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Background: Hepatocellular carcinoma (HCC) is one of the major causes of cancer-related deaths 
worldwide. Copy number variations (CNVs) affect the expression of genes and play critical roles in 
carcinogenesis. We aimed to identify specific CNV-driven genes and establish a prognostic model for HCC.
Methods: Integrative analysis of CNVs difference data and differentially expressed genes (DEGs) data from 
The Cancer Genome Atlas (TCGA) were conducted to identify critical CNV-driven genes for HCC. A risk 
model was constructed based on univariate Cox regression analysis, Least Absolute Shrinkage and Selection 
Operator (LASSO), and multivariate Cox regression analyses. The associations between CNV-driven genes 
signature and infiltrating immune cells were explored. The International Cancer Genome Consortium 
(ICGC) dataset was utilized to validate this model.
Results: After integrative analysis of CNVs and corresponding mRNA expression profiles, 568 CNV-
driven genes were identified. Sixty-three CNV-driven genes were found to be markedly associated with 
overall survival (OS) after univariate Cox regression analysis. Finally, eight CNV-driven genes were screened 
to generate a prognostic risk model. Compared with low-risk group, the OS of patients in the high-risk 
group was significantly shorter in both the TCGA [hazard ratio (HR) =6.14, 95% confidence interval (CI): 
2.72–13.86, P<0.001] and ICGC (HR =3.23, 95% CI: 1.17–8.92, P<0.001) datasets. Further analysis revealed 
the infiltrating neutrophils were positively correlated with risk score. Meanwhile, the high-risk group was 
associated with higher expression of immune checkpoint genes.
Conclusions: A novel signature based on CNV-driven genes was built to predict the survival of HCC 
patients and showed good performance. The results of our study may improve understanding of the 
mechanism that drives HCC, and provide an immunological perspective for individualized therapies.
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Introduction

Hepatocellular carcinoma (HCC) is a lethal malignancy 
and accounts for approximately 85% to 90% of primary 
liver cancers (1,2). Although targeted therapy and 
immunotherapy have emerged as potential therapies, 
curative therapies for HCC remain limited (3). Moreover, 
high post-operative recurrence rates and rare complete 
cures make it difficult for achieving long term survival. A 
study on natural history of HCC indicated that patients 
with advanced stage (Barcelona Clinic Liver Cancer Stage 
C) had a survival of only 3.4 months if untreated (4).  
HCC develops following a step-wise manner with 
abundant genetic and epigenetic molecular alterations (5). 
Therefore, it is crucial to achieve a better understanding 
of the underlying molecular mechanism that drives HCC 
occurrence and development. Exploring prediction model 
based on the factors that drive HCC can be useful for 
individualized therapy option and prognosis prediction for 
HCC patients.

As critical subclasses of somatic mutations, copy 
number variations (CNVs) refer to duplications or 
deletions of DNA segments, which are greater than 1 kb 
compared to a reference genome (6). CNVs account for 
the accumulation of genomic DNA aberrations, and play 
important role in cancer pathogenesis. Notably, CNVs 
can result in activation of oncogenes or inactivation of 
tumor suppressor genes, which drives cancer development 
(7,8). Multiple CNVs have been reported to be implicated 
in the pathogenesis and prognosis of cancers including 
HCC (9-12). Frequent CNVs of subpopulations of cancer 
cells were reported to contribute to HCC heterogeneity, 
indicating a critical role of CNVs in HCC development 
and progression (13). However, most previous studies 
focused on CNVs or transcriptome alterations separately, 
and a comprehensive study of how CNVs drives HCC 
is sti l l  lacking. Combining analysis of CNVs and 
corresponding gene expression will promote more accurate 
identification of the specific cancer signatures for HCC. 
In this study, we used transcriptomic and CNVs profiles 
to identify CNV-driven genes and aimed to construct a 
prognostic model for HCC. Our research may contribute 
to better understanding of the underlying mechanisms, 
and provide novel therapeutic targets for HCC treatment. 
We present the following article in accordance with the 
TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-7101).

Methods

Data collection

Gene expression profiles (374 tumor samples and 50 normal 
samples) and DNA CNVs data (379 HCC samples and 389 
nontumor samples) of HCC patients were obtained from 
The Cancer Genome Atlas (TCGA) (https://portal.gdc.
cancer.gov/, up to November 1, 2019). The corresponding 
clinical parameters were also obtained. HCC RNA-
sequencing data were analyzed using the Illumina HiSeq 
2000 RNA Sequencing platform, and CNVs data were 
analyzed with the Affymetrix SNP 6.0 platform. For 
validation cohort, RNA-sequencing profiles of 232 HCC 
patients with survival time and status were downloaded 
from the International Cancer Genome Consortium 
(ICGC) (https://dcc.icgc.org/, up to April 3, 2019). All 
analyses were performed according to relevant regulations 
and guidelines. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013).

Identification of differentially expressed genes (DEGs) 
between tumor and normal tissues

To identify genes critical for HCC development, we used 
the “edgeR” R package to select DEGs between tumor 
and nontumor samples from TCGA (14). The |log2 (fold 
change [FC])| >2 and false discovery rate (FDR) <0.01were 
used as cutoff value for screening DEGs.

Integrative analysis of gene expression and DNA CNVs

Genes in CNV regions were annotated using Genome 
Research Consortium Human build 38 (GRCh38) as 
reference genome. The copy variation ratios of the genes 
both in normal and tumor samples were calculated and the 
gene-CNV matrix was constructed for Chi-square test. 
CNVs alteration rates between normal and tumor samples 
were then compared using Chi-square test, and CNVs 
data with adjusted P values less than 0.05 were chosen 
for next analysis. Then the CNVs data and DEGs data of 
the same sample were merged to construct a matrix. By 
using Kolmogorov-Smirnov test, those genes showing 
the same tendency both in CNVs and differential gene 
expression were selected as CNV-driven genes. Moreover, 
the differential expression of CNV-driven genes between 
tumor and normal samples was compared by utilizing the 
Wilcoxon rank-sum test method.

http://dx.doi.org/10.21037/atm-20-7101
http://dx.doi.org/10.21037/atm-20-7101
(https://portal.gdc.cancer.gov/
(https://portal.gdc.cancer.gov/
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Development and validating the risk prognostic model

Prognostic CNV-driven genes were screened to construct 
a prognostic prediction model for the TCGA set. We 
employed univariate Cox proportional-hazards regression 
analyses to evaluate the associations between CNV-driven 
DEGs and prognosis. Genes with a P<0.0001 in univariate 
Cox regression analysis were selected for subsequent 
analysis. Least Absolute Shrinkage and Selection Operator 
(LASSO) regression analysis was employed to remove 
redundant variables and minimize overfitting (15). Then 
multivariate Cox proportional-hazards regression analysis 
was conducted to generate coefficients that were used as 
weights in the prognostic model. The prognostic prediction 
model including eight genes was built through a linear 
combination of mRNA expression level. The risk score = 
(0.06124 × CDCA8 mRNA level) + (0.05817 × AKR1B15 
mRNA level) + (0.07457 × EZH2 mRNA level) + (0.02522 
× EPS8L3 mRNA level) + (0.05672 × CBX2 mRNA level) + 
(0.02529 × TRIM16L mRNA level) + (0.11022 × FLVCR1 
mRNA level) + (0.11982 × GPRIN1 mRNA level). Based on 
the risk score model, patients were divided into two groups 
with high- or low-risks. The optimal risk score cutoff value 
was obtained using X-tile software (16). Kaplan-Meier (KM) 
and log-rank methods were used to compare the overall 
survival (OS) between the two subgroups. The receiver 
operating characteristic (ROC) curves were plotted, and the 
external validation of the predictive model was conducted in 
the ICGC database.

Independence of risk score from other clinical features

In TCGA group, 235 patients with both clinical information 
and corresponding gene expression were included in the 
analysis. In ICGC group, 232 patients were included for 
independence analysis. Univariate and multivariate analyses 
of OS were employed to evaluate whether the risk score was 
independent of other clinical features.

Functional enrichment analysis and genome annotation

To explore the underlying biological functions, we 
performed gene ontology (GO) and Kyoto encyclopedia of 
genes and genomes (KEGG) pathway enrichment analyses 
for CNV-driven genes. ClusterProfiler package (17) in R 
was used to plot the results.

Association between CNV-driven genes prognostic 
signature and tumor-infiltrating immune cells

Tumor Immune Estimation Resource (TIMER) is a 
comprehensive database for analyzing tumor-infiltrating 
immune cells (18). We utilized this database to estimate the 
abundance of major immune cell subpopulations in tumor 
immune microenvironment (CD4+ T cells, CD8+ T cells, 
B cells, macrophages, neutrophils, and dendritic cells) in 
HCC. The correlations between risk score and tumor-
infiltrating immune cells were analyzed with Pearson test. 
Moreover, the expression levels of key immune checkpoint 
genes between high- and low-risk patients were compared 
by using Wilcoxon rank-sum test.

Statistical analysis

All the analyses were performed with R software (version 
3.6.2). Unless otherwise specified, a P value less than 0.05 
was considered statistically significant.

Results

DEGs in HCC

After data was collected as described in Methods, 
3,598 DEGs between tumor and nontumor samples 
were identified. Among these DEGs, 3,298 genes were 
upregulated and 300 genes were downregulated. These 
DEGs were used for further analysis.

Identification of CNV-driven genes in HCC patients

By applying Chi-square test, 16,644 HCC-related CNV 
genes were identified (adjusted P<0.05). The distribution 
of HCC-related CNVs in the chromosomes is shown in 
Figure 1. Then CNV-driven genes were screened using 
Kolmogorov-Smirnov test. The Kolmogorov-Smirnov test 
identified 568 CNV-driven genes for HCC (Table S1). To 
illustrate the functional characteristics and biological effects 
of these CNV-driven genes, GO and KEGG analyses were 
conducted (Figure 2A,B). Results showed CNV-driven genes 
were significantly enriched in categories associated with 
cell division and proliferation, such as “nuclear division”, 
“chromosome, centromeric region”, and “ligand-gated ion 
channel activity”. These results indicate that the CNV-
driven genes are involved in the dysregulation of tumor cell 

https://cdn.amegroups.cn/static/public/ATM-20-7101-supplementary.pdf
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proliferation, and are critical in the molecular mechanisms 
of HCC development. Results from KEGG analysis 
showed that the top six signaling pathways were cell cycle, 
melanoma, p53 signaling pathway, mineral absorption, 
oocyte meiosis and gastric cancer. Most of these signaling 

pathways are involved in tumor initiation and progression, 
indicating that the CNV-driven genes are critical in the 
molecular mechanisms of HCC development.

Screening of prognostic CNV-driven genes associated with 
survival

Wilcoxon rank-sum test was used to analyze the difference 
of the 568 CNV-driven genes between tumor and non-
tumor tissues (FDR <0.05 and |log2 [FC]| >1), and 373 
differentially expressed CNV-driven genes were finally 
selected (Table S2). Of the 373 CNV-driven genes, 63 
CNV-driven genes were identified as potential prognostic 
biomarkers for OS after univariate analysis (P<0.0001, 
Table S3).

Generating and evaluating the HCC prognosis prediction 
model

The 63 selected CNV-driven genes were analyzed by 
LASSO regression method. Eight genes appeared 800 
times of a total of 1000 repetitions and were detected as 
prognostic genes for building risk score (Figure 3A,B). 
Then, using the coefficients from multivariate Cox 
regression, we built a model based on the eight CNV-
driven genes (Table S4). Hazard ratios of all the eight 
CNV-driven genes were greater than 1, indicating these 
genes were associated with shorter OS of HCC patients. 
Based on the optimal cutoff value of 2.43 for risk score, the 

Figure 1 Distribution of HCC-related CNVs visualized by circos 
plot. The outside circle represents 24 chromosomes including sex 
chromosomes; the inside circle represents distribution of CNVs 
(the blue dots represent CNV deletions). HCC, hepatocellular 
carcinoma; CNV, copy number variation.

Figure 2 GO and KEGG enrichment for CNV-driven genes. (A) GO enrichment. (B) KEGG pathway enrichment. GO, gene ontology; 
KEGG, Kyoto encyclopedia of genes and genomes; CNV, copy number variation.
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https://cdn.amegroups.cn/static/public/ATM-20-7101-supplementary.pdf
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Figure 3 Selection of the prognostic CNV-driven genes for HCC patients by LASSO. (A) The LASSO coefficient changing profiles of 63 
CNV-driven genes. (B) Determining the optimal lambda value in the LASSO by ten-fold cross-validation. Confidence intervals for each 
lambda was shown. CNV, copy number variation; HCC, hepatocellular carcinoma; LASSO, least absolute shrinkage and selector operation.
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patients were grouped into two subgroups with high- and 
low-risks respectively. Patients with high-risk scores had 
significantly shorter OS (HR =6.14, 95% CI: 2.72–13.86, 
P<0.001) than patients in low-risk group (Figure 4A). The 
risk score distributions and expression of CNV-driven genes 
were plotted (Figure 4B,C,D). Expression levels for the eight 
CNV-driven genes increased as risk scores, indicating these 
CNV-driven genes were high risk factors for OS. The area 
under the ROC curve (AUC) curve for the 3-year OS was 
0.704 (Figure S1A). The risk prognosis model was validated 
using external independent data from ICGC datasets. HCC 
patients in validating cohort were designated into high- and 
low-risk groups using the same risk score formula and cutoff 
obtained from the TCGA group. Compared to the low-risk 
group, high-risk group showed significantly poorer OS (HR 
=3.23, 95% CI: 1.17–8.92, P<0.001) (Figure 4E). The risk 
score distribution, vital statuses of patients, and expression 
levels of CNV-driven genes were shown in Figure 4F,G,H. 
The AUC of the 3-year OS was 0.768 for HCC patient in 
ICGC dataset (Figure S1B).

Independent of the prognostic model from other clinical 
features in TCGA and ICGC

Univariate and multivariate Cox proportional-hazards 
model were used to determine whether the risk score 
prognostic model was independent of clinical and 
pathological parameters (Tables 1,2). Among 235 patients 
in TCGA datasets, univariate analyses indicated that T 
category (primary tumor), TNM stage, and risk score were 

significantly correlated with OS (P<0.001). Multivariate 
analysis showed that the CNV-driven genes prognostic risk 
score was the only significant independent predictor for OS 
(P<0.001). Among 232 patients in ICGC, univariate analysis 
showed that risk score (P<0.001) and TNM stage (P<0.001) 
were related with OS, and further multivariate analysis 
showed risk score was still a predictor for OS independent 
of TNM stage (P<0.001).

Analysis of the tumor-infiltrating cells and immune genes 
with the CNV-driven risk signature

Tumor-infiltrating cells play critical roles in tumor immune 
balance and associate with cancer development. To 
explore whether the CNV-driven genes prognostic model 
was associated tumor-infiltrating cells, we analyzed the 
relationship between risk score and six immune cell subsets. 
Pearson correlation tests showed that the abundance of 
CD8+ T cells, dendritic cells, neutrophils and macrophages 
were positively correlated with risk scores (P<0.05, Figure 5).  
Of note, the Pearson correlation coefficient is largest in 
correlation between neutrophils and risk score, and the 
weakest correlation is observed between CD8+ T cells 
and risk score. There were no relations between risk score 
and B cells or CD4+ T cells. These results indicate that 
increased infiltrating neutrophils are associated with poorer 
survival and play a negative role in HCC immune balance. 
We further assessed the critical immune checkpoint genes 
expression between patients in high- and low-risk groups. As 
shown in Figure 6, high-risk cohort had higher expression 

https://cdn.amegroups.cn/static/public/ATM-20-7101-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-7101-supplementary.pdf
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Figure 4 The Kaplan-Meier curves and the distribution of risk score, vital statuses, and CNV-driven genes expression. (A,E) K-M curves 
for the prognostic model in the TCGA set and ICGC set, respectively. (B,C,D) The distribution of risk score based on CNV-driven genes, 
the vital statuses of patients, and heatmap of the genes profiles in the TCGA set. (F,G,H) The risk score distribution, the vital statuses of 
patients, and heatmap of the gene profiles in the ICGC set. CNV, copy number variation; TCGA, The Cancer Genome Atlas; ICGC, 
International Cancer Genome Consortium.
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Table 2 Univariate and multivariate regression analyses for ICGC group

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age 1.002 (0.972–1.033) 0.899 0.999 (0.965–1.033) 0.936

Gender 0.519 (0.278–0.966) 0.039 0.404 (0.213–0.764) 0.005

Stage 2.155 (1.493–3.110) 4.13E−05 1.865 (1.285–2.705) 0.001

Risk score 1.650 (1.363–1.998) 2.82E−07 1.484 (1.195–1.844) 0.000364

ICGC, International Cancer Genome Consortium; HR, hazard ratio; CI, confidence interval.

Table 1 Univariate and multivariate regression analyses for TCGA group

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age 1.005 (0.987–1.023) 0.591 1.008 (0.989–1.028) 0.421

Gender 0.780 (0.487–1.249) 0.301 0.849 (0.50–1.442) 0.544

Grade 1.017 (0.746–1.387) 0.914 1.077 (0.767–1.514) 0.668

Stage 1.864 (1.456–2.388) 8.07E−07 1.998 (0.670–5.957) 0.214

T 1.804 (1.434–2.270) 4.73E−07 0.843 (0.302–2.357) 0.746

M 3.850 (1.207–12.281) 0.023 1.437 (0.380–5.431) 0.593

N 2.022 (0.494–8.276) 0.328 0.838 (0.092–7.622) 0.876

Risk score 1.260 (1.180–1.347) 6.57E−12 1.242 (1.137–1.357) 1.404E−06

TCGA, The Cancer Genome Atlas; HR, hazard ratio; CI, confidence interval.

levels of CTLA4, TIM-3, LAG3 and CD39 compared to 
those in the low-risk cohort (P<0.05). These results suggest 
that high-risk patients had higher immunoinhibitory gene 
expression, and may benefit from immunotherapy based on 
immune checkpoint inhibitors.

Discussion

HCC remains a major cause of cancer-related deaths 
in the world, causing one of the highest public health 
burdens (19,20). Advancement in molecular analyses has 
facilitated deep understanding of the HCC mutation 
landscape and characteristics. Studies indicated that 
hepatocarcinogenesis was a multistep and multifactorial 
process caused by frequent aberrant gene alterations, 
including single nucleotide mutations and CNVs (21). 
Therefore, understanding the roles of CNVs in driving 
hepatocarcinogenesis is crucial for HCC prevention, 
treatment, and prognosis prediction.

Integrated genomic analysis can be an effective and 

essential method for identification of novel cancer driver 
genes. For instance, the widespread use of high-throughput 
sequencing has enabled more efficient and comprehensive 
analysis of CNVs, and provides opportunities for revealing 
new genes underlying the development of HCC (22). CNVs 
in oncogenes and tumor suppressor genes are involved in 
HCC malignant proliferation and transformation. Previous 
studies on HCC showed that oncogenic driver genes 
CCND1 and FGF19 had increased amplifications of copy 
numbers (23), while tumor suppressor genes CDKN2A 
and CDKN2B contained high frequency of deletions (12).  
Analysis of recurrent CNVs can also help to identify 
potential novel biomarkers such as IRF2, which is unique to 
hepatitis virus B-related HCC (24).

In this work, we conducted an integrative analysis of 
CNVs and gene expression profiles aiming to identify 
CNV-driven genes that associated HCC survival, and 
built a prognostic signature with CNV-driven genes. 
In multivariate Cox proportional-hazards analysis, the 
prognostic risk score proved to be an independent predictor 
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for OS. Survival analysis showed the risk score prediction 
model had robust distinguishing ability, and might help to 
improve individualized prediction of OS in HCC patients.

Recent research results have highlighted the roles of 
tumor-infiltrating immune cells in HCC immune tolerance 
and survival prognosis (25,26). Since CNVs can result in 
alterations of key genes responsible for cancer immune 
surveillance, we therefore investigated the associations 

between tumor-infiltrating immune cells, immune 
checkpoint genes, and the risk score. The results showed 
there was the strongest positive correlation between 
neutrophils and risk score, indicating increased infiltrating 
neutrophils were risk factor for survival. Previous studies 
have demonstrated that neutrophil activation could drive 
tumor progression and metastasis (27), and infiltrating 
neutrophils contributed to HCC progression, and 

Figure 6 Comparison of immune checkpoints genes expression in the two risk subgroups.
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associated with poor prognosis (28). These studies were 
consistent with our findings and implied that our risk 
prognostic signature was closely related with tumor immune 
microenvironment. Moreover, we explored the expression 
of immune checkpoint genes that had been proved critical 
in HCC. Based on the risk score, the gene expression of 
CTLA-4, TIM-3, LAG3, and CD39 were significantly 
higher in patients with high-risk. The high expression of 
immune checkpoint genes may be responsible for poorer 
survival of high-risk group. The prognostic signature can be 
utilized to identify high-risk populations who may benefit 
from cancer immunotherapy such as immune checkpoint 
inhibitors.

Our study has some limitations. Since the data is 
retrospective, the results need to be further confirmed 
in prospective studies. Moreover, the tumor-infiltrating 
immune cells and related genes expression remain to be 
further validated by experimental methods.

Conclusions

In summary, our study identified CNV-driven genes that 
related to HCC survival. A prognostic prediction model 
was established based on CNV-driven genes. Further 
analyses indicated that tumor-infiltrating immune cells and 
altered immune checkpoint genes might account for the 
model’s prognostic capacity. These results contribute to the 
understanding of hepatocarcinogenesis from view of CNVs, 
and may improve outcome prediction for patients with HCC.
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