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Outline

• Immunotherapy for mismatch repair 

(MMR) deficient cancers

• Immunotherapy for hepatocellular 

carcinoma (HCC)



IMMUNOTHERAPY FOR MMR

DEFICIENT CANCERS



Definition

• Microsatellite (MS) instability: expansion or reduction in the 

length of repetitive DNA sequences compared to normal DNA 

(PCR)

• Bethesda Panel: 2 mono- (BAT25 and BAT26) and 3

dinucleotide (D2S123, D5S346 and D17S250) markers

– MS-high: Instability in 2 or more out of 5 MS loci

– MS-low: Instability in 1 out of 5 MS loci

– MS-stable: No instability detected

• Loss of MLH1, MSH2, MSH6 or PMS2 (IHC)



MSI-H = MMR-D
High concordance, 5-10% of MSI-H may 
retain antigenicity for MMR protein. IHC 
will not detect other genes associated 
with MSI i.e. POLE

NGS? High concordance rate with PCR (>95%) but 
MLH1 hypermethylation might be missed if the 
assay tests only for MMR genes and not for 
multiple MS foci





Snyder et al, NEJM 2014

Ipilimumab and Mutation Burden in Melanoma



Rizni et al, Science 2015

Nivolumab and Mutation Burden in NSCLC



Mutational Burden of Cancer

Nature 2013 (doi:10.1038/nature12477)



Mutational Landscape in MMR-D 

Colorectal Cancer

TCGA, Nature 2012
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Discov 2014
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PD-1 Inhibition and Colorectal Cancer

• Early clinical development: Only one responder (Topalian

NEJM 2012 and Brahmer JCO 2010).

• This patient had a MMR deficient tumor (Lipson CCR 

2013)



Le NEJM 2015



Immune-related Response and iPFS



Response by RECIST







Correlative studies
• MMR-D: 

– higher CD8 infiltration

– Higher PD-L1+  in TAMs

• High numbers of mutations/neoantigens
were associated with:

– longer PFS

– Trend toward OR

• The expression of CD8 and PD-L1 was not 
significantly associated with PFS/OS.

MMR-D MMR-P

Mutations 1782 73

Neoantigens/tumor 578 21

Neoantigens/mutations 32% 29%



Frequency of mismatch repair deficiency across different tumor types

Dung T. Le et al. Science 2017;357:409-413

Copyright © 2017 The Authors, some rights reserved; exclusive licensee American Association for the 

Advancement of Science. No claim to original U.S. Government Works



Le Science 2017



Patient survival and clinical response to pembrolizumab across 12 different tumor types 

with MMR

Dung T. Le et al. Science 2017;357:409-413

Copyright © 2017 The Authors, some rights reserved; exclusive licensee American Association for the 

Advancement of Science. No claim to original U.S. Government Works

Evidence of T-cell expansion –
clones against mutation specific 
neoantigens (frameshift)



Dual Checkpoint Inhibition

Low dose IPI/Nivo 3







The Future for MSI-H cancers

• Vaccines

– MMR frameshift mutations highly immunogenic 

neoantigens

– Peptide cocktails from MS containing genes

– Examples: NOUS-209, MicOryx

– NOUS-209 plus pembrolizumab study for PD(L)1 naïve 

CRC/EGC to open at RPCI soon 

• Anti-VEGF?

– Atezolizumab/Bevacizumab: ORR 30% (Hochster ASCO 

GI 2017)



Case

• 82 yo woman with Lynch syndrome and 

diagnosis of advanced PDAC 

• Consideration for gemcitabine but concern 

for poor tolerance

• Initiation of immune checkpoint inhibitor 

(PD1) standard of care



Case continued

• Radiographic and biochemical response

• 15 months on anti-PD1 with ongoing response

• Options upon progression beyond gemcitabine?

– Dual checkpoint inhibition? No data

– IDO/PD1 study or another PD(L)1 plus study

– MSI vaccine study



HEPATOCELLULAR CARCINOMA



Immune Checkpoint Inhibitors in 2nd line

Keynote 224 (Zhu Lancet Oncololy 2018) CheckMate 040 (El Khoueiri Lancet 2017)

ORR: 17%, DCR: 62%, DOR: NR 

ORR: 20%, DCR: 64%, DOR: 9.9 months



Results of KEYNOTE-240: <br />Phase 3 Study of Pembrolizumab vs Best Supportive Care for Second-Line Therapy in Advanced Hepatocellular Carcinoma

Presented By Richard Finn at 2019 ASCO Annual Meeting



KEYNOTE-240 Study Design

Presented By Richard Finn at 2019 ASCO Annual Meeting



Statistical Considerations

Presented By Richard Finn at 2019 ASCO Annual Meeting



Overall Survival

Presented By Richard Finn at 2019 ASCO Annual Meeting



Objective Response Rate at Final Analysis<br />(RECIST 1.1, BICR)

Presented By Richard Finn at 2019 ASCO Annual Meeting



First Line? CheckMate 459

Yau ESMO 2019

P=0.04

PFS: 3.7 vs. 3.8 months
ORR: 15% vs. 7% (PD-L1>1=28%)
G3/4 TRAEs: 22% vs. 49%



The Future: VEGF + PD1 inhibition

• Sorafenib (in vivo and in vitro preclinical model)

– Low dose sorafenib has immune activating effects

– High dose sorafenib has immunosuppressive effects

• Sorafenib (prospective biomarker study in HCC)

– High baseline Teff/Treg ratio and CD8+ T-cells  better outcomes

– Sorafenib therapy can decrease Treg and MDSCs

Iyer Cancers (Basel) 2019, Kalathil JCI Insight 2019



Atezolizumab+Bevacizumab Ph1

• Treatment-naïve

• ORR: 65%, DCR: 96%

• 6-month PFS/OS: 65%/86%

Lee ESMO Asia 2018



Lenvatinib+ Pembrolizumab

• ORR: 37%

• DCR: 90%

Ikeda AACR 2019



Ongoing studies

• Sorafenib/Pembrolizumab (RPCI)

• Tivozanib/Durvalumab (RPCI-to be 

activated soon)

• Lenvatinib/Pembrolizumab (LEAP-002)



Case

• 60 yo man, NASH cirrhosis, CP B(7)

• 4 cm liver seg 4 HCC

• Not transplant/resection candidate SBRT

• Progression with multifocal disease after 8 months, 

encephalopathy

• Started lenvatinib with poor tolerance (encephalopathy, 

high bilirubin) and eventually PD on imaging

• Started anti-PD1 therapy



Case continued

• Radiographic (size and enhancement 

response) and biochemical response

• No major toxicity

• Options upon progression?

– Hospice



Questions


