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Outline!
•  Background!

•  The role of neoantigens in recognizing a cancer as foreign!

•  Evidence for tumor mutational burden and response to immune 
checkpoint blockade (ICB)!

•  The role of germline HLA class I in immune recognition!

•  Germline HLA class I influences response to ICB!

•  Summary!



Cancer is a genetic disease!

K Lipinski et al. Cell Trends in Cancer (2016)!

P Nowell. Science (1976)!



Mutational heterogeneity in cancer!

MS Lawrence et al. Nature (2013)!

Mutational heterogeneity in a tumor creates new proteins that 
can potentially be recognized by the immune system, and 

provides a common denominator for immunotherapy!



Different genomic alterations can create 
immunogenic neoantigens!

Foreign!

Least!

Most!

•  Deletions!

•  Point mutations!

•  Gene amplifications!

•  Fusion genes!

•  Indels!

•  Frameshift mutations!



Avoiding immune destruction is a hallmark 
of cancer!

D Hanahan and R Weinberg. Cell (2011)!



Targeting the immune system: 
Immune checkpoint blockade (ICB)!



The role of mutation load in response to 
immune checkpoint blockade	  

•  An elevated number of mutations increases the probaility that a 
tumor will be recognized as foreign via presentation of neoantigens!

1. Snyder A et al. N Engl J Med. 2014;371:2189-2199. 2. Rizvi NA et al. Science. 2015;348:124-128. 3. Le DT et al. N Engl J Med. 2015;372:2509-2520. 
4. Van Allen EM et al. Science. 2015;350:207-211. 5. Hugo W et al. Cell. 2016;165:35-44. !

6. Carbone DP et al. N Engl J Med. 2017;376:2415-2426.!



CD8+ T-cell targeting a neoepitope expands  
with response!

Rizvi et al. Science 2015!
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Response rates across cancer types  
correlate with tumor mutation load!

R = 0.74 (P < 0.001)  !

M Yarchoan et al. NEJM (2017)!



How does the immune system recognize 
neoantigens? !

Yarchoan et al. Nature Reviews Cancer (2017)!

HLA!

Not all neopeptides presented by!
HLA-Is can be recognized by T cells!

2 alleles per HLA class I locus !
in each individual!



Importance of HLA genetic diversity in a 
given individual	  

•  Encode the MHC class I and II molecules!
•  Present self and foreign peptides to adaptive immune system!
•  HLA diversity is selected for over evolution!
•  High HLA diversity associated with better resistance against 

infectious diseases!
•  Specific HLA genes associated with exceptional resistance or 

susceptibility to certain pathogens (ie. HIV, malaria, etc. )!



HLA class I allele diversity!

In a given individual, multiple different HLA I alleles results in many different!
peptides bound (variations in peptide binding groove) !

(as of January 2010)!

Janeway’s Immunobiology (2017)!AL Hughes and M Nei. Nature (1988)!



TCR-neoepitope-HLA!

HLA class I!

Neoepitope (neoantigen)!

T cell receptor (TCR)!

HLA-I binding specificity !



TLNAWVKVV  

 
HLA-I polymorphism affects which peptides 

can bind and be presented to T cells  
! HLA groove!

HLA-A*02:01!

•  Humans have HLA- A, 
B, C (polygenic) 


•  Many alleles of each 

HLA locus 
(polymorphic)

•  Anchor chains depend 
on the MHC allele



HLA-B allele frequency across geographic 
regions!

Data source:!
http://www.allelefrequencies.net/!



Can the Germline HLA Influence 
Immune Recognition?!

HLA loci are among the  
most diverse in the  
human genome 

peptide ligand 

MHC class I molecule 



HLA class I heterozygosity associated with 
improved survival after ICB!

D. Chowell et al. Science (2017)!
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HLA heterozygosity is associated with 
higher TIL TCR repertoire clonality during 

PD-1 blockade!



Effect of HLA class I homozygosity in 
response after ICB 	  

D. Chowell et al. Science (2017)!



HLA class I zygosity influences impact of 
tumor mutation load!

D. Chowell et al. Science 2017!



Effect of germline HLA class I zygosity in 
tumors with only high mutation load	  
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P = 0.039!
HR = 1.47 (1.21 — 2.13) !

Heterozygous at all loci!
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Only tumors with high mutation load are considered here!



Somatic LOH of HLA abrogates the benefit 
of HLA-I germline diversity	  

HLA-A, HLA-B, and HLA-C are all on 
chromosome 6!

X	  
D. Chowell et al. Science 2017!



Low HLA-I diversity affects response to ICB 
in tumors with only high mutation load!
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with HLA−LOH
Heterozygous at all loci, without LOH at HLA!
Homozygous in at least one locus or with LOH at HLA!

N = 142!

N = 66 !

P = 0.0096!
HR = 1.60 (1.11 — 2.34) !

•  Only exomes are considered here for the LOH-HLA analysis!
•  High mutation load is defined as >113 mutations!

Only tumors with high mutation load are considered here!



HLA class I supertypes are defined based on 
similar peptide-anchor–binding specificities !

A02! A03! A24!A01!

B08! B27! B44!B07! B62!B58!

HLA-A alleles !

HLA-B alleles !



Discovery (Cohort 1)!
!
Cohort 1: Patients with melanoma treated with anti-CTLA-4 (N = 164) or anti-PD-1 (N = 105)!

Identification of B44 
supertype associated with 

increased survival after anti-
CTLA-4!

	  

!
Identification of specific 
alleles within the B44 
supertype driving this 

association!
!
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1! 2!

•  Only 3% of ligands are shared between the 
different B44 members!

•  Even members of the same supertype are 
expected to present a different peptide 
repertoire !

•  Therefore, it is imperative to identify specific 
alleles within the B44 supertype driving the 
association!
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Allele Freq (%) HR P-value 
B1801 7.9 0.436 0.05 
B3701 3.05 0.93 0.90 
B4001 6.1 1.08 0.83 
B4002 4.88 1.13 0.80 
B4101 1.22 0.564 0.60 
B4402 14.02 0.688 0.22 
B4403 9.15 0.566 0.12 
B4405 1.83 0.31 0.25 
B4501 0.006 1.21x10-7 1.00 
B5001 1.83 0.23 0.17 
!
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P = 0.001!
HR = 0.50 (0.32 – 0.76)!N = 55!

N = 109!

HLA-B*18:01, HLAB*44:02, HLA-B*44:03, 
HLA-B*44:05, and HLAB*50:01!
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HLA-B*18:01, HLAB*44:02, HLA-B*44:03, 
HLA-B*44:05, and HLAB*50:01!

N = 91!

N = 178!

P = 0.029!
HR = 0.69 (0.50 – 0.97)!

Cohort 1: Patients with melanoma treated with either anti-CTLA-4 (N = 164) or 
anti-PD-1 (N = 105)!



Validation (Cohort 2)!
!
Cohort 2: Patients with melanoma treated with either anti-CTLA-4 (N = 36) or anti-PD-1 (N = 114)!

!
Perform survival analysis in 

cohort 2 of patients with 
presence of previously 

identified B44 alleles from 
cohort 1 and patients without 
these B44 supertype alleles!

	  

3!

HLA-B*18:01, HLAB*44:02, HLA-B*44:03, 
HLA-B*44:05, and HLAB*50:01!
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N = 44!

N = 106!

P = 0.058!
HR = 0.32 (0.09 – 1.1)!



Peptide motifs profiles of the HLA-B44 supertype 
alleles!

Amino acid mutation signatures in melanoma!
!

Glycine (G) > Glutamic acid (E)!



Summary	  

•  Patient genotype diversity (at both the germline and 
somatic level) as well as tumor genetic diversity are 
critical contributors to the immune landscape and 
response to checkpoint blockade immunotherapy!

•  Prospective analyses are necessary to further validate 
these findings!

•  Further studies of large patient cohorts are required to 
identify other specific HLA class I alleles associated 
with repose after ICB therapy!
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