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A.	Personal Statement
I am a biostatistician with expertise in cancer modeling and the statistical analysis of epigenetic data in human disease, co-authoring over 30 papers with my colleagues studying cancers of the colon, lung, bladder, breast and ovary. My current research, in collaboration with Drs. Shibata and Marjoram, focuses on developing mathematical models to understand the growth and spread of cancer. These models address fundamental questions about growth behavior through modeling cell division processes using a molecular phylogenetic approach. We recently published our finding that most colon cancer followed a single clonal expansion, and most detectable somatic mutations occurred during the first few cell divisions, a time before the tumor is clinically detectable (Nature Genetics, 2015). In addition to this work, I also develop statistical methods for processing and analyzing DNA methylation data (R01 HG006705, PI Siegmund), and teach a course on the statistical analysis of high-dimensional data. Overall, 70% of my time is funded on grants related to cancer, the analysis of DNA methylation and high-throughput sequencing data. I am particularly well-qualified to providing statistical support through the Biostatistics Core to my colleagues proposing studies in the area of epigenomics.

B.	Positions and Honors
Positions and Employment
1995-1997     	 Research Instructor, Division of Biostatistics; Washington University, St Louis, Missouri
1997-2003	Assistant Professor, Department of Preventive Medicine, Keck School of Medicine, University of Southern California, Los Angeles, California
2003-2014	Associate Professor, Department of Preventive Medicine, Keck School of Medicine, University of Southern California, Los Angeles, California
2014-present	Professor, Department of Preventive Medicine, Keck School of Medicine, University of Southern California, Los Angeles, California

Other Experience and Professional Memberships
2003	Chair, Program Committee, International Genetic Epidemiology Society
2004, 2006	External Referee for Mathematics of Information Technology and Complex System Network of Centres of Excellence (MITACS-NCE), Canada
2005-2007	Member, Board of Directors, International Genetic Epidemiology Society
2005-	Ad hoc member of NIH review panels [BMRD,IRAP,GRRC,PSE,NCBC,BSTF,…]
2006-2012	Member, Steering Committee, NIH Colon Cancer Family Registry
2013	Member, AACR Education Committee	
[bookmark: _GoBack]2014	Ad hoc member of Joint NSF/NIH review panel
2014	Reviewer for The Netherlands Organisation for Health Research and Development (ZonMw)

C.	Contribution to Science

My research interests focus on understanding the etiology of cancer. I began my career working in the area of statistical genetics and genetic epidemiology, but shortly after arriving at USC began to collaborate with USC colleagues who were experts in the field of epigenetics, and in particular, DNA methylation. I divide my time between independent research (R01 HG006705, PI: Siegmund) and collaborative work (see D. Research Support).

My cancer etiology work falls broadly in two areas: (1) mathematical modeling of cancer growth, and (2) discovery of novel cancer subgroups. Around 2006 I began work with Dr. Darryl Shibata, a Pathologist with expertise in colorectal cancer, to develop a molecular phylogenetic approach to study cancer growth. We proposed that most cancer could be explained by a single clonal expansion, a paradigm-shift from the belief that growth occurred due to selective advantage of new subclones. We modeled neutral replication errors in CpG methylation as a ‘molecular clock’, and found in an analysis of ten individual cancers that the growth of most of the cancers was consistent with a single clonal expansion (Siegmund et al. PNAS, 2009). We recently validated the model for a subset of 15 new cancers, using tumor chromosome copy number (whole-genome) and somatic single nucleotide variants (whole-exome sequencing) (Nature Genetics, 2015) (funded in part by R21 CA151139, PI: Siegmund). Further, we found that the somatic variants must have occurred during the first few cell divisions in order to be detected in a 3 cm tumor (~109 cells), and certain patterns of intratumor heterogeneity can identify early abnormal cell mobility, a potential phenotype for tumor aggressiveness assessable from a time period before the tumor is clinically detected. Translating our methods to the clinic may allow clinicians to better identify aggressive from slow-growing tumors and improve quality of life for many patients with indolent disease who might not require aggressive treatment. I have seven publications related to modeling tumor ancestry, with the two most notable provided below.

Siegmund KD, Marjoram P, Woo YJ, Tavaré S, Shibata D.
Inferring clonal expansion and cancer stem cell dynamics from certain DNA methylation patterns in colorectal cancers. Proc Natl Acad Sci U S A., 2009, Mar 24; 106(12):4828-33. PMCID-PMC2651202 
I programmed the simulation model that allowed us to infer cancer growth characteristics of age, number of cancer stem cells, and helped write the manuscript.

Sottoriva A, Kang H, Ma Z, Graham TA, Salomon MP, Zhao J, Marjoram P, Siegmund K, Press MF, Shibata D, Curtis C. A big-bang model for colorectal cancer growth. Nature Genetics, 2015, Feb 9. PMCID – in process. I provided computer simulation results that suggested all detectable mutations occurred in the first few cell divisions and contributed to the genomic data used for measuring intratumor heterogeneity (R21 CA151139).

The second area of my research in cancer etiology is through the development of novel statistical methods for cluster analysis/class discovery. Early on, I tailored cluster analysis methods to fit the distributions of DNA methylation data that are bounded between 0 and 1, and can have an excess of zeros (depending on the technology used). Shortly after this, Illumina developed their first DNA methylation microarray and I became involved in processing the signals from the arrays to remove technical artifacts. Through this work I developed an international reputation as a statistical expert in the analysis of DNA methylation data. 
Recent original research:
Triche T Jr., Weisenberger DJ, Van Den Berg D, Laird PW, Siegmund KD. 
Low-level processing of Illumina Infinium DNA Methylation BeadArrays. Nucleic Acids Research, 2013 Apr 1;41(7):e90. doi:10.1093/nar/gkt090. PMCID PMC3627582. I advised this work of a Ph.D. student to develop methods that remove technical artifacts due to background fluorescence and dye-bias on the Illumina HumanMethylation platform.

Wang X, Laird PW, Tinoue T, Groshen S, Siegmund KD. Non-specific filtering of Beta-distributed data. BMC Bioinformatics, 2014 Jun 19; 15(1):199. PMCID PMC4230495. I advised this work of a Ph.D. student to develop methods for filtering DNA methylation data prior to cluster analysis.

Reviews on analysis of DNA methylation data
Siegmund KD. Statistical approaches for the analysis of DNA methylation microarray data. Human Genetics, 129(6), 585-595, 2011. DOI 10.1007/s00439-011-0993-x, PMID: 21519831. PMCID-PMC3166559

Michels KB, Binder AM, Dedeurwaerder S, Epstein CB, Greally JM, Gut I, Houseman EA, Izzi B, Kelsey KT, Meissner A, Milosavljevic A, Siegmund KD, Bock CB, Irizarry RA. Recommendations for the design and analysis of epigenome-wide association studies. Nature Methods 2013 Oct; 10(10):949-55. PMID: 24076989. PMCID – in process. I was an invited speaker at the Radcliffe workshop on “Challenges of epigenomwide association studies” and contributed text describing tests for differential DNA methylation at individual CpG sites.

I have published numerous applied papers with my colleagues, over 30 in the area of DNA methylation and epigenetics. One area of application is cluster analysis. Our group validated the CpG island methylator phenotype (CIMP) subtype in colorectal cancer (CRC), and documented its tight linkage with the BRAFV600E variant. I performed the statistical analysis that identified the CIMP CRC subtype and developed a highly sensitive and specific marker panel for detecting CIMP CRC (Nature Genetics, 2006) (US Patent 8,110,361). Recently we completed a study of the association between risk factors for CIMP CRC in over 3000 primary CRC cases from the Colon Cancer Family Registry. We found the frequency of several CRC risk factors varied by CIMP status (age, family history of CRC, aspirin use), and the associations of smoking and obesity with tumor subtype were evident only in females (Cancer, Epidemiology, Biomarkers and Prevention, 2015). 

Publications
Weisenberger DJ*, Siegmund KD*, Campan M, Young J, Long TI, Faasse MA, Kang GH, Widschwendter M, Weener D, Buchanan D, Koh H, Simms L, Barker M, Leggett B, 	Levine J, French AJ, Thibodeau SN, Jass J, Haile R, Laird PW. CpG Island methylator phenotype in human colorectal cancer is tightly associated with BRAF mutation and underlies sporadic mismatch repair deficiency. Nature Genetics, 38(7): 787-793, 2006. *These authors contributed equally to this work. My statistical analysis identified the marker panel that was later patented (US Patent 8,110,361).

Weisenberger DJ*, Levine AJ*, Long TI, Buchanan DD, Walters R, Clendenning M, Rosty C, Joshi AD, Stern MC, LeMarchand L, Lindor NM, Daftary D, Gallinger S, Selander T,  Bapat B, Newcomb PA, Campbell PT, Casey G, Ahnen DJ, Baron JA, Haile RW, Hopper JL, Young JP, Laird PW and Siegmund KD for the Colon Cancer Family Registry. Associations of the colorectal CpG island methylator phenotype with molecular features, risk factors and family history. Cancer Epidemiology, Biomarkers and Prevention, in press 2015. *These authors contributed equally to this paper. I was the senior author on the paper, advising all statistical analysis and editing and revising the final manuscript.

Patent
Inventors: Laird PW, Siegmund KD, Campan M, Weisenberger DJ, Long TI. 
DNA methylation markers associated with the CpG island methylator phenotype (CIMP) in human colorectal cancer. US Patent 8,110,361. February 7, 2012. I selected the markers to be used in this panel.

Other applied work of mine is in developing a DNA methylation marker panel for monitoring bladder cancer recurrence in urine sediments (Clinical Cancer Research, 2014).

Publications
Su SF, de Castro Abreu AL, Chihara Y, Tsai Y, Andreu-Vieyra C, Daneshmand S, Skinner EC, Jones PA, Siegmund KD, Liang G. A panel of Three Markers Hyper and Hypomethylated in Urine Sediments Accurately Predicts Bladder Cancer Recurrence. Clinical Cancer Research 2014 Apr 1:20(7):1978-89.  PMCID – in process. I performed the statistical analysis to create the sensitive and specific classifier for monitoring bladder cancer recurrence.

Lastly, I work in the area of integrating data from genetics, epigenetics, and transcriptomics to understand cellular processes in human cells.

Publications
Marconett CN, Zhou B, Rieger ME, Selamat S, Dubourd M, Fang X, Lynch SK, Stueve TR, Siegmund KD, Berman BP, Borok Z, Laird-Offringa IA. Integrated transcriptomic and epigenomic analysis of primary human lung epithelial cell differentiation. PLoS Genetics 2013; 9(6): e1003513. PMCID: PMC3688557 I advised the analysis of gene expression microarray data, and helped with manuscript preparation.

Shi J, Marconett CN, Duan J, Hyland P, Li P, Zhao B, Wheeler W, Wang Z, Huang J, Zhou W, Hutchinson A, Pesatori AC, Consonni D, Bertazzi PA, Bergen A, Siegmund KD, Berman BP, Borok Z, Chatterjee N, Tucker MA, Caporaso NE, Chanock SJ, Laird-Offringa IA, Landi MT. Characterizing the genetic basis of methylome diversity in histologically normal human lung tissue. Nature Communications 2014. Feb 27;5:3365. PMCID PMC3982882. I reviewed the analysis plan and results for the manuscript.


URL for My Bibliography (114 total publications):
http://www.ncbi.nlm.nih.gov/sites/myncbi/1vyMkvNU6SK5h/bibliograpahy/40293764/public/?sort=date&direction=ascending

D.	Research Support

Completed Research Support

2 R01 CA097346 (Siegmund) 														07/01/2003 – 06/30/2013		
NIH/NCI									
Statistical Models in Epigenomics	
Our primary objective is to utilize the ‘molecular clock’ hypothesis, to build and develop mathematical models that allow us to understand the growth and progression of cancer.
Role: Principal Investigator

1 R21 CA151139 (Siegmund)														09/01/2010 – 08/31/2013	
NIH/NCI	
Applying Molecular Phylogeny to Predict Clinical Outcomes in Cancer 
Our primary objective is to investigate the utility of cancer molecular phylogeny, an approach to measuring cancer age, to predict clinical outcomes.
Role: Principal Investigator

Ongoing Research Support

1 R01 HG006705-01 (Siegmund)    														03/26/2013 – 02/29/2016	
NIH/NHGRI	
Statistical Analysis Methods for Epigenomic Data	
The major goal of this project is to develop statistical methods for the analysis of DNA methylation data generated using new high-throughput microarray and sequencing technologies.
Role: Principal Investigator

1 R21 CA185016     (Shibata)															07/01/2014 – 05/31/2016
NIH/NCI
Born to Be Bad: is abnormal cell motility already present at initiation?
To assess, using molecular phylogeny, whether colon cancer cells are abnormally mobile compared to cells from non-neoplastic lesions
Role: Co-Investigator

2 P30 CA014089-31 (Gruber)														12/01/2005 – 11/30/2015
NIH/NCI
USC/Norris Comprehensive Cancer Center (Core Support)
The major goal of the Biostatistical Core, supported by the Cancer Center Core Grant, is to provide statistical support to the USC/Norris Comprehensive Cancer Center.
Role: Statistician

1 R01 CA170550 (Laird)																	09/01/2012 – 06/30/2016
NIH/NCI	
Epigenetic Drivers of Cancer
To develop methods of finding out which epigenetic changes contribute directly to cancer formation.

1 U01 CA184826-01 (Berman)		04/01/2014-03/31/2017	
NIH/NCI (Subcontract to Siegmund)	
Software Tools for Regulatory Analysis of Large Cancer Methylome Datasets
To develop automated tools for unifying various gene regulatory databases, and develop DNA methylation analysis workflows using open source R/Bioconductor and Galaxy frameworks.
Role: Co-Investigator

1 R01HL114094 (Laird-Offringa)													09/23/2011 – 06/30/2016	
NIH/NCI									
Epigenetic profiling of human alveolar epithelial cells in health and disease
To develop a temporal, genome-wide model for the epigenetic regulation underlying the differentiation state     of human alveolar epithelial cells.
Role: Co-Investigator

2 R01 CA083867-06 (Jones)															03/01/2005 – 02/28/2015
NIH/NCI									
De Novo DNA Methylation in Bladder Cancer
To develop a maker panel of CpG islands and verify that methylation observed in urine sediments corresponds with methylation in the primary tumor.
Role: Co-Investigator

1 R01 ES022216    (Breton)                                                            					09/01/2013 - 06/30/2017 
NIH/NIEHS                     
Prenatal Tobacco Smoke, Genetic and Epigenetic Changes, and Respiratory Health
To assess how prenatal tobacco smoke exposure affects childhood lung function and childhood asthma.
Role: Co-Investigator

PENDING
   
R01 CA181242 (Chao)																09/01/2014 – 08/31/2019     
NIH/NCI   (Subcontract to Siegmund)	
Identification of DNA methylation markers for risk of metastasis in localized prostate cancer
To develop a DNA methylation panel to predict risk of metastasis in localized prostate cancer.
Role: Co-Investigator
