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Translational Research for Molecular Biomarkers in HCC
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Many studies, concerning tumor biology, are carried out in gene level, and they are focused on gene expression profiling by 
measuring mRNAs or proteins. We developed gene signature that predicts the prognosis of hepatocellular carcinoma and the 
stratification biomarker that enhances response to molecular targeted agents by quantitative analysis of mRNAs of signal 
transduction molecules, using real-time PCR (RT-PCR). 

I.   Prediction of Survival in Hepatocellular Carcinoma Patients Fulfilling the Milan Criteria by Gene Expression 
Profiling 

Backgrounds/Aims: Because there is a high recurrence risk after hepatectomy with no effective anticancer regimen, 
accurate prognosis prediction in patients with hepatocellular carcinoma (HCC) is critical for planning therapeutic strategies 
and achieving better clinical outcome. To improve patient survival, the best candidates for each treatment modality could 
be selected with the aid of novel prognostic biomarkers. As a first step, we undertook subclassification of hepatectomized 
patients with HCC within Milan criteria using prognostic gene signature.  Materials and Methods: We aimed to demonstrate 
the feasibility of predicting survival for HCC patients fulfilling the Milan criteria. A series of 294 HCC tissues from four 
institutions were retrospectively analyzed. To discover a gene-expression signature associated with survival, real-time PCR 
analysis was performed with a panel of candidate genes. Results: Starting from 778 archived HCC tissues, high quality 
mRNA was acquired from 569 patients, among which 294 cases were from patients fulfilling the Milan criteria. Starting from 
272 candidate genes from our earlier proteomic and genomic profiling results and published literature, the panel of 40 genes 
was selected and the expression profiles were analyzed on the training cohort of 97 patients. The seven most informative 
genes for patient prognosis were selected to construct a risk score for patient survival. When applied to the validation cohorts 
of 197 patients from four medical institutions, the risk score was an independent prognostic factor both as a categorical 
variable (P=7.411×10-4) and as a continuous variable (P=7.790×10-5). Conclusions: We have demonstrated the feasibility 
of classifying prognosis for HCC patients fulfilling the Milan criteria. The challenge for the future is to precisely determine 
the specific influence of risk scores in patient prognosis and to further validate clinical applicability of risk scores including 
clinical decisions on liver transplantation.

II.   Stratification Biomarkers for Individualized Molecular Targeted Therapy in HCC
Background/Aims: On the basis of placebo-controlled, Sorafenib in randomized phase III trials has shown improved 
survival benefits in advanced hepatocellular carcinoma (HCC) and it has ushered in the era of molecular target agents in 
HCC. However, its real drug response rate is still very low, and its results in clinical trials of combined therapy seem to be 
also disappointing. Recently, many researchers have proposed that we must continue our efforts to identify and validate new 
molecular target agents and predictive biomarkers to be helpful to predict clinical efficacy, toxicity, and resistance to these 
agents. The aim of this study were 1) to stratify patients by the analyses of mRNA expression of each target genes against 
its molecular target agents in Korean HCC, 2) to perform in vitro sensitivity assay to sorafenib whether HCC cells with 
up-regulation of target molecules are more susceptible to sorafenib treatment in a dose and time-dependent manner, and 3) to 
evaluate the clinical significance of companion diagnosis in preliminary clinical trials for sorafenib treatment of HCC patients. 
Methods: 1) We measured the mRNA expression levels of 7 target molecules (VEGFR2, PDGFRβ, c-Kit, c-Raf, FGFR1, 
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EGFR and mTOR) using real-time PCR analysis for cDNAs isolated from frozen HCC tissues obtained from 5 hospitals. 
Threshold level was determined by mean value of mRNA expression levels of each target molecules in non-cancerous 
surrounding liver tissues. All statistical analyses were performed with the open source of statistical programming environment 
R. The correlation between expression levels of each target genes and clinicopathologic parameters were evaluated. 2) 
Response to sorafenib was tested in HCC cell lines. 3) CT scan and US guided liver biopsy were done before sorafenib 
treatment in enrolled HCC patients. The mRNA expression levels of the target genes were measured using real-time RT-PCR 
analysis. The enrolled patients were treated with sorafenib for 3 months. Thereafter, they were examined with CT scan again. 
Tumor response was assessed by CT or MRI every 3 months after administration of sorafenib based upon the mRECIST 
criteria. Diagnostic performances to predict response to sorafenib were evaluated by ROC curve analysis. 
Results: Among the total population, the positive rate of EGFR, VEGFR2, FGFR1, PDGFRβ and mTOR was observed in 
30%, 32%, 19%, 51% and 52%, respectively. Based on the tumor stage, PDGFRβ and mTOR showed higher rates in stage 
II compared to stage I and III. EGFR and VEGFR2 showed higher rate in stage I compared to stage II and III, and FGFR1 
expression was more up-regulated in stage III compared to stage I and II. Especially, the expression rates of EGFR and 
VEGFR2 in non-microvascular invasion (MVI) showed much higher compared to MVI while the rest of target molecular 
genes expressed higher in MVI. Analysis of in vitro sensitivity to sorafenib demonstrated that HCC cells with up-regulation 
of PDGFRβ and c-Raf mRNA are more susceptible to sorafenib treatment in a dose and time-dependent manner than cells 
with low expression of the genes. To evaluate relationship between 7-gene expression and clinical response to sorafenib, we 
introduce an algorithm to calculate Nexavar Treatment Benefit Score (NTBS). The calculated NTBSs of each HCC patients 
were significantly correlated with tumor response to sorafenib. Sorafenib responders showed higher NTBS compared to 
non-responders and their difference was statistically significant. The best possible threshold value of NTBS considerably 
differentiated sorafenib responders from non-responders with AUC value of 0.904. In HCC, sorafenib showed only 2-3% of 
response rate in two randomized controlled clinical trials. When improvement of response rate upon adoption of NTBS was 
examined, the response rate was raised up to 60% in this sorafenib clinical trial cohort. Conclusions: We found that 7-gene 
expression-based NTBS could predict tumor response to sorafenib in HCC, thus enabling individualized treatment only to the 
patients who may benefit from this expensive and side effects-prone therapy with sorafenib. When introducing this companion 
diagnostics test, a substantial downsizing in the total medical cost may be achieved through improvement of treatment 
efficacy. 

As a surgeon, I could obtain a nationwide research fund for this 5year research, and I would like to share lessons with my dear 
colleagues what we have learned through this translational research experience. 
Firstly, the surgeons must involve in procuring and storing the (tumor) tissue for preservation of mRNA, since they play 
an important role by handling the tissue in the first place. Secondly, the prospective clinical data of the patients must be 
organized in database. Thirdly, the collaboration between clinicians and basic scientists is desired. Research meetings with 
basic scientists must be held in regular basis. We must understand the aids and demands between the two groups are necessary. 
If we come up with common research goals, ones must dedicate and be patient.
Lastly, ideas concerning basic and clinical researches are no longer exclusive property of physicians and medical scientists. 
Surgeons, therefore, must study molecular genetics, establish their own research plans, and discuss with basic researchers.




