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Introduction: 

Treatment efficacy and survival in cancer has been constantly improving over the past several decades for 

children and for adults over forty years of age. For the young adult population, however, no progress has been 

made. Identification of genetic factors contributing to the development of cancer may help to identify individuals 

at high risk and thus provide rational strategy for prevention and through understanding the underlying biology 

it can also help to devise novel therapeutic strategies.  Earlier efforts to identify genetic factors contributing to 

lung cancer probably missed several relevant mutations since they have been limited in many ways that we 

are aiming to overcome in this proposal. We will sequence the germline DNA of lung cancer patients that are 

under 35 years of age, who never smoked and had no apparent exposure to toxic chemicals. In such a 

population, genetic factors will play a more prominent role than in an older population more affected by 

environmental factors, therefore, those genetic factors could be identified more easily.   

Keywords: 

Germline sequencing, oncogenes, lung cancer in young non-smoker adults, genetic causes of lung cancer 

Accomplishments: 

Specific Aim 1: Whole exome sequencing of the germline DNA of young, (<35 years of age)  non-smoker lung 

cancer patients 

Major Task 1: Whole exome sequencing of the germline DNA of 40 young non-smoker lung cancer patients 

Subtask 1: Finalizing and obtaining all relevant IRB approvals 

Subtask 2: Whole exome sequencing of the germline DNA young non-smoker lung cancer patients – 50 cases 

1) Major activities:
- We have finalized and obtained all necessary IRB approvals for the project.

- We have characterized the cohort for the most relevant biomarkers such as ras mutations, EGFR

mutation, ALK translocation.

- We have isolated germline DNA from the first 30 cases, those were processed by next generation

sequencing.

- We received the first batch of sequencing data. Bioinformatics processing of the data is currently

underway by standard tools. The quality control of the raw sequencing data has been completed.

Mapping the quality-controlled sequencing reads to the reference genome is underway by using the

Burrows-Wheeler Aligner (BWA).
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2) Specific objectives: The main objective of the first part of the project is to perform a next generation

sequencing on the germline DNA and identify germline genomic variants enriched in this cohort.

3) Significant results: Histological analysis showed that with one exception, all 44 cases sequenced so

far were lung adenocarcinoma cases. We have obtained somatic molecular biology markers for 30

cases of the 44 germline cases sequenced so far. Of the 30 cases  18 had ALK translocation and 4 had

EGFR mutation. This represents a higher than 50% frequency of ALK positivity which is much higher

than the ~5% frequency seen in the average population. This strongly suggests that our assembled

cohort has unusual enrichment for certain molecular mechanism the germline cause of which we aim to

discover in this work.

Summary of tumor properties from patients whose germline DNA has been sequenced. 
ID histology  stage Molecular drivers brain  

metastasis 

YLB17 ADC 

YLB18 ADC T2 N1 M0 

YLB01 ADC T1a N0 M0 no ras, ALK or EGFR 
mutation  

YLB39 ADC T2 N2 M1b (brain, bone, 
metastasis) 

ALK translocation YES 

YLB02 ADC T1a N0 M0 

SYLB01 ADC T1 N3 M1 (brain met) ALK translocation YES 

YLB23 ADC T4 N0 M0 no ras, ALK or EGFR 
mutation  

YLB20 ADC 

YLB02 ADC M1 (bone) ALK translocation 

YLB03 ADC 

YLB22 ADC ALK translocation 

YLB04 ADC T3NxM1 (pleura) EGFR (deletion in Exon 
19) 

YES 

YLB19 ADC T4 N2 M1a (lung 
metastasis) 

YLB28 ADC 

YLB38 ADC ALK translocation 

YLB05 ADC M1 (intrapulm.met.) no ras, ALK or EGFR 
mutation  (triple 

negative) 
YLB29 ADC ALK translocation 

YLB08 ADC 

YLB21 ADC  T1bN0M0 

YLB35 ADC ALK translocation 

YLB09 ADC T2N3M1 ALK translocation 

YLB14 ADC EGFR (deletion in Exon 
19) 

YLB10 ADC T4-N3-M1b (bone, liver 
metastasis) 

EGFR (deletion in Exon 
19) 

YLB07 ADC pT2aN0M0 
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YLB11 ADC M1 (pleural metastasis) ALK translocation 

YLB16 ADC T2a-N0-M0 no ras, ALK or EGFR 
mutation  

YLB15 ADC ALK translocation 

YLB12 ADC 

YLB13 ADC M1 (pleural metastasis) ALK translocation 

YLB24 ADC T4N2Mab ALK translocation 

YLB25 ADC T4NxM1b EGFR (deletion in Exon 
19) 

YLB26 ADC T2N2M0 ALK translocation 

YLB27 ADC T3N0M1a 

YLB36 squamous T4N2M0 

YLB102 ADC M1 ALK translocation 
YLB104 ADC T2bN2Mx ALK translocation 
YLB105 ADC acinare 

muciparum 
T3N1M0 ALK translocation 

YLB106 ADC T2aN2M1b (stage IV) Triple negative 

YLB107 ADC T2N2M0 ALK translocation 

YLB39 ADC ALK translocation 
YLB40 ADC Fusion EML4(Exon 13) 

- ALK(Exon 20)
YLB41 ADC Fusion EML4( Exon 2) - 

NTRK3( Exon 14) 
YLB42 ADC EGFR mut, ROS1 

positive 
YLB37 ADC T4NxM1 

The germline next generation sequencing data has been processed with the following algorithms: 

Short variants (SNVs and Indels) were identified by GATK 4.1.4.1 Haplotypecaller + Genotype Refinement 

workflow for germline short variants. Annotation of variants was performed with Annovar, Intervar. 

Structural variants were determined using Manta, Delly and Lumpy. Copy number changes were determined 

by Canvas. Runs of homozygosity (ROH) analysis was performed by PLINK and rare variant analyses was 

performed BeviMed and SKAT. 

We are still waiting for 6 more samples to be sequenced (we were delayed with those samepls due to 

COVID19).  

We performed a preliminary analysis with the already sequenced and processed samples. This analysis has 

resulted in two interesting preliminary results. We found that the indel variant 2|29494843|CGTGT|CGT is 

present in several, young nonsmoker ALK+ cases  whereas never present in the control data bases. This 

observation needs to be confirmed independently by targeted sequencing. 

We also found (see figure below) that runs of homozygosity >1.5 MB, a measure of genetic inbreeding is 

significantly higher in our cohort suggesting that the homozygous status of rare gene variations may be 

responsible for the increased incidence of lung cancer.  
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What opportunities for training and professional development has the project provided? Nothing to 

report. 

How were the results disseminated to communities of interest?  Nothing to report. 

What do you plan to do during the next reporting period to accomplish the goals?  We will complete the 

bioinformatic analysis of the first thirty cases and we will start processing the next twenty cases for next 

generation sequencing during next few months. Once we complete the analysis and identify germline 

genomics variants enriched in this cohort, we will test those on our FFPE validation cohort (fifty cases) with 

targeted sequencing and we will also test the associated somatic genomic aberrations (loss of heterozygosity 

etc.).  

What was the impact on the development of the principal discipline(s) of the project? 

What was the impact on other disciplines?   Nothing to report. 

What was the impact on technology transfer?   Nothing to report. 

What was the impact on society beyond science and technology? Nothing to report 

CHANGES/PROBLEMS:   

Changes in approach and reasons for change: There are no changes. 

Actual or anticipated problems or delays and actions or plans to resolve them: 
We have encountered several issues that caused delays with the project. 
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It took about 6 weeks longer to obtain IRB approvals than anticipated. We initiated DNA extraction afterwards. 

We sent out the first test batch for sequencing, but the quality of the DNA in the first batch did not meet the 

quality criteria of the sequencing facility for all cases and we needed to isolate another batch of DNA from the 

less than appropriate samples. We also had some issues with personnel (one of the associates helping with 

handling of the samples delivered her child and we needed to find a replacement). All these together caused 

and approximately 6-7 months delay with the project. Therefore, we requested and obtained a 1-year, no cost 

extension. Our hopes of catching up were significantly thwarted by the COVID19 pandemics. Issues both with 

laboratory personnel, sample preparation, shipping etc. caused a very significant delay and thus we needed to 

request another 1-year extension. We will complete the sequencing of the test population within a few months 

and then we can perform the validation studies, based on targeted sequencing. 

Changes that had a significant impact on expenditures: Nothing to report. 

Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or select 
agents: Nothing to report. 

PRODUCTS:   
Journal publications: Nothing to report 

Books or other non-periodical, one-time publications: Nothing to report 
Other publications, conference papers and presentations: Nothing to report 
Website(s) or other Internet site(s): Nothing to report 
Technologies or techniques: Nothing to report 
Inventions, patent applications, and/or licenses: Nothing to report 
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