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Topics to be Covered

 Why collect genomic tumor data?

 Genomic data routinely generated for clinical oncology

 A central registry approach to surveillance of genomic data

 Central registry infrastructure needed



A Public Health Cancer Surveillance Imperative



Carcinogenesis:  A Genomic Process

Keith, R., Miller, Y. Lung cancer chemoprevention: current status and future prospects. Nat Rev 
Clin Oncol 10, 334–343 (2013). https://doi.org/10.1038/nrclinonc.2013.64



NSCLC Treatment Before Genomics

2-drug platinum-based combinations

Schiller JH. NEJM 2002; 346:92-98

2-drug platinum-based regimens Median survival
8 mo.

Response rate
19%

Median time to tumor progression
(TTP) 3.7 mo.

Slide courtesy of Dr. Jill Kolesar



Current and Future Targets in NSCLC

Meisel 2020, Healthbook
Slide courtesy of Dr. Jill Kolesar



Shifting Paradigm in Treatment of Pediatric Brain Tumors

Medulloblastoma – Subgroup of 
Embryonal Tumors

 Ependymoma – A type of CNS Tumor

 Atypical Teratoid/Rhabdoid Tumors 
(ATRT) – Rhabdoid tumors of the CNS, 
common in very young children

 Pediatric High-Grade Glioma (pHGG) –
heterogenous malignant tumors

 Pediatric Low-Grade Glioma (pLGG) –
histologically diverse benign tumors of 
glial origin

Guerreiro Stucklin, Ana S, Ramaswamy, Vijay, Daniels, Craig, and Taylor, Michael D. "Review of Molecular Classification and Treatment Implications of Pediatric Brain 
Tumors." Current Opinion in Pediatrics. 30.1 (2018): 3-9. Web.



Genomic 
Data 
Capture:  
A Public 
Health 
Imperative

How do genomic variants impact treatment, 
treatment response, and survival in the 
population? 

Do disparities exist in patients who have access 
to molecular testing and targeted therapy?

Do molecular profiles vary by geography, 
race/ethnicity, or socio-economic status?

Can genetic testing be used to identify cancer 
risk, diagnose cancer sooner or prevent cancer?



Appalachian KY vs TCGA Mutations in Whole Exome 
Sequencing of Squamous Cell Lung Cancer (N=51)

This study identified an increased 
percentage of IDH1 and PCMTD1 
mutations in SQCC arising in the 
Appalachian KY residents versus 
TCGA, with population-specific 
implications for the personalized 
treatment of this disease.

Characterization of Squamous Cell Lung Cancers from Appalachian Kentucky. Jinpeng Liu, Thilakam Murali, Tianxin Yu, Chunming Liu, Theru A. Sivakumaran, Hunter N.B. Moseley, Igor B. Zhulin, 
Heidi L. Weiss, Eric B. Durbin, Sally R. Ellingson, Jinze Liu, Bin Huang, Brent J. Hallahan, Craig M. Horbinski, Kurt Hodges, Dana L. Napier, Thèrése Bocklage, Joseph Mueller, Nathan L. Vanderford, 
David W. Fardo, Chi Wang and Susanne M. Arnold. Cancer Epidemiol Biomarkers Prev February 1 2019 (28) (2) 348-356; DOI: 10.1158/1055-9965.EPI-17-0984



EGFR Testing and Erlotinib Use in Non-Small Cell Lung Cancer 
Patients in Kentucky

Larson KL, Huang B, Chen Q, Tucker T, Schuh M, et al. (2020) EGFR testing and erlotinib use in non-small cell lung 
cancer patients in Kentucky. PLOS ONE 15(8): e0237790. https://doi.org/10.1371/journal.pone.0237790

https://doi.org/10.1371/journal.pone.0237790




Do geographic variations also exist in incidence of cancer genomic subtypes?



New Challenges in Cancer Surveillance



Next Generation Sequencing (NGS) Multi-Gene Targeted 
Panels

Kentucky Cancer Registry 
(KCR) Cancer Genomics Data 

Sources

• Clinical NGS reports
• Research NGS Reports 

Oncology Research 
Information Exchange 
Network (ORIEN)

• Pediatric Brain Tumor Study

Common Clinical NGS Service 
Providers in U.S.

• Guardant Health
• Foundation Medicine
• Caris Life Sciences
• Tempus
• Others



Foundation Medicine
324 Genes



Caris Life Sciences
592 Genes



Guardant Health
74 Genes



Traditional Abstraction of Gene Mutations?

 Site Specific Data Items (SSDIs) take years to 
approve
- Long after testing and clinical use have become 

standards of clinical care

 Registrars do not have time to review and 
manually code hundreds of gene mutations 
per case

 Obtaining test results directly from sequencing 
providers will be much more efficient and 
complete



Moving Beyond the Limitations



Commercial 
Laboratory 
NGS Panel 
Testing and 
Reporting

Clinical Report
• Specific gene mutations from tumor tissue
• Suggestions for FDA approved targeted agents and 

clinical trials
• May or may not report variants of unknown 

significance

Raw Data used to Generate Clinical Report
• Sequencer -> FastQ -> BAM -> VCF -> Clinical Report

• Clinical report based upon current knowledge of 
mutation variants

• FastQ and BAM files contain information that may 
prove important in future

• At minimum, BAM files important for surveillance



Date of Birth 12 December 1942 Medical Facility ABC Oncology

Sex Female Ordering Physician Smith, John Specimen

Received

01 December 2016

FMI Case # SMP60684 Additional Recipient Not Given Specimen Site Breast

Medical Record # 12345678 Medical Facility ID # 200313 Date of Collection 08 December 2016

Specimen ID Not Given Pathologist Public, John Q Specimen Type Slide

PIK3CA
E545K

Everolimus Temsirolimus Yes, see
clinical trials 
section

ATM
T2333fs*40

None None Yes, see
clinical trials 
section

BCL2L1
amplification - equivocal

None None None

MYST3
amplification - equivocal

None None None

Patient Name
Patient, Test

Electronically Signed by Shakti Ramkissoon, M.D. | Jeffrey S. Ross, M.D., Medical
Director | 09 December 2016
Foundation Medicine, Inc. / 1-888-988-3639

Report Date
09 December 2016

Tumor Type
Breast carcinoma (NOS)

ABOUT THE TEST:
FoundationOne™ is a next-generation sequencing (NGS) based assay that identifies genomic alterations within hundreds of cancer-related genes.

PATIENT RESULTS TUMOR TYPE: BREAST CARCINOMA (NOS)

4 genomic findings Genomic Alterations Identified†

PIK3CA E545K
ATM T2333fs*40
BCL2L1 amplification – equivocal⧺
MYST3 amplification – equivocal⧺

Additional Disease-relevant Genes with No 
Reportable Alterations Identified†

ERBB2

2 therapies associated with potential clinical benefit

0 therapies associated with lack of response

10 clinical trials

† For a complete list of the genes assayed and performance specifications,
please refer to the Appendix

⧺ See Appendix for details

THERAPEUTIC IMPLICATIONS

Genomic Findings
Detected

FDA-Approved Therapies
(in patient’s tumor type)

FDA-Approved Therapies
(in another tumor type) PotentialClinical Trials

Note: Genomic alterations detected may be associated with activity of certain FDA-approved drugs; however, the agents listed in this report may
have little or no evidence in the patient’s tumor type. Neither the therapeutic agents nor the trials identified are ranked in order of potential or
predicted efficacy for this patient, nor are they ranked in order of level of evidence for this patient’s tumor type.



Genomic Data Flow into the Central Registry

NGS 
Providers

Incoming Data 
Server

BAM/FASTQXML

NAACCR & 
Clinical 

Genomic 
Data

Raw 
Genomic 

Data

Raw 
Genomic 

Data Backup

PII Secure Object Storage

KCR
Central
Registry

De-Identified 
Data Access 

Portals
Tableau
LabKey

cBioPortal

Raw 
Genomic 
Data for 

Researchers

Secure HPC Platform

Linkage Process

Registry, E-
Path and 

Other Data
BAM/FASTQ



KCR/MCC cBioPortal for Cancer Genomics

I. The cBioPortal for Cancer Genomics is an open-access, open-source resource for interactive 
exploration of multidimensional cancer genomics data sets. The goal of cBioPortal is to 
significantly lower the barriers between complex genomic data and cancer researchers by 
providing rapid, intuitive, and high-quality access to molecular profiles and clinical attributes 
from large-scale cancer genomics projects, and therefore to empower researchers to translate
these rich data sets into biologic insights and clinical applications.

II. Provide representative, de-identified, population-based data from Kentucky cancer patients 
annotated with high quality KCR data





Transmission and Storage Requirements

 Secure FTP between central registry and sequencing provider
- Push or pull

 Molecular data files must contain linkage identifiers
- Patient:  Last Name, First Name, Date of Birth, SSN, Medical Record Number 
- Case:  Diagnosis (Site/Histology), Diagnosis Date, Path Report Number (Specimen), Specimen Date

 Data storage needed

Data Type Average Size Storage for 1000 Records

XML (Mutations) < 1 Mb < 1 GB

PDF (Clinical Reports) < 1 Mb < 1 GB

BAM (Processed Raw Data) 2.3 GB (+10MB Index) ~3 TB

FASTQ (WES Raw Data) 20-40GB 20-40 TB



Other Resource Considerations

 Legal
- Data Use Agreements with Sequencing Providers
- Hospital Agreements (permission to send results to registry)

 Staffing
- Technical infrastructure development
- PII security (protecting germline sequencing)
- Bioinformatics support
- Cancer registrars for reviewing and linking genomic reports with path reports and registry data



Acknowledgements:  KCR/Markey Informatics Teams



Questions/Discussion

 Contact Information:
Eric B. Durbin, DrPH, MS
Director, Kentucky Cancer Registry
Telephone:  859-218-3182
E-mail:  ericd@kcr.uky.edu
Web:  http://www.kcr.uky.edu
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- Kentucky Cancer Registry
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- MCC Cancer Research Informatics Shared Resource Facility
- Children’s Hospital of Philadelphia

 Funding Acknowledgements
- Commonwealth of Kentucky

 Pediatric Cancer Research Trust Fund
- University of Kentucky Markey Cancer Center
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- NCI/SEER:  HHSN261201000131, P30CA177558 

https://www.kcr.uky.edu/KCRChildhoodLegislativeReport_006-2021-12.pdf

mailto:ericd@cri.uky.edu
http://www.kcr.uky.edu/
https://www.kcr.uky.edu/KCRChildhoodLegislativeReport_006-2021-12.pdf
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