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Currently, liver cancer is the 2nd most common 

cause of cancer death in Mainland China 
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HBsAg seroprevalance in 

Mainland China in 2006 
Key epidemiologic data of 

HCC in Mainland China 

 HCC accounts for 80% of liver cancer; 90% 

HCC are contributed by HBV infection  

 Population accounts for 1/5，HBV carriers 

for 1/3, HCC for 1/2 worldwide 

 Among HBV-infected subjects, 32% males 

and 9% females will develop HCC in 30-75 

years old；20 millions HCC in next 50 yrs 

 5-year survival is 32% after curative 

surgery, 9% for non-surgery patients； 

Distribution of HBV genotypes 

in Mainland China in 2006 

Cancer Epidemiol Biomarkers Prev 2010;19(3):777-86.  

J Clin Virol 2007;38(3):238-43. 
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Difference in viral replication 

between HBV genotype B and 

C, indicating different 

potential of causing liver 

disease. 

Cancer Epidemiol Biomarkers Prev 

2010;19(3):777-86. 

Carcinogenesis 2008;29(9):1685-91 

Genotype B2: acute infection, HCC recurrence 

Genotype C2: cirrhosis and HCC at late stage 
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HBV B2 is apt to cause acute infection；HBV C2 is 

apt to chronification following an acute course 

Gut 2008; 57(12):1713-20. Gut 2009; 58(7):1028-9.  
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HBV mutation is a key biomarker during 

HBV-induced hepatocarcinogenesis 

HBeAg (+)  HBeAg (-) 

CD8+T Epitope deletion 

HBV wild-type HBV mutation 

J Natl Cancer Inst 2009;101(15):1066-1082.   
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 HBV mutations in the core promoter region and 

their associations with HCC and cirrhosis 

HBV B2 

HBV C2 

Am J Gastroenterol 2011;106(1):81-92.  
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HBV B2 

HBV C2 

 HBV mutations in the preS region and their 

associations with HCC and cirrhosis 

J Gastroenterol 2010; 45(10):1063-71 .  

 J Gastroenterol 2011; 41(1):125-7.  
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During mother-to-child transmission of HBV, HBV variants can pass 

placenta barriers; wildtype HBV has advantage of infecting infants 
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J Clin Virol 2014;61:47-54 

A1762T/G1764A is an earlier HCC-risk HBV 
mutation, C1653T and T1753V are later ones 
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Evolution of hepadnaviridae among vertebrates 
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Pathways facilitating immune selection of the 

HCC-related HBV mutations 

HBV mutation combo vs. none 

PBMNC cDNA microarray 

HLA Class II 

Functional network 
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HLA-DP polymorphic genotypes promoting HBV persistence facilitate the 

immune selection of HCC-risk HBV mutations 

J Virol 2013;87(22):12176-86.  
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HBV mutation increase the risk of HCC solely in the 

patients with specific HLA-DP polymorphic genotypes 

J Virol 2013;87(22):12176-86 
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STAT3 polymorphic genotypes increasing HCC risk 

facilitate the immune selection of HCC-risk HBV mutations  

Hepatology 2013;57(6):2369-2377. 
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Interaction of STAT3 

polymorphic genotypes 

and HBV mutations 

increase the risk of HCC 

Hepatology 2013;57(6):2369-2377. 
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Ann Oncol 2014;25(12):2413-9.  

NF-κB polymorphic genotypes increasing HCC risk 

facilitate the immune selection of HCC-risk HBV mutations  
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Ann Oncol 2014;25(12):2413-9.  

HBV mutation increase the risk of HCC 

only in the patients with certain NF-κB 

polymorphic genotypes 
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miRNAs involved in HBV activities 

Cancer Lett 2012(321): 1–12. 

miRs affecting HBV mutations: miR-218, miR-34b/c 
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Liver Int 2014:34(5):728-736  

miR-218 polymorphic genotypes increasing HCC risk 

facilitate the immune selection of HCC-risk HBV preS 

deletion in male HBV-infected subjects 
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Liver Int 2014:34(5):728-736  

miR-218 polymorphic genotypes increasing HCC risk 

facilitate the immune selection of HCC-risk HBV preS 

deletion in male HBV-infected subjects 
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miR-34b/c polymorphic genotypes increasing HCC risk 

facilitate the immune selection of HCC-risk HBV 

T1674C/G mutation 
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23 

Genetic predispositions of genes in the key inflammatory 

pathways determine the selection of HBV mutations 

① The genetic predipositions of STAT3, 

NF-κB, HLA-II, and miR-218 

coding regions are associated with 

chronic HBV infection and immune 

selection of HCC-promoting HBV 

mutations； 

② SNP genotypes that facilitating the 

generation of the HBV mutations are 

dominant in Chinese, not in European 

Hepatology 2013; Ann Oncol 2014; J Virol 2013; Liver Int 2014; EMI 2015  
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HBx mutants promote HCC in sleeping beauty model 

野生型HBx 突变型HBx 空载体 
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Knowledge continuum 

Less information                                More information 

Looking for clues                Identifying causal relationships 

 

 

 

 

Descriptive studies        Analytical studies 
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Acute 

Inflammation 

Chronic 

Inflammation 

Type I IFNs 

STAT1 

M1 macrophage 

IL-6、TNFα 

STAT3 

M2 macrophage 
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全基因组测序确定成人肿瘤和儿
童肿瘤体细胞非同义变异数（每
个肿瘤携带非同义变异平均数） 

HCC中只有39

个非同义突变 
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Inspiration of Cancer Evo-Dev 

derived from 4 stories 

1. When I was a medical student, a malignancy 
termed as malignant teratoma drew my 
attention because it contains a lot of 
different kinds of embryo tissues….. 
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2. Genes whose ORFs are open during fetal 

period and silenced after birth are 

frequently associated with cancers 

 HCC biomarkers 

 Alpha-fetoprotein (AFP): hepatocellular carcinoma, 
70% 

 SALL4, HCC 

 Gene signature active in embryonic 
development are also related to cancer 
progression and metastasis 
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3. The process of embryonic development share 
the similarity with the process of life evolution 

 The genes such as Hox, Hedgehog, 

Myc linking the development and 

evolutionary processes  
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How these observations related to 
cancers 

 Cancers are events of retro-

differentiation, back to the progenitors; 

 Cancers are genetic diseases whose 

genetics are in retro-evolutionary orders; 

 Cancer initiation cells evolved from 

chronic inflammation that provides 

suitable conditions for retro-

differentiation 
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We 

presented a 

theory 

framework 

of “Cancer 

Evo-Dev” 

systemically  
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Chronic  inflammation 

IL-6,  

TNF-α 
NF-κB 

Balance: 

APOBECs and 

DNA repair 

Survival selection, alteration in signaling network/pathways 

Viral mutations Somatic mutations 

Carcinogenesis 

Mutation 

 

 

Selection 

 

 

Adaptation 

G－U－A 

Progression/metastasis 

Retro-differentiation 

Genetic predisposition of 

immune/ inflammatory 

molecules including HLA 

class II/ NF-κB/STAT3 

HBV Genotype 

C>B, D>A 
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Evolution and development of male-predominant cancers 

Evolutionary procedure “mutation--selection--adaptation” 

（ Hepatology 2013; Curr Genomics 2014; Cancer Lett 2014; J Virol 2013; Nat Genet 2013 ） 
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Types of analytical studies 

 

 Observational studies 

 Cohort studies  

 Case-control studies  

 

 Experimental studies  
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Cohort studies to answer 3 

scientific questions  

 To identify HBV-infected subjects (or patients) 

who are more likely to develop HCC? 

 To identify HBV-HCC patients who survive 

shortly after curative surgery? 

 To elucidate the prophylactic methods can be 

effective in reducing HCC occurrence and 

recurrence 
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Cohort 1: HBV-induced carcinogenesis 

 2114 of 2512 HCC-free, decompensated cirrhosis-free, 

chronic HBV-infected subjects; 

 Of those 614 received ≥48 wks’ standard antiviral 

treatment using NAs and or IFN-α; 

 Followed-up for 18406 person-years; 

 Propensity score matching was applied to reduce baseline 

differences between antiviral and control cohorts.    

Cancer Prev Res (Phila) 2015;8(10):978-88  
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HBV combo mutations at baseline effectively 

predict HCC occurrence and liver death 
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Baseline combo HBV mutations significantly increase the 

accuracy of HCC prediction by demographics 
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Standard antiviral treatment (≥48 wks) greatly reduced 

HCC occurrence in those with the combo HBV 

mutation, not in those without the mutations 
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Prophylactic effects of 

antiviral treatment with 

NA < or ≥48 wks or 

IFN on HCC 

occurrence and liver 

death 
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Prophylactic effects of 

standard antiviral 

treatments on HCC 

occurrence in HBG-

infected patients with 

different viral mutation 
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Cohort 2: Prophylactic effect of antiviral treatment 

of postoperative prognosis of HBV-HCC patients 

 Cohort: 617 (antiviral, 215; control, 402) HBV-HCC 

subjects after curative surgery, followed up for 23.83 

months; 

 RCT: 163 (antiviral, 81; control, 82) HBV-HCC subjects 

after curative surgery, followed up for 39.93 months. 

J Clin Oncol 2013;31:3647-3655 
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Cohort study: high viral load predict an unfavorable prognosis and 

N.A. treatment significantly improve the survivals 
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RCT: N.A. 

treatment 

significantly 

improve the 

survivals 
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Postoperative NA treatment significantly decreased 

inflammation, improve liver function 
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1. The expression of Ct-HBx was 

more frequent in HCCs than in 

adjacent hepatic tissues 

(P<0.001); 

2. The expression of Ct-HBx in 

adjacent hepatic tissues was 

significantly associated with a 

reduced recurrence-free 

survival in the antiviral group 

(P<0.001). 

J Clin Oncol 2013;31:3647-3655 
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Summary 

 For HBV-HCC, a fatal disease, prophylaxis is the hope of reducing HCC and death; 

 “Cancer Evo-Dev” in HBV-induced HCC pave the way for prophylaxis, prediction, 

as well as targeted treatment; 

 To identify what kind of HBV-infected subjects will develop HCC 

 To testify what kind of prophylactic treatment will reduce the risk of HCC 

 To specifically target key pathways that drive the evolution of HCC 

Prophylaxis                    HCC                prognosis 
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