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Epidemiology of Liver Cancer

Villanueva et al. NEJM 2019



Reig et al, Journal of Hepatology 2022



Sorafenib: Median OS: 10.7 mo 
Placebo: Median OS: 7.9 mo 

Hazard ratio (S/P): 0.69 (95% CI: 0.55, 0.87). 
P = 0.00058*

Llovet et al, NEJM 2008

Sorafenib: First systemic treatment for HCC



Management of advanced HCC

First Line: 1. Sorafenib vs. Placebo ● Positive
2. Sorafenib +/- Erlotinib
3. Sorafenib vs. Brivanib ● Non-inferior
4. Sorafenib vs. Sunitinib
5. Sorafenib vs. Linifanib
6. Sorafenib +/- Doxorubicin
7. Sorafenib vs. Lenvatinib
8. Sorafenib vs. Y90
9. Sorafenib vs. Nivolumab

Second Line: 1. Brivanib vs. Placebo
2. Everolimus vs. Placebo
3. Ramucirumab vs. Placebo (AFP > 400 ng/mL)
4. Regorafenib vs. Placebo
5. Tivantinib vs. Placebo
6. Cabozantinib vs. Placebo
7. Pembrolizumab vs. Placebo



REFLECT: First line treatment: Lenvatinib

Kudo et al, Lancet 2018



RESORCE trial: Phase III Regorafenib 2nd line

Bruix et al, Lancet 2017

Outcome Regorafenib (n = 379) Placebo (n = 194) HR p-value
Median OS 10.6 mo 7.8 mo 0.63 < 0.0001

Eligibility (n = 573) 
• Patients with HCC 
• Progression on Sorafenib 
• Chile-Pugh A liver 

function

Regorafenib 160 mg/d 
(n = 379)

Placebo 
(n = 194)

R

2:1



Celestial Trial: Cabozantinib 2nd line

Abou Alfa et al, NEJM 2018

Unresectable HCC 
Child-Pugh A 
ECOG PS ≤ 1 
Received prior Sorafenib 
Received up to two prior 
systemic regimens for HCC 
and progressed following at 
least one

Cabozantinib 
60 mg PO qd

Placebo 
PO qd

R

2:1

Outcome Cabozantinib (n = 470) Placebo (n = 237) HR p-value
mOS, mo (95% CI) 10.2 (9.1, 12.0) 8.0 (6.8, 9.4) 0.76 0.005

mPFS, mo (95% CI) 5.2 (4.0, 5.5) 1.9 (1.9, 1.9) 0.44 < 0.001

ORR, n (%) 18 (4) 1 (< 1) 0.009



REACH 2: Ramucirumab AFP  400 ng/mL≥

Zhu et al, Lancet Oncology 2019

Pts with advanced HCC 
Child-Pugh A 
BCLC B/C 
ECOG PS 0-1 
Progression on or 
intolerance to Sorafenib 
No other systemic therapy 
Baseline AFP ≥ 400 ng/mL 
(Planned n = 399)

Ramucirumab + BSC 
800 mg/kg IV Q2W

Placebo + BSC 
IV Q2W

R

2:1

Primary endpoint: OS

Ramucirumab (n = 197) Placebo (n = 95) Δ
Median, months 8.5 7.3 1.2

HR (95% CI); p-value 0.710 (0.531, 0.949); 0.0199



Immune checkpoint therapy

Abril-Rodriguez et al, Cancer Cell 2017 
Ribas et al, Science 2018



Phase II trial: Nivolumab – CheckMate 040

El-Khoueiry, Lancet 2017



Phase III: Pembrolizumab vs. placebo 
KEYNOTE-240

Finn et al, J. Clin Oncol. 2020



Fujiwara et al. Cancer drug resist 2020

Mechanism of resistance to ICI



Sia et al, Gastroenterology 2017
Bassaganyas et al, Clinical Cancer Research 2020

Response/resistance to ICI 



VEGF + checkpoint inhibitors

Sharma et al, Science 2018 
Fukumura et al, Nat Review Clin Oncology 2018

VEGF inhibitors in HCC 
Bevacizumab Sorafenib, 
Ienvatinib Regorafenib, 

Cabozantinib Ramucirumab



Finn et al. NEJM 2020

Finn et al. NEJM 2020

IMbrave150 trial



Safety





LEAP-002: Phase III Lenvatinib +Pembrolizumab

Finn et al. Ann Oncol 2022



Yang et al. Nature Reviews Gastroenterology and Hepatology 2022

Therapeutic landscape of advanced HCC



 Proposed Treatment Algorithm for Advanced HCC

Cappuyns et al. JAMA Oncol 2023



Reig et al, Journal of Hepatology 2022



STORM: Adjuvant therapy post resection in HCC

Bruix et al, Lancet Oncol 2015



Llovet et al, Nat Review Clinic Oncol 2022



IMBRAVE 050

Chow et al. AACR meeting. April 2023

RFS Atezolizumab + Bevacizumab vs. 
placebo (HR: 0.72, p = 0.01) 

High-risk population: 
• Micro/macro VI 
• Poor differentiation 

• Single > 5 cm 
• > 3 tumors



For the patient: 

• Lower tumor burden - better response rates?  

• Smaller tumors à less heterogeneity  

• Earlier stage (and smaller tumors) à better immune fitness 

• Downstage 

For research purposes:  

• Define mechanism of action/resistance 

• Define biomarkers (responders vs non responders) 

• Smaller trials 

• Propose rational combinatorial approaches

Neoadjuvant trials may elucidate intratumoral IO effect

2-6 weeks therapy

Higher chance for “cure” with IO

Help cure MORE people



TCI neoadjuvant Cemiplimab trial

Marron et al. Lancet Gastroenterology and Hepatology 2021



Reig et al, Journal of Hepatology 2022



Solid organ transplant recipients treated with ICI

n = 29, 14/29 kidney, 11/29 liver, 3/29 heart, 1 cornea 
Graft loss/acute rejection: 45%

Age Gende
r

Immune-
suppression

Years 
after LT Doses Graft 

outcome
Pathology of  

graft
Treatment of  

rejection
Outcome of  

cancer Overall outcome

20 M Sirolimus 3 Nivo, 2 Loss of 
function

Cellular/AB mediated 
rejection Prednisone, IVIG N/A Death after 5 weeks

14 M Tacrolimus 3 Nivo, 1 Loss of 
function

Cellular/AB mediated 
rejection Prednisone N/A Death after 4 weeks

53 F Everolimus 3 Nivo, 1 Loss of 
function Cellular Steroids Progression Death after 4 weeks

41 M Tacrolimus 1 Nivo, 15 No rejection N/A N/A Progression Death > 7 mo

57 M Tacrolimus 4 Pembro 
x10 No rejection N/A N/A Radiologic 

resolution Alive at 10 mo

Gassmann et al. Transplantation direct 2018



• Proof-of concept study 2018-2021 
• Analyze the safety of nivolumab/bevacizumab in 22 patients HCC recurrence post LT, progressed on sorafenib therapy.  
• Nivolumab 2 infusionsà Atezo/Bevacizumab  
• Unsuitable for nivolumab/ bevacizumab à regorafenib 

• 18 % best supportive care, 81% sorafenib 
• N=12 regorafenib, n=1 nivo, n=4 Nivo/Bev (AE: moderate rejection, ALT increase, proteinuria) 

• OS from the initiation of sorafenib has been  
• 26.5±10.4 for patients on nivolumab/bevacizumab  
• 9.5±5.5 for those on regorafenib (p=0.02) 

Feasibility, safety, and outcome of second-line nivolumab/bevacizumab in 
liver transplant patients with recurrent hepatocellular carcinoma 

DiMarco et al. Liver Transplantation 2023



Immunotherapy and liver transplant

No major complications 
No major rejection 

50% out of MC 
> 90 % major pathologic necrosis

Tabrizian et al. AJT 2020

ITT survival 
3-yr 75%

• Heterogeneous 
• Case series/reports 
• ICI type and washout period 
• Lack of biopsy 
• Immunosuppression



DownstagedDiagnosis Listing Time Transplant

Patient selection: 
• High risk 
• High tumor burden 
• AFP 
• Number LRT 
• Long wait list 
• Downstaging/all comers 
• Underlying liver disease?

• Choice of IO 
• Observation period 
• Washout period 
• Living donor?

• Choice of Immunosuppression 
• Induction therapy?

• Risk of Rejection and management 
• Adjuvant use?



Future directions

Trial NCT Phase Treatment arms Endpoint Adjuvant N=

Neoadjuvant pre LT

PLENTY202001 NCT04425226 Phase 2 Pembro/Len RFS No 192

NCT05185505 Phase 2 Atezo/Bev Feasibility 
% rejection No 24

NCT05027425 Phase 2 Durva/Tremi 30d rejection rate No 30

NCT04443322 NA Durva/Len PFS/RFS No 20



Gene expression signature

Beaufrere et al, J hep 2022



Tumor Mutational Burden (TMB); defective MisMatch Repair (dMMR); MicroSatellite Instability (MSI); β-MicroSeminoProtein 
(MSP); T-cell inflamed Gene Expression Profile (GEP); Tumor Immune Dysfunction and Exclusion gene signature (TIDE); 

Melanocytic Plasticity Signature (MPS); B-cell focused gene signature



Selected ongoing phase I–III trials for advanced HCC



Selected ongoing phase I–III trials for advanced HCC

Llovet et al, Nature Cancer 2022



Summary
• Criteria of LT for HCC continues to evolve 

• Include surrogates of biological behavior into decision-making 
• Ongoing research to develop better biomarkers 
• Liquid biopsy, gene expression, imaging 

• Systemic therapies are game changersà Controlled clinical trial in transplant 
oncology 

• What is the upper limit ? 

• What is an acceptable survival rate? 

• Should LDLT be used? 

• ICI pre transplantation?



Thank you


