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Background 

• T cell checkpoint inhibitors are revolutionizing 
treatment options for patients with cancers. 

 

• The broad activity has validated the concept 
that the host immune system can be 
harnessed to treat a multitude of cancers. 

 

 

 



Alley et al, AACR 2015 



Lawrence et al, Nature 2013 

May genomics underlie differential response? 



Outline 

• We recently described a strong correlation 
between the molecular landscape of tumors 
and response to T cell checkpoint blockade 

– Mutation burden 

– Neoantigens 

– Tetrapeptide signature and homology 



Diversity of predictive markers 

Slide courtesy of Alexandra Snyder 



Melanoma and ipilimumab 
Discovery Set Validation Set 

Benefit No Benefit Benefit No Benefit 
Total 11 14 25 14 

Age at start of treatment (median, range) 63 (39-70) 59.5 (48-79) 66 (33-90) 57 (18-74) 
Disease origin (n, %) 

Acral 0 (0) 3 (21) 1 (4) 1 (7) 
Uveal 0 (0) 0 (0) 1 (4) 0 (0) 

Cutaneous 10 (82) 8 (57) 15 (60) 11 (79) 
Unknown primary 1 (9) 3 (21) 3 (0.12) 0 (0) 

Not available 0 (0) 0 (0) 5 (20) 2 (14) 
BRAF or NRAS mutation (n, %) 

Absent 1 (9) 6 (43) 17 (68) 11 (79) 
Present 10 (91) 8 (57) 8 (32) 3 (21) 

Duration of response (median weeks, range) 59 (42-361) 14 (11-23) 130 (64-376) 11 (3-29) 

Prior therapies (median number, range)* 1 (0-3) 1 (0-2) 0 (0-2) 0 (0-3) 
Stage at Diagnosis (n, %) 

IIIC 0 (0) 0 (0) 3 (12) 0 (0) 
M1a 0 (0) 1 (7) 4 (16) 1 (7) 
M1b 5 (45) 1 (7) 2 (8) 3 (21) 
M1c 6 (55) 12 (86) 16 (64) 10 (71) 

Overall Survival (median years, range) 4.4 (2-6.9) 0.9 (0.4-2.7) 3.3 (1.6-7.2) 0.8 (0.2-2.1) 

Snyder, Makarov, Merghoub, Yuan et al, NEJM 2014 



Mutation burden significantly correlates 
with clinical benefit in melanoma 

Snyder, Makarov, Merghoub, Yuan et al, NEJM 2014 

LB = Long-term clinical benefit lasting >6 months 
NB = No durable benefit 



NSCLC and pembrolizumab 

Rizvi, Hellmann, Snyder et al, Science 2015 

All patients Discovery Cohort Validation Cohort 

n 34 16 18 

Smoking status (n, %) 
Current 
Former 

Never 

 
7 (21) 

21 (62) 
6 (17) 

 
5 (31) 

10 (63) 
1 (6) 

 
2 (11) 

11 (61) 
5 (28) 

Histology (n, %) 
Adenocarcinoma 

Squamous 
NSCLC NOS 

 
29 (85) 
4 (12) 
1 (3) 

 
15 (94)  

1 (6) 
0 (0) 

 
14 (78) 
3 (17) 
1 (6) 

PD-L1 expression (n, %) 
Strong (≥50% membranous staining) 

Weak (1-49%) 
Negative (<1%) 

Unknown 

 
10 (29) 
14 (41) 
6 (18) 
4 (12) 

 
5 (31) 
6 (38) 
3 (19) 
2 (12) 

 
5 (28) 
8 (44) 
3 (17) 
2 (11) 

Confirmed objective response by irRC 
Partial response  

Stable disease 
Progressive disease 

 
12 (35) 
9 (26) 

13 (39) 

 
5 (31) 
5 (31) 
6 (38) 

 
7 (39) 
5 (28) 
6 (33) 

Durable clinical benefit (PR/SD) > 6 months 
Yes 
No 

Not yet reached 6 month follow up  

 
14 (41) 
17 (50) 

3 (9) 

 
7 (44) 
9 (56) 

0 

 
7 (39) 
8 (44) 
3 (17) 
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302 

148 

P=0.02 

244 

125 

P=0.04 

299 

127 

P=0.0008 
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A B 

C 

HR 0.19 95% CI (0.05-0.7) 
P=0.01 

HR 0.15 95% CI (0.04-0.59) 
P=0.006 

HR 0.19 95% CI (0.08-0.47) 
P=0.0004 



High mutation burden Low mutation burden 

PD-L1+ 
(n=11) 

PD-L1 
Strong  
(n=7) 

PD-L1 
Weak 
(n=4) 

PD-L1 + 
(n=10) 

PD-L1 
Strong 
(n=1) 

PD-L1 
Weak 
(n=9) 

Durable clinical 
benefit 

91% 100% 75% 10%  0% 11% 

No durable 
benefit 

9% 0% 25% 90% 100% 89% 

Mutation burden differentiates responders 
within group of PD-L1+ tumors 



Neoantigens in cancer 

• Somatic mutations in cancers can generate novel 
non-self peptides that, when presented on HLA, can 
be targets for tumor-specific T-cell response 

 

• Uniquely expressed in tumor tissue 

 

• Not subject to central tolerance  

 



Neoantigens may underlie differential response 
in those with high mutation burden 

Chen and Mellman, Immunity 2013 



Mutations, neoantigens, and 
immunogenicity  

Matsushita et al, Nature 2012 

• Carcinogen-induced sarcomas harbor “rejection 
antigens” resulting from mutant spectrin-β2 

 



Mutations, neoantigens, and 
immunogenicity  

Gubins et al, Nature 2014 

• T cell checkpoint blockade may enhance neoantigen-
specific reactivity  

 



Nucleotide sequence: …. AAT GCT AAA CGG GGT TTC CAA AAA CGT CCC GGG TAT ….. 

Mutant 17mer peptide: ALLKMYCFSWGPSEFLL 

Wild Type peptide:         ALLKMYCFVWGPSEFLL 

ALLKMYCFSWGPSEFLL 
 
ALLKMYCFSWGPSEFLL 
 
ALLKMYCFSWGPSEFLL 
 
ALLKMYCFSWGPSEFLL 
 
 

A*02:01 A*11:01 B*27:01 B*37:01 C*02:02 C*04:01 

21nM 8764nM 549nM 4667nM 889nM 1039nM 

7028nM 736nM 387nM 6564nM 5499nM 3220nM 

3421nM 811nM 469nM 1167nM 8032nM 19nM 

7833nM 9876nM 6565nM 4364nM 9332nM 3039nM 

Neoantigens may underlie differential response 
in those with high mutation burden 

DNA PROTEIN 
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Neoantigen burden in patients with 
NSCLC treated with pembrolizumab 

Rizvi, Hellmann, Snyder et al, Science 2015 



Pattern of recurrent epitopes may 
drive T cell responses 

Birnbaum et al, Cell 2014 
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•LB, long-term 
clinical benefit 
lasting ≥6 months 
•NB, no durable 
benefit 

Snyder, Makarov, Merghoub, Yuan et al, NEJM 2014 



Neoantigen signature in melanoma and 
homology with infectious epitopes 

Snyder, Makarov, Merghoub, Yuan et al, NEJM 2014 
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LB NB 
A.  Discovery 

Set 
TESPFEQHI 

High mutation-burden non-
responding tumors still lack 
critical neoantigens 

Snyder, Makarov, Merghoub, Yuan et al, NEJM 2014 



    CD8 

IF
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g 

No-stimulation 

SEB 

Wild type peptide 
TKSPFEQHI 

Mutant peptide 
TESPFEQHI    

TNF-a CD107a  MIP-1β 

Identification of Anti-Neoantigen T Cell Response in 
the Peripheral Blood in Melanoma Patient Validation of neoantigen-specificity 



0.001% 

Baseline 
0.043% 

Day 21 
0.044% 

Day 44 

0.022% 

Day 63 

0.003% 

Day 256 
0.005% 

Day 297 
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Pia Kvistborg, Ton Schumacher 

Neoantigen-specific T cells can be identified in 
peripheral blood and mirror clinical response 

to pembrolizumab 



Rizvi, Hellmann, Snyder et al, Science 2015 



Rizvi, Hellmann, Snyder et al, Science 2015 



Application in breast cancers? 
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Ratio of Predicted Neoantigen:Mutation is High in Breast 

Cancers 

Reanalysis from Rooney et al Cell 2015 
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ENTIRELY speculative: Higher proportion of long-term 
survivors with elevated mutation burden  



• In silico analysis of 1,152 putative neoantigens 
resulting from missense mutations in breast and 
colorectal cancers: 
– 7-10 unique HLA-A*0201 epitopes per tumor 

Segal et al, Cancer Res 2008 

Initial in silico prediction of neoantigens 
derived from breast cancers 



Kreiter et al, Nature 2015 

MHC class II neoantigens in 4T1 breast 
model 



Summary 

• The genetics of melanoma and lung cancers 
substantially impact response to T cell 
checkpoint blockade 
– Mutation burden, specific neoantigens, and 

patterns of neoepitopes may be a prediction tool 

• Exome data can be used to identify 
neoantigen-specific T cell responses 
– Neoantigen-specific T cells may mediate response 

to PD-1 blockade 

• These principles appear to transcend tumor 
type and may be broadly applicable 
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BWA 
GATK 

Somatic Sniper 
Strelka 

VarScan 
Mutect 

SNVs passing filters: 
Accepted without 

manual review 

1000 Genomes 

ESP5400 

dBSNP 132 

SnpEff 

Intronic/Intergenic Noncoding Synonymous Coding 

Mapping to b37 reference genome 
Realignment/Recalibration 

Duplicate removal 
Tumor/Normal comparison 

294,033 point mutations and indels 
in 34 tumor-normal tissue pairs 

Exclude  53,930    Exclude 12,093 Exclude 4,348  

Indels 

Exclude 649    

9049 non-synonymous, coding 
point mutations 

Filtered by Tcov ≥ 7x, AFn ≤ 3%, AFt > 10%  

Exclude 192,406 

Figure S1.  Exome analysis pipeline.  

Called by ≥2 callers 

SNVs not passing filters: 
Manual IGV curation 

SNVs passing filters: 
Manual IGV curation 

Filtered by Tcov ≥ 7x, AFn ≤ 3%, AFt > 10%  

SNVs not passing filters: 
Excluded 

Called by 1 caller 

Rare in SNP databases, AFt >0, AFn=0: 
Manual IGV curation 

Exclude 17,988 
Manual IGV curation:  

Exclude 3,570 



Somatic nonsynonymous  mutations 

NASeek: Sliding window analysis to idetify the predicted MHC 
class I binding affinity of: 

each 9mer substring with each HLA allele 

MHC Class I binding prediction for all patient-specific HLA alleles 
with IC50 ≤ 500* 

Exome pipeline 

Translation of mutated sequence into 17mer with centrally 
positioned mutant amino acid  

(and corresponding wild type peptide) 

Candidate neoantigens 


