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What really is HCC?

HCC is the expected complication of long-
standing chronic liver disease.

If patients survive the other expected 
complications (bleeding, liver failure, sepsis), 
they will invariably develop HCC.



Progression to HCC From Cirrhosis

Degos F et al. Degos F et al. Gut. Gut. 2000;47:1312000;47:131--136.136.
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HCC Risk Factors

• Exposures
– HCV, ETOH, Aflatoxin
– HBV

• HBV viral load>104 copies/ml, genotype C, e 
antigen positiveantigen positive

• Genetic susceptibility 
– hereditary hemochromatosis, alpha-1 

antitrypsin deficiency, Wilson’s disease
• Metabolic factors 

– NASH, metabolic syndrome
• Demographics

• Older age, male sex



Liver Cancer Mortality Worldwide

El-Serag and Rudolph, Gastroenterology, 2007



Estimated Cancer Incidence in US in 2013



HCC Incidence and Death Rates are 
Increasing in the US



Application of the ADRESS-HCC Risk Model to 
Hypothetical Patients With Cirrhosis

Flemming et al., Cancer 2014



Association Between Sex and OS on Multivariate Analysis

Yang et al., Cancer 2014



Impact of sex on the survival of patients with hepatocellular carcinoma: A 
Surveillance, Epidemiology, and End Results analysis

Yang et al. Cancer 2014



Impact of NAFLD
• Up to 30% of the US population 

has fatty liver disease: the 
“hepatic manifestation” of 
metabolic syndrome

• This can progress to inflammation, 
known as non-alcoholic 
steatohepatitis (NASH) 30% of 25% of  10-25% at steatohepatitis (NASH)

• NASH contributes to up to a third 
of HCCs in this country, and 
incidence is increasing

• Those with features of metabolic 
syndrome also have worse 
outcomes from several kinds of 
cancer

Siegel et al, Cancer 2009 115:5651-5661

30% of 
population 
has NAFLD
(90 millions)

10% of  
NAFLD 
goes on to 
NASH
(9 millions)

25% of  
NASH 
develop 
cirrhosis
(2,25 
millions)

10-25% at 
risk of HCC

200.000 to 
500.000 at 
risk in US
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Diet
Overweight

Mechanisms of hepatocarcinogenesis

Modified from Farazi , 2006)



Malignant Transformation
Multistep

Neoplastic nodules (1)

Epigenetic alterations

Genetic alterations

HCC

(2)

Normal Liver 

Hepatitis C
Hepatitis B

Alcohol
NASH

Liver cirrhosis

1.Tornillo L, et al. Lab Invest 2002; 2) Verslype C eta al. 
AASLD 2007



Wnt pathway

EGFR pathway

Raf/MAPK pathway

TGFββββ pathway

AP1

JNK pathway

β β β β catenin

E2F

Different Therapeutic Targets in Human HCCs

EGFR pathway

AKT pathway

Jak/Stat pathway

cMyc

NFkB

p53/p73

Shh

Notch



Liver carcinogenesis is typically a stepwise process
� Sequential genetic mutations
� Oncogene activation
� Tumor suppressor gene inactivation

HCC: Pathogenesis

� Tumor suppressor gene inactivation

No dominant pathways of hepatocellular 
carcinogenesis have yet been identified
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Patient workup:

�Imaging: CT, MR

Diagnosis

�Imaging: CT, MR

�Biopsy

�Angiography





<1 cm >1 cm

Liver lesion in a 
cirrhotic Patient

4 phase CT or 
dynamic contrast 

enhanced MRI

Repeat US 3 
months

Arterial hypervascularity
Growing/
changing

Stable

Workup of Liver 
Mass in Cirrhosis

Arterial hypervascularity
and venous or delayed 

phase washout

Another scan,
(Different modality) 

changing
Stable

Yes No

NoYes

HCCInvestigate 
according to 

size

Arterial hypervascularity
and venous or delayed 

phase washout

Biopsy

AFP is no longer needed 
for diagnosis!
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Milan Criteria for Liver 
Transplantation

• If only one tumor, it 
must be 5 cm or less

• 3 or fewer tumors, each 
3 cm or less

• No gross vascular 
invasion

Mazzafero et al. NEJM 1996, 334:693-700



Cumulative probability over time of LDLT, DDLT, remaining 
alive on the waitlist and death without transplant, from the 1rst

living donor evaluation  for (A) HCC pts in the pre-MELD and 
(B) HCC pts in the MELD era

Kukik  et al., AJT 2012



Unadjusted probability of patient survival by time since LDLT 
or DDLT for (A) all HCC pts and (B) HCC pts in the MELD era

Kukik  et al., AJT 2012



Consider resection in:
• Non-cirrhotics (often those with HBV!)
• Compensated cirrhotics (normal bili and hepatic venous 

pressure gradient <10 mm Hg)
• Only 10-20% of those in the West are candidates for 

resection

Resection

resection
However, in patients with underlying cirrhosis

• Careful patient selection, 
• Meticulous intraoperative technique 
• Extremely careful perioperative management, 

are mandatory otherwise liver resection is associated with a 
significant risk of postoperative morbidity and/or mortality.



Cumulative and Disease-free Survival Curves after 
Resection of HCC in Cirrhotic and Non-Cirrhotic 

Patients.

Poon et al., JCO 2000



Chemoembolization (TACE)

• The normal liver receives most of its blood supply through 
the portal vein, and only about 25 percent from the hepatic 
artery 

• Tumors receive almost all of their blood supply from the 
hepatic artery

• “Dual therapy” using both embolization and chemotherapy

• Now also using Y90: radiolabeled beads



HCC

1 year survival 54-88%

2 year survival 33-64%

3 year survival 18-51%

5 year survival <6%

Outcome of  TACE

5 year survival <6%

In general the outcome is hard to quantify in a meta-
analysis as many different protocols are used by
different groups



Review of TACE

• Overall survival advantage seen with 
chemoembolization

• Approximately ½ the risk of death with two year • Approximately ½ the risk of death with two year 
follow up

• Response rates in 35% of patients

• Highly selected patients

Llovet and Bruix, Hepatology 2003; 37:429-422



Other Local Therapies

• RFA
– Nonrandomized data suggest outcomes as good as 

resection for small (<2 cm) lesions

• Percutaneous ethanol injection (PEI) 
– has been shown to produce necrosis of small HCC. 
– It is best suited to peripheral lesions, less than 3 cm in 

diameter



Combined therapies



The 3- and 5-year overall survival rates of TACE + liver resection 
versus liver resection alone

3 years 

Yu et al., 2013

5 years 



Post-operative transarterial chemotherapy: cumulative 
probability of overall survival and of no recurrence

at 3 years 

Mathurin  et al., APT 2013
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Surgical treatments: applicable overall to 
10% to 15% of HCC at first diagnosis and  

2% to 5% of recurrent HCC 

Surgical treatments: applicable overall to 
10-15% of HCCs at first diagnosis and 2-
5% of recurrences 

Nonsurgical treatments: applicable overall to 
65% to 75% of HCC at first diagnosis and 
50% to 70% of recurrent HCC 



• LT: curative but insufficiently available
• Resection: satisfactory results but insufficienlty applicable
• TACE 

– accepted as treatment of choice for unresectable (nonablatable?) 
HCC 

– Response rates in about 35% of patients

Therapeutic options

– Response rates in about 35% of patients
– Best vs good performance status, Child-Pugh class A-B
– Metaanalyses suggest benefit in well-selected patients 

for embolization c/w placebo
• RFA

– Nonrandomized data suggest outcomes as good as resection for 
small (<2 cm) lesions

• PEI is for developing countries with limited resources
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HCC aggressiveness

• differentation

• vascular invasion• vascular invasion

• growthgrowth



% increase of
tumor volume 180
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Villa et al. Hepatology 2000



Cumulative survival in 96 patients with inoperable HCC

Death occurred in 68 of 96 patients (70.8%).

Massive invasion of the liver 20   (29.4%)
by the tumor

Causes of death

Slowly progressive liver failure due 

Hepatology 2000

A statistically significant correlation between progression of 
disease at year 1 and cause of death was present, with 
patients with slower progression dying more often from 
gradual liver impairment (P < .0215).

Upper gastrointestinal bleeding                        7    (10.3%) 

Ill-defined (sepsis) 12    (17.6%) 

Slowly progressive liver failure due 
to underlying cirrhosis       29   (48.6%) 
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• Small molecule, orally administered

• Multi-kinase inhibitor

• Inhibits tumor-cell proliferation and tumor 
angiogenesis

Sorafenib

angiogenesis

– Inhibits molecular components of the Raf-MEK-ERK 
signaling pathway, thus inhibiting tumor growth

– Inhibits the receptor tyrosine kinase activity of vascular 
endothelial growth factor receptors (VEGFRs) 1, 2, and 3 
and platelet-derived growth factor receptor β (PDGFR- β), 
thus inhibiting neoangiogenesis



SHARP Phase III Trial in Advanced HCC: 
Results
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• GIDEON is a global, prospective, non-interventional study that is assessing the 
use of sorafenib in patients with unresectable HCC within real-life clinical 
practice

– GIDEON recruited >3000 patients from >350 sites in 39 countries

– First patient in 2009 – last patient in April 2011

Field practice - GIDEON study

• The first interim analysis includes preliminary evaluation of sorafenib use in 500 
patients

• The second interim includes 
1500 patients 

• The final analysis is planned 
12 months after enrolment 
of the 3000th treated patient

Lencioni et al. Int J Clin Pract. 2012 Jul;66(7):675-83



GIDEON 2nd interim analysis: 
OS by Child-Pugh (A)  and BCLC (B) status at study entry

C-P A (<7) (n=984), 
median (95% CI) 312
(284, 341) days
10.3 months

C-P B (7-9) (n=376), 
median (95% CI) 147
(126, 189) days
4.8 months

C-P C (>9) (n=36), 
median (95% CI) 62
(46, 94) days
2.0 months
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Field practice - GIDEON study: 
Safety profile as per 2nd interim analysis

• Disease progression, AE, and deterioration of general condition are major 
reasons for discontinuation of sorafenib

• Median time from initial diagnosis to Sor initiation was longer in Japan (30 
mos) than in other regions (1-3 mos), as was median time from diagnosis to 
death (100 mos, Japan; 16-37 mos, other regions). 

• Regional variations in Sor use were observed. The US and Japan had the 
lowest median daily doses and the most dose modifications. 

• AE profiles were comparable between subgroups of Child-Pugh status. 

• A lower initial sorafenib dose of 400 mg/day did not appear to alter AE profiles 
compared with an initial dose of 800 mg/day. AEs that required 
discontinuation of sorafenib were various, with a relatively low incidence for 
each AE in the overall population

Marrero JA, et al. J Clin Oncol. 2011;29(suppl): Abstract 4001.





Kaplan-Meier (stair-step line) and estimated (smooth line) survival curves of patients treated 
with full-dose (solid line) or dose-adjusted (dashed line) sorafenib, according to BCLC stage: 

(A) entire population (BCLC B and C together); (B) BCLC B stage; (C) BCLC C stage.

Camma C et al, Hepatology 2013



Cost-effectiveness of sorafenib for HCC

� Full-dose sorafenib was not cost-effective in the entire cohort of 
intermediate/advanced HCC patients.

� Dose-adjusted sorafenib is cost-effective in patients with 
advanced HCC  but not in those with intermediate;advanced HCC  but not in those with intermediate;

� Dose-adjusted sorafenib should be taken into account also  in 
the adjuvant setting after resection/ablation or after TACE and 
for the design of future comparative trials versus novel targeted 
therapies.

Camma C et al, Hepatology 2013



Molecularly Targeted Therapy for HCC

Modified from Siegel et al, Hepatology 52:360-369, 2010



Phase III trials of first-line therapy 
in advanced HCC

Study Phase Experimental arm Comparator Patient population

NCT00858871 
(BRISK FL)

III Brivanib Sorafenib Child Pugh A, ECOG 0–1FAILED

Phase III trials of second-line therapy  
in advanced HCC 

Study Phase Experimental arm Comparator arm Patient population 

NCT01035229 
(EVOLVE-1) III Everolimus + BSC Placebo + BSC 

Pts who have progressed or are intolerant 
to sorafenib therapy,  

ECOG PS 0–2, Child-Pugh A 

NCT00825955 
(BRISK-PS) III Brivanib Placebo 

Pts who have failed ≥14 days of sorafenib, 
ECOG PS 0–2,  

Child-Pugh A-B7 

Asian pts who have progressed or are 

FAILED 

NCT01009593 III Linifanib (ABT–869) Sorafenib Child Pugh A, ECOG 0–1

NCT00901901
(SEARCH)

III Erlotinib + sorafenib Sorafenib Child Pugh A, ECOG 0–1

NCT00699374
III Sunitinib Sorafenib Child Pugh A, ECOG 0–1

www.clinicaltrials.gov

FAILED

FAILED

FAILED

www.clinicaltrials.gov 

NCT01108705 
(BRISK-APS) III Brivanib + BSC Placebo + BSC 

Asian pts who have progressed or are 
intolerant to sorafenib therapy, ECOG PS 

0–2, Child-Pugh A-B7 

NCT01140347 
(REACH) III Ramucirumab + BSC Placebo + BSC 

Pts who have progressed or are intolerant 
to sorafenib therapy, ECOG PS 0–1, Child-

Pugh A 

NCT01287585 III 
ADI-PEG [ADI-PEG 20 (arginine 

deiminase formulated with 
polyethylene glycol)] + BSC 

Placebo + BSC 
Pts who have progressed or are intolerant 
to sorafenib therapy, ECOG PS 0–2, Child-

Pugh A 



Molecular Therapies (Including TKIs, mAbs, and Oligonucleotide 
Antisense) Currently Under Evaluation in HCC

Villanueva and Llovet, 2011



The Role of MET in Oncogenesis

HGF binding
antagonists

HGF

Paracrine
ligand

Autocrine
ligand Signaling

mode

Receptor
overexpression

or mutation

Tyrosine
kinase

inhibitors
pY1349Intervention

Rilotumumab: 
binds to HGF, 

blocks receptor 
binding

Onartuzumab 
(MetMAb): binds 
to MET, blocks 
HGF binding

HGF

Peruzzi B, et al. Clin Cancer Res. 2006;12:3657-3660.

c-MET

pY1349

pY1356 SH2

Receptor/effector
antagonists

Effectors: Grb2
and others

Intervention
strategies

Pathway
impactMotility

Invasion
metastasis

Matrix
remodeling

Survival
proliferation

Tumor
progression

Cabozantinib, 
tivantinib, foretinib, 

crizotinib, 
JNJ38877605, MK2461, 

MP470, 
PF-04217903: 

small-molecule MET 
kinase inhibitors



MET-high subgroup MET-high subgroup

Santoro  et al. , Lancet Oncology 2013



MET-High patient
on Tivantinib

MET-High patient
on Placebo

MET-Low patient 
on Placebo

Liver histochemistry for c-met

OS 16.49 mos
(censored = pt still alive as of April 

2012)

OS 2.69 mos OS 9 mos

Courtesy of G. Abbadessa, Arqule
Santoro et al. Lancet Oncology 2013



Conclusions

1. HCC is a inflammatory tumor with an extremely 
heterogeneous molecular background

2. Inhibition of single pathways is associated with a  
positive therapeutic result only in case of strong hyper-
expression of that pathwayexpression of that pathway

3. Molecular characteristics are dynamic and can change 
during course of disease

1. This means that the targeted therapeutic approach has 
to be complex and adapted to changing conditions of the 
tumoral micro-environment.
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Advanced Disease:
Chemotherapy Historically Disappointing

• Difficult to give chemotherapy with liver compromise

• Overexpression of MDR-1 gene

• Targets until now have been poorly defined



Forest plot showing the associations of the overall survival (OS) between TACE alone group and 
sorafenib combined with TACE group for patients with unresctable HCC.

Liu L, Chen H, Wang M, Zhao Y, et al. (2014) Combination Therapy of Sorafenib and TACE for Unresectable HCC: A Systematic Review
and Meta-Analysis. PLoS ONE 9(3): e91124. doi:10.1371/journal.pone.0091124
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0091124



Forest plot showing the associations of the time to progression (TTP) between TACE alone 
group and sorafenib combined with TACE group for patients with unresctable HCC.

Liu L, Chen H, Wang M, Zhao Y, et al. (2014) Combination Therapy of Sorafenib and TACE for Unresectable HCC: A Systematic Review
and Meta-Analysis. PLoS ONE 9(3): e91124. doi:10.1371/journal.pone.0091124
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0091124






