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Disclosures

• Co-Founder: CancerIQ
• SAB: Tempus
• Roche: Clinical Trials Research support
• Novartis: Research support

I will discuss implementation of CancerIQ for POC testing
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• Introduction

• Historical perspectives

• Cancer Care Continuum

• Panel Testing for Inherited Cancers

• Population Risk Stratification

• Future Directions
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Frequency and Risk Distribution of
Cancer  Susceptibility Alleles
(Example of Breast
Cancer)

Bogdanova N et al. Hereditary Cancer in Clinical Practice, 2013

Other  
genetic/familial

15‐20%

BRCA1/
25‐10%



Breast Cancer SNPs

• ~ 170 breast cancer (BC) susceptibly loci identified through  
GWAS to date, explaining ~ 40% of the heritability.

• Most recent PRS developed by Mavaddat et al (2019) is based
on 313 variants. This includes:

• 305 SNPs based on a hard‐thresholding stepwise forward regression
• 6 additional SNPs associated with ER‐positive disease
• 2 known rare BC susceptibility variants in BRCA2 & CHEK2 genes

PRS developed using 79 studies in Breast  
Cancer Association Consortium (BCAC):
• Development dataset :

• 94,075 cases & 75,017 controls from
69 studies

• Validation datasets:
• 11,428 cases & 18,323 controls from  

10 prospective studies
• 190,040 women from UK Biobank

(3,215 incident breast cancers)



More than just the genes

Mucci LA et. JAMA, 2016

Familial Risk, % (95% CI)

Monozygotic Twins Dizygotic Twins

Overall cancer 45.9 (44.1-47.7) 37.1 (35.7-38.4)

Breast cancer 28.1 (23.9-32.8) 19.9 (17.0-23.2)

“On the basis of comparisons of  
high‐ and low‐incidence regions,  
Doll & Peto concluded that 75‐
80% of cancers diagnosed in the  
United States in 1970  
theoretically could have been  
avoided.”

‐ Colditz & Wei, Annual Review ofPublic  Health 2012



Unaffected
• Tailored screening 

recommendations
• Risk-reduction 

strategies
• Surgical
• Chemoprevention

Affected 
• Surgical management
• Risk reduction for 

other cancers 
• Targeted treatment 

options

* Risk assessment may also identify those not at increased risk

Why Genomic Testing?



Population Risk Stratification

• Screening
• To look for breast cancer before “touch down” ‐‐‐ easier to treat and potentially curable
• Methods

 Mammogram/MRI: Gold standard
 Screening tests have risks
 Limited resources, Cost‐effective analysis

 Questionnaires

• Strategy 
 High risk
 Whole population
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Subtype-specific breast cancer incidence

Howlader et al JNCI 2014



“Out of Africa” Theory of Early Migration

Out of Africa                African Diaspora

Question
Is the burden of lethal breast cancer in the African Diaspora due at least in part, 
to differences in the distribution of heritable risk factors for the disease?



Multigene Panel Testing
• Context: Supreme Court unanimous decision 

overturned Myriad’s patent on BRCA1 and BRCA2 in 
June 2013

• Any laboratory can now test BRCA1/2, along with a 
variety of other cancer-predisposing genes

• Panel Testing has rapidly expanded
• Direct to Consumer Marketing expanding demand 

for high quality genomic services focused on the 
personal needs of healthy individuals

• Testing across diverse populations with reduced  
costs now possible

• We have now tested thousands of patients across 
the African Diaspora in Nigeria, Brazil, Cameroon 
and Uganda in collaboration with MC King and 
funded with gifts from private donors and 
Foundations.

• Population risk stratification will lead to reduced 
costs and improved outcomes for high risk women

October 2nd 2019



High rates of germline mutations in Nigerian breast 
cancer patients -- BROCA Panel and Tumor NGS

Zheng et al. J Clin Oncol. 2018 Oct 1; 36(28): 2820–2825.
Huang et al. Cell 2018 Apr 5; 173(2): 355-370

• 1,136 women from Ibadan, Nigeria
• Unselected for age, family history or prior testing
• 14.7% with pathogenic LOF germline mutations 

TCGA Nigerian
BRCA2 2% 7.0%
BRCA1 1.9% 4.1%
PALB2 0.28% 1.0%

Courtesy Rajagopal



Highly Heterogeneous BRCA1/2
Mutations in Nigerians

BRCA1/2 mutation testing limited to recurrent mutations is not sufficient to 
understand the BRCA1/2-associated breast cancer risk in African populations in 
the diaspora. 

J Clin Oncol. 2018 Aug
21:JCO2018783977.

Zheng et al. J Clin Oncol. 2018 Aug 21:JCO2018783977



BRCA Mutations Stratified by 
Family History and Age in NBCS

Familial, < 50 
yrs

No family 
history, < 50 yrs

No family 
history, ≥ 50 yrs

Familial, ≥ 50 
yrs

Zheng et al. J Clin Oncol. 2018 Aug 21:JCO2018783977



BRCA1 Lifetime Cancer Risks

• Breast cancer 46-71% 
(often early age at onset)

• Second primary breast cancer 40%-60%
(5%/year, vs. 1%/year for sporadic BC)

• Ovarian/fallopian tube cancer 41-46%

Modified from ASCO Slide set



BRCA2 Lifetime Cancer Risks

• Breast cancer
(46-71%)

• Ovarian/fallopian tube 
cancer (17-23%)

• Male breast cancer
(7%)

• Prostate
(33%)

Modified from ASCO Slide set



Other BRCA Cancer Risks 

• Pancreatic 
• Melanoma 
• Gastric
• Laryngeal/Head and Neck Cancers
• Hematologic malignancies
• Others 



Age-based screening and racial disparity

• Women of African Ancestry under the age of 45 years 
have a higher breast cancer incidence than women of 
European ancestry

• More likely to have aggressive hormone receptor 
negative or triple negative breast cancer 

• Age-based screening without access to life saving cancer 
medicines has worsened global disparities in breast 
cancer outcomes 

• e.g. beginning screening at age 50 or not screening at all can lead to higher 
proportion of “lethal” forms of breast cancer being missed in understudied and 
underserved minority populations.



Prevalence of Prostate Cancer in Screened 
Populations
Screened detected prevalence of prostate cancer in White men 50 yrs or older, 
African Americans 40-79 yrs, and Ghanaian men 50-74 with PSA >4.0 and 
abnormal DRE.

Hsing et al., J Urol 2014

Courtesy of Tim Rebbeck



Age-based screening and racial disparity

• 1/6 of men in the US will be diagnosed with prostate 
cancer

• Extremely inefficient diagnosis algorithm
• 1.2 M prostate bx ($ 2B)/year – only 30% of initial 

bx is + 
• No significant improvement in mortality 
• Biopsy based GS not reliable

• Flawed management decisions and overtreatment:
• Estimated “overtreatment” rates of 27 – 56%
• Some experts estimate that ~30 prostatectomies 

required to significantly extend one life
• Significant side effects

• US Preventive services task force recommended 
against PSA screening (2012)

• Diagnosis and management of recurrence is 
problematic

Courtesy Aytekin Oto



Development of effective and inexpensive MRI 
screening for breast and prostate cancer

• Currently, there are no good options for prostate cancer screening 
following USPST negative recommendation about PSA screening.  A 
significant increase in mortality is expected in the next 10 years.

• X-ray mammography is not a good option for women with dense 
breasts and women who are at high risk for breast cancer

• The University of Chicago “catchment” area has high rates of 
aggressive breast and prostate cancer and an underserved population
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Digital mammography versus abbreviated MRI of a 56-year old woman at intermediately 
increased risk of breast cancer. 

Christiane K. Kuhl, and Simone Schrading Clin Cancer Res 
2019;25:1693-1695

©2019 by American Association for Cancer Research

?Genotype/Subtype Specific Screening



Original Article

Adaptive Randomization of Veliparib–Carboplatin 
Treatment in Breast Cancer

Hope S. Rugo, M.D., Olufunmilayo I. Olopade, M.D., Angela DeMichele, M.D., 
Christina Yau, Ph.D., Laura J. van ’t Veer, Ph.D., Meredith B. Buxton, Ph.D., Michael 

Hogarth, M.D., Nola M. Hylton, Ph.D., Melissa Paoloni, D.V.M., Jane 
Perlmutter, Ph.D., W. Fraser Symmans, M.D., Douglas Yee, M.D., A. Jo Chien, M.D., 

Anne M. Wallace, M.D., Henry G. Kaplan, M.D., Judy C. Boughey, M.D., Tufia C. 
Haddad, M.D., Kathy S. Albain, M.D., Minetta C. Liu, M.D., Claudine Isaacs, M.D., 

Qamar J. Khan, M.D., Julie E. Lang, M.D., Rebecca K. Viscusi, M.D., Lajos 
Pusztai, M.D., D.Phil., Stacy L. Moulder, M.D., Stephen Y. Chui, M.D., Kathleen A. 

Kemmer, M.D., Anthony D. Elias, M.D., Kirsten K. Edmiston, M.D., David M. 
Euhus, M.D., Barbara B. Haley, M.D., Rita Nanda, M.D., Donald W. Northfelt, M.D., 

Debasish Tripathy, M.D., William C. Wood, M.D., Cheryl Ewing, M.D., Richard 
Schwab, M.D., Julia Lyandres, B.S., Sarah E. Davis, M.S., Gillian L. Hirst, Ph.D., 

Ashish Sanil, Ph.D., Donald A. Berry, Ph.D., Laura J. Esserman, M.D., for the I-SPY 2 
Investigators
N Engl J Med

Volume 375(1):23-34
July 7, 2016



Germline DNA Repair Mutations Are Common in 
Metastatic Prostate Cancer

59% (36/61) with avail. 
tumors had second 
allele loss-of-function 
mutation

12% (82/692) 
with deleterious 
germline mutations in 
16 DNA repair genes

Pritchard et al. NEJM 2016



Breakthrough Status for PARPi in 
Metastatic Prostate Cancer

October  2018January 2016
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Point of Care Counseling



Streamlined Point of Care Counseling 
in Primary Care Settings

Point A: Screening Sites
Imaging, OB, GI, PCP

Point B: Genetic Specialists in Every practice



Example of PRS results report

https://myriadmyrisk
.com/riskscore/



From stratification to precision

Stratification
• Clinical features
• Disease subtypes
• Demographics: age, 

race, socio-economic 
factors

• Pathology/molecular 
features

• Environment

Precision
• Somatic mutations
• Germline mutations
• Targeted therapies



• More effectively 
using genomics for:

• Preventative 
care

• Early Detection
• Treatment
• Universal 

access to 
health 
insurance

Clinical Trials for “All of Us”
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• Multidisciplinary  
Collaboration

• Improved 
Biospecimen
Collection and 
Annotation

• Big Data Science

• Clinical Trials in 
communities

• Efficient Patient 
Recruitment

• Improved Clinical 
Trial Participation

Cutting Edge 
Research

1.

Accelerating progress to promote health and well being in all populations

Personalized 
Care

3.

Innovative Clinical 
Trials  Design

2.



Cancer interception. 

Elizabeth H. Blackburn Cancer Prev Res 2011;4:787-792

©2011 by American Association for Cancer Research



Summary

• After decades, genomic testing for population risk 
stratification happening everywhere

• Many unanswered questions remain
• When to test?
• How to test?
• When to intervene?
• Whether clinicians and genetic counselors will collaborate to provide 

quality cancer genetic risk assessment services? 

• Future prevention and cancer interception trials will 
accelerate progress in the field
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