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Timing of BRCA1/BRCAZ2 genetic testing in women with
ovarian cancer

Molly S. Daniels, MS’, Diana L. Urbauer, MS°, Jennifer L. Stanley, BS!, Kristin G. Johnson, BSN°,
and Karen H. Lu, MD'

Purpose: To determine when, in reference to the course of their
treatment, women with ovarian cancer are seen for genetic counseling,
as well as to determine what factors influence this timing. Methods:
Single institution retrospective chart review of patients with ovarian
cancer who underwent BRCA1/BRCA?2 genetic testing. Results: Thirty-
three percent of our sample (n = 100) were seen for genetic counseling
after ovarian cancer recurrence. In four cases, genetic test results were
disclosed to next of kin. Thirty percent of women seen for genetic
counseling after recurrence received their initial treatment elsewhere.
Women with a history of breast cancer were significantly more likely to
be seen for genetic counseling at an earlier phase of their treatment than
women with no history of breast cancer. Conclusion: We found that
one third of patients with ovarian cancer who underwent genetic testing
were seen for initial genetic counseling after disease recurrence. In
some cases, genetic counseling took place during the end of life care,
with genetic test results disclosed to next of kin. Given the poor
prognosis of women with recurrent ovarian cancer, we advocate pro-
viding genetic counseling at the time of initial ovarian cancer treatment
both in comprehensive cancer centers and in community oncology
settings. Genet Med 2009:11(9):624—628.
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varian cancer accounts for 3% of all cancers diagnosed in

women. In 2008, an estimated 21,650 women were diag-
nosed with ovarian cancer.! Approximately 8% to 15% of these
ovarian cancers are attributable to a hereditary predisposition to
breast and ovarian cancer caused by germ line mutation of the
BRCAI or BRCA2 gene.># In addition, a small percentage of
ovarian cancers are attributable to other hereditary cancer syn-
dromes such as hereditary nonpolyposis colorectal cancer syn-
drome (Lynch syndrome). Genetic evaluation for Lynch syndr-
ome should be considered for patients with ovarian cancer who
have a suggestive personal and/or family history of colon,
endometrial, or other Lynch-associated cancers. In contrast, a
smaller percentage of breast, colorectal, and endometrial can-
cers are attributable to a hereditary predisposition; approxi-
mately 5% of breast cancers are attributable to BRCAI or
BRCA2,5 and approximately 2% of colorectal and endometrial
cancers are attributable to Lynch syndrome.®—%
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BRCA1/BRCA2 genetic testing of women with ovarian can-
cer has significant implications for both the patients with ovar-
ian cancer and for family members. For the patient, a positive
genetic test result indicates an increased risk for primary breast
cancer, which may be particularly significant for patients with
ovarian cancer who were diagnosed at an early stage and/or are
long-term survivors. A growing body of evidence also indicates
that patients with ovarian cancer with BRCA mutations have
improved survival when compared with patients with sporadic
ovarian cancers.” 13

For family members, the information gained from genetic
testing of their relative with ovarian cancer is of utmost impor-
tance. Once a BRCA1/BRCA2 mutation has been identified in a
woman with ovarian cancer, her siblings, children, and other
family members can be offered accurate predictive genetic
testing for the known mutation. In the context of a known
familial mutation, both positive and negative predictive genetic
test results are interpretable and informative. Given the high
risks of breast and ovarian cancer that are associated with
BRCAI and BRCA2, and the availability of proven risk reduc-
tion strategies, the potential benefit of predictive genetic testing
is clear.

In contrast, if the patient with ovarian cancer does not un-
dergo genetic testing, family members cannot be offered site-
specific genetic testing for a known familial mutation. Family
members may still elect to undergo comprehensive BRCA1/
BRCA?2 genetic testing in this case. However, in this scenario,
the ability to interpret a negative result of comprehensive
BRCA1/BRCA2 genetic testing for an individual unaffected by
breast or ovarian cancer is limited. It could be that there is a
detectable BRCA1/BRCA2 mutation in the family, and in this
case the negative result would be reassuring. However, it is also
possible that there is some other hereditary cause for the can-
cer(s) in the family (either an undetectable BRCAI/BRCA2
mutation or an entirely different hereditary cancer predisposi-
tion such as Lynch syndrome), and in this case the negative
result would not be reassuring. Given this ambiguity, the pref-
erable scenario is to first test a family member affected by
cancer, then offer predictive genetic testing to at-risk relatives
based on those results.

In addition, BRCA mutation status may, in the future, help
dictate the course of treatment for ovarian cancer. Although the
functions of BRCAI and BRCA2 are incompletely understood,
they do seem to play a role in double-stranded DNA break
repair.'+1> BRCA1- or BRCA2-deficient tumors may be partic-
ularly responsive to a class of drugs known as poly (ADP-
ribose) polymerase (PARP) inhibitors. PARP also facilitates
DNA repair, and increased PARP activity has been observed in
multiple tumor cell lines.!® PARP inhibitors are currently under
study for their potential role as chemotherapeutic agents both as
single agents and as potentiators.'® PARP inhibition sensitizes
tumor cells to cytotoxic therapy and radiation therapy.'¢ Cells
deficient in BRCA1/BRCA2 seem to be especially sensitive to
PARP inhibition; in these cells, a PARP inhibitor alone can
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cause cell-cycle arrest and apoptosis.!”-'8 The prospect of ther-
apy tailored to BRCA-deficient cancers has therefore been
raised and is currently under study.

Women with ovarian cancer, therefore, comprise a unique
population in which consideration of genetic testing is espe-
cially important both because the yield is high and because
the implications of the genetic test results are so significant.
Unfortunately, the window of opportunity for offering ge-
netic testing is limited in many cases. Sixty-three percent of
ovarian cancers are diagnosed at Stage I or IV.!° The 5-year
survival rates for Stages III and IV ovarian cancers are 15%
to 20% and <5%, respectively.!® These late-stage ovarian
cancers frequently recur, and the overall prognosis for
women with recurrent ovarian cancer remains poor. Re-
sponse rates for treatment of recurrent ovarian cancer range
from 12% to 60%, with median survival ranging from 9 to 12
months.2% Given this limited window of opportunity, consid-
eration should be given to when, during this disease course,
genetic testing should be offered. We, therefore, sought to
determine when, in reference to the course of their treatment,
women with ovarian cancer are being seen for genetic coun-
seling, as well as to determine what factors influence when
patients are seen for genetic counseling.

MATERIALS AND METHODS

Through retrospective chart review, we identified a total of
100 women who both underwent some or all of their treatment
for ovarian, fallopian tube, or primary peritoneal cancer at our
institution, and had BRCA1/BRCA2 genetic testing, from 1998
to 2006, at our institution. Women who underwent genetic
counseling, but did not have genetic testing at our institution
during the study period, were not included in this study (n =
32). Data collected from the medical records included demo-
graphics, information related to ovarian cancer diagnosis and
treatment, other personal history of cancer, dates of genetic
counseling and genetic testing, and results of genetic testing.
The study protocol was reviewed and approved by the
U.T. M.D. Anderson Cancer Center’s Institutional Review
Board.

We defined the initiation of the genetic testing process as the
date of the initial genetic counseling visit. We then classified
this date as occurring during one of three treatment phases:
“initial treatment” was defined as before or during initial sur-
gery and chemotherapy; “during first remission” was defined as
after initial therapy was completed and before any recurrence;
and “recurrence” was defined as at or after first recurrence of
ovarian cancer. These phases are delineated by two clinically
significant benchmark events in the treatment course, which are
the end of initial treatment and the recurrence of ovarian cancer.
During the initial treatment phase, family history is assessed
during the primary medical evaluation, and patients have fre-
quent interactions with the health care team. Once initial treat-
ment is completed, the patient is in remission and is seen for
follow-up less frequently. The length of remission varies greatly
from patient to patient, but once ovarian cancer has recurred, at
that point life span is limited and the window of opportunity for
genetic testing may, therefore, be short.

Summary statistics for age at diagnosis, stage of ovarian
cancer, area of residence, history of breast cancer, genetic test
results, and year of initial genetic counseling were calculated by
treatment phase at the time of genetic counseling. Fisher exact
test was used to determine whether any of these factors were
associated with treatment phase at the time of genetic counsel-
ing. The Cochran-Armitage trend test was used to further ex-
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amine the relationship of a history of breast cancer to treatment
phase at the time of genetic counseling.

RESULTS

Demographic summary statistics are presented in Table 1. Of
note, 45 of 100 (45%) patients with ovarian cancer who under-
went genetic testing tested positive for a BRCAI or BRCA2
mutation. Median age at ovarian cancer diagnosis for the whole
sample was 55.

Women were equally likely to be seen for genetic counseling
during each of the treatment phases: 33 of 100 (33%) were seen
before or during their initial treatment for ovarian cancer, 34 of
100 (34%) were seen during first remission, and 33 of 100
women (33%) were not seen for genetic counseling until recur-
rence of ovarian cancer.

Of the 33 women seen for genetic counseling after recur-
rence, four genetic test results (12%) were disclosed to next
of kin instead of the patient herself. In three of these cases,
the patient died of ovarian cancer before genetic test results
could be disclosed. The fourth patient had end-stage disease
and felt too unwell to discuss the genetic test results, there-
fore requested that her results be discussed with her next of
kin; she died shortly thereafter. All four women had progres-
sive recurrent ovarian cancer at the time of initial genetic
counseling. Ten of 33 (30%) women seen for genetic coun-
seling after recurrence had first presented at our institution
with recurrent ovarian cancer, after receiving their initial
treatment elsewhere.

By Fisher exact test, history of breast cancer versus no
history of breast cancer did differ significantly by treatment
phase at the time of genetic counseling (P = 0.0417, Table 1).
Women with a history of breast cancer were seen for genetic
counseling significantly earlier in the course of their treatment
than women with no history of breast cancer (P = 0.0146 for
trend by Cochran-Armitage test, Fig. 1). Age at diagnosis of
ovarian cancer, area of residence (local to the institution vs.
nonlocal), year of initial genetic counseling, and genetic test
results (positive vs. negative or variant of uncertain signifi-
cance) did not differ significantly between the treatment phases
at the time of genetic counseling. Ovarian cancer stage did
differ significantly by treatment phase at the time of genetic
counseling (P = 0.0379 by Fisher exact test, Table 1).

DISCUSSION

During the study period, there were no standard proce-
dures at our institution regarding referral of patients with
ovarian cancer for hereditary cancer risk assessment and
genetic counseling. In our study population, we found an
even distribution of time of initial genetic counseling in
reference to phase of ovarian cancer treatment. One third of
our study population was not seen for genetic counseling
until their ovarian cancer had recurred.

Once ovarian cancer has recurred, it is difficult to estimate
life expectancy, and death can occur suddenly with little or no
previous warning.?! Both physicians and patients tend to over-
estimate life expectancy in this situation.?%-22 Among our study
patients seen for genetic counseling after ovarian cancer recur-
rence, four genetic test results were disclosed directly to next of
kin because the patients had died or were near death. Our study
included only women who underwent BRCA1/2 genetic testing,
and as such we cannot directly address the question of how
many patients may have died before genetic testing could be
performed. However, our findings do highlight the potential
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Table 1. Demographic summary statistics

Treatment phase

Initial treatment

During first remission Recurrence Total (n = 100)

Age at initial surgery (yr)

Mean (SD) 55.48 (8.77)
Median 54
Minimum-Maximum 38-74
Ovarian cancer stage, n (%)*
I 3(9.09)
I 2 (6.06)
11 17 (51.52)
v 5(15.15)
Other/unspecified 6 (18.18)
History of breast cancer, n (%)”
No history of breast cancer 19 (57.58)
Breast cancer before ovarian cancer diagnosis 14 (42.42)
Breast cancer after ovarian cancer diagnosis 0 (0.00)
Genetic test results, n (%)
BRCAI/BRCA?2 positive 16 (48.48)
BRCAI1/BRCA2 negative or variant 17 (51.52)
Area of residence, n (%)
Houston metro area 17 (51.52)
Other Texas 7(21.21)
Outside of Texas 9(27.27)
Year of initial genetics consultation, n (%)
Before 2002 3(9.09)
2002 7(21.21)
2003 11 (33.33)
2004 4(12.12)
2005 8(24.24)
2006 3(9.09)

54.88 (12.31) 55.52 (11.24) 55.29 (10.78)

56 56 55
33-83 35-82 33-83
5(14.71) 2 (6.06) 10 (10)
7 (20.59) 2 (6.06) 11 (11)
20 (58.82) 20 (60.61) 57 (56)
0 (0.00) 7(21.21) 12 (12)
2(5.88) 2 (6.06) 10 (10)
22 (64.71) 27 (81.82) 68 (68)
6 (17.65) 5(15.15) 25 (25)
6 (17.65) 1(3.03) 7(7)
15 (44.12) 14 (42.42) 45 (45)
19 (55.88) 19 (57.58) 55 (55)
19 (55.88) 14 (42.42) 50 (50)
8 (23.53) 11 (33.33) 26 (26)
7 (20.59) 3 (24.24) 24 (24)
5(14.71) 2 (6.06) 10 (10)
7 (20.59) 3 (9.09) 17 (17)
7 (20.59) 12 (36.36) 30 (30)
4(11.76) 8 (24.24) 16 (16)
11 (32.35) 3 (24.24) 27 (27)
5(14.71) 2 (6.06) 10 (10)

“P = 0.0379; excludes unknowns.

’P = 0.0417 “no history of breast cancer” vs. “breast cancer before ovarian cancer diagnosis.”

pitfalls of delaying genetic testing, given the limited and unpre-
dictable life span of women with recurrent progressive ovarian
cancer.

Women with recurrent ovarian cancer, their families, and
their health care teams are confronted with many difficult is-
sues. BRCAI/BRCA?2 genetic testing poses its own challenges
for patients and their families. Disclosing the genetic test results
to at-risk family members can be a time consuming and emo-
tionally laden process for the patient, and patients can experi-
ence feelings of guilt regarding the possibility of passing on to
their children a hereditary predisposition to breast and ovarian
cancer.?® Patients faced with both of these sets of challenges
simultaneously could become overwhelmed. Genetic testing
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could get lost in the shuffle of complicated medical care and
other immediate decisions that need to be made. Given the
significant implications of the genetic test results, we believe
that patients would be better served if genetic counseling is
provided before ovarian cancer recurrence.

Oncology care is provided both in comprehensive cancer
centers and in community-based settings, but cancer genetics
clinics tend to be affiliated with comprehensive cancer centers.
We found that, of the 33 patients seen for genetic counseling
after recurrence of their ovarian cancer, 10 of them had received
their primary treatment elsewhere and were referred to our
institution (a comprehensive cancer center) for management of
recurrent ovarian cancer. To make BRCA genetic testing acces-
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Fig. 1. Women with a history of breast cancer were seen

earlier in the course of their treatment than women with
no history of breast cancer (P = 0.0146 for trend by
Cochran-Armitage test).

sible to women during their initial ovarian cancer treatment,
cancer genetic counseling services would need to be available
both in community oncology settings and at comprehensive
cancer centers.

Women who have had both breast and ovarian cancer are at
high risk to have a BRCAI/2 mutation, and hereditary cancer
guidelines recommend genetic counseling for any woman who
has had both breast and ovarian cancer.?#25> We found that
patients with ovarian cancer who had a history of breast cancer
were significantly more likely to have been seen for genetic
counseling earlier in the course of their treatment than women
who had no personal history of breast cancer. Because women
who have had both cancers can be flagged as high risk based on
personal history alone, they may have been recognized as ap-
propriate for genetic counseling referral more quickly. How-
ever, we did not find that all the women at highest risk to have
a BRCA mutation were seen earlier in the course of their
treatment, as evidenced by the fact that we found no association
between positive genetic test results and phase of treatment at
the time of genetic counseling.

We did find that ovarian cancer stage was significantly as-
sociated with treatment phase at the time of genetic counseling.
However, we feel that this is unlikely to reflect a causal asso-
ciation, but is instead a reflection of the different disease process
at different stages. Fewer women with Stage I or II ovarian
cancer had genetic counseling at or after recurrence; they are
also unlikely to recur at all. Women with Stage III ovarian
cancer were seen with an even distribution through the three
treatment phases. The small number (n = 12) of women with
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Stage IV ovarian cancer were seen either during initial treat-
ment or at recurrence.

Limitations

As illustrated by the 45% who tested positive for a BRCA
mutation, our study population was a high-risk sample. We
studied only women who had been seen for genetic counseling
and underwent genetic testing, and therefore the high mutation
detection rate can be attributed to referral bias. It is possible that
our findings may not be generalizable to a lower-risk popula-
tion. We also do not know the reasons why women were seen
later in the course of their treatment for genetic counseling, and
it is possible that they were referred for genetic counseling
sooner and chose not to pursue it at that time.

CONCLUSION

We found that one third of patients with ovarian cancer
received genetic counseling after disease recurrence. In some of
these cases, genetic counseling took place during the end of life
care, with genetic test results disclosed directly to next of kin.
Given the poor prognosis of women with recurrent ovarian
cancer, we believe that genetic counseling should be offered to
patients with ovarian cancer at risk for hereditary breast and
ovarian cancer at the time of their initial diagnosis and treatment
both in comprehensive cancer centers and in community oncol-
ogy settings.
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