[bookmark: gjdgxs]SPECIFIC AIMS
[bookmark: 30j0zll]An estimated 14,000 deaths occur due to renal cell carcinoma (RCC) in the United States annually. It is the urologic malignancy with greatest associated mortality. [[The racial disparity in this disease is well-known:]] Incidence of RCC is 30% greater in African-Americans than in Caucasians, and African-Americans with RCC have worse outcomes. [[However, these disparities are not easily explained. In particular, ]]These racial disparities remain, even after controlling for differences in access to care, and for known kidney cancer risk factors like smoking and hypertension.	Comment by Patrick McGillivray: Three paragraphs in the intro -- 1. racial disparities exist 2. these disparities may have biologic origin 3. things we will do to test if the origin of disparity is biological.	Comment by Patrick McGillivray: Removed reference to a 'rising' rate of kidney cancer -- uncertain if a genomic etiology of racial disparity would show increase on short time scales. Perhaps genomic predisposition + environmental exposure?	Comment by Patrick McGillivray: Can we say this? My insertion. Possibly a Q for Brian. If there has been an epidemiological study showing something like this, it is important to mention.	Comment by Shantao Li: We should have one or two sentence talking about genetic factors contribute to RCC. Heritability of RCC is demonstrated by mutations in various gene linked to RCC (high penetrated ones, like VHL/MET) and heritability study (low penetrated ones, genes/mutations unknown). I hope this helps to clarify why our germline study makes sense to one of our reviewers.

Besides various syndromes Recent studies have shown that African-Americans present with RCC at significantly younger ages than Caucasians. Early disease onset is a possible indicator of hereditary predisposition. Furthermore, racial differences in RCC histologic subtype are significant, consistent with biologic difference in disease process. Clear cell RCC (ccRCC) is the most common histologic type in all races, yet papillary RCC (pRCC) is three-fold more common in African-Americans, accounting for 35-40% of cases. Unfortunately, pRCC is understudied, and no effective systemic therapy for this disease exists. Genomic differences underlying disease presentation, may account for racial disparities in kidney cancer.

Hypothesis: We set out to identify genomic alterations contributing to racial disparity in RCC.  We hypothesize that 1) recurrent germline and somatic alterations are associated with kidney cancer and 2) specific germline and somatic alterations are more common in African-Americans with kidney cancer. We will test our central hypothesis with the following aims:	Comment by Patrick McGillivray: Three paragraphs in the intro -- 1. racial disparities exist 2. these disparities may have biologic origin 3. things we will do to test if the origin of disparity is biological.
Aim 1: To perform whole genome sequencing (WGS) of African-Americans with ccRCC to complete a missing aspect of The Cancer Genome Atlas (TCGA). WGS will be performed on a cohort of African-American patients treated for ccRCC at Yale. TCGA RCC cohorts are scarce in African-American patients with ccRCC; thus, the Yale and TCGA cohorts are complementary. Furthermore, the African-American patients will be carefully matched against against the TCGA cohort. The result is availability of a combined Yale-TCGA study population, suitable for comparing genomic alterations according race (Caucasian vs. African-American) and histologic subtype (ccRCC vs. pRCC). 
Aim 2: To assemble a set of coding and non-coding regions associated with kidney cancer, for both somatic and germline alterations. Key genomic regions associated with kidney cancer will be identified in TCGA RCC cohorts and Yale African-American ccRCC cohort sequenced in Aim 1. Both somatic and germline mutations will be evaluated. Novel pipelines for evaluating functional impact of mutation and mutational burden  will consistently prioritize these regions, using a variety of features (molecular structure impact, network centrality, association with known disease loci, etc.).
Aim 3: To identify genomic regions differing most between African-Americans and Caucasians with kidney cancer. We will examine mutations in regions developed in Aim 2, for racial differences in hereditary predisposition to kidney cancer. This will on a per-variant level and in terms of overall element burdening, where we will develop novel statistical methodology to correct for covariates of mutation rate, such as replication timing. Overall, we will prioritize more than 500 regions according to observed racial disparity. 
[bookmark: 1fob9te]Aim 4: To validate regions suspected of contributing to kidney cancer racial disparity. We will form an independent cohort of African-American and Caucasian patients treated for ccRCC and pRCC at Yale. This will be carefully balanced with respect to known kidney cancer risk factors (eg smoking) and large enough to assure statistically rigorous results.  Tumor and normal DNA will be assessed with PCR-Mass spectroscopy to validate candidate genomic regions identified in Aim 3. 
Deliverable: We plan to develop a coherent data resource for the investigation of racial disparities in kidney cancer. A Yale RCC patient cohort will complement existing TCGA RCC cohorts. Coding and non-coding regions associated with kidney cancer will be put together and ranked according to potential contribution racial disparity in an online resource. Results will be validated for the most impactful regions.

Summary: Significant racial disparity is associated with kidney cancer. African-Americans have increased cancer incidence, earlier age of onset, a different subtype distribution, and worse survival. To date, there has been no comprehensive investigation into a biologic or genetic cause of this health disparity. Our proposed research plan will improve our understanding of the genomic cause of racial disparity in RCC and may have implications beyond the scope of this project. We anticipate the findings will provide insight into inherited cancer predisposition and acquired driver alterations in African-Americans with RCC.	Comment by Patrick McGillivray: Is this important to mention? I'm not sure what the 'implications' (ramifications?) are. Delete?

