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I will discuss implementation of CancerIQ for POC testing
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Overview
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• Introduction

• Historical perspectives

• Panel Testing for Inherited Cancers

• Integrating germline and somatic testing

• Population Risk Stratification for cancer interception

• Future Directions
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Example of PRS results report

https://myriadmyrisk
.com/riskscore/



Are there population differences in phenotypes?
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Heterogeneity in Breast Cancer



Multiplatform 
subtype:

Somatic mutation
CNV
DNA Methylation
miRNA
Gene expression
Protein expression

The Cancer 
Genome Atlas. 
Nature 2012, Oct 

Molecular Subtypes of Breast Cancer



Methylation Assay & Expression Fluorescent in situ Hybridization



Subtype-specific breast cancer incidence

Howlader et al JNCI 2014



Are there population differences in genotypes?
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Heterogeneity in Breast Cancer



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?



Breast Cancer Susceptibility Genes

Most studies focus on high-risk 
patients; population-based 

studies without mutation 
screening in controls 

Cancer. 2009 May 15;115(10):2222-33.
Cancer Res. 2006 Aug 15;66(16):8297-308.

Nat Genet. 2018 Sep;50(9):1212-
1218.



Nigerian Breast Cancer Study (NBCS) & 
African Breast Cancer Study (ABCS)

Selected epidemiologic risk factors in the NBCS

NBCS -- a case-control study of breast cancer in Ibadan, Nigeria, piloted in 
1998 and extended to Lagos, Nigeria in 2014.  ABCS – piloted in 2011, the 
standardized NBCS concept and design were extended to Cameroon 
(Yaounde) and Uganda (Kampala) sites.



Reproducibility of Reported Breast Cancer GWAS

Carcinogenesis. 2012 Apr;33(4):835-40. 
Carcinogenesis. 2013 Jul;34(7):1520-8.

Replication is essential to control false 
positives and test generalizability of 
GWAS, especially in trans-ethnic 
populations.

Validation of GWAS-index variants 
found in Whites and Asians -- not quite 
successful. Fine-mapping identified 
better markers.



Polygenic risk scores (PRSs) constructed from the published odds ratios (ORs) on GWAS-index variants in 
Whites and Asians did not provide a comparable degree of risk stratification for Blacks.

Flip-flop Phenomenon is Common

Breast Cancer Res Treat. 2018 Apr;168(3):703-712.



Breast Cancer GWAS in Women of African Ancestry

Hum Mol Genet. 2016 Nov 1;25(21):4835-4846.



Breast Cancer Res Treat. 2015 
Jan;149(1):31-9.

Genetic Testing in African American 
Patients with Breast Cancer at UChicago

• Cancer Risk Clinic at UChicago

• 289 African American breast cancer 

patients

• Enriched for: 

• early age onset (62% < 45 

years) 

• positive family history (60%)

• ER- (47%) and TNBC (36%)

• 68 damaging mutations in 65 cases 

(22.5%)

• 29 BRCA1 (10%) and 23 BRCA2 (8%)



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



Can we use mutation signatures to decipher 
racial/ethnic disparities in breast cancer?

West African Breast Cancer Study
3-Way Partnership with Nigeria-Chicago-Boston



West African Breast Cancer Study
Data and comparisons

Exomes
129 Nigerian TN pairs
1,035 TN pairs from TCGA

751    White
171    Black
114    Other

Genomes
98 Nigerian TN pairs
84 TN pairs from TCGA

– 46    White
– 30    Black
– 8      Other

Principal Investigators 

Jason J Pitt

Yonglan Zheng

Toshio F Yoshimatsu



Subtype Incidence Rates
Nigerian cohort, TCGA, SEER comparison

l Immunohistochemistry (IHC) for ER, PR, and HER2
l Performed by clinical pathologist in Nigeria & laboratory pathologist 

at UChicago
l ~80% concordance between ER and PR calls
l ~65-70% concordance between HER2+ calls

- Used copy number data to resolve discordant calls 



Gene Subtype Pval Qval % mut 
White

% mut African-
AA

% mut
Nigerian

CDH1 HR+/HER2- 0.0031 0.025 20.9 12.0 0

TP53 HR+/HER2- 0.0026 0.025 18.1 22.9 48.1

GATA3 HR+/HER2- 0.0048 0.025 10.0 16.9 25.9

PIK3CA HR+/HER2- 0.0083 0.033 42.0 26.5 29.6

TP53 HER2+ 0.013 0.042 37.3 48.0 63.0

Mutation Frequency Disparities
Mutation status by ancestry

Nat Commun. 2018 Oct 16;9(1):4181.



HR+/HER2- effect
Remains when 
correcting for...

- TP53, CHD1, &
PIK3CA status

- Histology
- Age

Mutation Signature Disparities
HRD signature – exomes & SVs



APOBEC & HRD Signature Balance?
HR+/HER2- samples

l Racial mutation rate differences in TP53, CDH1, & PIK3CA
l Mutations in these genes were strongly associated with APOBEC 

and HRD signatures
- BRCA1/2 mutations associated with increased HRD

l Nigerians have increased HRD
l Nigerian and Black cohorts have lower APOBEC C>T than Whites

Individuals



Overview of Findings
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HRD signature proportion

PIK3CA & CDH1 mutations
- Mostly HR+/HER2-

Lobular
HER2+ enriched
Increasing mutation load

TP53 mutations
BRCA1/2 mutations
HR-/HER2- enriched
Increasing CN segmentation



Top Breast Cancer Genes Across 6 Studies

*

*

TCGA (1,076)
METABRIC, targeted seq (2,509)

SMC, Korea, Kan et al. (187)
SJMC, Malaysia (551)

TCGA African American (171)
Nigerian, Pitt e al.,  (129)

*

*

*

*

*
*

*P<=0.05 Fisher’s exact test, SJMC vs METABRIC or TCGA
Pitt et al 2018: *P<=0.05 Fisher’s exact test, Nigeria vs TCGA non-AA vs TCGA AA

*

*
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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.



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



ROC curves for MRI and MG. The difference of the diagnostic performance employing ROC analysis 
between MRI (AUC = 0.904) and MG + MRI (AUC = 0.941) was not statistically significant (P = 0.53). 

Rodrigo Santa Cruz Guindalini et al. Clin Cancer Res 
2019;25:1786-1794

©2019 by American Association for Cancer Research



Psychosocial Outcomes



Cancer Outcomes
• Study Closed to Accrual in December 31st 2016
• Median follow up 3.6 months

• Seventeen cancers diagnosed
• Four DCIS and 13 early stage breast cancers were diagnosed; all 

but one screen detected

• 15 occurred in subjects with pathogenic mutations( 11 BRCA1, 3 
BRCA2, 1 CDH1)

• Mean size 6.1 mm

• No lymph node involvement

• Majority of mutation carriers healthy
• Recall rate low

Guindalini et al. Clinical Cancer Research 2018



How tumor biology, genomics, and health care delivery patterns 
collide to create a racial survival disparity in breast cancer and 

proposed interventions for change.

CA Cancer J Clin. 2015 May-Jun;65(3):221-38. doi: 10.3322/caac.21271. 

https://www.ncbi.nlm.nih.gov/pubmed/25960198


WISDOM study design

• Endpoint: Comparative rate of stage IIb breast cancer  
diagnosed in annual vs. risk based screening arms

41



Streamlined Point of Care Testing

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

Point B: Genetic Specialists in Every practice

CancerIQ Inc



• 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.



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

Follow me @folopade
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