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"Mutations" in lung cancer
Wide variety of genomic variations	

Nature Genetics, 39, S7, 2007

Mutations

Gain (amplification)
or loss (deletion)

Fusion



Multiple mutation processes in cancer
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Mutation landscape in 12 major cancers

The Cancer Genome Atlas (TCGA)

Lung adenocarcinoma (LUAD)
Lung squamous cell ca. (LUSC)
Colorectal adenoca. (COAD/READ)
Uterine corpus endometrial ca. (UCEC)

Higher C>A transversions in lung 
cancer

Mutations

Nature, 502, 333, 2013



Mutation signatures
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Mutations

Cancers, 7, 1037, 2015

Mutation signature = Sequence context of a mutation	



Mutation signatures
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Nature, 500, 415, 2013

Distinct mutation signatures are seen in different cancers	



Common mutations in adenocarcinoma
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Mutations

TCGA project

Nature, 511, 543, 2014



TCGA project

Common mutations in squamous cell ca.Mutations

Nature, 498, 520, 2012



Common mutations in lung cancer

SCC = lung squamous cell ca.
SCLC = small cell lung cancer
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Lancet Oncol, 16, e342, 2015



Why examine mutations?

Understand cancer biology

Accurately sub-classify cancer

Target specific protein or pathway for drug treatment 
("actionable mutation")

Design precision treatment

Utilize as biomarker

Mutations



Accurately sub-classify cancer

Oncogene, 36, 1384, 2017

Mutation data combined with other molecular information identifies
6 sub-types of adenocarcinoma (LUAD)
3 sub-types of squamous cell carcinoma (LUSC)	

Mutations



Design precision treatment

NEJM, 375, 2255, 2016

50 y woman with 7 lung tumors 
(colorectal cancer metastases)

Exome DNA sequencing of 3 
tumors => ~70 mutated genes

KRAS G12D mutation (27% freq.)

Biopsy => isolate CD8+ T cells 

Expand KRAS G12D-reactive 
population => inject

All 7 lung tumors regress

	

Mutations



Understand cancer biology

Mol Cell Oncol, 2, e985549, 2015

Mutations

APOBEC
Family of cytidine deaminase enzymes
Deaminate DNA causing C>U (T) mutation	



Understand cancer biology

Science, 346, 253, 2014

Mutations

APOBEC (C>T) mutation process
Occurs later in time (more "Late" mutations)
Persists after smoking cessation	

Smoking-associated (C>A) mutation process
Starts early (more "Early" mutations)
Slows after smoking cessation	



BiomarkersBiomarkers

Biomarkers "mark" a specific "biological" state	

Aspects of biomarkers

Purpose Diagnostic, prognostic, etc.
Biological state – specificity, sensitivity

Analyte Type – gene, RNA, protein, cell number, small molecule, etc.
Number – single analyte, or multiple

Measurement Sensitivity of method
Specificity of method

Sample Diseased material (e.g., biopsy of tumor)
Indirectly affected material (e.g., blood lymphocytes in lung cancer)

Sample acquisition Invasive, non-invasive (blood, urine, etc.)  	



MicroRNA-based biomarkersBiomarkers

Prediction of recurrence and 
survival in non-small cell lung 
cancer

Sample: Tumor
Analyte: Multiple microRNAs
Measurement method: RTPCR

Kaplan-Meier survival curves:

	

Yu et al. Mol Cell, 2008



MicroRNA-based biomarkersBiomarkers

Diagnosing lung cancer in 
smokers

Sample: Serum
Analyte: 34 microRNAs
Measurement method: RTPCR

	

JNCI, 107, djv063, 2015

PN = pneumonia
COPD = chronic obstructive pulmonary disease
NOD = non-cancer lung nodule detected by CT
Tumor = lung cancer
LCC = large cell ca. of lung



Biomarkers in breathBiomarkers

Diagnosing lung 
cancer by breath 
volatile organic 
compounds

Sample: Breath

Analyte: Volatile 
organic compounds

Measurement 
method: Gas 
chromatography + 
mass spectrometry

	

J Carcinog, 12, 3, 2013

LC = lung cancer
H = normal health



Gene mutation biomarkersBiomarkers

Examples that are clinically used

Front Oncol, 4, 204, 2014



Circulating DNA biomarkersBiomarkers

ctDNA = circulating tumor DNA
cfDNA = cell-free DNA

Wikipedia

Clearance with half-life ~12 h
Degradation + clearance by spleen, etc.	

~50 ng circulating cfDNA per ml of plasma
= ~10,000 genome DNA	



Assigned ctDNA biomarker paperBiomarkers



Study designBiomarkers

TRACERx
Sequencing
NSCLC blood and samples
~900 patients
Diagnosis to 5 y later
Cancer Research UK
2013–

First 100 enrollees for this study

Tissue microarray with duplicates of primaries – Ki67 staining
Histopathology – subtype, %necrosis, lymphovascular invasion
Radiology (CT, PET) – SUV, tumor volume, TBR
Exome DNA sequencing – blood, tumor (primary, metastasis): 200 
ng DNA per sample
Circulating free DNA – PCR for 18 (median) patient-specific SNVs 
(mutations) -> sequencing to find mutation frequency



Study designBiomarkers



Tumor necrosis improves ctDNA detectionBiomarkers



ctDNA biomarkers predict cancer relapseBiomarkers
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santosh.patnaik@, x8364, MRC 207


