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Genomic Instability (MMRd), TMB and ICB outcomes

Le et al, N Engl J Med 2015; 372:2509-2520
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TMB and ICB outcomes in NSCLC

Carbone et al. N Engl J Med. 2017;376:2415–2426

PFS - NSCLC PFS - NSCLC



Yarchoan M, Hopkins M, Jaffee EM N Engl J Med, 2017.

Response to immune checkpoint blockade vs TMB

N =27 cancers



Nat Genet. 2019 Feb;51(2):202-206

Overall survival vs  TMB across cancer types

N = 1662 

MSK dataset



Nat Genet. 2019 Feb;51(2):202-206

Effect of nonsynonymous mutational load on 
overall survival after ICB



The Landscape of Somatic Alteration of 
DNA Integrity-Related Genes, Smoking 
and Their Association with TMB in NSCLC
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We examined182 DNA repair genes in 15 repair 
pathways in TCGA lung dataset



Other conserved DNA damage response genes

Nucleotide excision repair

Fanconi Anemia

DNA polymerases

Base excision repair

Sensitivity to DNA damaging agents

Homologous recombination

Mismatch excision repair

Non-homologous end-joining

Other DNA repair genes

Ubiquitination and modification

Editing and processing nucleases

Chromatin structure and modification

Direct reversal of damage

Modulation of nucleotide pools

Repair of DNA-topoisomerase crosslinks

Lung Adenocarcinoma Lung Squamous Cell Carcinoma

Genome Stability Pathway

N Tumors:N Tumors: 200 0400 0 200 400

Legend

Loss of function mutations

Other mutations

Deep copy number deletions

Sharpnack MF, …., He K. in submission

Landscape of 

alteration of 

genome stability 

related genes 

and pathways in 

NSCLC



Smoking mean = 17.2

Non-smoking mean = 11.5

p = 0.0375

Smoking mean = 17.0

Non-smoking mean = 4.9

p < 2.2x10-16

ρ = 0.20

p = 2.5x10-4

ρ = 0.004

P = 0.61

T
u

m
o

r 
F

re
q

u
e
n

c
y

T
u
m

o
r 

F
re

q
u
e
n
c
y

T
u

m
o

r 
m

u
ta

ti
o

n
s
 p

e
r 

M
b

Tumor mutations per Mb Tumor mutations per Mb

Smoking Pack Year History Smoking Pack Year History

A B

C D

T
u

m
o

r 
m

u
ta

ti
o

n
s
 p

e
r 

M
b

Smokers

Non-smokers

SquamousAdenocarcinoma 

Smokers

Non-smokers

Sharpnack MF, …., He K. in submission



REV3L

POLE

FANCE

MLH1

RPA1

POL

MMR
NER

DDR
FA

BEROther
Ubiq HR

Sharpnack MF, …., He K. in submission

S
ig

n
if

ic
a

n
c

e

A B

S
ig

n
if

ic
a

n
c

e

genomic stability pathwaysgenomic stability genes 

Inactivation of genomic stability related genes and 
pathways vs TMB in NSCLC
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The Germline Alteration of DNA Integrity-Related 
Genes and Their Association with TMB in NSCLC



Germline Mismatch Repair Gene Mutations in 
Chinese NSCLC With Paired Tumor-Normal NGS

Sun et al, Front. Oncol., 26 June 2019



Baseline Characteristics and Genetic Testing 
Results of Lung Cancer Patients with Germline 
MMR Mutations

Sun et al, Front. Oncol., 26 June 2019



Germline Mutations Identified in Patients and Their 
Family Members 1. 

A

B

C

Sun et al, Front. Oncol., 26 June 2019



Germline Mutations Identified in Patients and Their 
Family Members 2. 

A

B

C

Sun et al, Front. Oncol., 26 June 2019



Year Age Sex Histology Stage
Smoking 
history

Other cancer
Germline 
mutation

Other somatic 
gene alteration

Targeted therapy Response

2014 37 F Ad IA
Former smoker

(2 pack year)
No BRCA2 not evaluated － －

2014 72 F Ad IV Former smoker
Breast cancer

Lung cancer
EGFR T790M EGFR G719S Rociletinib SD

2015 69 F Ad IIIA Former smoker
Breast cancer

Uterine cancer
BRCA2 EGFR L858R － －

2015 50 F SCLC IA Never smoker Breast cancer
TP53 Y236*

PARK2 Q347*

FGFR2 
amplification

－ －

2016 34 F Ad IV Former smoker No
BRCA2 
L3061*

MET 3028+2T>C

(splice site 
mutation)

Crizotinib PR

2016 44 F Ad IV Never smoker
Orbital 

Rhabdomyosarco
ma

TP53 ALK fusion Crizotinib PR

2017 62 F SCLC IV Former smoker Breast cancer BRCA1 not evaluated － －

Abbreviations: F, Female; Ad, Adenocarcinoma; SCLC, Small Cell Lung Cancer; SD, Stable Disease; PR, Partial Response 

Clinical Characteristics of Lung Cancer Patients with 
Germline Mutation Detected on Routine NGS at OSU 

Shukuya et al, J Thorac Oncol. 2018 Feb;13(2) 



Case: 
A 34 year old female former smoker with lung adenocarcinoma (metastatic pleural effusion) 
patient with BRCA2 L3061*.
She has no personal or family history of breast or ovarian cancer. She was treated with 
pleural catheter placement, four cycles of carboplatin plus pemetrexed followed by two 
cycles of maintenance pemetrexed, and four doses of nivolumab. She had germline genetic 
testing which confirmed the BRCA mutation.

Alterations Mutation allele frequency

BRCA2 L3061* 50.7%

MET 3028+2T>C

(splice site mutation)
0.19%

Adenocarcinoma of LungFoundation ACT

Blood Sample

Shukuya et al, J Thorac Oncol. 2018 Feb;13(2) 



Identification GPV Using Matched Tumor-Normal Sequencing in Pan-

Cancer Patients in China

1. Surveyed the germline variants in 7363 Chinese patients across more than 

18 diverse cancer types. 

2. Germline variants in 62 cancer-susceptibility genes were called from a 1021 

gene NGS panel analyzing matched normal DNA. 

3. Investigated the germline mutations in DNA integrity-related genes and their 

impacts on somatic mutation landscape. 

Sharpnack M,...., He K, ASCO 2018, manscript in submittion

Germline Mutations in DNA Integrity-Related Genes 
and Other Genes in Pan-Cancers 



Summary

1. Inactivation selected DNA instability related genes and pathways are 
associated with increased TMB in NSCLC

2. Smoking is not a sufficient substitute biomarker for TMB in NSCLC.

3. PGVs in MMR genes were detected in 6/1,179 NSCLC patients. All 
of them are heterozygous and MSS. TMB was 4.5 muts/MB. Testing 
of family members identified new Lynch syndrome cases in two first-
degree relatives.

4. Targeted matched tumor-normal NGS reveals PGVs commonly exist 
in patients with cancers of diverse tissue origin, which is valuable in 
therapeutic interventions and genetic risk analysis. 

5. We are creating a multivariate model of tumor mutation burden and 
studying the potential role as therapeutic biomarkers of immune 
checkpoint inhibition in NSCLC.
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