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	I. Project Title

	Whole exome sequencing analysis of lung cancer prognosis
	Date:  Nov 17, 2016

	II. Project Group Investigators (for external investigator- it is required to include at least 1 ILCCO/TRICL investigator in the Project Group) 

	Ruyang Zhang, David Christiani, Chris Amos, Rayjean Hung, MDAC PI, Baylor PI, IARC PI, Liverpool PI, MCCTH PI and other authors from consortium 


	III. Background

	Lung cancer is the leading cancer-related killer in both men and women in the United States. The 5-year survival rate for stage I cancer is over 45%. However, it greatly drops to 31% for stage II cancer. For late-stage lung cancer patients, the 5-year survival rate is even below 14% 1[]
. Targeted molecules directed against EGFR and VEGF inhibitors have changed the landscape of drugs that are available for use in lung cancer patients 2


[ ADDIN EN.CITE , 3]
. Most importantly, the discovery of somatic EGFR mutations that may be both prognostic markers for survival and predictive markers for responsiveness to EGFR tyrosine kinase inhibitor therapy including gefitinib and erlotinib has set an example of how molecular analysis can inform clinical care 4


[ ADDIN EN.CITE , 5]
.  
However, targeted cancer therapies still need to consider genetic difference of patients. For example, the most important thing is heralded by the use of EGFR TKIs as first-line therapy for patients with a targetable EGFR driver mutation 6[]
. Although addressing resistance to targeted therapy appears possible, the challenge for the future will be rationally choosing combinations and whether upfront combination therapy will be more effective than first-line single-agents whilst balancing toxicity and costs.
Inherited genetic variations play an important role in lung cancer carcinogenesis. In recent 5 years, dozens of variants associated with lung cancer prognosis have been identified by genome-wide association studies (GWAS) 
 ADDIN EN.CITE 
[7-11]
, and target next-generation sequencing (NGS) 
 ADDIN EN.CITE 
[12-14]
. However, most of observed signals are located in non-coding gene regions. Whole exome sequencing (WES) technology provides us an opportunity to perform compressive evaluation of all exon gene regions, where gene variation may bring functional changes on gene expression or protein level. 
We have already observed potential lung cancer prognosis (survival time) associated variants based on a small-sample-size (n=202) WES data. We may have more power to detect prognosis associated signals and get more robust estimates of effect size of variants, with combination WES data from ILCCO/TRICL consortium. 


	IV. Specific Aims

	To identify lung cancer prognosis (survival time) associated exon variants. 


	V. Methods

	We are going to adopt two-stage association study to find lung cancer prognosis associated exon variants.
(1) Discovery using WES data

We have 202 lung cancer patients collected from HSPH, MDAC and Baylor. WES profiling file was generated using Roche SeqCap EZ HGSC VCRome. There 1059 lung cancer patients collected from HSPH (n=432), IARC (n=298), Liverpool (n=67) and MCCTH (n=262) having WES profiling file generated using Agilent's WholeExome v5 content.
We are going to combine above 2 datasets together, and then perform below analyses:
a) Gene-based survival analysis

We are going to use cox Kernel Machine SNP-set Association (coxKM) test to evaluate association between one gene and lung cancer survival time 
 ADDIN EN.CITE 
[15, 16]
. Genes with q-FDR < 0.05 will be selected as candidates for following analysis.
b) Single-variant survival analysis

Cox proportional hazards model are used to test single variant located in candidate genes. Single variants with q-FDR<0.05 will be selected into validation phase.
Covariates including age, gender, smoking status, clinical stage, histology, surgery, adjuvant therapy and top PCs will be adjusted in all statistical models.

(2) Validation using OncoArray data

We are going to use same statistical methods to confirm significant exon variants associated with prognosis using OncoArray data. For these variants which were not genotyped in OncoArray, we will do analysis using imputed data.


	VI. Materials or variables needed from the study PIs

	We need WES data and OncoArray data from consortium.
We also need below phenotype and covariates information:

a) Age, gender, smoking status (never/ever/current), pack-year of smoking, race (Caucasian, Asian, African, Hispanic, Others)

b) Histology (Adenocarcinoma, Squamous cell, large cell, small cell, others), clinical stage (1/2/3/4), surgery status (Y/N), chemotherapy (Y/N), radiotherapy (Y/N), adjuvant therapy (Y=having chemotherapy or radiotherapy, N=otherwise)

c) Overall survival time (unit: month) from diagnosis, death status (alive/dead) at the last follow-up


	VII. Time line

	We expect the entire project to be completed within one year after the receipt of data. 


	VIII. Funding Sources and Declaration of Conflict of Interests.  To ensure full transparency and to protect collaborating study PIs, ILCCO/TRICL requires the Project Leaders to disclose any circumstances that could give rise to a potential conflict of interests related to the proposed project activity in particular, or to lung cancer and/or tobacco products in general, including but not limited to funding sources, employment and consulting, board membership and investment interests within the last 5 years.    

	Neither of the investigators has a conflict of interest.


	IX. Other remarks (e.g. publication plan, etc)

	Innovation: This may be the largest whole exome study of lung cancer prognosis.

Publication plan: We are planning to publish our results within one year.
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