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A growing interest in immunotherapy and HCC

Pubmed hits for 
“hepatocellular AND immune”
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HCC – an inflammation associated cancer?
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Hepatitis B vaccination prevents HCC Transaminases and HCC

Chen et al. (2011) Gastroenterology 141:1240–1248
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Immune correlatives correlate with outcome in HCC

Wada et al, Hepatology (1998) 27:407
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NASH controls adaptive immune 
responses during hepatocarcinogenesis

Ma et al. (2016) Nature 531:253



modified from Cohen et al. (2011) Science; 332: 1519–23 

NASH - HCC



Shachaf et al. (2004) Nature; 431: 1112–7 

LAP-tTA/TRE-MYC

Doxycycline

HCC

MYC transgenic HCC mouse model
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CD4+ T cells die upon co-culture with hepatocytes from 
mice with NAFLD 
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CD4+ T cells die upon co-culture with hepatocytes from 
mice with NAFLD 
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N-acetyl cystein treatment prevents CD4+ T cell loss
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N-acetyl cystein treatment prevents CD4+ T cell loss
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NAFLD causes selective CD4+ T lymphocyte loss and 
promotes hepatocarcinogenesis

C18:2

CD4+ T cell

ROS

Apoptosis

Tumor growth

CPT1

Mitochondria

HCC

NAFLD

Ma et al. (2016) Nature 531:253



Immunotherapy Trials in HCC
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Type of treatment

Cytokine treatment (Ifn and GM-CSF)

Cell based treatment

Antibody treatment

Vaccines

No. of studies

32

15

8

4

No. of patients

1496

340

316

48

Greten et al. (2006) J.Hepatol. 45:868-78



Enhancement of Anti-Tumor Immunity by CTLA4 Blockade

Leach (1996) Science 271:1734



Treatment of Cancer with Immune Checkpoint Inhibitors 
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Modified from Litman (2015) Cell 162:1186 

AntigenPD-L1

X
Anti-PD1

Modified from Litman (2015) Cell 162:1186 

Immune checkpoint inhibitors



Antiviral and Antitumoral Effects of the Anti-CTLA4 Agent

Sangro et al. (2013) J.Hepatol 59:81-88

Disease control rate:76.4%

PR
3 pts

SD
10 pts

PD
4pts

3.6 mo
9.2 mo
15.8 mo

T cell responses



HCC Management

Llovet, Ducreux, Lencioni; Di Bisceglie; Galle; Dufour; Greten; Raymond; Roskams; De Baere; Mazzaferro., J.Hepatology (2012) 56:908

Early Stage
Single or 3 nodules ≤ 3cm, PS 0

Intermediate  Stage (B)
Multinodular, PS 0

Advanced Stage
Portal invasion, N1,M1, PS 1-2

Median OS > 60 mo; 5yr survival: 40-70%

Single

PVP / bilirubin

Increased

Normal

Associated disease

No Yes

Terminal
Stage

PST 0, Child-Pugh A PST >2, Child-Pugh C

Target: 20%; 
OS 20 mo

Very Early Stage
Single ≤ 2 cm

HCC

3 nodules ≤3 cm

PST 0-2, Child-Pugh A-B

Resection Liver transplantation
(CLT/LDLT) RF/PEI TACE Sorafenib BSC

Target: 40%; 
OS 11 mo

Target: 10%; 
OS <3 mo

Palliative TreatmentCurative Treatment (30-40%)



Immunological Effects of Ablative Therapies

Dendritic cell 

T cell 
Granulocytes 

Lymph node 

Tumor antigen 

Blood vessel NK cell 

Embolization 

Ablation 

Radiation 

T cell priming (systemic) 

• Protein denaturation 
• Cell membrane collapse 
• Mitochondrial dysfunction 
• Halt in enzyme function 
• SOS pathway induction 
• Release of heat shock proteins 
• Hyaluronic acids 
• Cytokine release (IL-1, IL-6,TNF-)
• Chemokines 
• PDL1 expression 

Local effects 

Adopted from Chu et al  NatRevCan (2014) 



Apoptotic/necrotic tumor cell death



Irradiated vs freeze/thawed tumor cell vaccines

Tumor vaccination Tumor challenge

Tumor free survival analysis
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Irradiated vs freeze/thawed tumor cell vaccines

Tumor vaccination Tumor challenge

Tumor free survival analysis
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Combined radiofrequency ablation and TLR 9 stimulation 
in the rabbit VX2 hepatoma model

Intrahepatic tumor 
implantation

+/- CpG weekly (s.c.)

days     0                                                    up to 120 
days RFA

US +
randomization

Tumor growth and survival

Behm (2016) Gut 65:134-143 



Mizukoshi (2013) Hepatology 57:1448-1457 

Enhancement of tumor-associated antigen-specific 
T cell responses by RFA correlates with better survival
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Ayaru et al. (2007) J.Immunol 178:1914-22

TACE induced CD4 T cell responses are associated with 
better clinical outcome
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A phase I/II proof of concept study 
evaluating combined locoregional therapy + 

anti-CTLA4 (tremelimumab) in HCC

Duffy, ..., Greten J. Hepatology 2016 in press



Greten et al. (2013) Clinical Cancer Research 19:6678-85



A Pilot Study of Tremelimumab – A monoclonal antibody against 
CTLA-4 – in combination with ablation in patients with HCC

Tremelimumab q4-wks times 6 

Day 36: 
Tumorablation (TACE/RFA/Cryo) 

Tremelimumab q3 monthly until PD 

DLT period: 8 wks  

RFA TACE 

Trial design



A Pilot Study of Tremelimumab – A monoclonal antibody against 
CTLA-4 – in combination with ablation in patients with HCC

Inclusion criteria

Biopsy-proven HCC [Childs Pugh A/B7; BCLC Stage (B)/C; ECOG 0/1]

Post-sorafenib

Tumor biopsies performed at the time of the radiologic procedure. 

Restaging CT /MRI scan every 8 weeks to evaluate TTP in non-TACE/RF lesion. 



All(*)

Number of target 
lesions

1 5
2 3
3-5 12
>5 8

Extrahepatic disease
Yes 14 (2/10/2*)
No 17 (4/4/9)

Prior sorafenib
Yes/no 21/7
D/C’d due to 
PD/intolerant
Other systemic 
therapies

18/3
9

Other previous interventions
TACE 11
Surgery 5
Ablation 5

Reason for discontinuation
Progressive 
disease

(5/12/3

Toxicity (1/2/1)

All(*)

Number 32 (6/14/12)
Age

Median (range) 61 (36-76)
Sex

Male 28 (4/13/11)
Female 4 (2/1/1)

ECOG
0 8
1 24

Liver Cirrhosis
Yes 22 (3/11/8)
No 9 (3/2/4)

Cause of Liver disease
HBV 5 (2/1/2)
HCV 19 (3/11/5)

Baseline Child 
Pugh Score

5 14 (2/6/6)
6 5 (1/3/1)
7 3 (-/2/1)

Patient Characteristics



3.5mg/kg (N=6), n 10mg/kg (N=26), n All patients (N=32), n
Toxicity ≥ grade 2 grades 3-4 ≥ grade 2 grades 3-4 ≥ grade 2 grades 3-4

Hyperbilirubinemia 2 1 5 2 7 3
Aspartate aminotransferase 
increased 6 4 5 3 11 7

Alanine aminotransferase increased 1 - 5 3 6 3
Pruritus - - 3 1 3 1
Rash 3 - 2 - 5 -
Pneumonitis 1 - - - 1 -
Colitis - - 2 - 2 -
Angioedema - - - 1 - 1
Thyroid dysfunction - - 1 1 1 1

Adrenal insufficiency - - - 1 - 1

Discontinued due to toxicity* 1/6 3/25 4 (13%)

Adverse Events



Skin Reaction



Mild colitis



Mild colitis



Case 1: 60yr old male; HBV; BCLC B; multifocal HCC s/p RFAx2



Case 1: 60yr old male; HBV; BCLC B; multifocal HCC s/p RFAx2
Baseline 8 weeks

Colitis:
Stopped TX

Area TACE’d

6months



Case 1: 60yr old male; HBV; BCLC B; multifocal HCC s/p RFAx2
Baseline 8 weeks 6months

Area TACE’d
14months



Case 2: 54yr old male; HBV; BCLC C; multifocal HCC s/p 2x part. Hepatectomy, 3x TACE, 
1 x Y-90, sorafenib, GemOx, FOLFOX, Avastin+erlotinib



Case 2: 54yr old male; HBV; BCLC C; multifocal HCC s/p 2x part. Hepatectomy, 3x TACE, 
1 x Y-90, sorafenib, GemOx, FOLFOX, Avastin+erlotinib
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Case 3: 57yr old male; old male; HBV; BCLC B; 3x TACE 
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10.2 cm

6 months

4.8 cm

0 1 2 3 4 5 6
0

20
40
60
80

100

2000

4000

6000

Month

A
FP

 (n
g/

m
l)

pt10

0 1 2 3 4 5 6
0

20
40
60
80

100

2000

4000

6000

Month

A
FP

 (n
g/

m
l)

pt10



Efficacy
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Survival analysis
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Median TTP 6-month TTP 12-month TTP Median OS 6-month 
survival

12-month 
survival

Ablation 
(n= 12) 7.4 months 58.3% 29.2% 10.1 months 75.0% 41.0% 

TACE 
(n= 11) 7.4 months 63.6% 26.5% NR 81.8% 70.1% 

Total 
population 7.4 months 60.9% 25.1% 13.6 months 78.3% 54.0% 

Summary of Efficacy



Viral Immunity

HCV viral load HBsAg

10/12 pts had reduction in HCV viral load (N=7 SD; N=2 PR)
2/2 with no HCV reduction had PD without stability

HCV viral load HBsAg
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Tumor biopsies
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Tumor biopsies
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Immune monitoring
Population Phenotype Population Phenotype 

Treg CD3+CD4+CCR4+CD25+CD127low Central memory CD4+ Tcells CD4+CCR7+CD45RA- 
CD4 CD4+ Naïve CD4+ Tcells CD4+CCR7+CD45RA+ 

CD4+4-1BB+ Effector CD4+ T cells CD4+CCR7-CD45RA+ 
CD4+PD-1+ Effector memory CD4+ Tcells CD4+CCR7-CD45RA- 
CD4+PD-L1+ Central memory CD8+ Tcells CD8+CCR7+CD45RA- 
CD4+TIM3+ Naïve CD8+ Tcells CD8+CCR7+CD45RA+ 
CD4+CTLA4+ Effector CD8+ T cells CD8+CCR7-CD45RA+ 
CD4+ICOS+ Effector memory CD8+ Tcells CD8+CCR7-CD45RA- 
CD4+IL-T2+ Activated CD4+ cells CD3+CD4+CD38+HLADR+ 
CD4+IFNg+ Activated CD8+ cells CD3+CD8+CD38+HLADR+ 
CD4+IL-2+ Th1 cells CD3+CD4+CXCR3+CCR6- 
CD4+TNFa+ Th2 cells CD3+CD4+CXCR3-CCR6- 
CD4+Ki67+ Th17 cells CD3+CD4+CXCR3-CCR6+ 

CD8 CD8+ B cells CD19+ 
CD8+4-1BB+ Naïve B cells CD19+CD27- 
CD8+PD-1+ Plasmablast CD19+CD27+CD20-CD38+ 
CD8+PD-L1+ Monocytes CD19-CD14+ 

CD8+TIM3+ Plasmacytoid DC 
CD19-CD14-CD20-HLADR
+CD123+ 

CD8+CTLA4+ Myeloid DC 
CD19-CD14-CD20-HLADR
+CD11c+ 

CD8+ICOS+ NK cells CD19-CD14-CD20-CD56hi/low 
CD8+IL-T2+ MDSC HLADR-CD14+ 
CD8+IFNg+ CD14-CD15+CD33+CD11b+ 
CD8+IL-2+ CD8+/Treg ratio 
CD8+TNFa+ CD8+/MDSC ratio 
CD8+Ki67+ 



Analysis of peripheral T cells
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Tumor-specific T cell responses
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Summary

Combination of tumor ablation and anti-CTLA4 therapy is feasible.

The treatment is safe.

Immune correlates suggest an activation of tumor virus-specific immune 
responses.

Anti-CTLA4 therapy leads to infiltration of CD8+ T cells in the tumor of 
responding patients.
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A Pilot study of combined anti-CTLA4 + anti-PDL1 in combination
with locoregional therapy in subjects with HCC and CCC

Pl
an

s

anti-CTLA4
anti-PDL1

1              29              57             85              114          142            170

40 HCC
30 CCC untill progression

RFA TACE

anti-PDL1

Biopsy * *

*All patients will receive a baseline biopsy and on treatment biopsy
at the time of procedure; An optimal tumor biopsy 3 will be
requested on day 85.

Imaging 
q8w

PBMC



Treatment # Therapy 
line

Responses Survival

Tremelimumab
30 mg q 3 months

Tremelimumab
10 mg q 28 days
+ Ablation

Nivolumab
3mg/kg

21 3/6/12

BCLC (A/B/C)

Not amenable to 
ablative therapies

TTP 6.48 months
OS 8.2 months

32 -/7/21

3/17 PR 
(3.6, 9.2, 15.8 mo)
76.4% DCR

BCLC 2
Progressed on sorafenib

5/19 PR
84.2% DCR

TTP 7.4 months
OS 12.3 months

206 Sora naïve/tolerant
Progressed on sorafenib

9% ORR
68 of 174 evaluable pts 
(39%) had a decline in tumor 
burden 

6 mo OS: 69%

Immune checkpoint inhibitors in HCC

C

Sangro et al. Hepatol. 2013; Duffy et al J.Hepatol. 2016, Sangro et al. ILCA 2016
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Ongoing and future immunotherapy trials 
in patients with HCC



Ongoing immunotherapy trials in HCC

Immune checkpoint inhibitors

Cytokine activated killer cells

CAR T cells

Antibodies

Oncolytic viruses

Vaccines



Ongoing immunotherapy trials in HCC

Immune checkpoint inhibitors

Cytokine activated killer cells

CAR T cells

Antibodies

Oncolytic viruses

Vaccines

Lee et al. (2015) Gastroenterology 148:1383–1391 

Months

Su
rv

iva
l

Immunotherapy

Control



Glypican 3

Peptide vaccine

Antibody

CAR T cells

Antibody fusion

TCR transduced T cells



Ongoing clinical trials

Treatment

Nivolumab (anti PD1) vs
sora

PexaVecc + sora vs sora

Pembrolizumab (anti-PD1)

MEDI4736 (anti-PDL1+tremelimumab)

#

726

600

408

144

Therapy line

1st line

1st line

2nd line

2nd line

Enrollment start date

11/2015

10/2015

5/2016

10/2015



Future immunotherapy trials



Future immunotherapy trials

Immune checkpoint inhibitors T cell

Target

Ablation

Standard

TKI

Tregs

MDSC / Macrophages

Cytokines

Chemokines

Environment

Anti-oxidants

Vaccines

Antibodies

Adoptive cell therapy

Immunotherapy

Tumor:
Immunogenic 

cell death

Enhanced
APC function



Which is the best animal model for immunotherapy?

transgenic
hydrodynamic
viral

carcinogen
genetic
intra-heptic
intra-splenic
intra-portal

subcutaneous

orthotopic

healthy liver

liver disease

microbiome (TLR…)
Imaging (luciferase)

immune competent (strains, age, sex)

immune compromised nu/nu
SCID
NSG

cirrhosis
NAFLD
C2-OH



Immune correlatives

Tumor Peripheral blood

Immune infiltrate

PDL1 expression

Mutational load

Antigen-specific T cells

Activation markers 

Viral responses

Cytokines

Suppressor cell populations

T cell function
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