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Uptake of BRCA1 rearrangement panel testing: In
individuals previously tested for BRCA1/2 mutations

Kristen Mahoney Shannon, MS, CGC', Alona Muzikansky, PhD?, Gayun Chan-Smutko, MS, CGC',
Kristen Baker Niendorf, MS, CGC', and Paula D. Ryan, MD, PhD!

Purpose: Individuals undergoing genetic testing for BRCA1/2 mutations are routinely counseled about the
sensitivity and specificity of testing. In August 2002, testing for 5 large genomic rearrangements in the BRCA1
gene that would not have been detected with full gene sequence analysis became commercially available. We
present our data on uptake of the BRCA1 rearrangement panel testing in our clinical cancer genetics program.
Methods: Women who participated in our clinical genetic testing program and had previously received an
uninformative negative or variant of uncertain significance result from BRCA1/2 full gene sequencing were invited
to consider BRCA1 rearrangement panel testing. Results: Overall, 18/72 individuals underwent BRCA1 rearrange-
ment panel testing. No significant differences were found in the levels of BRCAPRO scores (P = 0.406), age at
testing (P = 0.986), number of children (P = 0.35) or number of siblings (P = 0.4) between individuals who chose
to pursue additional testing with the rearrangement panel and those who declined. Fisher’'s Exact Test analysis
showed that there is a negative association between having breast or ovarian cancer and being inclined to undergo
rearrangement panel testing (P = 0.013). Conclusion: Individuals who undergo genetic testing will not consistently
pursue additional or enhanced genetic testing. Future research is needed to clearly elucidate the factors associ-
ated with uptake of additional genetic testing. Genet Med 2006:8(12):740-745.
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The availability of laboratory testing for BRCA1 and BRCA2
(BRCA1/2) mutations'? has offered families with hereditary
breast and ovarian cancer (HBOC) various opportunities to
determine their genetic risk. These families now may benefit
from confirming that the family history of disease is, in fact,
hereditary. Unaffected members in families with a known mu-
tation have the opportunity to undergo genetic testing to clar-
ify their own personal risks. However, the decision regarding
whether or not to undergo genetic testing can be complicated
and difficult.

Prior to the availability of BRCA1/2 genetic testing, some
studies reported an overwhelming interest (up to 95%) in ge-
netic testing for HBOC.3-8 However, once genetic testing be-
came available, actual uptake of the BRCA1/2 genetic test was
lower than anticipated with reports ranging from 43 to
96%.>°-14 Differences in the study design of these cohorts
make it difficult to directly compare these rates. More recently,
Brooks et al.’> found that 50% of women (and only 11% of

From the ' Massachusetts General Hospital Cancer Center/Center for Cancer Risk Analysis,
Boston, Massachusetts and *Massachusetts General Hospital Biostatistics Center, Boston,
Massachusetts.

KM Shannon, MS, CGC, Massachusetts General Hospital Cancer Center/Center for Cancer
Risk Analysis, 55 Fruit St — YAW 9800, Boston, MA 02115.

Submitted for publication March 20, 2006.

Accepted for publication September 29, 2006.

DOI: 10.1097/01.gim.0000250202.06200.6d

740

men) who are eligible for BRCAI/2 genetic testing actually
pursued it.

A search of the literature regarding genetic testing indicates
that BRCA1/2 test decliners have been studied very little. The
limited data on decliners are typically based on individuals that
have been involved in research studies (usually family
studies).'® Individual test decliners who have participated in
research may be very different from those test decliners in a
clinical setting. For example, individuals involved in early re-
search into HBOC were often motivated by the ‘common
good’ (i.e. gene discovery) and not the individual information
that arose from clinical genetic testing. Those in a clinical set-
ting are most often motivated by individual test results and the
impact that it may have on his/her personal situation. In addi-
tion, the vast majority of studies regarding uptake of genetic
testing have reported on individuals in families where there is a
known mutation,'¢ which, too, is quite different than in a clinic-
based practice. In families with a known mutation, the test
results are clear (i.e. positive or negative for the mutation) and
the clinical implications concrete. In most individuals in the
clinic, there are more possibilities in terms of results (i.e. pos-
itive, true negative and indeterminate negative) and the inter-
pretation of the indeterminate negative is not clear in most
cases. In a more recent paper, Foster et al.!” reported that 11%
of individuals considering BRCA1/2 genetic testing with a 50%
a priori risk of carrying a familial mutation declined the test.
These decliners were significantly younger and had lower levels
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of cancer worry than test acceptors in this cohort. The test
decliners reported barriers to testing that included apprehen-
sion about the result, difficulty in traveling to the clinic, and
taking time away from work/family.

Since its commercial availability in October 1996, the vast
majority of clinical BRCAI and BRCA2 genetic testing in the
US has been done via Myriad Genetics Laboratories under the
tradename “BRACAnalysis.” Through this testing, Myriad of-
fered full gene sequencing of all coding exons of BRCAI and
BRCA2. According to Myriad’s test specifications, full se-
quence determination in both forward and reverse directions
of approximately 5400 bp of BRCAI and 10200 bp of BRCA2
was performed. Exons 1 and 4 of BRCAI and exon 1 of BRCA2
were not analyzed because they were noncoding. The noncod-
ing intronic regions of BRCAI and BRCA?2 that were analyzed
did not extend more than 20 base pairs proximal to the 5" end
and 10 base pairs distal to the 3" end of each exon. At the time,
Myriad quoted, “This assay will not detect deletion of complete
exons or genes, or errors in RNA transcript processing unre-
lated to DNA exon sequence. The proportion of clinically sig-
nificant defects in BRCAI and BRCA?2 attributable to such ab-
normalities is unknown but may be between 5 and 15%.” In
August 2002, Myriad added enhanced testing for five BRCA1
large genomic rearrangements'-2! to the BRACAnalysis test.
Early studies indicated that this further analysis detects an ad-
ditional 2 to 3% of alterations.?? At that time, some genetic
counseling programs in the US notified their BRCA1/2 clinical
testing patients that had undergone BRACAnalysis testing
prior to August 2002 that the sensitivity of the BRCAI/2 ge-
netic test had changed, and offered the patients the option of
additional testing.

This provided a unique opportunity to examine an entirely
different cohort of individuals for uptake rates of genetic test-
ing. These were individuals who had previously pursued
BRCA1/2 genetic testing (i.e. were test acceptors) and were
now able to consider genetic testing again. Based on our review
of the literature, this type of cohort has never been described in
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the literature. One manuscript by authors at Myriad?? de-
scribes the clinical characteristics of individuals with germline
mutations in BRCA1/2. The data gleaned from this report sug-
gests that 11.3% (322/2861) of individuals pursued additional
testing once they received a negative test result from a panel of
three specific founder mutations (Ashkenazi). However, the
overall cohort was not described and the clinical reasons for
uptake of the additional test were not clarified. Here we present
our descriptive data on uptake of the BRCAI rearrangement
panel testing at our clinical cancer genetics program.

MATERIALS AND METHODS

Study design and sample

We used a retrospective cohort study design involving
women who had previously undergone BRCA1/2 genetic test-
ing at our center prior to August 2002. An overall schema of the
study design is presented in Figure 1.

In March 2003, 72 letters were mailed to women who had
participated in our clinical genetic testing program and had
previously received an uninformative negative (UN) (i.e. a
negative test result when no mutation is known in the family)
(N = 62) or variant of uncertain significance (VUS) result
(N = 10) from BRCA1/2 full gene sequencing. The letter sent
to this group indicated that current data suggest that full gene
sequencing may miss up to 15%222* of alterations in BRCAI
and BRCA2, and that further analysis was now available to
detect some additional types of alterations. The letter also ex-
plained that early studies have indicated that this further anal-
ysis detects an additional 2 to 3% of alterations in the BRCA1
gene. The cost of this further analysis ($325) was provided in
the letter as well as information that in some cases this may be
reimbursable by insurance. Finally, the letter indicated that
this testing was not appropriate for all families, but encouraged
the patient to call for further information. By January 1, 2004,
only 6/72 women had pursued BRCAI rearrangement testing

Individuals contacted by letter
re: BRCA1 rearrangement
panel testing (N=72)

/\

Women pursued
testing at time point
1 (N=6)

Individuals eligible for
survey (N=66)

Participated in Participated in Women

(N=14)

survey and survey study but called 3X
pursued testing did NOT pursue and not

at time point 2 testing (N=22) contacted via
(N=12) phone

Fig. 1. Study schema.
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after receiving the letter, leaving 66 remaining women eligible
for the current study.

Data collection

The institutional review board at Partners’ HealthCare ap-
proved this study before implementation. Beginning in Janu-
ary 2004, eligible participants were contacted by the genetic
counselor that had been involved in their original testing via
phone and invited to participate in a phone survey that sought
to identify factors that influenced a person’s decision about
whether or not to have additional genetic testing. Contact was
attempted at least three times for each potential participant
over the course of 6 months. Each potential participant was
advised that her individual responses would not be shared with
her healthcare providers or become part of her medical records,
and that her identifiable information would not be shared with
clinicians or researchers outside of the study. Each woman was
also advised that participation was voluntary and that she could
feel free to decline answering any questions that she did not want
to answer. Verbal consent was obtained prior to initiation of the
phone survey. Women that were contacted via phone that did not
recall receiving the initial letter (sent in March 2003) were not
eligible for the study. In these instances, the letter was re-sent and
the individual was encouraged to call with questions.

Survey

The phone-administered survey consisted of three individ-
ual questions, one of which had additional questions if the
answer was in the affirmative. Each participant was asked if she
had discussed the letter and/or the testing described with any of
her healthcare professionals. If the participant answered in the
affirmative, she was asked what type of professional (e.g. PCP,
surgeon, medical oncologist, etc.) was involved, at what time
interval the discussion took place and whether or not a sugges-
tion/recommendation was made by the health care profes-
sional. The next question asked each participant if she had
had this additional testing done. Finally, each participant
was asked the open-ended question, “Why haven’t you pur-
sued testing?” The genetic counselor performing the inter-
view then coded these responses where more than one re-
sponse was possible. The responses to this question can be
found in the first column of Table 1.

Once the phone survey was complete, the participant was
asked if she had any other questions and the interview was
terminated. The genetic counselor then noted whether or not
the participant had (voluntarily) asked for additional informa-
tion about testing and/or scheduled an appointment for the
additional testing. Data regarding actual uptake of testing was
obtained from the medical record review in September 2004.

Statistical methods

All data were initially entered into a spreadsheet created on
Microsoft Excel (2000). Demographic data on all subjects was
obtained from medical records and entered into the investiga-
tor database. BRCAPRO scores, which represent the probability
that the participant carries a mutation in BRCA1 or BRCA2, were
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Table 1
Participants’ responses to survey question, “Why haven’t you pursued the
rearrangement test?”

No. of times response reported

Overall Not pursued Pursued
Response cohort test test
I was going to call, but you 1 1 0
called first
I’'m too busy, don’t have 8 2 6
time — will do in the
future
Confidentiality concerns 0 0 0
Didn’t understand the 3 1 2
letter/letter was
confusing
Didn’t think the test 5 2 3
applied to me/my family
(i.e. The test isn’t
appropriate for me/my
family)
Didn’t think the additional 7 7 0
test increased the
sensitivity of testing
enough
My healthcare 3 3 0
professional(s) didn’t
think I should
Just too much of a bother 2 1 1
to have it redone
Just not interested in 11 10 1
genetic testing anymore
I just don’t want to know 1 1 0
Other 7 4 3

calculated using CaGene 3.3.1 for each participant. For the pur-
poses of this study, both invasive breast cancer (IBC) as well as
ductal carcinoma in situ (DCIS) was considered breast cancer.

To assess differences between patients electing to pursue ge-
netic testing (at any time point) and decliners, Fisher exact test
was performed on all 2 X 2 tables. The Cochran-Armitage
Trend Test (for 2 X n table) was employed to determine asso-
ciation with the number of siblings and children. T-test was
used to assess the difference in means of all other continuous
variables. Likelihood ratio test was performed to assess
whether the number of those pursuing the test after receiving a
letter is significantly different than the number of those pursu-
ing the test after the telephone call. The test statistic was com-
pared against a x> distribution with one degree of freedom.
Ninety percent exact binomial CI was provided for the rates of
participants pursuing a test at any timepoint.

RESULTS

Characteristics of cohort

We present the data here from all women with whom con-
tact was made at any point in the study (i.e. those subsets
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Table 2

Participant demographics

Women that Women did not
pursued pursue Overall
rearrangement rearrangement cohort
Descriptor testing (N = 18)  testing (N =22) (N = 40)
Breast or ovarian 13 22 35
cancer diagnosis
Breast cancer 12 18 30
diagnosis
Ovarian cancer 1 4 5
diagnosis
Mean age at cancer 44.2 47.1 46
diagnosis
Mean age at initial 48.3 51.2 50
BRCA1/2 testing
Mean BRCAPRO score 16.8 9.7 12.9
Median no. of children 1 2 2
Median no. of siblings 2 2 2

shaded in Fig. 1) (N = 40). The demographics of the entire
cohort are presented in Table 2.

The vast majority (88%) of women had a previous diagnosis
of breast or ovarian cancer. All women were Caucasian and
only one (2.5%) woman was of Ashkenazi Jewish ancestry. The
mean age at cancer diagnosis for those women who had a di-
agnosis of cancer was 46 years (range 21—68) and the mean age
atinitial BRCA1/2 sequencing was 50 (range 31-70). The mean
BRCAPRO score for the cohort was 12.9% (range 0.4—65.3).
The median number of children was 2 (range 0—6) with 8.33%
of participants having more than 3 children. Median number
of siblings was 2 (range 0—9) with 29.27% having more than 3
siblings.

Of the 34 survey participants, 8 (23.5%) individuals re-
ported having discussed the letter and/or the rearrangement
testing with a healthcare provider. The most common provider
mentioned was a medical oncologist (N = 6), followed by pri-
mary care physician (N = 3), radiation oncologist (N = 1) and
surgeon (N = 1). When asked about the outcome of the dis-
cussion with the provider, 2 individuals indicated that the pro-
vider suggested they pursue the test, 3 individuals indicated
that the provider suggested they not pursue the test and 3 in-
dividuals indicated there was no suggestion at all from the
healthcare provider. None of the survey participants had un-
dergone the rearrangement testing outside of our program.

Survey participants’ responses to the open-ended question,
“Why did you not pursue the test” are shown in Table 1. The
most commonly reported answer was “Just not interested in
genetic testing anymore” and the second most common an-
swer was “I'm too busy — will do in the future”.

Responses classified as “other” included one individual who
responded that she did not pursue testing because she was hav-
ing difficulty getting things ‘worked out’ in regards to billing
for the initial test. She enlisted the counselor’s help and the
billing issues were worked out. This participant eventually un-
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derwent BRCALI panel testing. This was the only participant in
our sample to reference cost/insurance coverage as an issue for
not pursuing the test. Also classified as “other” included one
woman who felt that testing was just too difficult emotionally
to reconsider, one woman who didn’t reconsider it because she
had received a VUS result and didn’t think additional testing
would help, two women who were too overwhelmed with
other family issues to consider this, and two women who ‘just
didn’t take it seriously’.

Participants that underwent rearrangement testing

Table 2 shows the demographics of those participants that
did pursue versus those that did not pursue BRCA1 rearrange-
ment testing. No significant differences were found in the lev-
els of BRCAPRO scores (P = 0.406), age at testing (P = 0.986),
number of children (P = 0.35) or number of siblings (P = 0.4)
between test takers and decliners. Fisher’s Exact Test analysis
showed that there is a negative association between having
breast or ovarian cancer and being inclined to undergo rear-
rangement panel testing (P = 0.013).

Ofthe survey participants that had discussed the testing with
their healthcare provider (N = 8), 4 (50%) decided to pursue
rearrangement testing after the survey was completed. Of these
four, two indicated that their provider had suggested they pur-
sue the test and two indicated that there was no suggestion
from their healthcare provider.

During the phone interview, each participant was asked the
open-ended question, “Why did you not pursue the test” (after
receiving the initial letter in March 2002). The responses to this
question are shown in Table 1 and are stratified by those that
eventually underwent the additional testing and those that
continued to decline the additional testing. The most common
answer to this question for those who eventually took the test
was “I'm too busy — will do in the future while the most com-
mon answer for those who did not undergo additional testing
was, “Just not interested in genetic testing anymore”.

The number of individuals taking the test prior to the phone
call survey, after the phone call survey and none at all is pre-
sented in Figure 2. This distribution was compared against a
null of equal number of test takers prior to and after the survey.
The P-value for this test was 0.15, suggesting no significant
difference between the number of test takers before and after

P=0.338

O Before Phone
Call (N=6)

[ After Phone Call
(N=12)

H Never (N=22)

Fig. 2. Timepoint of rearrangement panel testing.
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the survey. The 90% CI for the proportion (in brackets) of test
pursuers before the survey (6/40), after the survey (12/34) or at
any time point (18/40) are (0.067, 0.274), (0.217, 0.508) and
(0.314, 0.591) respectively.

DISCUSSION

Our study adds to the limited body of literature regarding
individuals that decline genetic testing. In this clinic-based co-
hort 45% of individuals pursued additional testing for BRCAI
rearrangements after having received an uninformative test re-
sult on BRCA1/2 gene sequencing. This is, to our knowledge,
the first descriptive report of a a cohort of individuals who had
undergone prior genetic testing, so it is difficult to compare this
percentage to other reports of uptake of BRCA testing.>*~'# The
uptake rate is very similar to the study of Brooks et al.,'> who
found that 50% of women in their clinic based sample pursued
BRCA genetic testing. Itis also substantially higher than the 12.6%
of Ashkenazi individuals that had gone on for full gene sequencing
after a negative 3 site test.??

An interesting point from our study was that many of those
individuals who declined the enhanced test even after the
phone intervention cited that they just did not want to go
through the testing process again. It is possible that these
women found relief enough in their original test and were no
longer anxious about genetic susceptibility. This would be con-
sistent with Phillips et al.?* finding that one of the most impor-
tant factors that influence the decision to undergo testing is the
potential for relief if not found to be a carrier.

It is noteworthy that, although not reaching significance, a
larger number of individuals (N = 12) pursued the rearrange-
ment test after the phone intervention than with just the letter
alone (N = 6). From this data, it is difficult to discern why.
However, it is plausible that the letter method for notifying
patients was simply disregarded (11 individuals contacted via
phone reported that they didn’t even remember receiving the
letter). It would be important, therefore, to note the impor-
tance of verbal communication (e.g. phone follow up) with
this type of information.

Our study has limitations that are worth noting. First, the
small sample size may limit the ability to generalize. In addi-
tion, it is possible that the data may be biased in that only
individuals who were reached for comment on the enhanced
testing were included. It is conceivable that those individuals
who did not return our phone call were clearly not interested in
genetic testing any more. This would have significantly low-
ered the percentage of individuals pursuing the test.

Our study has implications for the future of genetic testing
and genetic counseling. Recently, it has been reported that a
proportion of BRCA1/2 mutations are missed using the cur-
rent genetic testing methodology.?¢ In addition, it is likely that
more genes that contribute to HBOC will be discovered in the
future. Therefore, it will be important for clinicians to re-ap-
proach their patients, explain the new information, and offer
them additional testing as appropriate. Our data support the
idea that mailingliterature may not be the most effective way of
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getting information to patients. It may be more appropriate to
contact these patients by phone (or in person) so that the mes-
sage is clear and the patient has the ability to ask questions. It
may also be appropriate to send information about additional
testing to the original referring physician so that they can dis-
cuss it with their patient.

Our data also suggest that once individuals undergo genetic
testing, they are not consistently going to pursue additional
testing. Some of the individuals in this subset cited that the
anxiety and worry associated with the genetic testing process
was something that they did not want to go through again. This
has tremendous implications for the future of genetic testing
and genetic research. If individuals are unwilling to undergo
enhanced or additional genetic testing, it will undoubtedly
leave families with HBOC without the ability to perform infor-
mative carrier testing when this could be a reality. The unaf-
fected members of the family therefore will have to be cared for
as if they were at increased risk of cancer — which carries both
emotional implications for the individual as well as financial
implications for the health care system.

In conclusion, individuals who undergo genetic testing will not
all consistently pursue additional or enhanced genetic testing. A
phone call to discuss the details associated with enhanced testing
may have a slight impact on the uptake of testing, as compared to
simply sending a letter describing the additional testing. Future
research is needed to clearly elucidate the factors associated with
uptake of additional genetic testing.
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