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Topics to be Covered

n Growing evidence supporting precision medicine in cancer

n Implications for cancer surveillance and public health

n KCR informatics initiatives that are enhancing precision medicine data capture in registries

n Using precision cancer surveillance data

n Future plans



Growing Evidence Supporting Precision Medicine Initiatives



EURTAC Study Design 

Primary endpoint
n Progression-free survival (PFS)
- interim analysis planned at 88 events

n Patients enrolled between 2007 and 2011

Secondary endpoints

n Objective response rate

n Overall survival (OS)

n Location of progression

n Safety

n EGFR mutation analysis in serum

n Quality of life
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EUROTAC: First-line Treatment in EGFR 
Mutation Positive NSCLC

PF
S 

pr
ob

ab
ilit

y

Erlotinib (n=86)
Chemotherapy (n=87)

HR=0.37 (0.25–0.54)
Log-rank p<0.0001

Time (months)
0 3 6 9 12 15 18 21 24 27 30 33

Patients at risk
Erlotinib 86 63 54 32 21 17 9 7 4 2 2 0 
Chemo 87 49 20 8 5 4 3 1 0 0 0 0

Data cut-off: 26 Jan 2011

1.0

0.8

0.6

0.4

0.2

0

9.75.2

Rosell R, et al. Proc ASOC 2011, #7503Slide courtesy of Dr. Jill Kolesar



Nonsynonymous mutation burden associated with clinical benefit of 
anti–PD-1 therapy in non-small cell lung cancer. 

Naiyer A. Rizvi et al. Science 2015;348:124-128

Immuno-therapy with PD-1 Targeted Pembrolizumab

Study Conclusions:  More Mutations Predict Better Efficacy



Pooled Analysis of 570 Phase II Trials of Single Agent Targeted 
Therapies

Schwaederle, MM, et al. JCO 2015

Slide courtesy of Dr. Jill Kolesar



Implications for Cancer Surveillance and Public Health



Shifting Paradigm in Lung Cancer Treatment
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Role of Precision Cancer Surveillance

1. Capture data that accurately measures the implementation and use of precision medicine in 
clinical settings

2. Evaluate the adoption of precision medicine and impact on the population

3. Leverage population-based data to ensure maximum benefit to the entire population through 
evidence-based cancer prevention and control 

4. Leverage population-based data to accelerate further advances in precision medicine
a) Basic research
b) Clinical research
c) Population research

} Translational Science



From Precision Medicine to
Precision Cancer Surveillance

pre · ci · sion sur · veil · lance

Cancer surveillance designed to optimize efficiency in medical care or predict therapeutic benefit 
for particular groups of patients, especially by using genetic or molecular profiling across entire 
populations of patients

“Current KCR research is focused around precision surveillance – how to develop informatics 
methods to deliver efficiencies in registry operations in order to capture additional information so 
that we may classify all cancer patients by their tumor’s molecular changes”



Implications for Hospital Cancer Registries



It All Begins with E-Path…

1Next generation sequencing applications for breast cancer research - Scientific Figure on ResearchGate. Available from: 
https://www.researchgate.net/Overview-of-the-main-steps-in-Next-Generation-Sequencing-workflow_fig1_282061980 [accessed 13 Aug, 2018]
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Electronic Pathology Data Flow at KCR
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KCR Collaborating with National Cancer Institute and 
Department of Energy (DOE) on Major NLP Initiative

n KCR one of only four SEER registries chosen to participate

n Moonshot Initiative
- Exascale CAncer Distributed Learning Environment (CANDLE)

n Pilot 3: Population Information Integration, Analysis, and Modeling

n Specific Aim:  Deep NLP for Information Capture
- Advanced machine learning for scalable patient information capture 

from unstructured clinical reports to semi-automate SEER data capture NCI
National	
Cancer	
InstituteDOE

Department
of	Energy

Cancer	driving	
computing	
advances

Computing
driving	cancer
advances

DOE-NCI partnership to advance 
exascale development through 

cancer research



Tumor-Level Analysis: 2-fold cross-validation
2004-2015 data (59,427 cases)
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KCR/Markey Team at the Oakridge National Lab
SUMMIT:  Most Powerful Supercomputer on Earth



Natural Language Processing for Electronic Pathology Reports



Capturing Molecular Biomarkers the Old-fashioned Way:
Manual Abstraction of Site Specific Factors

n Brain and CNS
n Brain molecular markers
n Brain & CNS chromosome 1p and 19q
n MGMT

n Breast
- Ki-67
- Oncotype DX

n Colon and Rectum
- KRAS
- Microsatellite Instability (MSI)

n Uveal Melanoma
- Chromosome 3 and 8q status

n Oropharynx
- HPV Status



NLP to Enhance Automated Capture of Biomarkers

n NCCN Guidelines for EGFR and ALK Testing in Lung Cancer
- EGFR

n Epidermal growth factor receptor (EGFR) mutations cause new cancer cells to form quickly
n Testing advised for metastatic lung adenocarcinomas, large-cell lung carcinomas and unknown 

subtypes
- ALK

n Anaplastic lymphoma kinase (ALK) gene re-arrangements makes an overactive ALK surface receptor 
that helps lung cancer cells grow

n Testing advised for metastatic lung adenocarcinomas, large-cell lung carcinomas and unknown 
subtypes



KCR Collaboration with the SEER Seattle Puget-Sound 
Registry and the Fred Hutchinson Cancer Research Center

n Hypothesis
- NLP can be used to derive ALK and EGFR testing results from non-small cell lung cancer E-Path reports

n Study Methods
- Each team selected 1000 random E-Path reports from their respective registry

n Seattle ended up selecting over 3500 reports
- Lung cancer oncologists reviewed all E-Path reports to identify reports indicating ALK and EGFR testing 

and reporting of testing results
- Each team developed a machine-learned NLP model to derive tests and test results from E-Path reports
- Model tested on other team’s cohort of E-Path reports



Study Results

n Seattle and Kentucky achieved excellent results identifying EGFR and ALK testing was ordered
- F-Scores 96.0 – 98.0

n Seattle performed better identifying positive test results
- Seattle ALK/EGFR Positive Results F-Scores 97.0
- Kentucky EGFR Positive Results F-Score 60.0

n Models did not perform well on the other site’s E-Path reports
- Seattle on KY Data:   ALK/EGFR F-Scores 36.0, 4.0, respectively
- Kentucky on Seattle Data:  results pending

n Conclusions
- Testing results not routinely reported
- Pathology reporting terminology for biomarkers differs by region
- Models perform better when trained on region specific data
- More research needed



Oncotype DX Linkages

NGS Multi-gene Panel Reporting



Results of Oncotype DX Linkage
32% Increase in Completeness
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Capturing Next Generation Sequencing (NGS) Multi-Gene 
Panel Biomarkers

n Clinical use of multi-gene panel sequencing of tumors is increasing rapidly
- Molecular Tumor Boards

n Common service providers
- Foundation Medicine
- Caris Life Sciences
- Guardant Health
- OncoDNA
- Tempus
- Oncology Research Information Exchange Network (ORIEN) [Research]
- Academic Clinical Labs

n Reports include mutations (both significant and of unknown significance)
- Several providers are also willing to share raw data files (BAM)



Foundation Medicine

n FoundationOne CDx
- Next generation sequencing based in vitro diagnostic device for detection of substitutions, insertion and 

deletion alternations (indels), and copy number alterations (CNAs) in 324 genes
- Select gene rearrangements
- Genomic signatures

n Microsatellite instability (MSi)
n Tumor mutation burden (TMB)

n Uses DNA isolation from formalin-fixed paraffin embedded (FFPE) tumor tissue specimens

n FDA approved on November 30, 2017

n CMS coverage simultaneously proposed
- Medicare beneficiaries with recurrent, metastatic or advanced state IV cancer, not previously NGS tested



FoundationOne CDx



Poll:  Who is interested in reviewing molecular reports 
and coding the mutations manually?



Integration of Molecular, Registry, Pathology, 
MTB, Clinical Trial, Biorepository, Other Data

KCR Central Registry Data KCR E-Path Reports

MTB/Clinical Trial 
Data/Biospecimens

Future: Clinical Data Warehouses 
Metabolomics/Pathomics/Radiomics

Tumor Molecular 
Reports

Integrated data to support Molecular Tumor Boards, Population Health and Research in Precision Medicine



Genomic Data Flow into the Central Registry
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Additional Data Needed from Hospital Registrars

n Contextual information about specimen sent for testing
- Primary site?
- Recurrence?
- Metastatic lesion?

n Timing/State of Disease
- At time of diagnosis?
- Before or after chemotherapy?
- Following recurrence?

n How long after remission?

n Additional treatment details
- Specific targeted therapy

n Selected from dropdown (searchable)

n Treatment response to targeted therapy



Using population-based molecular report data







Identifying Molecular Disparities in the Population

n Recent study examined molecular profiles of 51 non-small cell lung cancer in Appalachian 
Kentucky compared to the Cancer Genome Atlas (TCGA)

n Certain tumor mutations were significantly higher among Appalachian Kentucky patients 
compared to the U.S.
- PCMTD1
- IDH1

n Does this represent a health disparity in Kentucky’s underserved population?

Liu J, Murali T Liu C, Yu T, Sivakumaran TA, Mosely HNB, Zhulin IB, Durbin EB, Ellingson SR, Liu J, Hallahan B, Horbinski CM, Hodges K, Napier DL, 
Mueller J, Vanderford NL, Fardo DW, Wang C, Arnold SM. Characterization of Squamous Cell Lung Cancers from Appalachian Kentucky. CEBP.  In 
Press 2018.



Population Measures:  How do Gene Mutations Impact 
Survival?
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Mapping Biomarker Data for Cancer Prevention and Control



Conclusions:  Precision Cancer Surveillance is a Critical Role 
for Cancer Registries

n Capture and integration of Next Generation Sequencing (NGS) molecular test results is a major goal of 
the Kentucky Cancer Registry

n Informatics efforts are developing methods and tools to enhance e-Path reporting and other 
infrastructures needed to capture data for all patients who are tested
- Cannot wait for site specific factors to emerge
- Cancer registrar manual entry of 100s of molecular markers impossible

n Electronic transmissions of standardized molecular test results from NGS service providers is feasible 
and practical
- Molecular test report data is no more challenging than electronic pathology reporting
- Raw data file storage, however, requires more significant technical expertise and storage facilities

n Central cancer registries can be enhanced with population-based molecular test data within 2-4 years

n Advances will positively impact clinical decision making and evidence-based cancer prevention and 
control
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