, and then
evaluated its predictive performance in 27 independent HCC samples. Our 12-gene
predictor correctly predicted early IHR or non-recurrence in 25 (93%) of the 27 independ-
ent samples. This predictive value is higher than that of any other system currently
available, suggesting that our system can serve as a robust tool for accurate prediction
of early THR of HCC. I emphasize in this mini-review that, although there are some
technical issues to resolve prior to clinical use, DNA microarray technology can provide
molecular basis to initiate “bench to bedside” translation, which cannot be easily

reached with other methods.
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Introduction

In the post-genomic era, DNA microarray
technology has opened a new avenue in
genome-wide research in biomedical science.
We can now use this state-of-the-art technol-
ogy, a snapshot of comprehensive genetic
alterations, to gain new insights into the
molecular basis of cancer biology. The pre-
vailing attitude toward DNA microarray
technology is “Don’t miss the bus”, and thus
some may use it to fish for novel genes that
may be superior to pbd3, a hallmark for
carcinogenesis, while others apply it to clini-
cal practice, such as prediction of patients’

outcomes or responses to drugs.

Our project team selected the latter task,
and attempted to construct a robust predic-
tive system for early intrahepatic recurrence
(IHR) of hepatocellular carcinoma (HCC)
within 1 year after surgery. The justifica-
tions were that (1) HCC is one of the most
common malignancies with increasing inci-
dence in many countries," (2) early IHR is
found in more than 30% of HCC patients even
when curative surgery is performed, and thus
limits the potential of surgery as a cure for
HCC, (3) in order to avoid unnecessary over-
treatment of patients who have already been
cured by surgery alone and to provide them
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with more personalized therapeutic options,
we must accurately predict early THR or non-
recurrence, and (4) although many staging
systems have been applied clinically to HCC
patients, there are technological limitations
for accurately predicting early IHR using
these conventional systems. These problems
have long frustrated both trained hepa-
tologists and pathologists.

In this mini-review, I outline our recent
work®~ " as it pertains to signatures of early
IHR of HCC. The several issues to resolve
prior to the clinical use of microarray tech-
nology are also discussed. Finally, I would
like to provide perspectives for future study.

Clinical features of IHR in HCC

Hepatocarcinogenesis 1s attributable to
chronic inflammation by two hepatitis vi-
ruses (HBV and HCV) in most cases.”” This
unique etiology makes the recurrence of HCC
more complicated than that of other cancers.
9 Intrahepatic metastasis and multicentric
occurrence are the two possible means of HCC
recurrence in the remnant liver after surgery.
V2 Most of the former (i.e., early IHR) ap-
pears to arise from the early spread of tumor
cells via the portal venous system within 1
year after surgery, and is closely correlated
with poor prognosis of HCC.” In contrast,
the latter (i.e., late IHR) is a de novo primary
tumor and is thought to be affected by host
factors rather than tumor factors.” It is,
therefore, impossible to predict late IHR on
the basis of the gene signature of the primary
HCC. Given the clinicopathologic features of
HCC, we focused our investigation on accu-
rate prediction of early IHR.

Molecular portraits of early IHR in HCC

By applying a supervised learning theory
(see glossary in Ref. 2) to DNA microarray
data, we successfully developed a 12-gene
predictor for early THR of HCC.? However,
the 12 genes used are involved in a wide range
of biological processes, and their roles in
early THR remain to be clarified. To extend
this finding, we recently performed a post-
planned analysis of the DNA microarray
datasets.”® That study identified 46 ITHR-

related genes, including 10 immune response-
related genes,” all of which were down-
regulated in HCC with early THR. Among the
10 genes, four (HLA-DRA, HLA-DRBI, HLA-
DG and HLA-DQA) encoding MHC class 11
antigens were coordinately down-regulated in
HCCs with early THR compared with the
levels in HCCs with non-recurrence. It is well
known that MHC class II proteins are in-
volved in the antigen presenting function of
macrophages, including dendritic cells. Our
multivariate analysis showed that low ex-
pression of HLA-DR protein in tumors is an
independent risk factor for early IHR.* Col-
lectively, these results strongly suggest that
the immune system plays a central role in
early IHR of HCC.

It 1s generally accepted that angiogenesis
and apoptosis play important roles in HCC
recurrence. If so, one must ask why
angiogenesis- and apoptosis-related genes
were not selected in our series. We searched
for probes responsible for the relevant genes
out of 7070 probe sets. Although numerous
probes for angiogenesis- or apoptosis-related
genes were present on the array® in our
study, none of them survived the gene selec-
tion procedure consisting of the Fisher ratio
and a random permutation test (data not
shown). HCC patients have various back-
grounds and divergent clinical courses,’ re-
sulting in much background heterogeneity
between tumor samples. The Fisher ratio
used in our series measures the difference
between two means normalized by the aver-
age variance.” Namely, a large Fisher ratio
indicates genetic change observed commonly
in more global cases. In this way, genes with
a large Fisher ratio can circumvent such
inter-patient heterogeneity.” " Therefore,
the finding that no angiogenesis- and
apoptosis-related genes survived our gene
selection procedure suggests that either the
two pathways have few roles in early IHR or
that they are related to early THR in a limited
number of cases.

Significance of taking a combination into con-
sideration in constructing a predictive system

Most predictive systems are constructed on
the basis of order of magnitude of the
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predictive power of individual genes. How-
ever, this theory requires numerous gene
signatures (i.e., hundreds of gene). Taking a
combination into consideration is characteris-
tic of our predictive system,” resulting in a
decrease in the dimensionality. Namely, the
number of genes (i.e., 12 genes) used in our
predictive system® was much smaller than
that in many predictors previously reported
(Table). Nevertheless, our system works well
and its predictive value is higher than or
nearly equal to those of other predictors (Ta-
ble). Additionally, in the same cohort, our
system predicted more accurately early THR
than conventional TNM staging and the sup-
port vector machine-based system.” These
successes are largely attributable to our
unique method, by which we searched for
an optimal pattern by computing about
200,000,000 combinations. Notably, the 12
genes used in our predictive system had no
overlap with those linked to patient back-
grounds, such as, virus type, tumor differen-
tiation grade, or coexisting liver diseases (i.e.,
cirrhosis, hepatitis or normal liver) in our
series.” '”"” This independency of patient
backgrounds also accounts for the high pre-
dictive value of our system.

Current issues in DNA microarray technology
Prior to the clinical use of DNA microarray

analysis, the most significant is replication of
DNA microarray results in a larger cohort. I

suggest that failure to exclude “chance” is the
most likely explanation for difficulty in the
replication of complex diseases such as can-
cer. Particularly, the failure would be pro-
moted by a situation specific to microarray
analysis. The number of samples is usually
much lower than that of genes in a micro-
array study. For example, in our study,” the
number of genes examined was 7070. By con-
trast, the number of training samples was 33,
1/20" that of the genes. This situation is
opposite to that of traditional clinical studies,
l.e., 1 gene in 1 experiment. When the number
of available training samples is small, gene
selection 1s strongly influenced by the vari-
ability of the samples.” Thus, a small sample
size easily allows chance to play a role in the
microarray result.

To avoid or decrease the influence of
chance, we must establish the best way to
cope with sample variability in a small sample
size and assess the constructed predictor in an
independent cohort.” Thus, resolving the
instability of gene selection in a small sample
size 1s critical for future study design. I find
it very intriguing that the problem of “small
sample size” was proposed in the field of pat-
tern recognition in the 1970s, when insightful
works™" by Dr. Okita, one of the great pio-
neers for HCC research, attracted a great deal
of attention in the field.

Most investigators have believed in the
central-dogma that transcript levels parallel
protein levels in most aspects of cellular biol-

Table Representative DNA microarray-based predictors reported in high impact journals
P Predictor and number of - S
Institution Cancer type genes used Predictive accuracy Publication
Yamaguchi Hepatocellular Fisher linear classifier |Prediction of intrahepatic recurrence|Lancet. 2003;
Univ., Japan carcinoma with 12 genes with 93% accuracy 361(9361):923-9.
NIH, USA Hepatocellular Compound co-variate pre-|Prediction of intrahepatic metastasis|Nat Med. 2003;
carcinoma dictor with 153 genes at surgery with 85% accuracy 9(4):416-23.
NIH, USA Hepatocellular Five-type predictors with |Prediciton of long- and short-term sur-| Hepatology. 2004;
carcinoma 406 genes vivors by P<0.036 40(3):667-76.
NCI, Breast cancer Cluster analysis with 70|Prediction of poor- and good-prognosis|N Engl J Med.

Netherlands genes

signatures by P<0.001 2002;347(25):1999-2009.

KF-SYS Cancer
Centre, Taiwan

Predictive statistical tree
models with 496 genes

Breast cancer

Lancet. 2003;
361(9369):1590-6.

Prediction of outcomes of patients with
90% accuracy

University of Lung Risk index with 50 genes |Classification of low- and high-risk|Nat Med. 2002;
Michigan, USA |adenocarcinoma stage I tumors with high accuarcy 8(8):816-24.
MIT, USA Leukemia Weighted voting with 50|*Classification of two-type leukemias|Science. 1999;

genes

with 100% accuracy 286(5439):531-7.

* This system can use a rejection option. Indeed, the accuracy rate is 29 (85%) of 34.
Note that our predictor with only 12 genes shows high accuracy similar to that of other predictors.
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ogy. According to this scenario, we and many
investigators have studied the transcriptome.
However, the levels of transcripts were not
always consistent with those of the encoded
proteins in our series,””” and vice versa.
Naturally, we then asked what the trans-
criptome we observed actually indicated. The
discrepancy between transcript and proteins
levels might be explained partly by post-
transcriptional regulation and/or the time-
lag between sampling points. For the former,
up-to-date research reveals the presence of
micro RNA, which may be responsible for
translational modulation of genes."” Thus,
the central-dogma has been invalidated, and
the relevance of the observed transcriptome is
now a complete mystery. Molecular biological
techniques appear inadequate for resolving
this i1ssue, and bioinformatics may be the
only useful strategy for the task.

Perspectives of DNA microarray technology

I propose empirically that two types of
predictive systems will be available for use by
hepatologists early in the 21st century. One is
a clinical standard system that can classify
HCC patients into several subclasses accord-
ing to their outcomes and show a similar
predictive value worldwide. Such a system
would promise precise information or evi-
dence regarding the degree to which a newly
developed drug or therapy benefits HCC pa-
tients.

The other is an individualizing system. Our
current system® makes it possible to strat-
ify, but not to individualize, HCC patients for
early THR. We do also hope to individualize
HCC patients to provide them with more
personalized therapeutic options. In my opin-
ion, combining a clinical staging system with
molecular profiling will be the best way to
individualize them. For example, such a com-
bined system might calculate correctly the
outcome of each patient within a range of N
months +/- 3 months after surgery. To reach
this goal, we must evaluate the predictive
performance of our current system® in a
larger cohort of hundreds of patients. Unfor-
tunately, the Affymetrix microarrays used in
our study® are too expensive for this pur-
pose. To allow daily clinical use, our strategy

must be replaced by more easy-to-use low
cost analyses, such as, custom arrays or real-
time quantitative RT-PCR. Studies of minia-
ture arrays containing only 30 genes and
low-cost PCR assay are currently underway.
Our project team expects that these systems
will become the mainstay for personalizing
HCC patients in the near future.
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