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Objectives 

 Understand who and how to refer patients to 
Hereditary Cancer Clinic 
 

 Highlight recently available multigene hereditary 
cancer testing in Alberta and it’s implications for 
patients & families 
 

 Review management for patients with hereditary 
breast and ovarian cancer 
 

 Be aware of available private genetic testing options 
 
 



What is Hereditary Cancer? 

• Cancer predisposition syndromes are caused by 
inherited (germline) mutations  
• Often high risk for cancer  
• Often young age at diagnosis 
• Contribute to nearly all types of cancer 
• Underlie ~ 10% of all cancer diagnoses 

 
• >100 different cancer predisposition syndromes 

• BRCA1/BRCA2 (hereditary breast and ovarian cancer 
syndrome) and Lynch syndrome are the most common 
syndromes 

Presenter
Presentation Notes
BRCA1 gene discovered in 1994 by Marie Claire KingLynch syndrome: 3-5% of all colon cancers, and endometrial cancers; population prevalence estimated ~1:500



Hereditary Cancer Services 

Provides genetic risk assessment, counselling & genetic 
testing for Albertans & their families who are affected 

or at risk for hereditary cancer syndromes 
 
Goals: 
 Identify patients/families at high risk of cancer due to 

hereditary cancer predisposition 
 Recommend optimal screening & cancer prevention 

strategies  
 Help facilitate cancer management decisions  
 



Burden of Hereditary Cancer 

Presenter
Presentation Notes
As I mentioned earlier hereditary cancer is common.  If we look at some selected cancers….Incidence in Canada:Ovarian cancer - 2465Endometrial cancer - 5191



Burden of Hereditary Cancer 
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Presentation Notes
Ovarian cancer - 2465Endometrial cancer - 5191





Hereditary Cancer Services in Alberta 

 Clinics: 
— Calgary (Red Deer and south) - ACH 
— Edmonton - Stollery 
— Telehealth 
— GC in Lethbridge  

 
 Molecular Diagnostic Laboratories: 

— Calgary, Edmonton 
— BRCA1, BRCA2, Lynch syndrome testing 
— 2017 - expanded multigene panel testing  

Presenter
Presentation Notes
The clinics have a longstanding relationship whereby we have strived to provide consistent services to all Albertans – jointly developed referral criteria/testing criteriaBroad scope of service – although probably 80% of referral volume (in Calgary and Edmonton would be similar) are for personal or family history of breast/ovarian cancerClinics are both housed in the respective children’s hospitals. – historical – but this does pose somewhat of a physical barrier to interaction and collaboration between hereditary cancer clinics and oncology/cancer care services.



Referral Process 

 Referrals accepted from: 
— Family physicians, surgeons, oncology, etc 
— Other genetics clinics 
— Self-referrals (if there is a known mutation in the family) 

 Referral form (available on Alberta Referral directory) 
or by referral letter  

 All patients are sent family history questionnaire  

 Referrals are not usually triaged until family history 
questionnaire is returned  

Presenter
Presentation Notes
We tend to see three types of patients in our clinicPatients with history of cancer (index patients)Patients with a family history of a known hereditary cancer syndrome – predictive testingPatients with a significant family history of cancer who may be at increased risk of cancer.- We see a wide range of patients, ranging from pediatrics to adults with virtually all types of cancer.   Not just a breast cancer clinic



When to consider referral 

 Early age at diagnosis (i.e. breast or colon cancer < 35) 
 

 Unusual/rare cancers (i.e. medullary thyroid cancer, adrenal 
cortical carcinoma) 
 

 Multiple primary cancers, or bilateral cancer 
 

 Clustering of the same cancer in multiple family members 
 

 Multiple generations affected 
 

 Pattern of cancers suggestive of a specific hereditary cancer 
syndrome (breast & ovarian cancer, colon & endometrial 
cancer) 
 



Elements of hereditary cancer  
risk assessment 

 Collection of personal and family history  

 Genetic counselling re: likelihood of hereditary cancer 
syndrome, options for testing  

 Genetic testing (where appropriate) 

 Interpretation of results 

 Recommendations for cancer screening, prophylactic 
options 

 Implications for family 

Presenter
Presentation Notes
- In some cases it is very helpful to get records on affected family members (clarify specific tumor type, age at diagnosis)



What to tell your patients 

 Accurate family history information is crucial (where available) 
— 3 generations (siblings, parents, aunts/uncles, cousins, grandparents) 
— Age at diagnosis 
— Primary cancer diagnosis (versus mets) 

 
 We usually don’t offer appointments to patients unless they return 

family history questionnaire 
 

 Many patients are initially seen in group information sessions 
followed by shorter individual genetic counselling appt 
 

 Not all patients are offered genetic testing (especially those without 
a personal history of cancer) 
 

 Encourage your patient to talk to their affected family members 
about requesting a referral to a hereditary cancer clinic. 



Calgary, 2007-2015 
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Similar numbers in Edmonton (though somewhat higher volumes in Calgary)Just over 1000 referrals per year in EdmontonIllustrates the demand for hereditary cancer services. Patients, women in particular, are worried about their family histories and want to be proactive. Demand is currently substantially greater than our capacityYou’ll note a dramatic (and sustained) increase in referrals between 2012 and 2013 (~800 1400 patients)Majority of referrals are for breast cancer (personal or family history)



0

200

400

600

800

1000

1200

1400

1600

1800
20

07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

N
um

be
r o

f P
at

ie
nt

s 

Referrals

Pts Seen - New

Pts Seen - Follow-up

Presenter
Presentation Notes
May 14, 2013 – NY Times Op Ed “My Medical Choice” – BRCA1 mutation carrier; unprecedented exposure for hereditary cancer!Hereditary cancer clinics worldwide experience a 2-4 fold increase in referrals following her op-ed and the increased rate of referrals was sustained.  Several published studies have suggested that the increased volume was for appropriate referrals.   No new resources (in either Calgary or Edmonton)



Hereditary Breast and  
Ovarian Cancer: 

BRCA and Beyond 
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Presentation Notes
BRCA1 cloned and sequenced in 1994 and BRCA2 in 1995; routine clinical testing followed within a few years.This has been the traditional thinking (dogma) with respect to hereditary breast cancer.Of hereditary breast cancer, it is thought that ~30-50% are explained by mutations in BRCA1/2.   In recent years, several genes other than BRCA1/2 have been implicated in hereditary breast cancerSusceptibility genes are categorized based on their penetrance (or in other words the risk of breast cancer associated with disease causing mutation)100 independent common variants (primarily SNPs) associated with breast‐cancer risk have been identified through large‐scale genotyping studies. typically have minor allele frequencies higher than 1%, and all confer risks that are less than 1.5 times as high as those in the general population; almost all these polymorphisms occur in noncoding sequences. - moderate risk genes - 2-4 fold increased risk- high risk genes - > 4-5 fold increased risk- Low-risk - < 2 fold increased risk (FGFR2, MAP3K1)



HIGH Risk Breast Cancer Syndromes 

 High penetrance (= high risk 
for cancer) 

 Well known cancer 
syndromes with well defined 
tumor risks (i.e. BRCA1, 
BRCA2) 

 Established screening/risk-
reduction guidelines 

 Straightforward implications 
for family members 

BRCA1/2 

Li Fraumeni sydrome 

Cowden syndrome 

Peutz Jeghers syndrome 

Hereditary Diffuse Gastric cancer 

Presenter
Presentation Notes
Defined as > 4-5 fold increased riskAssociated with what are considered to be well-known cancer predisposition syndromesConsensus re: screening and preventionImplications for family – generally in the absence of a familial mutation we would consider the patient to be at general population risk.genes for which there are published screening recommendations and decent estimates of cancer riskOutside of BRCA1/2, other high risk genes have a relatively small contribution to breast cancer risk overall, but with expansion of genetic testing we are appreciating that these syndrome may be more common than originally thought, and possibly with atypical presentations and lower cancer risks (exception seems to be PJS)All are autosomal dominant



High risk genes: Management 

• High risk breast cancer screening  (MRI + mammogram) 
 

• Prophylactic mastectomy may be appropriate  
 

• Published surveillance & prevention guidelines for other 
associated cancer risks (i.e. ovarian cancer) 
 

• Predictive testing available to at-risk relatives 
• in some cases testing children may be appropriate 

Presenter
Presentation Notes
starting age varies  (lower with LFS) and is in part dependent on family historydon’t have good data on risk for contralateral breast cancer for most of these disorders



MODERATE 



MODERATE risk breast cancer genes 

 
PALB2 
ATM 
CHEK2 
NBN 
NF1 

 
 

 
 

MEN1 
MRE11 
RAD50 
BARD1 
BRIP1 

RAD51C 
RAD51D 

Lynch genes 
others 

~ 20-40% lifetime risk for breast cancer 

Presenter
Presentation Notes
- All autosomal dominant- many of these genes act in the same homologous DNA repair pathway / double strand break repair as do BRCA1/2RAD50, NBN, MRE11 - possibly also ovarian cancer (these genes all form a complex)RAD51C (FA gene) – moderately increased risk of ovarian cancer; magnitude of breast cancer risk, if any, is uncertainBRCA-Fanconi pathway – BRIP1, RAD51C, RAD51D, PALB2 other : FANCC, FANCM, XRC22 - limited dataLynch – ~5% of pathogenic mutations in women with breast cancer (GeneDX study)Others – FANCC, FANCM, XRCC2, RECQL



Absolute risk 
(80y) 

Other cancer(s) 

PALB2 35-55% ? pancreas, ♂ breast 

ATM 27% ? pancreas 

CHEK2 30% ? CRC, ♂ breast 

NBN 23% ? ovary 

Easton et al. N Engl J Med. 2015 

Presenter
Presentation Notes
PALB2 – mutations found rarely in familial pancreatic cancer kindreds; unknown magnitude of risk for pancreatic cancer (AR – Fanconi anemia); breast cancer risk appears to be dependent on family historyATM: There is one specific missense variant which confers a much higher risk of breast cancer (~8 fold increased – 70%); c.7271T>G (accounts for ~ 15% of ATM mutations (AR – ataxia telangiectasia) CHEK2: Most of the evidence comes from the 1100delC mutation (possibly lower risk with other mutations); Northern European founder mutation (1%); p.Ile57Thr in 1.4% of 1000 Genomes project & 5% of individulas of Finnish and Polish ancestry. ?2 fold increased risk of CRCNBN : DNA damage response pathway (biallelic mutations associated with Nijmegan Breakage syndrome – multisystem: neuro, growth failure, cancer risk, ID, immune deficiency)data largely based on on specific truncating mutation (Eastern European founder mutation)No data re: risk of contralateral breast cancer



Moderate risk genes: Management 

• No clearly established cancer screening guidelines 

 Generally recommend high risk breast cancer screening 

 Insufficient evidence for prophylactic mastectomy 

• Less robust data re: cancer risks 

• Cancer risks may vary from family to family 

• Cancer risks may not be due to gene mutation alone  likely 
influence of other genetic and non-genetic modifiers 

• Predictive testing of at risk relatives available but…. careful 
assessment of family history needed for interpretation 

Presenter
Presentation Notes
significant knowledge gaps and wide confidence intervalsAccurate risk estimates require large studies free of ascertainment of which there have been fewimpact of other genetic / non-genetic modifiersinadequately powered studies (due to low incidence of these gene mutations in hereditary cancer)there is often little change in management than what would be recommended based on family history alone NCCN: insufficient evidence for high risk breast cancer screening for BARD1 and BRIP1 (ovarian cancer genes)Unknown risk of contralateral cancer



Multi-gene panels 

Presenter
Presentation Notes
- mid 1990’s clinical testing for BRCA1/2 became availableCommercial labs have been offering multigene panels for the last 3-4 years  (following advent of NGS); multigene panels are routinely used for hereditary cardiac and neurologic diseasesNGS has dramatically reduced the time and cost of sequencinghas opened the door to broader evaluation of cancer risks without additional cost 3 million fold increased throughput compared to Sanger sequencing.Ambry - 17 genes breast cancer panelMyriad - 28 genesExome/genome sequencing- possible because of NGS which has dramatically reduced the time and cost of sequencingNGS – 3 million fold increased throughputHuman Genome Project completed in 2003it took almost 3 billion dollars and 13 years to sequence the first human genomeNow it can be done on the order of hours to days in research setting-    We all have ~3 million variants! (we differ by about 1/1000 bp)Interpretation …..BIOINFORMATICS!!Dramatic decrease in cost of sequencing (equivalent of making your $500,000 Ferrari worth 50cents)



Multi-gene panels: Advantages 

• Cost-effective  

• Time-efficient  

• Increased diagnostic yield 

• Allows for diagnosis of hereditary cancer predisposition 
in patients/families with: 
• Atypical/attenuated phenotypes 
• Limited family structure 
• Limited/inaccurate family history information 
• More than one cancer predisposing gene  

Presenter
Presentation Notes
Rapidly becoming the norm in the US and increasingly in Canada as well; and has altered the clinical approach to testing at risk patients and thei family membersSingle test to detect mutations in multiple genes at the same timecost-effective and time-efficient esp in families with mixed cancer phenotype or non-classic presentations:    - this is true of Lynch syndrome: population based screening studies suggest that 25% of patients do not have suggestive family histories or meet traditional testing criteria    in paediatric cancer, a large scale study showed that among the 9% of paediatric cancer patients with underlying cancer predisposing mutations, 60% had no family historyincreasing recognition that patients harbouring important cancer predisposition genes, including BRCA1/2,  are overlooked because they do not meet traditional testing criteriaWe can access testing for our patients for ~475 .  Color genomics offering $250GeneDx study – 3.1% of patients with a cancer predisposing mutation had more than 1 mutation (1/5 of these had multiple primary cancers)



Multigene Panels: Diagnostic yield 

• Varies depending on cohort  

• Range: ~ 3-17% pathogenic/likely pathogenic mutations 
in breast cancer cohorts 

• On average, 30-50% greater yield in comparison to 
BRCA1/2 testing alone 
• Additional yield largely due to mutations in moderate risk genes 

Presenter
Presentation Notes
There are now dozens of studies reporting experience with multigene panel testing in breast and/or ovarian cancer cohortsGeneDx study - 10,000 patients in 15 months!!The additional yield of multi-gene testing is largely due to mutations in moderate risk genes (CHEK2, ATM, PALB2 are the more common)GeneDx study found a reasonable incidence of Lynch syndrome (do not know whether these patients had family histories suggestive of Lynch syndomre or not)   GeneDx study (Susswein et al. Genetics in Medicine. 2015)3315 women with breast cancer and without prior BRCA testing 9.7% yield (about ½ in high risk genes and ½ in moderate risk genes)1894 women with breast cancer (BRCA1/2 negative)  7.5% yieldNCCN now suggesting genetic testing for anyone diagnosed with BC before 50



15 studies (10,745 patients)  14.1% yield  
• 9.0% BRCA1/2 
• 5.1% other genes 

Lerner-Ellis et al. Expert Rev. Anticancer Ther. 2015 

Presenter
Presentation Notes
Steven Narod’s groupLiterature review (compilation) of 15 studies of women undergoing multigene panel testing for breast cancer (10,745 patients)¾ had not had previous testing (7355)Across all studies – prevalence of pathogenic mutations was 14.1%Looked at 15 selected genesAfter BRCA1/2, CHEK2, PALB2, and ATM had the highest rate of pathogenic mutationsPTEN, CDH1, STK11 – very uncommon



More genes, more problems? 

• Uncertain cancer risks  
• Uncertain implications for family members 

• May not change predicted risk for family members over 
and above assessment based on family history alone 

• Unexpected findings  
• Variants of uncertain significance  - up to 20-40% 

• Can cause patient distress, confusion, misunderstanding 

• Complex counselling  
• Interpretation - Family history is still important! 

Presenter
Presentation Notes
Panel testing can identify variants in high risk genes that might not otherwise have been targeted, although the overall risk of unexpected findings seems to be low (1-2%)VUS:The more genes you test … the more likely you will find a variantLower VUS rates in Caucasian and Hispanic populations ~2 fold increased rate of VUS in Asian and African-American patientsMajority of VUS are likely to be benignVUS can cause patient distress, confusion, misunderstanding among patients, families and healthcare providersPatients may undergo uneccesary screening/interventionHighest VUS rate in ATMGC – shifts emphasis of counselling from detailed discussion of specific hereditary cancer syndromes to overarching concepts of high vs moderate risk gene, risk for VUS, possibility of ambiguous or unexpected results, concepts of screening and risk-reduction, inheritance pattern (dominant) and implications for family members



Expanded testing in Alberta 

Multi-gene Panels 
Breast/ovary (13 genes) 

 
 Colon/polyposis 
 Pancreatic cancer 
Renal cancer 
Melanoma/skin caner 
 Endocrine cancer 
 Pediatric cancer 

Presenter
Presentation Notes
105 gene panel divided into about 20 sub panels.





I feel like breast 
cancer is inevitable.   

Can you tell me 
about that breast 
cancer gene test? 



 Judy likely has a modestly increased risk of breast 
cancer  
— LOW risk for hereditary breast cancer 
— Referral to Genetics not indicated 

 Screening recommendations: annual mammograms 
starting at 40 

 She could chose to pursue private genetic testing 
(more on this later) 



“What is my chance of 
developing breast 

cancer?” 



What is my 
risk of another 
breast cancer? 

Genetic testing in a family is best  
initiated in an affected relative 



I’m a man – 
I don’t need 

to worry 
about this 

Do I need 
to have my 

breasts 
removed? 

I’m not at 
risk.  My 

mom didn’t 
have cancer 



BRCA1/2 Cancer Risks 

CANCER GENERAL 
POPULATION 

BRCA1 
CARRIER 

BRCA2  
CARRIER 

breast cancer 
women 11% 47-66% 40-57% 

ovarian cancer 1-2% 35-46% 13-23% 

breast cancer 
men 0.1% up to 6% 6% 

prostate cancer 12% increased by ~ 2-3 times 

pancreatic cancer 1% slight increase slight increase 

other slight increase 

Presenter
Presentation Notes
2nd primary breast cancer ~20-63% (avg up to 50%)



BRCA1/2 Management: Screening 

 ♀ 
BSE - personal preference 
CBE q6 months 
Mammogram yearly, starting 30 
MRI yearly, 25-69 yrs (ideally alternating with mammogram) 
No effective way to screen for ovarian cancer 
 

 ♂ 
CBE q12 months 
Prostate screening, starting 40 
 



BRCA1/2 Risk Reducing Surgery 

 Mastectomy (with reconstruction) 
— Personal choice 
— Reduces breast cancer risk by 90-95% 
— No routine imaging after mastectomy/reconstruction 

 

 Bilateral salpingo-oophorectomy 
— Recommended ~35-40 yrs 
— Reduces ovarian cancer risk by 85-95% 
— Surgical menopause! 
— Short term HRT after BSO is acceptable 



Don’t forget about OTHER cancers…... 



Lynch syndrome  

 Accounts for: 
— 3-5% of all colon cancer 
— 3-5% of all endometrial 

cancer 
— 2% of all ovarian cancer 

 

 Incidence: ~1/400 - 1/500  
 

 Mismatch repair genes: 
MLH1, MSH2, MSH6, 
PMS2 (and EPCAM) 

 
 

Endometrial cancer  27-71% 

Ovarian cancer 3-13% 

Gastric cancer 2-13% 

Urinary tract cancer 1-12% 

Brain cancer (GBM) 1-4% 

Bile duct/gall bladder 2% 

Small bowel cancer 4-7% 

Lifetime risk of extra-colonic cancers 

Presenter
Presentation Notes
1993 - linked to mismatch repair defectsUnderlying defect in the cellular mismatch repair system.  The MMR proteins form a complex that detects and corrects DNA replication errorsCompromised MMR system leads to accelerated accumulation of somatic mutations, often resulting in cancer development Mismatch repair genes are highly conserved across speciesl Loss of MMR function results in 100 to 1000 fold increase in error rates during DNA replicationGeneral population risk:- endometrial cancer - 3%- ovarian cancer - 1.5%Endometrial cancer - average age at diagnosis 48 years (~ 10 years younger than in the general pop’n); endometrial cancer may be the first manifestation of Lynch syndrome in womenUreter/renal pelvis cancers are transitional cell carcinomasCNS tumors - usually glioblastomasVariable risks:	- vary with study population; environmental and/or genetic modifiers; chance; gene and nature of mutation18% present with synchronous colon cancer40% of patients develop a 2nd colon cancer within 10 years of first diagnosis15-20% of women are diagnosed with both colon and endometrial cancer
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Screening colonoscopy – really offers both prevention and early detection- Finnish study; cohort with high compliance- no difference in CRC deaths between mutation carriers undergoing frequent colonoscopy and mutation-negative relatives- no difference in overall mortality between patients with Lynch syndrome undergoing screening and unaffected relatives95% compliance- Studies show that conversations between patients and their healthcare providers are the strongest drivers of screening participationother studies have replicated these results
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Other Cancers 

 Colon cancer < 40yrs 
 Male breast cancer, triple negative breast cancer < 60yrs 
 Multiple (>10 polyps (familial adenomatous polyposis) 
 Ovarian cancer  

— Serous (BRCA1/2) 
— Ovarian sex cord tumor with annular tubules 
— Ovarian small cell carcinoma 

 Renal cancer <40yrs 
 Medullary thyroid cancer (MEN) 
 Adrenocortical cancer (Li Fraumeni syndrome) 
 Hemangioblastoma (Von Hippel Lindau syndrome) 
 Desmoid tumors (FAP) 
 Pheochromocytoma (MEN) 



Private genetic testing options 

 Many commercial labs offer hereditary genetic testing 
with an MD referral 

 Some examples: 
— Color Genomics (www.color.com) 
— Lifelabs (www.lifelabs.com) 
— Myriad Genetics (www.myriad.com) 
— (NOT 23andMe) 

 We can see patients for counselling re: results of private 
genetic testing 

 Counselling issues…. 
— Which genes or panel?, which technology?, informed consent, 

possible results 
— Remember that these will be low risk patients 

Presenter
Presentation Notes
Many people are reassured that risk is sufficiently small such that genetic testing is not publicly funded for themSome labs offer genetic counselling; prices vary ~ $250 – 750 USD; testing often can be done on salivaWe do not endorse any specific labRelatives would be eligible for publicly funded genetic testing/counselling if a mutation is identified 



Take home messages 
 

• Multi-gene panels  
• Simultaneous assessment of multiple high and moderate 

risk cancer predisposing genes 
With increasing diagnostic yield comes higher rates of 

uncertain results and increasingly complex interpretation 
and counselling 

• The best way to assess for hereditary cancer in a 
family is through testing an affected relative 
• Encourage your patients to talk to their affected relatives 

about a referral to genetics 

• When in doubt, call or us refer! 
 
 



Renee.perrier@ahs.ca 
Calgary Hereditary Cancer Clinic – 403 955 7137 

mailto:Renee.perrier@ahs.ca
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