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Gene Sequence and Deletion/Duplication Analyses of BRCA1 & BRCA2

RESULTS

BRCA2 Pathogenic Mutation: 5'UTR_EX10del

SUMMARY

POSITIVE: Pathogenic Mutation Detected

INTERPRETATION

This individual is heterozygous for the 5'UTR_EX10del pathogenic mutation in the BRCA2 gene.

This result is consistent with a diagnosis of hereditary breast and ovarian cancer (HBOC) syndrome.

Risk estimate: 45-84% lifetime risk of breast cancer and 11-18% lifetime risk of ovarian cancer (females only), at least a 6% lifetime risk of
male breast cancer and 15% risk of prostate cancer by age 65 (males only), and increased lifetime pancreatic cancer risk.

The expression and severity of disease for this individual cannot be predicted.

Genetic testing for pathogenic mutations in family members can be helpful in identifying at-risk individuals.

Genetic counseling is a recommended option for all individuals undergoing genetic testing.

No additional pathogenic mutations, variants of unknown significance, or gross deletions or duplications were detected. Genes Analyzed:
BRCA1 and BRCA2 (sequencing and deletion/duplication).

BRCA2 Additional Information
The 5'UTR_EX10del gross deletion spans the 5' untranslated region (5'UTR) through coding exon 10 in the BRCA2 gene; however, the exact
breakpoints of the deletion were not determined. This alteration is expected to result in loss of function due to an abnormal transcript, a
translational frameshift leading to premature truncation, or nonsense-mediated mRNA decay. As such, this alteration is interpreted as a disease-
causing mutation.

The BRCA2 (OMIM *600185) tumor suppressor gene is located at 13q13.1 and encodes the 3418 amino acid BRCA2 protein. BRCA2 is involved
in the DNA repair process via homologous recombination and double-strand break repair. Pathogenic mutations in the BRCA2 gene are
associated with significantly increased lifetime risks for breast and ovarian cancers in women. Early studies estimated a female breast cancer
risk of 84% by age 70 for female BRCA2 mutation carriers; however, more recent studies suggest a risk of 45-49% by age 70. Pathogenic
BRCA2 mutations are also associated with a contralateral female breast cancer risk of 34.6% within 10 years of initial breast cancer diagnosis
with no intervention. The risk for ovarian cancer, including primary peritoneal and fallopian tube cancer, by age 70 in women with BRCA2
mutations is estimated to be 11-18%. Male BRCA2 mutation carriers have a cumulative breast cancer risk of over 6% by age 70 and prostate
cancer risk of approximately 15% by age 65. In addition, both men and women have an increased risk for melanoma and cancers of the
pancreas, gall bladder, bile duct and stomach compared to the general population, although the exact risks have not yet been well defined.
Biallelic mutations in the BRCA2 gene are known to cause Fanconi anemia type D1 (FA-D1), a rare autosomal recessive disorder affecting
multiple body systems. Parents who each carry a BRCA2 mutation have a 25% chance for a child with FA-D1 in every pregnancy.
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Order Summary: The following products were included in the test order for this individual. Please note: tests on hold and those that have been
cancelled (including reflex testing steps cancelled due to a positive result in a preceding test) are excluded. For additional information, please contact
Ambry Genetics.

BRCA1/2 seq and del/dup (Product Code 8838)
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ASSAY INFORMATION

General Information: Breast cancer (OMIM #604370 and #612555) is a complex, multifactorial disease in which cells in the breast become
abnormal and multiply without control to form malignant tumors. It is estimated that approximately 230,000 females and 2,200 males are newly
diagnosed each year and that 1 in 8 women will be diagnosed with breast cancer over the course of a lifetime. Breast cancer is the most common
malignancy among women in developed countries and family history remains the strongest single predictor of breast cancer risk. Other risk
factors for breast cancers include genetic variations, age, gender, reproductive history, alcohol abuse, and radiation exposure. Hereditary breast
cancers tend to occur earlier in life than non-inherited sporadic cases and are more likely to involve both breasts. Inherited mutations in two highly
penetrant genes, BRCA1 and BRCA2, appear to be responsible for about 5% of total breast cancers, and result in lifetime breast cancer risks of
up to 87% for women and up to 10% for men. Mutations in these two genes also significantly increase lifetime risks of ovarian (up to 40%),
pancreatic, and prostate cancers depending on the gene and gender of the individual. Gross deletion/duplications account for about 10% of all
mutations identified in the BRCA1 and BRCA2 genes.

BRCA1/2-Specific Resources: The following references were used in development of the BRCA1/2 gene information text and cancer risk
figures: Antoniou A et al. Am J Hum Genet. 2003 May;72(5):1117-30; Chen S J et al. Clin Oncol. 2007 Apr 10;25(11):1329-33; Ford D et al. Am J
Hum Genet. 1998 Mar;62(3):676-89; Kote-Jarai Z et al. Br J Cancer. 2011 Oct 11;105(8):1230-4; Lynch HT et al. Cancer Genet Cytogenet. 2005
Apr 15;158(2):119-25; Metcalfe K et al. J Clin Oncol. 2004 Jun 15;22(12):2328-35; Tai YC et al. J Natl Cancer Inst. 2007 Dec 5;99(23):1811-4;
Thompson D et al. J Natl Cancer Inst. 2002 Sep 18;94(18):1358-65; Van Asperen CJ et al. J Med Genet. 2005 Sep;42(9):711-9.

Methodology: Genomic deoxyribonucleic acid (gDNA) is isolated from the patient’s specimen using standardized methodology and quantified.
Sequence enrichment is carried out by incorporating the gDNA onto a microfluidics chip along with primer pairs designed to the target BRCA1 and
BRCA2 coding exons and adjacent intronic nucleotides followed by polymerase chain reaction (PCR) and Next-Generation sequencing. Follow-up
sequencing is performed for any regions missing or with insufficient read depth coverage for reliable heterozygous variant detection. Suspect
variant calls other than those classified as "likely benign" or "benign" are verified by Sanger sequencing. When the Ashkenazi Jewish 3-site
mutation panel is requested, only the locations of the 3 pathogenic founder mutations are analyzed. When indicated, the detection of the
Portuguese founder mutation, c.156_157insAlu (also known as 384insAlu) is performed using a two PCR strategy and analyzed using agarose gel
electrophoresis. If a selected exon or specific site analysis is requested, only specific region(s) of DNA is (are) amplified by PCR and sequenced.
Gross deletion/duplication analysis using the multiplex ligation-dependent probe amplification (MLPA) kits P002-C2 (BRCA1) and P045-B3
(BRCA2), developed by MRC Holland, is also performed.

Analytical Range: BRCA1 coding exons 1-22, BRCA2 coding exons 1-26, and well into the flanking 5’ and 3’ ends of all the introns and
untranslated regions are analyzed. Sequence analysis is based on the following NCBI reference sequences: BRCA1 NM_007294.3 and BRCA2
NM_000059.3. The MLPA method detects gross deletions and duplications all exons of the BRCA1 and BRCA2 gene, except BRCA1 exon 4 as it
is not found in the normal BRCA1 mRNA transcript.

Expected (Normal) Value: Diagnostic or Family History: 0, 1, or more mutation(s) detected.

Result Reports: In panel result reports, alterations in the following classifications are always reported, and are based on the following definitions
and clinical recommendations:

Pathogenic Mutation: alterations with sufficient evidence to classify as pathogenic (capable of causing disease). Targeted testing of at-risk
relatives and appropriate changes in medical management for pathogenic mutation carriers recommended. Previously described pathogenic
mutations, including intronic mutations at any position, are always reported when detected.
Variant, Likely Pathogenic (VLP): alterations with strong evidence in favor of pathogenicity. Targeted testing of at-risk relatives and
appropriate changes in medical management for VLP carries typically recommended. Previously described likely pathogenic variants, including
intronic VLPs at any position, are always reported when detected.
Variant, Unknown Significance (VUS): alterations with limited and/or conflicting evidence regarding pathogenicity. Familial testing via the
Family Studies Program recommended. Medical management to be based on personal/family clinical histories, not VUS carrier status. Note,
intronic VUSs are always reported out to 5 basepairs from the splice junction when detected.

Alterations of unlikely clinical significance (those with strong/very strong evidence to argue against pathogenicity) are not routinely included on
results reports. These include findings classified as “likely benign” and “benign” alterations.

 

Assay Information Continued on Next Page
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ASSAY INFORMATION (Supplement to Test Results - Continued)

Resources:  The following references are used in variant analysis and classification when applicable for observed genetic alterations.

1. The 1000 Genomes Project Consortium. An integrated map of genetic variation from 1092 human genomes. Nature. 2012;491:56-65.
2. ACMG Standards and guidelines for the interpretation of sequence variants. Genet Med. 2015 May;17(5):405-23.
3. Ambry Genetics Variant Classification Scheme. http://www.ambrygen.com/variant-classification. 
4. Berkeley Drosophila Genome Project [Internet]. Reese MG et al. J Comp Biol. 1997;4:311-23. http://www.fruitfly.org/seq_tools/splice.html.
5. Database of Single Nucleotide Polymorphisms (dbSNP) [Internet]. Bethesda (MD): National Center for Biotechnology Information, National

Library of Medicine (dbSNP Build ID:135) Available from: www.ncbi.nlm.nih.gov/SNP. Accessed Jan 2012). 
6. ESEfinder [Internet]. Smith PJ, et al. (2006) Hum Mol Genet. 15(16):2490-2508 and Cartegni L, et al. Nucleic Acid

Research. 2003;31(13):3568-3571. http://rulai.cshl.edu/cgi-bin/tools/ESE3/esefinder.cgi?process=home.
7. Exome Variant Server, NHLBI Exome Sequencing Project (ESP) [Internet], Seattle WA. Available from: evs.gs.washington.edu/EVS.
8. Grantham R. Amino acid difference formula to help explain protein evolution. Science. 1974;185(4151):862-864.
9. HGMD® [Internet]: Stenson PD et al. Genome Med. 2009;1(1):13.  www.hgmd.cf.ac.uk.

10. Landrum MJ, Lee JM, Riley GR, Jang W, Rubinstein WS, Church DM, Maglott DR. ClinVar: public archive of relationships among sequence
variation and human phenotype. Nucleic Acids Res. 2014 Jan 1;42(1):D980-5. doi: 10.1093/nar/gkt1113. PubMed PMID: 24234437.

11. Online Mendelian Inheritance in Man, OMIM®. McKusick-Nathans Institute of Genetic Medicine, Johns Hopkins University (Baltimore, MD),
Copyright® 1966-2012. World Wide Web URL: http://omim.org.

12. PolyPhen [Internet]: Adzhubei IA, et al. Nat Methods. 2010;7(4):248-249. genetics.bwh.harvard.edu/pph2.
13. SIFT [Internet]: Ng PC & Henikoff S. Hum Genet. 2006;7:61-80. http://sift.jcvi.org.
14. Exome Aggregation Consortium (ExAC) [Internet], Cambridge, MA. Available from: http://exac.broadinstitute.org.

Disclaimer: This test was developed and its performance characteristics were determined by Ambry Genetics Corporation. It has not been
cleared or approved by the US Food and Drug Administration. The FDA does not require this test to go through premarket FDA review. It should
not be regarded as investigational or for research. This test should be interpreted in context with other clinical findings. This laboratory is certified
under the Clinical Laboratory Improvement Amendments (CLIA) as qualified to perform high complexity clinical laboratory testing. This test
analyzes the following types of mutations: nucleotide substitutions, small deletions (up to 25bp), small insertions (up to 10bp), small indels, and
gross deletions/duplications. It is not intended to analyze the following types of mutations: gross rearrangements, deep intronic variations, Alu
element insertions, and other unknown abnormalities. The pattern of mutation types varies with the gene tested and this test detects a high but
variable percentage of known and unknown mutants of the classes stated. A negative result from the analysis cannot rule out the possibility that
the tested individual carries a rare unexamined mutation or mutation in the undetectable group. The BRCA1&2 test has an analytical sensitivity of
greater than 99.97%. Although molecular tests are highly accurate, rare diagnostic errors may occur. Possible diagnostic errors include sample
mix-up, erroneous paternity identification, technical errors, clerical errors, and genotyping errors. Genotyping errors can result from trace
contamination of PCR reactions, from maternal cell contamination in fetal samples, from rare genetic variants that interfere with analysis, low-level
mosaicism, presence of pseudogenes, technical difficulties in regions with high GC content or homopolymer tracts, presence of pre-malignant or
malignant cells in the sample, or from other sources. This report does not represent medical advice. Any questions, suggestions, or concerns
regarding interpretation of results should be forwarded to a genetic counselor, medical geneticist, or physician skilled in interpretation of the
relevant medical literature.
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This overview of clinical management guidelines is based on this patient’s positive test result for a BRCA2 gene mutation. Unless 
otherwise stated, medical management guidelines used here are limited to those issued by the National Comprehensive Cancer 
Network® (NCCN®)1 in the U.S. Please consult the referenced guideline for complete details and further information. 

Clinical correlation with the patient’s past medical history, treatments, surgeries and family history may lead to changes in clinical 
management decisions; therefore, other management recommendations may be considered. Genetic testing results and medical 
society guidelines help inform medical management decisions but do not constitute formal recommendations. Discussions of medical 
management decisions and individualized treatment plans should be made in consultation between each patient and his or her 
healthcare provider, and may change over time. 

Clinical Management Resource for BRCA2

SCREENING/SURGICAL CONSIDERATIONS AGE TO START FREQUENCY

  FEMALE BREAST CANCER

BREAST AWARENESS
• Women should be familiar with their breasts and  
   promptly report changes to their healthcare provider 

18 years old Periodic and consistent

CLINICAL BREAST EXAM 25 years old Every 6-12 months

BREAST SCREENING
• Breast MRI and mammography

25-29 years old: MRI or mammogram (if MRI unavailable)
30 -75 years old: MRI and mammogram
>75 years old: individualized management 

Every 12 months

Discuss option of risk-reducing mastectomy Individualized N/A

Consider investigational imaging and screening studies,  
when available in context of a clinical trial Individualized Individualized

Consider options for risk reduction agents, such as 
chemoprevention (i.e. tamoxifen). Individualized Individualized

  OVARIAN CANCER

Recommend risk-reducing salpingo-oophorectomy (RRSO)
35-40 years and upon completion of child bearing; or  
40-45 years in women who have maximized their breast 
cancer prevention (i.e. bilateral mastectomy)*

N/A

If RRSO not elected, transvaginal ultrasound and serum  
CA-125 may be considered.  Data do not support routine 
ovarian screening.

30-35 years old Clinician’s discretion

Consider investigational imaging and screening studies,  
when available in the context of a clinical trial  
(i.e. salpingectomy alone)

Individualized Individualized

Consider options for risk reduction agents, such as 
chemoprevention (i.e. oral contraceptives) Individualized Individualized

  MALE BREAST CANCER

Breast self-exam training and education 35 years old Periodic and consistent

Clinical breast exam 35 years old Every 12 months

  PROSTATE CANCER

Recommend prostate cancer screening 40 years old Clinician’s discretion

  PANCREATIC CANCER AND MELANOMA

No specific screening guidelines exist, but may be considered 
based on cancers seen in the family. Individualized N/A

1. NCCN Clinical Practice Guidelines in Oncology®. Genetic/Familial High-Risk Assessment: Breast and Ovarian. V 2.2016. Available at nccn.org.

*Ovarian cancer onset in patients with BRCA2 mutations is an average of 8-10 years later than in patients with BRCA1 mutations. Therefore, the recommended   
age of RRSO can be older for women with a BRCA2 mutation than for women with a BRCA1 mutation.

Disclaimer: The NCCN content is provided for educational and informational purposes only. The NCCN content does not constitute medical advice and should not be 
used in place of seeking professional medical advice, diagnosis or treatment by licensed practitioners.  Clinicians may use the NCCN content to support diagnosis and 
treatment of their cancer patients. At all times and for all purposes, the NCCN content may only be used in the context of clinicians exercising independent medical or 
professional judgment within the scope of their professional license. This document is reflective of NCCN guidelines published on 3/15/16 but may change over time. 
Therefore, clinicians are encouraged to ensure they are always referencing the most recent NCCN guidelines.

Adapted with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Genetic/Familial High-Risk Assessment: Breast and Ovarian 
V.2.2016. © 2016 National Comprehensive Cancer Network, Inc. All rights reserved. The NCCN Guidelines® and illustrations herein may not be reproduced in any form 
for any purpose without the express written permission of the NCCN. To view the most recent and complete version of the NCCN Guidelines, go online to NCCN.org. 
NATIONAL COMPREHENSIVE CANCER NETWORK®, NCCN®, NCCN GUIDELINES®, and all other NCCN Content are trademarks owned by the National Comprehensive 
Cancer Network, Inc.



5 things to know

BRCA2 mutation Your testing shows that you have a pathogenic mutation or a variant 
that is likely pathogenic in the BRCA2 gene.

Hereditary breast 
and ovarian cancer 
(HBOC)  

People with BRCA2 mutations have hereditary breast and ovarian 
cancer (HBOC). 

Cancer risks You have an increased chance to develop female or male breast 
cancer, ovarian cancer, pancreatic cancer, prostate cancer, and 
possibly other types of cancer.

What you can do There are risk management options to detect cancer early or lower 
the risk to develop cancer. It is important to discuss these options 
with your doctor, and decide on a plan that best manages cancer 
risks.

Family Family members may also be at risk – they can be tested for the 
BRCA2 mutation that was identified in you.

Understanding Your Positive BRCA2 Genetic Test Result 
information for patients with a pathogenic mutation or variant, likely pathogenic 

brca2 mutation lifetime cancer risks (%)*

45-84

12

2

>6 increased
15

0.1 1.5

14

11-18

General Population
BRCA2 Mutation Carrier

1

2

3

4

5

*The above cancer risks represent the typical range for individuals with a mutation in this gene. If 
available, cancer risks specific to the mutation found in you will be provided in your results report.

Female 
Breast 
Cancer

Ovarian 
Cancer

Male Breast 
Cancer

Pancreatic 
Cancer

Prostate 
Cancer

brca2 mutations in the family
There is a 50/50 random chance to pass 
on a genetic mutation in BRCA2 to your 
sons and daughters. The image below 
shows that both men and women can 
carry and pass on these mutations.

Has BRCA2 mutation No BRCA2 mutation
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Understanding Your Positive BRCA2 Genetic Test Result 
information for patients with a pathogenic mutation or variant, likely pathogenic 

result mutation
Your testing shows that you have a pathogenic mutation (a disease-causing 
change in the gene, like a spelling mistake) or a variant that is likely pathogenic in 
the BRCA2 gene. Both of these results should be considered positive.

gene brca2
Everyone has two copies of the BRCA2 gene, which we randomly inherit from 
each of our parents. Mutations in one copy of the BRCA2 gene can increase the 
chance for you to develop certain types of cancer in your lifetime.

condition hboc People with BRCA2 mutations have hereditary breast ovarian cancer (HBOC).

cancer risks increased
You have an increased chance to develop female or male breast cancer, ovarian, 
fallopian tube, or primary peritoneal cancer, pancreatic cancer, prostate cancer, 
and possibly other types of cancer.

other medical 
concerns may be 

present

Individuals with BRCA2 mutations may have an increased risk to have a child 
with Fanconi anemia, but only if their partner also carries a mutation in the 
BRCA2 gene. Fanconi anemia is a rare condition that can cause specific physical 
characteristics, bone marrow failure, and an increased risk of certain cancers. 

management  
options

for 
women

Options for early detection and prevention for women may include: breast exam, 
mammogram, breast MRI, transvaginal ultrasound, a blood test called CA-125, 
preventive medications, and options for preventive surgery. Talk to your doctor 
about what options may be right for you.

management  
options

for  
men 

Options for screening and early detection for men may include: breast exam, 
mammogram, and increased prostate screening. Talk to your doctor about what 
options may be right for you.

risk management varies
Risk management decisions are very personal, and the best option depends on many 
factors. Screening typically begins earlier than the general population and is often 
more frequently performed. It is important to discuss these options with your doctor.

family members
50/50 

chance

Your close relatives (like your parents, brothers, sisters, children) have a 50/50 
random chance of inheriting the BRCA2 mutation that you carry, and other family 
members (like your aunts, uncles, cousins) may also inherit it. Your relatives can 
be tested for this same mutation. Depending on the family history, those who DO 
NOT have it may not have an increased chance (above the general population) to 
develop cancer. 

next steps discuss It is recommended that you share this information with family members so they 
can learn more and discuss this with their healthcare providers. 

reach out resources

• Ambry’s hereditary cancer site for families  patients.ambrygen.com/cancer
• Bright Pink  brightpink.org
• FORCE  facingourrisk.org
• Sharsheret  sharsheret.org 
• Susan G. Komen Foundation  komen.org 
• Genetic Information Nondiscrimination Act (GINA)  ginahelp.org
• National Society of Genetic Counselors  nsgc.org 
• Canadian Association of Genetic Counsellors  cagc-accg.ca

Please discuss this information with your healthcare provider. The cancer genetics field is continuously evolving, so updates related to 
your BRCA2 result, medical recommendations, and/or potential treatments may be available over time. This information is not meant to 
replace a discussion with a healthcare provider, and should not be considered or interpreted as medical advice.

watch the video
Scan or visit our website to watch a short 
video with additional information to help 
you understand your results.
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