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ereditary breast cancer is re-
H sponsible for about 5%-10% of

all breast cancer cases and is
frequently associated with the inheri-
tance of a germline mutation in one of
two genes, BRCAI (chromosome 17) or
BRCA2 (chromosome 13). Inheritance of
a mutation in one of these genes confers
a high cumulative risk of breast (90%
lifetime risk) or ovarian (44% lifetime
risk) cancer (Daly et al., 2013). To date,
BRCAI and BRCA2 genetic testing only
is available through one company, Myr-
iad Genetics Laboratories (MGL), as a
result of patent issues surrounding these
two genes. In 1996, MGL introduced
Comprehensive BRACAnalysis®, which
included the sequencing of BRCAI
and BRCA2. Because of technological
advancement, MGL added a five-site
rearrangement panel to Comprehensive
BRACAnalysis in 2002 to detect five
recurring large genomic rearrangements
(LGR) in BRCA1. Additional technologi-
cal advances led to the addition in 2006
of the BRACAnalysis Large Rearrange-
ment Test (BART) as a separate but
full LGR test for BRCAI and BRCA2.
The Comprehensive BRACAnalysis
and BART tests were ordered as two
distinct tests. In October 2012, Medi-
care approved BART as a reimbursable
test, provided specific guidelines were
met, based on the 2013 National Com-
prehensive Cancer Network guideline
(Daly et al., 2013) recommending LGR
testing for all patients undergoing test-
ing for BRCAI and BRCA2. Beginning in
January 2013, MGL began incorporating
BART testing into routine BRCAI and
BRCA2 testing, now termed Integrated
BRACAnalysis (MGL, 2012).

Laboratory Technology

Until the addition of BART, BRCA1
and BRCA?2 testing focused on the

identification of point mutations (small
deletions and insertions) that resulted
in (a) protein truncation, (b) disrup-
tion of messenger RNA processing,
or (c) amino acid substitutions that
had a significant negative impact on
protein function. This alteration in
protein function results in altered cell
function and, ultimately, malignancy.
The small mutations are typically de-
tected by Sanger DNA sequencing of
polymerase chain reaction (PCR)-amplified
gene segments (Judkins et al., 2012).
Comprehensive BRACAnalysis testing
uses PCR-based bidirectional Sanger
sequencing of both BRCAT and BRCA?2.
This includes the analysis of about
5,400 base pairs, including 22 coding
exons and 750 introns, in BRCAI and
about 10,200 base pairs, including 26
coding exons and 900 introns, in BRCA2
(Judkins et al., 2012). BART testing uses
technology to detect another mecha-
nism of gene inactivation resulting
from the rearrangement of large tracts
of genomic DNA.

Many of the deleterious mutations
caused by LGRs were missed when
the testing was restricted to PCR-based
testing alone, which is incapable of de-
tecting LGRs (Sluiter & Rensburg, 2011).
Multiplex ligation-dependent probe
amplification (MLPA) is the most com-
monly used technique to detect LGRs.
MLPA is highly sensitive and relatively
inexpensive compared to other genetic
testing methods (Rodriguez, Torres, Bor-
ras, Salvat, & Guma, 2010).

Pathophysiology

Arthrobacter luteus (Alu) restriction
endonuclease element is a short stretch
of repetitive DNA. The human genome
contains about one million copies of
interspersed Alu that are thought to
mediate chromosomal rearrangements

Large Genomic Rearrangements in BRCAT and BRCA2:

resulting in translocations, duplications,
inversions, or deletions (Ewald et al.,
2009). BRCA1 is rich in Alu sequences
that are associated with LRGs (Han-
sen et al., 2009; Machado et al., 2007;
Stadler et al., 2010). To date, at least 81
different LGRs have been found in the
BRCA1 gene. Alu sequences are much
less common in BRCA2, which might
provide insight as to why fewer LGRs
are associated with the BRCA2 gene
(Sluiter & Rensburg, 2011; Stadler et
al., 2010). LGRs in BRCA1 account for
an estimated 8%—-27% of all BRCAI1
mutations (Sluiter & Rensburg, 2011;
Stadler et al., 2010). LGRs are less com-
mon in the BRCA2 gene and account
for 0%-11% of all BRCA2 mutations
(Stadler et al., 2010).

Ethnic Clinical History
Indicators

The founder mutations, 187delAG
BRCA1, 5385insC BRCA1, and 6174delT
BRCA2? in people of Ashkenazi or East-
ern European Jewish ancestry account
for 90% of all deleterious mutations in
this population (Weitzel et al., 2012).
These typically are detected with the
Multisite 3 BRACAnalysis. LGRs are un-
common in people of Ashkenazi Jewish
background (Palma et al., 2008; Stadler
etal., 2010).

African and Latin American or Carib-
bean ancestry has been associated with
a higher incidence of LGRs and may be
related to a founder effect (Judkins et
al., 2012). In particular, one LGR, BRCA1
ex9-12del, is considered a Mexican
founder mutation and may eventually
lead to a targeted panel for testing in
that ethnic group similar to the Multisite
3 BRACAnalysis. Risk for LGRs also
may be higher in those of Danish ances-
try and Spanish ancestry (Hansen et al.,
2009; Valle et al., 2010).
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Implications for Nurses

The usefulness of BRCAI and BRCA2
genetic testing in the area of prevention
and early detection should not be un-
derestimated. Effective risk reduction
procedures exist, including prophylac-
tic oophorectomy or mastectomy, che-
moprevention, and screening measures,
such as breast magnetic resonance
imaging. When an appropriate com-
prehensive prevention and risk reduc-
tion plan is incorporated into the care
of an individual at high risk for breast
cancer, morbidity and mortality asso-
ciated with breast cancer is decreased
(Lindor, McMaster, Lindor, & Greene,
2008). This underscores the need for
accurate and comprehensive detection
of all mutations. Unfortunately, cur-
rent criteria and risk models do not
always correctly categorize those who
might be at risk for having a deleterious
germline mutation (Kwon et al., 2010).
In addition, family history informa-
tion changes and evolves over time.
A patient may initially present with a
history that does not meet the criteria
for genetic testing, but if the personal
or family history changes (maternal
or paternal), the patient may become
eligible for genetic testing of BRCA1
and BRCA2, or be considered for test-
ing of mutations on other less common
genes (e.g.,, CHEK2, TP53). Updates in
genetic testing technology, such as what
occurred with LGRs, also necessitate
the need to re-evaluate if a patient or
family might benefit from additional
genetic testing.

When BART was initially introduced,
MGL established very specific testing
criteria based on personal and family
history that selected individuals with a
greater than 30% risk of carrying a muta-
tion in BRCAI or BRCA2 (Qureshi et al.,
2009). When the sample was submitted,
if an individual met these criteria, BART
was performed along with Comprehen-
sive BRACAnalysis. If the individual did
not meet these criteria, only the Compre-
hensive BRACAnalysis was performed.
The individual had the option of add-
ing BART for an additional cost (about
$700), which was not consistently cov-
ered by insurance. Some providers and
institutions routinely offered BART test-
ing; others did not. Initially, the uptake
of this technology was low (Shannon et
al., 2011). Consequently, many women
have had Comprehensive BRACAnaly-
sis but have not had BART testing; some

of these individuals may have a LGR
that has not been identified (Hartman
et al., 2012; Shannon et al., 2011). Just as
updating the family history of patients
on at least an annual basis is important,
healthcare providers should re-evaluate
patients to determine if additional ge-
netic testing might be indicated. Nurses
should ascertain whether patients have
had the opportunity to have the most
comprehensive genetic testing available
(Rubinstein, 2008).

Ordering a genetic test is different
from ordering other laboratory tests.
A genetic test typically is preceded by
counseling that includes a discussion
of benefits, risks, limitations, possible
outcomes of testing, and management
strategies, depending on test results. A
major limitation of genetic testing is that
not all mutations are detectable with
current technology. Most genetics pro-
fessionals will recommend that patients
who have substantial family history and
have tested negative for known muta-
tions recontact the genetics professional
every 12-18 months to determine if
technologies have been updated or if
new genetic testing options are avail-
able (Mahon, 2012). Patients also may be
recommended to pursue preventive or
risk-reduction interventions consistent
with a high risk, even if that risk has not
been confirmed by genetic testing. Giv-
en the explosion of genetic knowledge,
a genetics professional cannot be ex-
pected to re-contact every patient when
a change occurs in available technology
(Pyeritz, 2011). For this reason, oncology
nurses need to be aware of the testing
patients have received, as well as the
technological changes in genetic testing.
Patients who have tested negative in
the past should be educated that a new
technology or testing may be available
and that individual should be referred
to a genetics professional. Nurses need
to be able to examine a patient’s test
report and determine if the testing has
been completed. If the report does not
state comprehensive rearrangement
analysis under both BRCAT and BRCA2,
the testing might not be complete and
additional education and a referral for
additional testing are indicated. The
date of the test also will assist in iden-
tifying which panel a patient may have
received based on the technology avail-
able at that time. Viewing the actual test
result is best, so nurses should instruct
the patient to bring a copy to the genet-
ics professional.

Suzanne M. Mahon, RN, DNSc, AOCN®,
APNG, is a professor of internal medicine
and adult nursing in the School of Nurs-
ing at Saint Louis University in Missouri.
No financial relationships to disclose.
Mahon can be reached at mahonsm@
slu.edu, with copy to editor at ONFEditor
@ons.org.

Digital Object Identifier: 10.1188/13.ONF.220-222

References

Daly, M.B., Axilbund, J.E., Buys, S., Craw-
ford, B., Farrell, C.D., Friedman, S.,
... Weitzel, J.N. (2013). Genetic/fa-
milial high risk assessment: Breast
and ovarian [v.1.2013]. Journal of the
National Comprehensive Cancer Network.
Retrieved from http:/ /www.jncen.org/
contents/8/5/562.long

Ewald, I.P, Ribeiro, P.L.I., Palmero, E.I.,
Cossio, S.L., Giugliani, R., & Ashton-
Prolla, P. (2009). Genomic rearrange-
ments in BRCA1 and BRCA2: A lit-
erature review. Genetics and Molecular
Biology, 32, 437-446.

Hansen, T.O., Jonson, L., Albrechtsen, A.,
Andersen, M., Ejlertsen, B., & Nielsen,
F. (2009). Large BRCAI and BRCA?2 ge-
nomic rearrangements in Danish high
risk breast-ovarian cancer families.
Breast Cancer Research and Treatment,
115, 315-323. d0i:10.1007 /s10549-008-00
88-0

Hartman, A.R., Kaldate, R.R., Sailer, L.M.,
Painter, L., Grier, C.E., Endsley, R.R.,
... Sandbach, J.F. (2012). Prevalence of
BRCA mutations in an unselected popu-
lation of triple-negative breast cancer.
Cancer, 118, 2787-2795. d0i:10.1002/
cncr.26576

Judkins, T., Rosenthal, E., Arnell, C., Bur-
bidge, L.A., Geary, W., Barrus, T., . .. Roa,
B.B. (2012). Clinical significance of large
rearrangements in BRCA1 and BRCA?2.
Cancer, 118, 5210-5216. d0i:10.1002/
cncr.27556

Kwon, J.S., Gutierrez-Barrera, A.M., Young,
D., Sun, C.C., Daniels, M.S,, Lu, KH., &
Arun, B. (2010). Expanding the criteria for
BRCA mutation testing in breast cancer
survivors. Journal of Clinical Oncology, 28,
4214-4220. d0i:10.1200/jc0.2010.28.0719

Lindor, N.M., McMaster, M.L., Lindor, C.J.,
& Greene, M.H. (2008). Concise hand-
book of familial cancer susceptibility syn-
dromes (2nd ed.). Journal of the National
Cancer Institute. Monographs, 38, 1-93.
doi:10.1093/jncimonographs/1gn001

Machado, PM., Brandao, R.D., Cavaco,
B.M., Eugénio, J., Bento, S., Nave, M.,
... Vaz, F. (2007). Screening for a BRCA2
rearrangement in high-risk breast/
ovarian cancer families: Evidence for
a founder effect and analysis of the
associated phenotypes. Journal of Clinical

Oncology Nursing Forum ¢ Vol. 40, No. 3, May 2013

221



Downloaded on 05-18-2024. Single-user license only. Copyright 2024 by the Oncology Nursing Society. For permission to post online, reprint, adapt, or reuse, please email pubpermissions@ons.org. ONS reserves all rights.

Oncology, 25, 2027-2034. doi:10.1200/
j€0.2006.06.9443

Mahon, S.M. (2012). Complexities of ge-
netic care: Implications for advanced
practice nurses. Journal for Nurse Practi-
tioners, 8(8), e23—€27. doi:10.1016/j.nurpra
.2012.04.020

Myriad Genetics Laboratories. (2012). In-
tegrated BRACAnalysis to include BART.
Retrieved from http://d1izdzz43r5067
.cloudfront.net/sales—aids/Integrated+
BRACAnalysis+to+Include+BART.pdf

Palma, M.D., Domchek, S.M., Stopfer, J.,
Erlichman, J., Siegfried, J.D., Tigges-
Cardwell, J., . . . Nathanson, K.L. (2008).
The relative contribution of point muta-
tions and genomic rearrangements in
BRCA1 and BRCA2 in high-risk breast
cancer families. Cancer Research, 68,
7006-7014. doi:10.1158 /0008-5472.can
-08-0599

Pyeritz, R.E. (2011). The coming explo-
sion in genetic testing—Is there a duty
to recontact? New England Journal of
Medicine, 365, 1367-1369. doi:10.1056 /
NEJMp1107564

Qureshi, N., Carroll, ].C., Wilson, B., San-
taguida, P.,, Allanson, J., Brouwers, M.,
& Raina, P. (2009). The current state of
cancer family history collection tools
in primary care: A systematic review.
Genetics in Medicine, 11, 495-506.

Rodriguez, M., Torres, A., Borras, J., Salvat,
M., & Guma, J. (2010). Large genomic
rearrangements in mutation-negative
BRCA families: A population-based
study. Clinical Genetics, 78, 405-407.

Rubinstein, W.S. (2008). Roles and respon-
sibilities of a medical geneticist. Familial
Cancer, 7, 5-14. d0i:10.1007 /s10689-007
-9148-6

Shannon, K.M., Rodgers, L.H., Chan-Smut-
ko, G., Patel, D., Gabree, M., & Ryan, P.D.
(2011). Which individuals undergoing
BRACAnalysis® need BART testing?
Cancer Genetics, 204, 416—422.

Sluiter, M., & Rensburg, E. (2011). Large
genomic rearrangements of the BRCA1
and BRCA2 genes: Review of the litera-
ture and report of a novel BRCAI muta-
tion. Breast Cancer Research and Treatment,
125, 325-349.

Stadler, Z., Saloustros, E., Hansen, N.L.,
Schluger, A., Kauff, N., Offit, K., & Rob-
son, M. (2010). Absence of genomic
BRCAI and BRCA?2 rearrangements in
Ashkenazi breast and ovarian cancer
families. Breast Cancer Research and Treat-
ment, 123, 581-585. d0i:10.1007 /s10549-
010-0818-y

Valle, J., Feliubadalo, L., Nadal, M., Teulé,
A., Mir¢, R., Cuesta, R., . . . Lazaro, C.
(2010). Identification and comprehensive
characterization of large genomic rear-
rangements in the BRCAI and BRCA2
genes. Breast Cancer Research and Treat-
ment, 122, 733-743. d0i:10.1007 /510549
-009-0613-9

Weitzel, ].N., Clague, J., Martir-Negron,
A., Ogaz, R., Herzog, J., Ricker, C,, . ..
Larson, G.P. (2012). Prevalence and type
of BRCA mutations in Hispanics under-
going genetic cancer risk assessment
in the Southwestern United States: A
report from the Clinical Cancer Genet-
ics Community Research Network.
Journal of Clinical Oncology, 31, 210-216.
doi:10.1200/jco.2011.41.0027

222

Vol. 40, No. 3, May 2013 ¢ Oncology Nursing Forum



