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Population:
30,995



Lung cancer is the leading cause of cancer 
deaths in men and women

135,700 deaths per year! Much greater than the population of 
Morgantown, WV!

American Cancer Society Facts & Figures



Risk factors for cancer can be intrinsic 
(genetic) or extrinsic (environmental) factors

Intrinsic: 

e.g. BRCA1 mutations 

Extrinsic: 

e.g. smoking exposure
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A growing proportion of lung cancer is in 
“never-smokers”

Pelosof et al., JNCI 2017



Lung cancer in never-smokers is the 7th

leading cause of cancer deaths

Sun et al., Nat Rev Cancer 2007



Women account for the majority of lung 
cancer cases in never-smokers
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Kenfield SA et al., 2008



The mutational landscape of lung cancer 
is affected by smoking status, gender

ARTICLE OPEN
doi:10.1038/nature13385

Comprehensive molecular profiling of
lung adenocarcinoma
The Cancer Genome Atlas Research Network*

Adenocarcinoma of the lung is the leading cause of cancer death worldwide. Here we report molecular profiling of 230
resected lung adenocarcinomas using messenger RNA, microRNA and DNA sequencing integrated with copy number,
methylation and proteomic analyses. High rates of somatic mutation were seen (mean 8.9 mutations per megabase). Eighteen
genes were statistically significantly mutated, including RIT1 activating mutations and newly described loss-of-function
MGA mutations which are mutually exclusive with focal MYC amplification. EGFR mutations were more frequent in female
patients, whereas mutations in RBM10 were more common in males. Aberrations in NF1, MET, ERBB2 and RIT1 occurred
in 13% of cases and were enriched in samples otherwise lacking an activated oncogene, suggesting a driver role for these
events in certain tumours. DNA and mRNA sequence from the same tumour highlighted splicing alterations driven by
somatic genomic changes, including exon 14 skipping in MET mRNA in 4% of cases. MAPK and PI(3)K pathway activity,
when measured at the protein level, was explained by known mutations in only a fraction of cases, suggesting additional,
unexplained mechanisms of pathway activation. These data establish a foundation for classification and further investi-
gations of lung adenocarcinoma molecular pathogenesis.

Lung cancer is the most common cause of global cancer-related mor-
tality, leading to over a million deaths each year and adenocarcinoma is
its most common histological type. Smoking is the major cause of lung
adenocarcinoma but, as smoking rates decrease, proportionally more
cases occur in never-smokers (defined as less than 100 cigarettes in a life-
time). Recently, molecularly targeted therapies have dramatically improved
treatment for patients whose tumours harbour somatically activated onco-
genes such as mutant EGFR1 or translocated ALK, RET, or ROS1 (refs 2–4).
Mutant BRAF and ERBB2 (ref. 5) are also investigational targets. How-
ever, most lung adenocarcinomas either lack an identifiable driver onco-
gene, or harbour mutations in KRAS and are therefore still treated with
conventional chemotherapy. Tumour suppressor gene abnormalities,
such as those in TP53 (ref. 6), STK11 (ref. 7), CDKN2A8, KEAP1 (ref. 9),
and SMARCA4 (ref. 10) are also common but are not currently clinically
actionable. Finally, lung adenocarcinoma shows high rates of somatic
mutation and genomic rearrangement, challenging identification of all
but the most frequent driver gene alterations because of a large burden

of passenger events per tumour genome11–13. Our efforts focused on com-
prehensive, multiplatform analysis of lung adenocarcinoma, with atten-
tion towards pathobiology and clinically actionable events.

Clinical samples and histopathologic data
We analysed tumour and matched normal material from 230 previously
untreated lung adenocarcinoma patients who provided informed con-
sent (Supplementary Table 1). All major histologic types of lung ade-
nocarcinoma were represented: 5% lepidic, 33% acinar, 9% papillary,
14% micropapillary, 25% solid, 4% invasive mucinous, 0.4% colloid and
8% unclassifiable adenocarcinoma (Supplementary Fig. 1)14. Median
follow-up was 19 months, and 163 patients were alive at the time of last
follow-up. Eighty-one percent of patients reported past or present smok-
ing. Supplementary Table 2 summarizes demographics. DNA, RNA and
protein were extracted from specimens and quality-control assessments
were performed as described previously15. Supplementary Table 3 sum-
marizes molecular estimates of tumour cellularity16.

*A list of authors and affiliations appears at the end of the paper.
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Figure 1 | Somatic mutations in lung
adenocarcinoma. a, Co-mutation plot from whole
exome sequencing of 230 lung adenocarcinomas.
Data from TCGA samples were combined with
previously published data12 for statistical analysis.
Co-mutation plot for all samples used in the
statistical analysis (n 5 412) can be found in
Supplementary Fig. 2. Significant genes with a
corrected P value less than 0.025 were identified
using the MutSig2CV algorithm and are ranked
in order of decreasing prevalence. b, c, The
differential patterns of mutation between samples
classified as transversion high and transversion low
samples (b) or male and female patients (c) are
shown for all samples used in the statistical analysis
(n 5 412). Stars indicate statistical significance
using the Fisher’s exact test (black stars: q , 0.05,
grey stars: P , 0.05) and are adjacent to the sample
set with the higher percentage of mutated samples.
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Motivating questions

• Are there new mutations in lung cancers from never-smokers 
that could be targeted with cancer therapies?

• Can the mutational profile of the cancers themselves, tell us 
something about the intrinsic or extrinsic genetic risk factors?

• Define mutational signatures
• Demonstrate how smoking alters mutational signatures
• Illustrate how intrinsic risk factors may also play a role

Challenge: The majority of lung cancers sequenced to date are 
from smokers. 
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The Women’s Health Initiative (WHI) lung 
cancer cohort

Dr. Garnet Anderson Dr. Sitapriya Moorthi

Post-menopausal women
Understudied lung cancer population

Extensive metadata
History of second-hand smoke exposure,
occupational exposure and demographics

Increased cohort size 



Sub-aim 1: Identification of known and novel somatic mutations: The first goal is to identify somatic mutations 
occurring in this cohort, including single nucleotide variants (SNV), insertion-deletion (Indel), structural variant 
(SV) and copy number variant (CNV). This would be the first step in establishing the framework of the genomic 
landscape of this cohort and will identify potential therapeutic targets specific to this cohort.  
 
Samples, histopathology and sequencing: Lung cancer samples from the WHI 
cohort were reviewed for histological subtype (Figure 2), smoking history and 
DNA availability. 76 lung cancer samples were identified with confirmed 
adenocarcinoma histology and sufficient tumor DNA available for sequencing. 
The final cohort consists of 67 samples light/never smokers and a control 
group of 9 patients with a history of heavy smoking.  
 
DNA extraction has been completed for all 76 tumor samples and their matched 
normal/germline samples (peripheral blood). Sequencing of all tumor-normal 
pairs has also been completed using a customized exome sequencing 
approach. The bait set utilized for sequencing covers the entire coding region of 
the human genome (using the Agilent Exome v5) but also regions known to be 
translocated in cancer. This bait set has been previously validated in the targeted 
“OncoPanel” sequencing assay performed at the Dana-Farber Cancer Institute Center for Cancer Genome 
Discovery12. Samples were sequenced using the Illumina HiSeq2500 platform with paired-end reads.  
Sequence alignment has been completed for all samples and quality control metrics evaluated in-depth. The 
sequencing data passes all established metrics and is of high quality. Normal samples were sequenced to a 
median fold coverage of 79x and tumor samples to depth of 94x (Figure 3). In collaboration with the Translational 
Genomic Repository we have established a RedCAP data repository to securely and accurately curate all 
metadata associated with sequencing data of each sample.  
 
SNV and Indel Analysis: To identify somatic SNV’s and Indels consensus mutational calling approach has been 
developed using two mutational calling algorithms, MuTect213 and Strelka14. The benchmarking of this strategy 
has been completed and high confidence mutation set has been obtained, which includes only those calls that 
pass both callers. This high confidence mutation dataset was interrogated for mutations known to occur 
recurrently in lung adenocarcinoma. Several know mutations were identified in this cohort including mutations in 
EGFR, TP53 and KRAS (Figure 4). Next to determine novel mutations the calls will be assessed through 
MutSig2CV, to determine significantly mutated genes. MutSig2CV, is an algorithm that assigns gene-level 
significance scores based on mutation recurrence in each gene and adjusted for a gene-specific background 



“Germline” vs. “somatic” mutations

https://www.genomicseducation.hee.nhs.uk/canc
er-genomics/

GERMLINE SOMATIC

https://www.genomicseducation.hee.nhs.uk/cancer-genomics/


Increased mutational burden in lung 
cancers from smokers

Never-smokers have lower mutational burden.
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Identifying somatic mutations in tumors

Normal
tissue 

Tumor 

ACTGGCATCGATCGAGAGACCTAGCGTGTATAGCCGGTAGGAATGGC…

*



…like finding typos in 200 volumes of the 
phone book



What is a “mutational signature”?

* e.g. in one gene



What is a “mutational signature”?

** ** * *

Many genes…

…seemingly unrelated



What is a “mutational signature”?

C>AC>A
Same type of mutation!

C>A
C>A

C>A

C>A
Evidence of the cause

Second-hand smoke?
Aging?
Radon?

Something else?



Smokers and never-smokers have 
different mutational signatures

M00001479

M00001508

Signature.1
unknown

M00001479 −− title

Signature.1
Signature.7

M00001508 −− title

M00001484

M00001481

Signature.1

Signature.4

Signature.12
unknown

M00001484 −− title

Signature.1
Signature.4

Signature.13 Signature.24
unknown

M00001481 −− title

Signature.1

M00001492 −− title

M00001492

M00001487

Signature.1

M00001487 −− title

Signature 1

Signature 7

Signature 4

Unknown

Signature 13

Signature 24

Signature 12

Never-smokers: Smokers:



Conclusion

• Anyone with lungs can get lung cancer

• Differing mutational signatures in smokers and never-smokers 
point to different underlying etiology

• Future direction: etiology of lung cancer in younger vs. older 
patients may also differ

• Lack of chromosomal translocations in post-menopausal women
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