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Molecular Therapies and Precision Medicine:
Integreative Immunological Classification for HCC
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Molecular Targeted Therapies for HCC 
and Their Targeted Signalling Pathways



Timeline of Targeted Therapies that Succeeded and Failed 
in Phase 3 RCTs of HCC

Pinter M and Peck-Radosavljevic M, Aliment Pharmaco Ther, 2018
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 First line therapy other than Sorafenib

 Lenvatinib

 Second line therapy

 Regorafenib

 Cabozantinib

 Ramacirumab

 Nivolumab
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Molecular Targeted Therapies for HCC
Their Target Signalling Pathways

Modified from: Llovet JM et al, Nat Rev Clin Oncol 2015

Brivanib

Linifanib
Sunitinib

Lenvantinib



Ikeda K et al, J Gastroenterol 2017

Median TTP was 7.4 months as assessed by an 
IRRC according to mRECIST criteria Median OS was 18.7 months. 

46 pts, Japan 94%, CPT-A 98%; ECOG-PS 0 83%; PVI 11%; MTX 46%; BCLC-C 59%, 
prior SOR 13%.  

Phase 2 study of Lenvatinib (12mg) in Patients with 
Advanced Hepatocellular Carcinoma



Phase 2 study of Lenvatinib (12mg) in Patients with 
Advanced Hepatocellular Carcinoma

Ikeda K et al, J Gastroenterol 2017

Dose reduction occurred frequently and early 
in the course of treatment: 74% pts required a 
dose reduction and 10% withdrawal due to AEs

Hepatic encephalopathy was the most common SAE (5 pts, 11%)



Phase 3 Trial Lenvatinib vs Sorafenib in First-Line 
Treatment of Patients with Unresectable HCC 

Multicenter Open-Label Non inferiority: Efficacy and Safety
Primary Outcome: Overall survival

Secondary Outcomes: PFS, TTP, ORR, HRQoL, Plasma PK Lenvatinib

Modified from: ClinicalTrials.gov, access Dec2017

Treatment 
continued until 
PD, death, or 
unacceptable 

toxicity



Kudo  M et al, Lancet 2018

Lenvantinib vs Sorafenib in First-Line Treatment of Patients 
with Advanced HCC: Phase 3 Non-Inferiority trial



Lenvantinib vs Sorafenib in First-Line Treatment of Patients 
with Advanced HCC: Overall Survival Outcomes

Kudo  M et al, Lancet 2018



Lenvantinib vs Sorafenib in First-Line Treatment of Patients 
with Advanced HCC: Progression-Free Survival Outcomes

Kudo  M et al, Lancet 2018



Lenvantinib vs Sorafenib in First-Line Treatment of Patients 
with Advanced HCC: Efficacy Measures

Kudo  M et al, Lancet 2018



Kudo  M et al, Lancet 2018

Phase 3 trial Lenvatinib vs Sorafenib in First-Line 
Treatment of Patients with Unresectable HCC 
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Molecular Targeted Therapies for HCC
Their Target Signalling Pathways

Modified form: Llovet JM et al, Nat Rev Clin Oncol 2015

Regorafenib



Regorafenib as Second-Line Treatment in Advanced HCC:
Open-Label Phase 2 Study

OS: 13.8 mos (95% C.I. 9.3-18.3)

Bruix J, et al. Eur J Cancer, 2013



Regorafenib as Second-Line Treatment in Advanced HCC:
Drug-Related Adverse Events: Phase 2 Study

Bruix J, et al. Eur J Cancer, 2013



Phase 3 RESORCE: Regorafenib in HCC After 
Progression on Sorafenib 

Randomized, double-blind phase III trial

Pts with BCLC stage B or C 

HCC; documented PD on 

sorafenib ≥ 20 days at ≥ 

400 mg/day; Child-Pugh A 

liver function; 

ECOG PS 0-1

(N = 573) 

Regorafenib + BSC
160 mg PO daily Wks 1-3

(n = 379)

Placebo + BSC
PO daily Wks 1-3

(n = 194)

Randomized 2:1

All pts treated 
until PD, death, or 

unacceptable 
toxicity

4-wk cycles

Bruix J, et al. ESMO GI 2016 (abstract LBA-03) and Lancet Published online December 5, 2016

Primary endpoint: OS (ITT)
Secondary endpoints: PFS, TTP, RR, DCR

In Phase II trial, the median OS was 13.8 months, and the efficacy was mainly 
based on disease stabilization with a disease control rate of 72%.



Regorafenib as Second-Line Treatment in Advanced HCC:
RESORCE Phase 3 trial

Bruix J, et al. Lancet 2016



38% reduction in risk of death (HR: 0.62; 95% CI: 0.50-0.78; p < .001)

RESORCE Efficacy 
of Regorafenib vs Placebo: OS

Bruix J, et al. Lancet 2016

Endpoint Regorafenib 
(n = 379)

Placebo 
(n = 194)

Median OS, mos 10.6 7.8

ORR: 11% vs 4% (p=0.0047)



Endpoint Regorafenib 
(n = 379)

Placebo 
(n = 194)

Median DFS, mos 3.1 1.5

RESORCE
Efficacy of Regorafenib vs Placebo: DFS

Bruix J, et al. Lancet 2016



RESORCE
Tumor Response Regorafenib vs Placebo

Bruix J, et al. Lancet 2016



RESORCE
Treatment-Emergent Drug-Related Adverse Events

Bruix J, et al. Lancet 2016



Outline 

 First line therapy other than Sorafenib

 Lenvatinib

 Second line therapy

 Regorafenib

 Cabozantinib

 Ramacirumab

 Nivolumab



Molecular Targeted Therapies for HCC
Their Target Signalling Pathways

Modified form: Llovet JM et al, Nat Rev Clin Oncol 2015

Tivantinib
Cabozantinib
Tepotinib
Capmatinib



Cabozantinib in HCC: Phase 2 Placebo-Controlled 
Randomized Discontinuation Study

 The primary end point of the lead-in stage was objective response

rate (ORR) at week 12.

 The primary end point of the randomized stage was progression-free 

survival (PFS). 

Kelley RK et al  Annals of Oncology 2017

The RDT enrolled 526 patients across nine tumor-type cohorts. 41 patients with HCC 

enrolled from the US, Belgium, and Taiwan 



Cabozantinib in HCC: Phase 2 Placebo-Controlled 
Randomized Discontinuation Study

The week 12 ORR was 5%

22 (54%) patients with SD at week12 were randomized.

Median PFS was 2.5 mos with cabozantinib and 1.4 mos with placebo, ns. 

Kelley RK et al  Annals of Oncology 2017

The week 12 DCR was 66%



Cabozantinib in HCC: Phase 2 Placebo-Controlled 
Randomized Discontinuation Study

Kelley RK et al  Annals of Oncology 2017

Starting daily dose 100 mg.

Dose reductions in 59% for AEs.

The median average daily dose 

was 66 mg/day

Median time to first dose 

reduction 39.5 days.

Even with dose reductions, 

patients maintained disease 

control as shown by the high 

DCR at week 12.

Starting dose in Phase 3 Trial
60 mg daily



Cabozantinib in HCC: Phase 3 Randomized Double-Blind 
Placebo-Controlled Trial

Primary endpoint: OS 
Secondary endpoints: ORR, PFS
Exploratory endpoints: patient-reported outcomes, biomarkers and safety.

Assumed median OS of 8.2 months for the placebo arm.

A total of 621 events provide the study with 90% power to detect a 32% increase in OS

(HR = 0.76). Two interim analyses were planned to be conducted at 50% and 75% of the 

planned events.

760 pts with HCC, not 

amenable to a curative tx

PD following ≤2 systemic 

treatment, including SOR

Child-Pugh A

ECOG PS 0-1

BCLC B/C

≥1 target lesion by mRECIST

Cabozantinib + BSC
60 mg PO daily

Placebo + BSC
PO daily

R
an

do
m

iz
ed

 2
:1

All pts treated
until PD, death, or 

unacceptable 
toxicity

Stratification

Etiology (HCV HBV other

Geographical region 

(Asia-Pacific vs Other)

Presence of MVI and/or 

MTX (yes/no)

Modified from: ClinicalTrials.gov, access Dec2017



Cabozantinib in Patients with Advanced and Progressing
Hepatocellular Carcinoma: CELESTIAL Study 

Abou-Alfa GK et al, N Engl J Med, 2018



Overall Survival and Progression-Free Survival: 
CELESTIAL Study 

Abou-Alfa GK et al, N Engl J Med, 2018



Adverse Events: CELESTIAL Study

Modified from Abou-Alfa GK et al, N Engl J Med, 2018
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Molecular Targeted Therapies for HCC
Their Target Signalling Pathways

Modified form: Llovet JM et al, Nat Rev Clin Oncol 2015



Ramucirumab as Second-Line Treatment in Advanced HCC:
Adverse Events: CELESTIAL Study

Zhu AX et al, JAMA Oncol, 2017



Ramucirumab as Second-Line Treatment in Advanced HCC:
Subanalysis according to C-P Score and Serum AFP Value

Overall survival for all randomized patients
in Child-Pugh A5 

Overall survival for all randomized patients
in Child-Pugh A5 and AFP > 400ng/ml 

Zhu AX et al, JAMA Oncol, 2017



Overall survival for all randomized patients
in Child-Pugh A6 

Overall survival for all randomized patients
in Child-Pugh A6 and AFP > 400ng/ml 

Ramucirumab as Second-Line Treatment in Advanced HCC:
Subanalysis According to C-P Score and Serum AFP Value

Zhu AX et al, JAMA Oncol, 2017
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Shih K et al. Drugs. 2014;74(17):1993-2013. 2. Trojan J, Waidmann O. J Hepatol 2016;3:31-36

Immune checkpoints: co-inhibitory molecules that interrupt the  immune
response to avoid over-activation of T cells 

How the Immune System Is Unleashed 
by Check-point Inhibitors



 HBV and HCV infections are associated with manifestations of immune

suppression, including upregulation of programmed death-1 (PD-1) receptor,

T-cell exhaustion, and spontaneous apoptosis of immune cells.

 Blockade of the cytotoxic T-lymphocyte antigen-4 receptor by monoclonal

antibodies has shown encouraging activity in patients with HCC and HCV

infection.

 Nivolumab is a fully human IgG4 monoclonal antibody to the PD-1 receptor,

blocking the interaction with PD-L1/PD-L2 and restoring T-cell–mediated

antitumor activity

Immune Check-point Inibition by Nivolumab

Modified from: Topalian SL et aal, N Engl J Med 2012; El-Khoueiry AB, et al. 2016 ASCO Annual Meeting 



El-Khoueiry AB, et al. Lancet 2017

Nivolumab in Advanced HCC: Open-Label, Non-Comparative, 
Phase 1/2 Dose Escalation and Expansion Trial

Patients received intravenous nivolumab every 2 weeks.



El-Khoueiry AB, et al. Lancet 2017

Nivolumab in Advanced HCC: Open-Label, Non-Comparative, 
Phase 1/2 Dose Escalation and Expansion Trial



El-Khoueiry AB, et al. Lancet 2017

Nivolumab in Advanced HCC: Open-Label, Non-Comparative, 
Phase 1/2 Dose Escalation and Expansion Trial

Safety and tolerability of nivolumab in the dose-escalation phase



El-Khoueiry AB, et al. Lancet 2017 and Crocenzi TS et al, J Clin Oncol. 2017;35(suppl). 

Nivolumab in Advanced HCC: Open-Label, Non-Comparative, 
Phase 1/2 Dose Escalation and Expansion Trial

Nivolumab efficacy in the dose-expansion phase

This signs of efficacy were consistent with the more recently reported median OS of 
28.6 months (95%CI 16.6–NE) in the population naive to sorafenib, and 15.6 months 
(95%CI 13.2–18.9) in the much larger population exposed to sorafenib (90% 
sorafenib progressors). 



El-Khoueiry AB, et al. Lancet 2017

Nivolumab in Advanced HCC: Open-Label, Non-Comparative, 
Phase 1/2 dose Escalation and Expansion Trial

ORR occurred in this study regardless of
PD-L1 expression on tumour cells (1% of
tumour cells expressing PD-L1 as cutoff).



Llovet JM et al, Nat Rev Clin Oncol, 2018

Treatment Strategy for Advanced HCC



Next Step: Targeted Therapy Combination

Llovet JM et al, Nat Rev Clin Oncol, 2018



Llovet et al Nat Genetic Rev  2016

 Improving pre-clinical testing of novel drugs (oncogenic addiction loop, 

oncogenic drivers, signaling pathways),combo and adjuvant therapy.

 Expanding 2nd line therapies beyond patients who tolerate sorafenib .

 Biomarkers to predict treatment response and early detection.

 Integrating cost-benefit and QoL analysis in clinical trials.

Challenges Remain





Dose finding of Lenvatinib in Subjects with Advanced 
HCC Based on Population Pharmacokinetic and 

Exposure-Response Analysis

Tamai T et al, J Clin Pharmacol 2017



Tamai T et al J Clin Pharmacol 2017

Dose finding of Lenvatinib in subjects with advanced 
HCC based on population pharmacokinetic and 

exposure-response analysis



Up to 2 interim analyses were planned:

 IA #1 (planned at 50% information fraction)

Data cut-off Jun 15, 2016

Included 51.7% of total required deaths

IDMC recommended study proceed without modification

 IA #2 (planned at 75% information fraction)

Data cut-off Jun 1, 2017

Included 78% of total required deaths

IDMC recommended study stop for efficacy

CELESTIAL Phase 3 Study:
Overall Survival Analyses

Modified from: ClinicalTrials.gov, access Dec2017 and Press release, 16 Oct 2017

Global phase 3 CELESTIAL trial met its primary endpoint of OS, with

cabozantinib providing a statistically significant and clinically meaningful

improvement in median OS vs placebo in patients with advanced HCC.



Time to response and duration of response

El-Khoueiry AB, et al. Lancet 2017

Nivolumab in Advanced HCC: Open-Label, Non-Comparative, 
Phase 1/2 Dose Escalation and Expansion Trial



The FDA has granted an accelerated approval to nivolumab for the treatment 

of patients with HCC following prior sorafenib, regardless of PD-L1 status.

The approval is based on 154 patients enrolled in the phase I/II CheckMate-

040 trial, in which the overall response rate (ORR) by blinded independent 

central review (BICR) was 18.2% per mRECIST criteria for patients who had 

previously been treated with sorafenib. Additionally, 3.2% of patients 

experienced a complete response. The ORR by RECIST 1.1 was 14.3% with 

nivolumab and the response duration ranged from 3.2 to 38.2+ months.

A phase III randomized trial of nivolumab versus sorafenib has been launched 

in the frontline setting, with an enrollment goal of 726 patients. The estimated 

primary completion date is October 2018 (NCT02576509).

Nivolumab in Advanced HCC
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