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Immune Rejection of Cancer
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4CD +  helper T cells
T cells that are characterize  d
by the expression of CD4. The  y
recognize antigenic peptide  s
presented by MHC class I  I
molecules. This type of T cel  l
produces a vast range o  f
cytokines that mediat  e
inflammatory and effecto  r
immune responses. They als  o
facilitate the activation of CD8 +  

T cells and B cells for antibod  y
pr .oduction

the expression of which determines the TReg cell line-
age34,35, and TReg cells therefore express CTLA4 consti-
tutively. Although the mechanism by which CTLA4 
enhances the immunosuppressive function of TReg 
cells is not known, TReg cell-specific CTLA4 knockout 
or blockade significantly inhibits their ability to regu-
late both autoimmunity and antitumour immunity 30,31. 
Thus, in considering the mechanism of action for 
CTLA4 blockade, both enhancement of effector CD4+ 
T cell activity and inhibition of TReg cell-dependent  
immunosuppression are probably important factors.

Clinical application of CTLA4-blocking antibodies — 
the long road from mice to FDA approval. Initially, 
the general strategy of blocking CTLA4 was ques-
tioned because there is no tumour specificity to the 

expression of the CTLA4 ligands (other than for some 
myeloid and lymphoid tumours) and because the dra-
matic lethal autoimmune and hyperimmune pheno-
type of Ctla4-knockout mice predicted a high degree of 
immune toxicity associated with blockade of this recep-
tor. However, Allison and colleagues36 used preclinical 
models to demonstrate that a therapeutic window was 
indeed achieved when CTLA4 was partially blocked with 
antibodies. The initial studies demonstrated significant 
antitumour responses without overt immune toxicities 
when mice bearing partially  immunogenic tumours were 
treated with CTLA4 antibodies as single agents. Poorly 
immunogenic tumours did not respond to anti-CTLA4 as 
a single agent but did respond when anti-CTLA4 was 
combined with a granulocyte–macrophage colony-
stimulating factor (GM-CSF)-transduced cellular 

Figure 1 | Multiple co-stimulatory and inhibitory 
Depicted are 

response to antigen (which is mediated by peptide–
major histocompatibility complex (MHC) molecule 

(TCR)). These responses can occur at the initiation of 

are dendritic cells) or in peripheral tissues or tumours 
(where effector responses are regulated). In general, 

interactions unless they first recognize their cognate 
antigen through the TCR. Many of the ligands bind to 
mult iple receptors, some of which deliver co-stimulatory 
signals and others deliver inhibitory signals. In general, 
pairs of co-stimulatory–inhibitory receptors that bind the 
same ligand or ligands — such as CD28 and cytotoxic 
T-lymphocyte-associated antigen 4 (CTLA4) — display 
distinct kinetics of expression with the co-stimulatory 

activation. One important family of membrane-bound 
ligands that bind both co-stimulatory and inhibitory 

and their known ligands belong to the immunoglobulin 
superfamily. Many of the receptors for more recently 

Tumour necrosis factor (TNF) family members that bind 
to cognate TNF receptor family molecules represent a 
second family of regulatory ligand–receptor pairs. These 
receptors predominantly deliver co-stimulatory signals 
when engaged by their cognate ligands. Another major 

comes from soluble cytokines in the microenviron- 

bidirectional. In some cases, this occurs when ligands 
themselves signal to the APC. In other cases, activated 

cognate receptors on APCs. A2aR, adenosine A2a 

lymphocyte attenuator; GAL9, galectin 9; HVEM, 
herpesvirus entry mediator; ICOS, inducible T cell 
co-stimulator; IL, interleukin; KIR, killer cell immunoglobulin- 
like receptor; LAG3, lymphocyte activation gene 3;  
PD1, programmed cell death protein 1; PDL, PD1 ligand; 
TGFβ, transforming growth factor-β; TIM3, T cell 
membrane protein 3.
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Checkpoint Inhibitors as 2L Therapy in HCC
Nivolumab Pembrolizumab

Sample size 154 sorafenib-treated patients 104 sorafenib-treated patients

Patient 
features

2L or 3L
Sorafenib-intolerants allowed
Effective therapy for HBV+ve patients

2L
Sorafenib-intolerants allowed
Effective therapy for HBV+ve patients
No involvement of portal vein trunk

Response 
rate

14%
regardless of etiology or AFP levels

17%

Duration of 
response

16.6 months in HCV patients, not 
reached in other etiologies

≥9 months in 77%

mOS 15.1 months (95% CI 13.2–18.8) 12.9 months (95% CI 9.7-15.5)

El-Khoueiry A, Sangro B, Yao T, et al. Lancet 2017; Zhu A, et al. Lancet 2018



Phase 2 Trials with PD-1 Inhibitors
Survival of Advanced HCC in 2L Trials

Trial Arm N MOS 95%CI

CheckMate 040 Nivolumab 145 15.6 13.2-18

Keynote 224 Pembrolizumab 104 12.9 9.7-15.5

BRISK-PS Placebo 132 8.2 NR

EVOLVE Placebo 184 7.3 6.3-8.7

REACH Placebo 282 7.6 6.0-9.3

RESORCE Placebo 193 7.8 6.3-8.8
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El-Khoueiry AB et al. Presented at ASCO-GI 2018; Zhu AX et al. Presented at ASCO 2018; Llovet JM et al. J Clin Oncol 2013; 
Zhu AX et al. JAMA 2014; Zhu AX et al. Lancet Oncol 2015; Bruix J et al. Lancet 2017; https://www.onclive.com

Cross trial comparisons are valid for a 
general perspective but should be 

interpreted with caution



Pembrolizumab as a 2L Agent in HCC (Keynote-240)

Finn R, et al. Presented at ASCO 2019

413 patients randomized to Pembrolizumab 200 mg Q3W or placebo + best supportive care



Meyer T, et al. Presented at EASL 2018

Clinical Trials with PD-1 Inhibitors (Nivolumab)
Response and Survival Among Sorafenib Experienced Patients
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Complete or partial response (n = 22)  

Stable disease (n = 65)

Progressive disease (n = 59)

Median OS = 8.9 months (95% CI 7.3–13.4)

Median OS = 16.7 months  (95% CI 13.8–20.2)

Median OS = NR (NE–NE)

3 6 9 33 36 39 42 45 48302712 15 18 210 24

aBest overall response was not able to be determined in 8 patients.



Deep Responses to Nivolumab

Baseline 12 months

Disease-free after 5 years off therapy

Disease-free after 1 year off therapy

Recurrence after 9 months off therapy
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CM040 Biomarker Analysis

• Deep responses and robust OS were observed regardless of tumor cell PD-L1 status

• Tumor inflammation (by CD3 or CD8), had a trend towards improved OS (P = 0.08)

• For patients with available RNAseq data (n = 37), median BMS inflammatory signature score 
was higher in patients with a PR vs. SD (P = 0.05) and correlated with improved OS (P = 0.01).

□ % change truncated to 100%.
aBest change is based on evaluable target lesion measurements up to progression or start of subsequent therapy. 

Sorafenib-experienced population, n = 137

Melero I, et al. Presented at AACR 2019
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CM040 Child B Cohort

Advanced HCC
Sorafenib-naïve o pre-treated, 

intolerants or progressors

Nivolumab 
240 mg flat dose IV 

over 30 min Q2W

Tretament until progression by  RECIST v1.1 or unacceptable toxicity

Survival Follow-up

• Database lock: November 8, 2018
• Data from cohorts 1 and 2 of CheckMate 040 are presented for indirect comparison

• Objective response rate (INV RECIST v1.1): 12.1 %

• Disease control rate (INV RECIST v1.1): 55.1 %

 %

Child-Pugh Ba

N = 49
Child-Pugh A

N = 262

Any Grade G 3–4 Any Grade G 3–4

TOTAL 51 24.5 78.6 22.5 

Cutaneous disorders 22.4 24.1 39.3 2.3 

General disorders 14.3 0 32.1 1.5

Hematologic disorders 10.2 2.0 8.8 2.3

Gastrointestinal disorders 10.2 4.1 34.7 2.7

Metabolic disorders 8.2 2.0 14.9 2.7 

Nervous system disorders 6.1 0 8.4 0

Infections and infestations 4.1 0 1.9 0

Muscleskeletal disorders 4.1 0 11.5 0.4

Endocrine disorders 2.0 0 6.5 0.4

Hepatic TRAEs b

Blood tests 12.2 8.2 28.2 14.1 

Increased AST 4.1 4.1 10.3 5.7 

Increased ALT 2.0 0 9.9 3.8 

Increased liver tests 2.0 0 0.4 0.4 

Hepatobiliary disorders 6.1 6.1 2.7 0.4

Hypertransaminasemia 4.1 4.1 0.8 0

Altered liver function 2.0 2.0 NR NR

Hyperbilirubinemia 2.0 0 1.1 0

* *
*

*

* *

Sorafenib-naïve Sorafenib-pretreated
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* Confirmed response by investigator assessment

Matilla A, et al. Presented at AEEH 2019



Nivolumab as a 1L Agent in HCC (CheckMate-459)

• The predefined threshold of statistical significance for OS with nivolumab was not met, although nivolumab demonstrated clinical benefit.

• 140 patients (38%) in the nivolumab arm and 170 patients (46%) in the sorafenib arm received subsequent systemic therapy

 

Nivolumab
(n = 371)

Sorafenib
(n = 372)

HR 
(95% CI)b

P 
valuec

Median OS 
(95% CI),a months

16.4 
(13.9–18.4)

14.7 
(11.9–17.2)

0.85 
(0.72–1.02)

0.0752

aBased on Kaplan–Meier estimates; bStratified Cox proportional hazards model. HR is nivolumab over sorafenib;
 cP value from log-rank test; final OS boundary: 0.0419 for a 2-sided nominal P value. HR, hazard ratio.
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Nivolumab

Sorafenib

12-mo rate
60% 
55% 

24-mo rate
37% 
33% 

Yau T, et al. Presented at ESMO 2019

743 patients randomized to Nivolumab 240 mg Q2W or Sorafenib 800 mg/d



Nivolumab as a 1L Agent in HCC (CheckMate-459)

Yau T, et al. Presented at ESMO 2019

• Nivolumab demonstrated an improved safety profile compared with sorafenib, with fewer grade 3/4 
TRAEs and TRAEs leading to discontinuation versus sorafenib

– Grade 3/4 TRAEs were reported in 81 patients (22%) in the nivolumab arm and 179 patients (49%) in the sorafenib arm

aEvents occurring in > 10% of patients in either treatment arm. data labels represent rates of any-grade events; bOne grade 5 event was reported in the nivolumab 
arm (cerebrovascular event), and 1 was reported in the sorafenib arm (hepatic failure). TRAE, treatment-related adverse event.

Summary of Treatment-
Related Adverse Events

Nivolumab grade 3/4Nivolumab grade 1/2 Sorafenib grade 3/4Sorafenib grade 1/2

Fatigue

Pruritus

Rash

Aspartate aminotransferase increase

Diarrhea

Decreased appetite 

Nausea

Palmar-plantar erythrodysesthesia syndrome

Weight decreased

Alopecia 

Hypertension 

Dysphonia 

-50 -25 0 25 50
Nivolumab grade 3/4 Nivolumab any grade Sorafenib grade 3/4 Sorafenib any grade

50 40 30 20 10 0 10 20 30 40 50

TRAEs,a,b %

15
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11

11

8
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1

1

1

1

24

8

13

9

47

26

11
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18

21

12

49

Fatigue

Pruritus

Rash

Aspartate aminotransferase increase

Diarrhea

Decreased appetite

Nausea

Palmar-plantar erythrodysesthesia syndrome

Weight 
decreased
Alopecia

Hypertension

Dysphonia



Systemic Therapy of HCC 2019

LENVATINIBSORAFENIB

REGORAFENIBCABOZANTINIB PEMBROLIZUMAB

NIVOLUMAB

RAMUCIRUMAB

Contraindication

NIVOLUMAB

SIRT
Progression / Poor tolerability

contraindications



Greten and Sangro. J Hepatol 2017.

Improving the Effect of PD-1/PD-L1 Blockade



• Single agent Tremelimumab
• 17 (21) patients evaluable
• 100% HCV infected
• 18 % response rate (Inv RECIST 

1.0)
• 76 % disease control rate
• 6.4 months median TTP

Sangro B, et al. J Hepatol 2013, 59:81



CM040 Nivolumab Plus Ipilimumab Combination 
Cohort

Design and Patient Outcomes

aBy BICR using RECIST v1.1. Defined as complete response + partial response.
NE, not estimable.

• Similar ORR, DCR, and DOR were observed across arms, with consistently high ORR (> 
30%)

• Patients in arm A had the highest CR rate (8%) and most promising mOS of 22.8 months

Arm A
n = 50

Arm B
n = 49

Arm C
n = 49

ORR by 
BICR,a 32% 31% 31%

24-month OS 
rate (95% CI), 
%

48 
(34–61)

30 
(18–44)

42 
(28–56)

Time (months)
0 3 6 9 12 15 18 21 24 27 30 33 36 39
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50 45 39 32 29 27 25 25 23 21 19 7 2 0
49 41 36 30 26 18 14 14 14 13 13 2 1 0
49 42 36 27 24 22 22 20 20 20 15 4 2 0

Arm B mOS (95% CI) = 12.5 mo (7.6–16.4)

Arm C mOS (95% CI) = 12.7 mo (7.4–33.0)

Arm A mOS (95% CI) = 22.8 mo (9.4–NE)

No. at risk

NIVO1 + IPI3 Q3W

NIVO3 + IPI1 Q3W

NIVO3 Q2W + IPI1 Q6W

Sangro B, et al. Presented at AASLD 2019

Nivolumab
240 mg IV

Q2W 
flat dose

Arm C: 
NIVO3 Q2W +

IPI1 Q6W

Arm B:
NIVO3 + IPI1

Q3W × 4

Arm A:
NIVO1 + IPI3

Q3W × 4

R
1:1:1

Unacceptable
toxicity

or
disease

progression



Greten and Sangro. J Hepatol 2017.

Improving the Effect of PD-1/PD-L1 Blockade



Key eligibility
• Locally 

advanced or 
metastatic 
and/or 
unresectable 
HCC

• No prior 
systemic therapy

R 
2:1

Atezolizumab 
1200 mg IV q3w 

+
bevacizumab 
15 mg/kg q3w

Sorafenib
400 mg BID

Stratification
• Region (Asia, excluding 

Japana/rest of world) 

• ECOG PS (0/1)

• Macrovascular invasion 
(MVI) and/or extrahepatic 
spread (EHS) 
(presence/absence)

• Baseline a-fetoprotein 
(AFP; < 400/≥ 400 ng/mL) 

Co-primary endpoints
• OS
• IRF-assessed PFS per RECIST 1.1

Key secondary endpoints (in testing strategy)
• IRF-assessed ORR per RECIST 1.1
• IRF-assessed ORR per HCC mRECIST

N = 501b

a Japan is included in rest of world.
b An additional 57 Chinese patients in the China extension cohort were not included in the global population/analysis.

Until loss of 
clinical 

benefit or 
un-

acceptable 
toxicity

Survival 
follow-up

IMbrave150 study design

(open-label)

Cheng AL, et al. Presented at ESMO Asia 2019



Imbrave 150 Atezolizumab + Bevacizumab vs. 
Sorafenib 

Overall Survival and Confirmed PFS

NE, not estimable. a 96 patients (29%) in the Atezo + Bev arm vs 65 (39%) in the sorafenib arm had an event. 
b HR and P value were from Cox model and log-rank test and were stratified by geographic region (Asia vs 
rest of world, including Japan), AFP level (< 400 vs ≥ 400 ng/mL) at baseline and MVI and/or EHS (yes vs no) 
per IxRS. c The 2-sided P value boundary based on 161 events is 0.0033. Data cutoff, 29 Aug 2019; median 
survival follow-up, 8.6 mo.

6-mo OS rate: 85%

6-mo OS rate: 72%

mOS: 13.2 mo

mOS: NE

Cheng AL, et al. Presented at ESMO Asia 2019

6-mo PFS rate: 55%

6-mo PFS rate: 37%

mPFS: 4.3 mo mPFS: 6.8 mo

Median OS (95% CI), moa

Atezo + Bev NE

Sorafenib   13.2 (10.4, NE)

HR, 0.58 (95% CI: 0.42, 0.79)b

P = 0.0006b,c

Median PFS (95% CI), mob

Atezo + Bev 6.8 (5.7, 8.3)

Sorafenib   4.3 (4.0, 5.6)

HR, 0.59 (95% CI: 0.47, 0.76)c,d

P < 0.0001d

a Assessed by IRF per RECIST 1.1. b 197 patients (59%) in the Atezo + Bev arm vs 109 (66%) in the sorafenib arm 
had an event. c HR and P value were from Cox model and log-rank test and were stratified by geographic region 
(Asia vs rest of world, including Japan), AFP level (< 400 vs ≥ 400 ng/mL) at baseline and MVI and/or EHS (yes vs 
no) per IxRS. d The 2-sided P value boundary is 0.002. Data cutoff, 29 Aug 2019; median survival follow-up, 8.6 mo.



Systemic Therapy of HCC

LENVATINIBSORAFENIB

SIRT

Contraindication
ATEZOLIZUMAB + BEVACIZUMAB

REGORAFENIB

CABOZANTINIB RAMUCIRUMAB

2020?

BCLC B BCLC C

Systemic 
therapy 

[I, A]

SIRT
[III, C]

Sorafenib
Lenvatinib

[I, A]

Regorafenib
Cabozantinib†

Ramucirumab*‡

[I, A]
Nivolumab*

Pembrolizumab*

[III, B]

Resection 
LTX [III, A]

TACE
[I, A]

TACE failure/ 
refractoriness



Ongoing Phase 3 Clinical Trials in HCC
Trial IO Agent Non-IO Agent Comparator Population

RATIONALE-
301 Tislelizumab Sorafenib*

Advanced stage
HIMALAYA

Durvalumab
Durvalumab + 
Tremelimumab

Sorafenib

Imbrave 150 Atezolizumab Bevacizumab Sorafenib

LEAP-002 Pembrolizumab Lenvatinib Sorafenib

COSMIC-312 Atezolizumab Cabozantinib Sorafenib

EMERALD-1
Durvalumab
Durvalumab Bevacizumab

Placebo
Intermediate stage in combination with 
TACE

Checkmate 
9DX

Nivolumab Placebo

Early stage post resection/ablationKeynote-937 Pembrolizumab Placebo

EMERALD-2 Durvalumab
Durvalumab Bevacizumab Placebo

* non-inferiority is tested



Combination Systemic Therapy of HCC
Multi-TKI + Anti-PD-1

• N=30 
• ORR 53.3% by RECIST 1.1 IIR
• Median DOR 8.3 months
• Median PFS 9.69 months
• Grade ≥ 3 TEAE 73%
• SAE 50%, 13% fatal (1 SBP, 1 

ARDS, 1 perforation)
• Expansion cohort underway

Ikeda M, et al. Presented at AACR 2019

Pembrolizumab 200 mg IV d1 + 
Lenvatinib 12 or 8 mg daily PO, q3wk



Systemic Therapy of HCC

LENVATINIBSORAFENIB

SIRT

Contraindication
ATEZOLIZUMAB + BEVACIZUMAB

REGORAFENIB

CABOZANTINIB RAMUCIRUMAB

2020?

LENVATINIB

SORAFENIB

SIRT

1 or 2 ICPI ± VEGF inh or multi-TKI

202x?

CABOZANTINIB

REGORAFENIB

RAMUCIRUMAB



Take-Home Messages
• Immunotherapy through ICPIs is likely to have a large impact on 

HCC management due to the ability to produce durable and 
clinically relevant responses with few side effects.

• The combination of Atezolizumab and Bevacizumab may become 
the standard of care for 1L therapy (and this will impact 
downstream options).

• Single agents and combinations of ICPIs with other ICPIs, VEGF 
inhibitors or multi-TKIs are being tested in across tumor stages.

• Combinations of ICPIs with VEGF inhibitors or multi-TKIs carry 
significant toxicities in cirrhotic patients that demand a specific 
work-up for diagnosis and management.
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