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Background on hereditary basis 
for cancer –

Breast cancer as the exemplar
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June 2013 – US Supreme 
Court rules that as nature, 
genes cannot be patented

Genetic testing 
company lawsuit
filed in Southern
District of New York

Genetic testing company  
launches follow‐on test for rare, 
large rearrangements of
BRCA1 and BRCA2 DNA

Genetic testing company’s patent rights 
severely limited by court in European Union

Timeline of Important Events in DNA Patenting (Top) and the Discovery and 
Use of Genes Conferring Susceptibility to Breast and Ovarian Cancer (Bottom)

Adapted from the Kesselheim AS, Mello MM. N Engl J Med. 2010;362(20):1855-1858.

NIH=National Institutes of Health.

Scientists Identify a Mutant Gene 
Tied to Hereditary Breast Cancer

“…a genetic trophy so ferociously 
coveted and loudly heralded that it had 
taken on a near-mythic aura…”

Angier N. The New York Times. September 15, 1994.



BRCA1- and BRCA2-Associated 
Cancers:  Lifetime Risk

Breast cancer 50%–85% (often early age at onset)

Second primary breast cancer 40%–60%

Ovarian cancer 15%–45%

 Absolute risk likely to be higher than 10%
 Prostate cancer

 Absolute risk 10% or lower
 Male breast cancer
 Fallopian tube cancer
 Pancreatic cancer

 On chromosomes 17 and 13, respectively

 Autosomal dominant transmission 

 Proteins have a role in genomic stability

 >2000 different mutations, polymorphisms, and 
variants distributed over both genes

National Institutes of Health/National Human Genome Research Institute. Breast Cancer Information Core. 
https://research.nhgri.nih.gov/projects/bic/. Accessed May 6, 2015.
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Sporadic

Family clusters

Hereditary

Ovarian CancerBreast Cancer

~5% >15%

15% -20%  

How Much Breast and Ovarian Cancer 
Is Hereditary?

BRCA mutations prevalent in triple 
negative breast cancer (5%–21%) 

and medullary breast cancer



Negative BRCA and/or multigene panel test

Member of family w/ known 
high penetrance mutation?NO YES

Emphasize empirically 
increased risk for breast 
and/or ovarian cancer 

Provide individualized 
risk-management plan

Encourage adherence to 
population screening 

guidelines

Emphasize risk for 
sporadic cancer

Clinical Management of Breast Cancer 
Susceptibility Gene Mutation-Negative Patients

Li-Fraumeni Syndrome (LFS)

Bilateral Breast, 40

Leukemia, 
33

Brain tumor, 32

Breast, 38
Osteosarcoma, 42

Breast, 25

Soft tissue 
sarcoma, 7

Leukemia, 6

Affected with cancer

TP53-mutation 
carrier

50

LFS Core Cancers:
Brain tumors (choroid plexus)
Sarcoma (rhabdoid, lipo)
Adrenal cortical carcinoma
Breast cancer (young onset)



Positive high penetrance 
gene test result

Possible testing for 
other adult relatives

Increased
surveillance

Prophylactic
surgery

Targeted 
Therapy

Chemo-
prevention

Clinical Management of 
Mutation-Positive Patient

An effective intervention:
Study of 483 BRCA carriers: >90% risk reduction

Rebbeck TR et al. J Clin Oncol. 2004;22(6):1055-1062.

Angelina Jolie’s Double Mastectomy 
Puts Genetic Testing in the Spotlight



Warner E et al. J Clin Oncol. 2011;29(13):1664-1669.

Prospective Study of Breast Cancer Incidence in Women
With a BRCA1 or BRCA2 Mutation Under Surveillance
With and Without Magnetic Resonance Imaging

Annual surveillance with MRI is associated with 
a significant reduction in the incidence of

advanced-stage breast cancer in BRCA1 and 
BRCA2 carriers.

Oophorectomy Reduces Ovarian Cancer, 
Breast Cancer, and All-Cause Mortality

Adapted from Clague J et al. PloS One. 2011;6(9):e25632.

Greatest breast cancer risk reduction among BRCA1
mutation carriers without a prior dx of breast cancer 

who had their oophorectomy < age 50

HR: 0.15 (95% CI 0.04–0.63)
All-cause mortality after risk-reducing 
salpingo-oophorectomy, 
HR (98% CI) 

0.40
(0.26–0.61)

Age < 50y 0.41
(0.25–00.67)

Age ≤ 50y 0.37
(0.15–0.94)

CI=confidence interval; HR=hazard ratio.



Genetic status is helping to 
determine composition of breast and 
ovarian cancer treatment regimens

Why Family History Matters



Do You See How Cfhx Impacts 
All Patients? 

Cfhx=cancer family history.

“Normalizing” Hereditary 
Cancer Testing



The Follow-Up Visit

 Positive Results

 Negative Results
 Barking up the family tree

 Discussing Familial Risk

 Cancer Risk Reduction
 Screening options

 Medical management choices 

 Lifestyle choices

National Comprehensive Cancer Network. Hereditary Breast and/or Ovarian Cancer Syndrome. 
Guidelines Version 2.2014.

HBOC=hereditary breast ovarian cancer.



Adapted from 
Weitzel JN et al. 
CA Cancer J Clin. 
2011;61(5):327-359.

CG/APN=genetic counselor/advanced practice nurse.

Adapted from Weitzel JN et al. CA Cancer J Clin. 2011;61(5):327-359.



How Have We Learned Cancer Genetics 
Practice in the Past?

“The hard way”
 Self-directed studies

 Hands-on experience

 Gleaning the literature

 Formal fellowship training

(Medical Oncology, Clinical Genetics, ? Both)

Evolving Model for Academic Health 
Center-mediated Communities of Practice

Full  
Spectrum 
Program
Training

4 Days 
Face-to-face
Workshops

(City of Hope 
campus)

Weekly Web 
Conference 

Review Sessions

12 Weeks 
Distance 
Didactic 
Modules 

2 to 3
per week

CCG Working 
Group 

Web-based Case 
Conferences
(City of Hope, 

Univ. of Chicago, 
US Oncology)

Synchronous and asynchronous distance learning 
& case-based training

Full-spectrum 
program 

development 

Community 
Genetics Link 

Discussion Board

Sub-
Specialty 
Training 
Tracks

8 Weeks
Distance
Didactic 
Modules 

Breast/Ovarian
Gastrointestinal

Subsets

Weekly Web 
Conference 

Review Sessions

Community 
Genetics Link 

Discussion Board

CCG Working 
Group 

Web-based Case 
Conferences
(City of Hope, 

Univ. of Chicago, 
US Oncology)

Clinical Cancer 
Genetics Community 
Research Network 

Interdisciplinary
Clinical/Research

Faculty 

Cancer Screening & 
Prevention Program 

Network Affiliates

GCRA training 
alumni in community 

practices
(US and Int’l.)

CCG
Working 

Group Case 
Conferences

Web Conferences

Topics
in Cancer 
Genetics 
Research
Web Conferences

CCGCoP 
Knowledge 
Center 
Web-based 
CME/practice
Resources

Cancer 
Genetics 

Community
Link

Discussion
Board

Annual 
Face-to-face

Update/Networking 
Conferences
(City of Hope, 

Univ. of Chicago)

Enduring Practice-
centered Professional 
Development

Supported by National Cancer Institute R25-CA171998-01A1. 
Blazer K and Weitzel JN, Co-Principal Investigators. 

www.cityofhope.org/ccgp

CCG=Clinical Cancer Genetics; CCGCoP=Clinical Cancer Genetics 
Community of Practice.



Educational Resources
 More robust literature dealing with all the domains

 ASCO University Curriculum and Courses

 NSGC Short Courses, Starter Packs, Flip Charts, Cancer 
SIG Listserv for members

 ONS Curriculum – courses, scope and practice 
guidelines, Cancer SIG

 ISONG – scope and practice guidelines

 National Coalition for Health Professional Education 
in Genetics (NCHPEG)

 City of Hope Intensive Course
ASCO=American Society of Clinical Oncology; ISONG=International Society of Nurses in Genetics; NSGC=National Society of 
Genetic Counselors; ONS=Oncology Nursing Society; SIG=Scientific Interest Group.

The Follow-Up Visit

 Positive Results

 Negative Results
 Barking up the family tree

 Discussing Familial Risk

 Cancer Risk Reduction
 Screening options

 Medical management choices 

 Lifestyle choices



Other familial risk factors
(genes, environment)

BRCA1
BRCA2

TP53
PTEN
ATM

CHEK2,BRIP1,PALB2

8 WGA SNPs

CASP8

Contribution of Known Genes to Explaining 
Familial Aggregation of Breast Cancer

Why Family History Matters



Other familial risk factors
(genes, environment)

BRCA1
BRCA2

TP53
PTEN
ATM

CHEK2,BRIP1,PALB2

8 WGA SNPs

CASP8

Contribution of Known Genes to Explaining 
Familial Aggregation of Breast Cancer

How Much Breast and Ovarian Cancer Is Hereditary?  
It is a different answer with multiplex testing

Sporadic

Family clusters

Hereditary

Ovarian CancerBreast Cancer

~5% 15%-24%

15%-20%  



Advances in Massively Parallel Technologies 
Have Dramatically Reduced the Cost of Sequencing

MacConaill LE. J Clin Oncol. 2013;31(15):1815-1824.

IHGSC=International Human Genome Sequencing Consortium. Reprinted with permission. © 2013 American 
Society of Clinical Oncology. All rights reserved.

Proportion of Ovarian, Fallopian Tube, or Peritoneal 
Cancer Patients With Respective Germ-line 
Loss-of-Function Mutations 

Walsh T et al. Proc Natl Acad Sci U S A. 2011;108(44):18032-18037

 Overall, germline 
mutation in 23% of 
unselected OC

 BRCA genes 74%

 10 genes for the 
next 26%



Breast-Cancer Risk in Families With 
Mutations in PALB2

Results of a combined analysis of 154 families:
 Good estimate of BC risk (greater with + family Hx)

 Inadequate data to determine magnitude of 
increased OC risk

Antoniou AC et al. N Engl J Med. 2014;371(6):497-506.

OC=ovarian cancer.

R214C G153D

Clague J et al. PloS One. 2011;6(9):e25632.



Hereditary Pancreatic Cancer Risk

The list:  ATM; BRCA2; PALB2; CDKN2A; STK11;  TP53; MMR; 
Hereditary pancreatitis (PRSS1, PRSS2)

2.4% (4/166) of familial pancreatic cancer probands carried deleterious 
ATM mutations

Adapted from Roberts NJ et al. Cancer Discov. 2012;2(1):41-46. 

Cancer-Specific Panel Rationale

 Multiple genes often considered in suspected 
hereditary cancers

 Family structure may limit the opportunity to “see” 
a syndromic pattern

 Current testing is stepwise, at high cost to the 
patient
 Cost of testing + cost of multiple visits

 Concurrent testing of multiple genes is potentially 
cost-effective using available NGS technologies

NGS=next-generation sequencing.



BRCAPlus BreastNext OvaNext CancerNext myRisk ColoNext Coloseq BROCA MDL 30 GeneDx
APC x x x x x x x
ATM x x x x x x x
ATR x

AXIN2 x x
BAP1 x x

BARD1 x x x x x x x
BIP1 x
BLM x

BMPR1A x x x x x x x
BRCA1 x x x x x x x
BRCA2 x x x x x x x
BRIP1 x x x x x x x
CDH1 x x x x x x x x x x
CDK4 x x x

CDKN2A x x x
CHEK1 x
CHEK2 x x x x x x x

DCC x
EPCAM x x x x x x x x
ExOx x

FAM175A/Abraxas x x
FANCC

GALNT12 x
GEN1 x

GREM1 x
HOXB13 x x

Commercial Multigene Panels Available in the United States

BRCAPlus BreastNext OvaNext CancerNext myRisk ColoNext Coloseq BROCA MDL 30 GeneDx
MLH1 x x x x x x x x

MRE11A x x x x x x
MSH2 x x x x x x x x
MSH6 x x x x x x x x

MUTYH x x x x x x x x
NBN x x x x x x x

PALB2 X x x x x x x x
PDGFRA x

PMS1 x
PMS2 x x x x x x x x
PRSS1 x
PTEN x x x x x x x x x x

RAD50 x x x x x
RAD51 x

RAD51C x x x x x x x
RAD51D x x x
RBBP8 x

RET x
SMAD4 x x x x x x
STK11 x x x x x x x x x x
TP53 x x x x x x x x x x

TP53BP1 x
VHL1 x

XRCC2 x x x
XRCC3 x

Commercial Multigene Panels… (cont’d)



Image Courtesy of Jeffrey N. Weitzel, MD

Image Courtesy of Jeffrey N. Weitzel, MD



Image Courtesy of Jeffrey N. Weitzel, MD

NHL=non-Hodgkin lymphoma.

 Could be either 
parental lineage

 Need to think 
about 
pancreatic 
cancer risk, too

Image Courtesy of 
Jeffrey N. Weitzel, MD



Saam J et al. Overlap between Lynch syndrome and hereditary breast and ovarian cancer syndrome among family histories in patients 
tested for hereditary cancer syndromes. Presented at: 17th Annual Meeting of the Collaborative Group of the Americas on Inherited 
Colorectal Cancer; October 7-8, 2013; Anaheim, CA.

Human Genetic Variation

 We find more genes with deleterious mutations
 We also find more VUS

 There can be more than 1 attributable genetic 
variation in a given case

 The phenotype and the test result may be 
discordant
 Or are they?

VUS=variant of undetermined significance.



High-penetrance, Rare Cancer Predisposition 
Genes (Relative Risk ≥ 5)

Weitzel JN et al. CA Cancer J Clin. 2011;61(5):327-359.
Reprinted with permission from 

John Wiley and Sons.

PancreaticPancreatic

BreastBreast

MelanomaMelanoma
ColonColon

CDKN2A

BRCA2
PALB2

PRSS1

ATM

CHEK2

MMR

OvarianOvarian

UterineUterine

BreastBreast

BRCA1
BRCA2     
PALB2

RAD50
RAD51D
BRIP1
MRE11A
BARD1
RAD51C

PTEN

TP53
STK11
ATM

CHEK2
CDH1MMR

Genetic Heterogeneity and Overlapping 
Phenotypes = Expanded Differential Diagnoses



Cancer Multigene Panel Testing
Levels of Possible Information

• Highest cancer risks
• Risk for most associated cancers well defined
• Screening and management guidelines well defined
• Clear implications for other family members 

Genes associated 
with a well-known 

syndrome

• Moderate to high cancer risks
• Risk fairly well defined for some, but not all cancers
• Screening and management guidelines dependent 

upon test results and family history  
• Implications for family members nuanced

Genes not 
associated with a 

well-known 
syndrome, but well 

researched

• Cancer risk(s) not well defined (most moderate)
• Management guidelines not well defined 
• Implications to family members not clear
• Frequent variants of uncertain significance
• May not change medical management

Newer genes

ENIGMA:  Rare Gene/Variants 
Working Group 

Great need to understand:
 clinical implications of rare variants
 potentially broader phenotypes of “known” 

high penetrance genes
 define penetrance for the genes in hand

Multiple approaches to collaborative family studies, 
collection of pedigrees and multiplex test results 
will be considered
 established research networks, new industry relationships, 

direct to family recruitment such as the PROMPT study
PROMPT=Prospective Registry of Multiplex Testing.

ENIGMA. http://enigmaconsortium.org. Accessed May 6, 2015.



Cancer Screening & Prevention Program
Hereditary Cancer Risk Assessment and Management

 There is clearly a potential to benefit carefully selected 
and counseled families, with ever broader arrays of 
genetic tools

 PALB2 is among the first rare variant genes to acquire 
adequate data for absolute risk estimation

 Genetic technologic advances are changing diagnostic 
approaches

 Surveillance and prevention can improve survival in 
at-risk individuals

 Protocols will need to be adapted to lower risk

Conclusions

 Training in genetic/genomic cancer risk 
assessment and counseling is important for 
clinical implementation of NGS analyses, and 
should be disseminated

 Participation in cancer genetics research registries 
is a critical contribution to the knowledge base 
necessary to develop the evidence for advice

 The remarkable advances in NGS technologies 
should be brought to bear to enhance access 
globally 



“He is a better physician that keeps 
diseases off us, than he that cures 
them being on us; prevention is so 
much better than healing because 
it saves the labour of being sick.”

Thomas Adams,1618

Thank you!


