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Global causes of death  

Lozano et al, Lancet 2012 

Cardiovascular 
Diseases (15,6M) 

30% 

Neoplasia (8M) 
15% 

Infection (5,2M) 
10% 

Injuries (5M) 10% 

Respiratory 
Diseases (3,7M) 

7% 

Others (14,5M) 
28% 

• Global annual number of deaths: 52M • Top 20 global causes of death 



• Liver cancer is the sixth most common cancer globally1 

 

• Over 750,000 new cases of liver cancer are diagnosed worldwide each 
year,1 including 
– Eastern Asia: 470,0001 

– Japan: 39,0001 

– Europe: 58,0001 

– United States: 21,0001 

 

• Liver cancer is the second leading cause of cancer-related mortality,1 and is 
the leading cause of death in cirrhotic patients 
 

• The incidence of HCC is increasing globally2 

1. International Agency for Cancer Research. Globocan 2008. Available at: http://www-dep.iarc.fr. September 2, 2010. 
2.   Bosch XF, et al. Clin Liver Dis. 2005;9:191-21. 

Epidemiology of HCC 
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Incidence of HCC 
Incidence rates of HCC according to geographical area.     

Bosch X et al , Gastroenterology 2004 



Risk factors and surveillance 

•  Epidemiology and risk factors • Risk factors 

• Surveillance: Target population 
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The  carcinogenic process 

Colorectal cancer Hepatocellular carcinoma 

Vogelstein et al, Science 2013  
Farazi PA, et al. Nat Rev Cancer. 2006 



    The hepatocarcinogenic process 
    HCV and HBV pathogenic mechanisms 

HCV:  (advanced fibrosis) 

•  Impairs immune fuctions 

•  HCV core: Wnt activation 

    Mutation CTNNB1 

                     Raf,ERK activation 

•  HCV NS5: Activates akt 

•  Inactivation p53 

 

HBV 

• Integration genome 

• Microdeletions TERT, PDGF 

• Inactivation /mutation of p53 

• Activation of Ras 

• HBx protein: Transgenic mice 

    
Branda M, Wands JR, Hepatology. 2006;43:891-902. 
Levrero M, Oncogene. 2006;25:3834-47. 



Gender as a risk factor for HCC 

• Gender distribution of HCC : Male/Female ratio, 3:1 

• Experimental model (DEN): IL-6 mediated HCC 

    1. Greater concentrations of IL-6 in male>female produced by Kupffer cells.  

    2. Estrogens inhibited secretion of IL-6, and decreased incidence of HCC. 

   

Naugler WE, et al. Science. 2007;317:121-4  



• Genomic alterations*:  
 Activation of Jak/Stat 
 Activation of TERT 

Wurmbach E, et al. Hepatology. 2007;45:938-47. 
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* Chromosome aberrations  (<30%): Gain: 1q, 17q; loss: 16q,4q,17p 

Pathogenesis of HCC 
 Dysplastic nodules 



Pathogenesis of HCC 
 TERT promoter mutations 

TERT promoter mutations- Melanoma (71%) 

Huang et al, Science 2013 

TERT promoter mutations-  
 HCC (60%) 
 Dysplastic  nodules (25%) 
 
•  HCC (60% +): Significantly associated to :  

• TERT over expression 
•  non-HBV infection 
• CTNNB1 (p<0.0001) 

 
• Dysplastic nodules  (25%+) associated to:  

• TERT overexpression 
• First gatekeeper!! 

Nault et al, Nature comunications 2013 



Major achievements in cancer genomics 

Stratton et al, Science 2011 

Next generation seq (RNA-Seq,Exome seq) 
Meyerson, Nature Reviews 2010 



Types of genomic alterations-2nd generation sequencing  

Beroukim,  Nature 2010 



Genome sequencing in HCC 

2nd generation sequencing  (4 studies) 
 
 Known mutations: CTNNB1: 72/301: 24% (non-HBV),  
                 p53: 109/ 401: 27% (HBV) 
                 Axin:15/172 : 8%   
   RAS (~5%) 
   PI3k (3%) 
 
      Novel:  ARID 1a: 49/392 :12% 
 ARID 1b: 19/341: 5.6% 
                   RPS6KA3 9% (non-cirrhotics) 
 

Fujimoto et al, Lin et al, Huang et al ;Guichard et al, Nat Gen 2012 



Driver mutations in cancer 

Garraway et al, Cell 2013 

• Mutation-driver genes in cancer: 140 • Mutation-driver genes in HCC 
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Landscape of mutations in cancer 

Vogelstein et al, Science 2013  

35-40 



Types of genomic alterations-2nd generation sequencing  

Beroukim,  Nature 2010 



The hepatocarcinogenic process 
    Structural alterations-summary 

  1. Structural alterations are present in almost all advanced HCC (HBV > HCV) 

  2.  Gains in 1q21-23 and 8q 22-24 are common at early stages 

  3. High-level amplifications: 6p21  (VEGF ) and 11q13 (Cyclin D1 and FGF19): 5-10% 

    

 

Chiang DY, et al. Cancer Res. 2008;68:6779-88 



High-level amplifications of 6p21 and 11q13 (HCC=103) 

6p21.1  4 samples, q-val 2 x 10-3 

470 kb 

631 kb 

11q13  7 samples, q-val 5 x 

10-11 

VEGFA 

CCND1 

FGF19 

Chiang D et al, Cancer Research, 2008 

Molecular targets for HCC  
   Signaling pathways: molecular targets for new therapies.  



Molecular targets for HCC  
 Integrative genomic analysis in 6p21 high-level amplifications 

Focal VEGFA amplification 
 
     Training set : 4/103 (3.9%) HCV-HCC   (SNP array; inferred copy number > 3.73)   

 
 
 
 
 
 
 
 
 
     
 

      Validation set  (samples all etiologies-HCC) (FISH) 

         2/210 (1%) VEGF amplification 
        16/210 (7.7%)  high-level gains 

Chiang DY, et al. Cancer Res. 2008;68:6779-88 



Molecular targets for HCC  
6p.21 amplifications: VEGF-A responding to sorafenib 

Horwitz, Cancer Discovery 2014 



Molecular targets for HCC  
High-level amplification 11q13:  FGF19 & CCND1 

Sawey E et al, Cancer Cell 2011 



Molecular targets for HCC  
High-level amplification 11q13:  FGF19 & CCND1 

Sawey E et al, Cancer Cell 2011 



Molecular targets for cancer  
   Signaling pathways: molecular targets for new therapies.  

Hanahan D, Weinberg RA. Cell. 2000;100:57-70. 

Wnt pathway 

IGF pathway 

Raf/MAPK pathway 

Akt /mTOR pathway 

Jat/Stat pathway 

EGFR pathway 

C-MET pathway 

Hedgehog  pathway  

•New pathways: FGF, Hippo, Notch,. 

TGF-B pathway 



Molecular targets for cancer  
   Signaling pathways: molecular targets for new therapies.  

Hanahan D, Weinberg RA. Cell. 2000;100:57-70. 

Wnt pathway 

IGF pathway 

Raf/MAPK pathway 

Akt /mTOR pathway 

Jat/Stat pathway 

EGFR pathway 

C-MET pathway 

Hedgehog  pathway  

•New pathways: FGF, Hippo, Notch,. 

TGF-B pathway 



10x 

p-Akt 

10x 

20x 

p-ERK 

20x 

20x 

p-S6 

20x 

HCC positive samples (n=93)  

p-IGF1R     16/85      (19%) 

p-Akt           31/93     (33%) 

p-ERK         50/85*    (59%) 

p-S6            45/85**   (53%) 

* p-ERK: Positive staining account for 
10 cases of tumoral cells and 40 of 
endotelial cells 

** p-S6: Postive staining account for 
36 cases of tumoral cells and 9 cases 
of endothelial cells.  

Cirrhosis HCC 

p-IGF1R 

20x 20x 

Growth factor signaling pathway in HCC 
Proliferation pathways 

Villanueva , Gastroenterology 2008 



Activation of oncoproteins in human HCC:  

 H-Ras, pRaf, pERK 

Promoter hypermethylation of TSG 

 RASSF1A, NORE1A 

Alterations in RAF/MEK/ERK signaling in HCC 

Calvisi DF, et al. Gastroenterology. 2006;130:1117-28. 



Molecular targets for HCC  
   NOTCH Signaling pathway.  

NOTCH1 as potential oncogene and target 
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(1/4) 

100% 
(12/12) 

Notch1 transgenic (n=19) 

Villanueva , Gastroenterology  2012  



Molecular targets for HCC  
   NOTCH Signaling pathway.  

 Villanueva, Gastroenterology 2012 

30% of human HCCs present activation of NOTCH1 signaling 



Late TGF-β signature captured 17% (24/139) of HCC patients 

Coulouarn et al, Hepatology 2008 

Molecular targets for HCC  
TGF-beta signaling pathway.  
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Hoshida et al., Can Res 2009  Chiang, et al., Can Res 2008   

Importance of tumor assessment 

• Integrative genomic analysis (n=92) • Transcriptome  meta-analysis (~ 600 patients) 

Molecular classification of HCC 



Villanueva A,  Gastroenterology 2011 

Integrative outcome approach 
Molecular classification of HCC 



Villanueva A,  Gastroenterology 2011 

Integrative outcome approach 
Molecular classification of HCC 

Progenitor cell 
Class S2, EpCAM 



Villanueva A,  Gastroenterology 2011 

Integrative outcome approach 
Molecular classification of HCC 

Progenitor cell 
Class S2, EpCAM 

High AFP at 
Early stages 



Villanueva A,  Gastroenterology 2011 

Integrative outcome approach 
Molecular classification of HCC 

Proliferation:  
    G3 
    Class S1 

Progenitor cell 
Class S2, EpCAM 

High AFP at 
Early stages 



Villanueva A,  Gastroenterology 2011 

Integrative outcome approach 
Molecular classification of HCC 

Proliferation:  
    G3 
    Class S1 

High AFP at 
Advanced stages 

Progenitor cell 
Class S2, EpCAM 

High AFP at 
Early stages 



Molecular subclasses of Wnt 

Molecular classification of HCC 

Lachenmeyer, Clin Can Res, 2012 



Modified from Hoshida et al., Can Res 2009  

Importance of tumor assessment 

Molecular classification of HCC 

NON-PROLIFERATION 

Wnt-CTNNB1 Others (inflammation, Poly7) 

PROLIFERATION 

S1: Wnt-TGFB 
S2: Progentitor 

cell 



p<0.01 

Gene signature-poor prognosis: # 186 genes 

Gene Set Enrichment : 1. Inflammation 2. NF-KB       

signaling 3. interferon-related immune response  4.  

Oxidative stress and 5. Proliferative signals  (IL6, EGF) 

Training set (n=82) 

Hoshida et al, NEJM 2008 

Importance of microenvironment 
Molecular classification of HCC 
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Phase III SHARP Trial 
Sorafenib vs placebo in advanced HCC 

 

Stratification: 

 

* Macroscopic vascular  

invasion (portal vein) 

and/or extrahepatic spread 

 

* ECOG PS 

 

* Geographical region 

 

Sorafenib (n=299) 

400 mg po bid  

continuous dosing 
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Placebo (n=303) 

2 tablets po bid  

continuous 

dosing 

Llovet JM et al, NEJM 2008;359:378-90 



Molecular-profiling approaches to the development of 
personalized therapies in cancer 

Plasma biomarkers  
(491 samples: ~80%):   
VEGFA, sVEGFR2, 
sVEFR3, sC-kit, Ras, 
HGF, EGF, ANg2, 
FGF,IGF2 
Tissue biomarker (110 
samples: ~ 18%): pERK 

Herbst RS, et al. N Engl J Med 2008; 359:1367-80. 



Variable 

Multivariate Analysis  

P HR 

Macrovascular invasion 0.005 1.74 

Extrahepatic spread 0.016 1.60 

Baseline AFP  0.015 1.57 

Baseline alkaline phosphatase  0.002 1.82 

Baseline c-KIT  0.004 0.56 

Baseline HGF  0.017 1.69 

Sorafenib Cohort  

Baseline AFP  0.007 1.58 

Macroscopic vascular invasion  0.0003 1.88 

Baseline alkaline phosphatase  0.013 1.56 

Baseline Ang2 0.002 1.84 

Baseline VEGF  0.002 1.97 

Placebo Cohort  

Predictors of Survival 
All patients (multivariate analysis) 

Llovet et al. Clin Cancer Res 2012;18:2290.  



Baseline plasma c-KIT and Sorafenib 

Patients with high c-KIT showed a trend of better survival benefit from sorafenib 
(interaction P-value=0.081).  

Patients with Low Baseline c-KIT 
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HR = 0.90  

(95% CI: 0.66, 1.22) 

(n=245) 
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Sorafenib 

Median OS = 9.4 months 

Placebo 

Median OS = 7.4 months 

0 

0.25 

0.50 

0.75 

1.00 

0 2 4 6 8 10 12 14 16 18 20 22 

Patients with High Baseline c-KIT 

HR = 0.58 

(95% CI: 0.41, 0.81) 

(n=244) 

Sorafenib 

Median OS = 14.1 months 

Placebo 

Median OS = 8.7 months 

0 

0.25 

0.50 

0.75 

1.00 

mo 0 2 4 6 8 10 12 14 16 18 20 22 

Prediction of survival 

Llovet et al. Clin Cancer Res 2012;18:2290.  

Level II-B 



Median OS > 36 mo 

Very early stage (0)  
1  HCC < 2 cm  

Carcinoma in situ  

 PST 0, Child–Pugh A 

Understanding survival outcomes in HCC patients 

HCC 

 PST > 2, Child–Pugh C 

End stage (D)  

 

PST 0–2, Child–Pugh A/B 

Stage A–C Stage  D 

Early stage (A) 
1 HCC or 3 nodules  

<  3 cm, PST 0  

Intermediate  stage (B) 
Multinodular, 

PST 0  

Advanced  stage (C) 
Portal invasion, 

 N1, M1, PST 1/2  

Stage 0 

Median OS  6 mo (4–8 mo) Median OS  16 mo 

Sorafenib: 10.7 mo 
 

(14-6mo) 
 
 

Curative therapies 

OS>60 mo 

2014-15 
TACE+ systemic 

therapy ? 

 1st: Sorafenib  combo? 

 2nd: Molecular therapy? 
Adjuvant therapy  

TACE: OS  20 mo 
 

(45-14 mo) 

2013 



Understanding liver cancer 

1. Epidemiology and risk factors 

2. Molecular traits and subclasses 

• Main genomic alterations 

• Molecular subclasses 

3. Sorafenib as standard of care 

4. Drugs in phase II-III 

5. Personalized medicine:  Improve outcomes with molecular therapies 

targeting specific subclasses 

 

     



Molecular targeted therapies tested in HCC 

Villanueva and Llovet, Gastroenterology 2011;140:1410-26 

 

Main figures:   

>300 phase II/III trials in clinical trials 
.gov 

 

56 molecular targeted therapies 
currently tested 

 

14 RCT for regulatory approval 

 

Main novel targets are: mTOR, MEK, 
IGFR1, MET,  FGF, TIE-2, HDAC. 

   



Molecular therapies tested for HCC in Phase III (2014) 

 Adjuvant   Prevent  recurrences  1. Sorafenib vs placebo   (STORM)* 

       2. Retinoids vs placebo* 

 

 Intermediate HCC   Improve  TACE   1. RF vs RF-Dox 

       2.TACE+/- sorafenib*      

       3. TACE +/- brivanib* 

        

 Advanced  HCC  First line:     1. Sorafenib + /- erlotinib*  

           2. Sorafenib vs brivanib*  

                                                            3. Sorafenib vs sunitinib* 

       4. Sorafenib vs linifanib* 

           5. Sorafenib +/- Y90  

       6. Sorafenib +/- Doxorubicin 

       7. Sorafenib vs Lenvatinib 

        

    Second line:    1. Brivanib vs placebo* 

        2. Everolimus vs placebo* 

       3. Ramucirumab vs placebo* 

       4. Regorafenib vs placebo 

       5. Tivantinib vs placebo 

       6. Cabozantinib vs placebo 

 

  

      

Targeted population                 Phase III comparison  



Why these RCT are negative in HCC? 

1. Limited understanding of the pathogenesis/subclasses/drivers 

2. Two diseases:  HCC and cirrhosis 

 - Balance between efficacy and toxicity (sunitinib, linifanib) 

 - Difficult trial design:  

                     Non-inferiority concept (Brivanib, linifanib) 

       Surrogate end-points of survival? TTP (contradictory data), ORR 

3.  Moving to phase III without clear signals. (Sunitinib, erlotinib) 

4. Drugs are not powerful  enough  (brivanib, linifanib, erlotinib, everolimus, 

ramucirumab). 
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 Personalized oncology: 
 Oncogenic addiction loops in cancer 



~1,500 patients screened (18 months) 

82 patients included (3% ALK fusions) 

Oncogene addiction 
Lung cancer (ALK rearrangements: 3%) : Crizotinib 

PFS at 6 months: 72% (vs 27% of historic cohorts - Mok TS NEJM 2009) 

Kwak et al. New Engl J Med 2010 



~1,500 patients screened (18 months) 

82 patients included (3% ALK fusions) 

Oncogene addiction 
Lung cancer (ALK rearrangements: 3%) : Crizotinib 

PFS at 6 months: 72% (vs 27% of historic cohorts - Mok TS NEJM 2009) 

Kwak et al. New Engl J Med 2010 

Shaw et al. New Engl J Med 2013 



Dancey et al. Cell 2012 

Oncogene addiction 
Therapeutic applications 



Llovet JM et al, CCR 2014 

Oncogene addiction 
Landscape of mutations and high-level amplifications in HCC 



www.clinicaltrials.gov 

Agent Targets Phase Patients (n) 

LY2157299 TGFB 2 190 

Refametininb MEK 2 95 

OPB-31121 JAK2  2 48 

BIBF1120 PDGFR/FGFR 2 180 

Apatinib 
VEGFR, 

PDGFR, SRC 
2 36 

SGI-110 
DNA 

hypomethylation 
2 46 

Nivolumab PD-1 1 90 

Ganetespib HSP90 1 32 

AZD9150 STAT3 1 80 

Molecular targeted in HCC 
Phase I-II studies ongoing 



Oncogene addiction in HCC 
Proof-of-concept trial: Refametinib in Ras + HCC (5%) 

Screening 

unresectable 

advanced or 

metastatic HCC 
Stage 1 N=~350 

Stage 2 N= ~2300 

Refametinib 50 mg bid 

(Sorafenib 400mg bid) 

Primary 

endpoint: 

ORR 

 Refametinib (MEK 

inhibitor) 

unresectable advanced or 

metastatic HCC carrying 

NRAS or KRAS mutation 

Stage 1 N=~15 

Stage 2 N=~ 80 

Primary endpoint:  ORR (mRECIST) 

Study treatment:  Refametinib 50mg twice daily (comb. with sorafenib 400mg twice daily) 

Targeted ORR:  Stage 1: positive if ≥ 5/15 Responses 
    Stage 2: trial positive if 47/80 Responses 

  

BEAMing technique: Allows detection of mutations using 
DNA in plasma  

 Accuracy for PI3K mutations in breast cancer : 75-100% 

Li M et al. Nat Methods 2006; 3: 95–97 

Higgins  et al. Clin Can Res 2012 



Tivantinib vs placebo in 2nd line: Phase II studies 

• Tivantinib (n=71; OS= 6.6 mo) vs placebo (n=36; OS= 6.2 mo) 

Santoro et al, Lancet Oncol 2013 

• Subgroup analysis-Enrichment for c-MET +: Tivantinib 7.2mo vs placebo 3.8 mo 



Is tivantinib a c-MET inhibitor? 

Michielli, Nat Rev Oncol 2013 

• Tivantinib kills equally cells with 

MET amplification or not, as 

opposed to selective MET 

inhibitors. 

• Tivantinib is a cytotoxic drug 

acting on microtubule dinamics 

independenly of MET.  

• It might be very active against 

tumors with high proliferation 

(i.e cancers with KAS + and HGF-

MET+ in liver!).  

Phase III tivantinib vs placebo in 2nd line in MET+ patients 



Conclusions 

Molecular pathogenesis 

• The key molecular aberrations in HCC: 

  1. Mutations of TERT promoter, p53, CTNNB1, ARID1 , (<5%:KRAS and Pi3K) 

     2. High-level amplifications of 6p21 (VEGF) and 11q13 (Cyclin D1 and FGF19) 

      3. Angiogenesis: VEGF, PDGF,FGF 

• Molecular classification of HCC defines subclasses depending on the tumor 

(CTNNB1, proliferation) and adjacent tissue 

 

 Molecular changes: implications for therapies 

• Sorafenib is the sole molecular therapy approved for HCC 

• Several phase III trials testing molecular therapies failed in improving survival  

• New trials are designed targeting enriched populations/ potential oncogenic loops. 

 



HCC GENOMIC CONSORTIUM 

Thank You 

BCLC Group. Hospital Clínic Barcelona Mount Sinai Liver Cancer Program, NY.  
 


