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Abstract
Background—Approximately 13% of ovarian cancers in Canada are attributable to a mutation
in BRCA1 or BRCA2. In 2001, genetic testing for BRCA1 and BRCA2 became freely available to
all women in Ontario with a diagnosis of invasive ovarian cancer. It is unknown what proportion
of women with ovarian cancer receive genetic testing as a result of this recommendation.

Methods—Patients in Ontario who had been diagnosed with epithelial ovarian cancer from 2002
to 2004 were identified using the Ontario Cancer Registry. Information was collected on
demographic and risk factors, including information on previous testing for BRCA1 and BRCA2.
Women were asked to provide a blood sample for genetic testing or to provide a genetic test result
if clinical testing had been done. Genetic testing for BRCA1 and BRCA2 mutations was
conducted on all blood samples.

Results—Of the 416 women, 80 women (19%) had undergone previous clinical genetic testing
for BRCA1 and BRCA2. Of these 80 women, 30% had a positive genetic test result, compared to
5% of 336 women who had not had clinical genetic testing (p <0.0001). Sixty percent of all
mutations were identified within this group of 80 women.

Conclusions—Genetic testing is available in Ontario to all women with invasive ovarian cancer.
However, only a small proportion of women are being referred for testing. This study suggests that
increased public awareness directed at physicians and at women with cancer may expand the use
of genetic testing.
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Introduction
Mutations in BRCA1 and BRCA2 account for the majority of cases of hereditary ovarian
cancer [1]. Approximately 13% of all invasive ovarian cancers are attributable to a BRCA1
or BRCA2 mutation. The prevalence of BRCA1 and BRCA2 mutations is much higher in
Jewish women with ovarian cancer, ranging from 29 to 41% [2,3]. Previous research has
shown that there are several predictors of a BRCA1 or BRCA2 mutation in women with
ovarian cancer including age, histology, family history of cancer, and personal history of
breast cancer [10].

Genetic testing for BRCA1 and BRCA2 mutations is offered to high-risk women (primarily
based on family history of breast and/or ovarian cancer) in the context of the universal
healthcare system in Ontario, Canada. Because of the high appreciable prevalence of
BRCA1 and BRCA2 mutations in women with ovarian cancer, the Ontario Ministry of
Health extended the criteria for genetic testing in 2001 to include all women with a
diagnosis of invasive ovarian or fallopian tube cancer. It is not yet known what is the uptake
of genetic testing in women diagnosed with invasive ovarian cancer in Ontario after the
introduction of this policy.

The process for genetic testing for BRCA1 and BRCA2 begins with a referral from a
treating physician to a cancer genetics centre, where genetic counselling is initiated.
Individuals who qualify for genetic testing provide blood samples, which are sent for testing
to an Ontario Ministry of Health laboratory. In general, patients rely on physician referral
for genetic testing. The purpose of this study was to assess to what extent the expanded
policy for genetic testing for BRCA1 and BRCA2 in Ontario, Canada is reflected in patient
referral patterns. We sought to determine which factors predict the uptake of genetic testing
amongst women who are newly diagnosed with ovarian or fallopian tube cancer in Ontario.

Study population
The study protocol received full ethics approval from the participating institutions. All
Ontario patients who had been diagnosed with epithelial ovarian or fallopian tube cancer,
from 2002 to 2004, were identified using the Ontario Cancer Registry. For each case, the
pathology report was reviewed to determine eligibility and histological type of the tumor.
Eligible patients were 20 to 79 years of age and were residents of Ontario at the time of
diagnosis. The attending physician of each eligible subject was contacted to obtain consent
for patient contact. Upon receipt of physician consent, the subject was contacted and offered
participation in the study.

In total, 1326 cases were identified by pathology report. Of these, 334 were deceased, 199
were without physician consent, and 155 were ineligible or could not be included for other
reasons (14 had a previous ovarian cancer diagnosis, 26 had a different histology, 13 were
non-residents of Ontario, 44 were too ill, 34 had a language barrier, 9 physicians were
unable to be located, and 15 patients were lost to contact). Of the 638 eligible cases with
physician consent, 550 women were contacted, and of these, 491 agreed to participate
(89.3%). Detailed information was obtained on family history of cancer and medical and
reproductive histories. Each woman was asked if she had previously undergone genetic
testing at a provincial testing laboratory and if so, what was the result. If the woman had not
previously been tested she was offered testing in the context of the research study, and asked
whether or not she wished to receive the test result. If she had previously been tested, a copy
of the genetic test report was requested. 65 women provided neither a blood sample nor a
genetic test report and were excluded. A blood sample was provided by 419 women
(including seven with previous genetic testing) and a previous genetic test report was
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provided by seven women. Ten women were excluded because the tumour was found to be
primary peritoneal cancer. Therefore, complete data were available on 416 women.

BRCA1 and BRCA2 analysis
Lymphocyte DNA was prepared from whole blood. All samples were screened for 11
common mutations (seven in BRCA1 and four in BRCA2), including the three mutations
common to Ashkenazi Jews and others of Eastern European ancestry and six mutations
previously identified in the French Canadian population [4]. Nine of these mutations were
assayed using a rapid multiplex method [5]. We tested separately for the presence of the 6-
kilobase (kb) duplication in exon 13 of BRCA1 [6] and for the mutation 546G>T in exon 7
of BRCA1. If no mutations were found, exon 11 of BRCA1 and exons 10 and 11 of BRCA1
were then screened with the protein truncation test. Primer sequences used to amplify
overlapping fragments were obtained from the Breast Cancer Information Core (BIC). The
protein truncation test, using [35S]methionine and [35S]cysteine (New England Nuclear,
Wellsley, MA) for protein truncation detection, was performed with the TNT rabbit
reticulocyte lysate system (Promega, Madison, WI).

Patients who were not found to carry mutations by the preceding methods were then
screened for additional BRCA1 and BRCA2 mutations. For other BRCA1 mutations,
fluorescent multiples denaturing gradient gel electrophoresis (DGGE) [7] was used. All the
remaining codon exons, the exon–intron boundaries, and the beginning and end of exon 11
were included; noncoding exons 1a and 1b and the noncoding part of exon 24 were
excluded. For the additional BRCA2 mutations, denaturing high-performance liquid
chromatography (DHPLC) was used to screen the remaining coding exons and exon–intron
boundaries [8].

All variants identified by protein truncation test, DGGE, and DHPLC were confirmed by
direct DNA sequencing (Promega). All the observed mutations included in this report are
highly likely to be deleterious. The various founder mutations are established to be
deleterious, and the protein truncation test identifies mutations associated with shortened,
nonfunctional proteins. The mutations found by DGGE or DHPLC are substitutions
producing premature termination codons, which are also associated with nonfunctional
truncated proteins, or are mutations that have been reported previously and as documented
in the BIC databases or elsewhere [9], are deleterious. For women who wanted to receive the
genetic test results, a referral was made to a local cancer genetics clinic for full genetic
counselling.

Statistical analysis
We determined the number of women who had undergone genetic testing prior to the study.
We then compared the proportion of positive genetic tests results between women tested
previously and those tested as a component of the research study. We compared the women
who had and who had not received prior genetic testing for a number of demographic and
other variables, including age, education, area of residence and treating hospital.

Results
Four hundred and sixteen women participated in the study; 397 of the women had ovarian
cancer and 19 had fallopian cancer. The mean age of the women at time of cancer diagnosis
was 57.5 years (range 23–79) (Table 1). The majority of women were white and had an
education beyond high school. Seven percent of the women had a family history of ovarian
cancer, 17% had a family history of breast cancer, and 7% had a personal history of breast
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cancer (mean age of diagnosis 49.2 years). Of the 416 women, 41 (9.9%) women had a
mutation in BRCA1 or BRCA2. Ninety-six percent of the women elected to receive their
genetic test result.

Eighty women (19.2%) had received clinical genetic testing for BRCA1 and BRCA2 in an
Ontario Ministry laboratory prior to entry into our research study. Of those who had
undergone previous genetic testing for BRCA1 and BRCA2, 30% (24 of 80 women) had a
positive genetic test result, compared to 5% of women (17 of 336 women) who only had
research testing (p<0.0001). Although only 19.2% of women with ovarian cancer received
clinical genetic testing prior to the study, this group represented 58.5% of the women with
mutations.

We studied factors that predicted the uptake of clinical genetic testing (Table 2). A higher
frequency of testing was seen among women treated at teaching hospitals (21.3%) than at
community hospital (15.4%) but the difference was not statistically significant (p=0.1).
Uptake of testing did not depend on age at ovarian cancer diagnosis (p=0.6) or marital status
(p=0.3).

Factors that predicted clinical genetic testing included race, parity, histology, tumor site, and
family history of breast and/or ovarian cancer. White women were more likely to have
undergone genetic testing (20.6%) than were women of other races (3.1%; p=0.05). Women
with children were more likely to have had testing (21.3%) than were women with no
children (10.8%; p =0.03). Women with fallopian tube primaries were more likely to have
undergone genetic testing (47.4%) than those with primary ovarian cancer (17.9%; p
=0.001), and women who had cancer of serous histology were most likely to have had
clinical genetic testing than were women with cancers of other types (p<0.0001). A positive
family history of breast cancer or ovarian cancer, or a personal history of breast cancer was
also predictive of clinical testing (p<0.0001 for each).

Discussion
Ontario women with invasive ovarian cancer or fallopian tube cancer are now eligible for
genetic testing for BRCA1 and BRCA2 mutations under the provincial health care plan.
However, only 19% of the eligible women in our study had actually undergone genetic
testing prior to study contact.

Risch et al. identified several predictors of a BRCA1 or BRCA2 mutation in women with
ovarian cancer including age, histology, family history of cancer, and personal history of
breast cancer [10]. Factors which predicted referral for clinical genetic testing in the current
study included having a family history of breast cancer or ovarian cancer (p<0.0001), having
a personal history of breast cancer (p=0.0001), and having a tumor with serous histology
(p<0.0001). Although women diagnosed with ovarian cancer between the ages of 40 and 50
years have a higher risk of having a BRCA1 or BRCA2 mutation than women in other age
groups, these age differences were not reflected in the testing frequencies.

Previous research has reported no differences in prevalence of BRCA1 or BRCA2 mutations
between black and white women [11]. However, several reports have shown differences in
uptake of genetic testing between the two groups [12–14]. We also observed that black
women were less likely to have undergone genetic testing prior to our study than white
women (p =0.05). It is unclear if this result is because few black women agreed to genetic
testing when presented in the clinical setting, or if they were less likely to be offered genetic
testing by their physicians. Our sample include very few black women, and future research
is needed in this area. It is interesting that all of the women in this study agreed to undergo
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genetic testing when it was presented to them in the research setting and almost all wished to
know the result.

In total, 41 women were found to have a BRCA1 or BRCA2 mutation. Of these women, 24
(58.5%) had undergone clinical genetic testing at the time of ovarian cancer diagnosis or
treatment. These 24 women were in a group of 80 women who had undergone genetic
testing prior to our study. The proportion of women with a positive test is high (30%); this
reflects efficiency from a laboratory perspective, but also implies that the referring
physicians are being stringent in the referral patterns. Of the 336 women who had not
undergone clinical testing, 17 were found to have a mutation. This is a low rate of positivity
(5%), but also implies that an appreciable fraction of the women with a BRCA1 or BRCA2
mutations were not offered or had not availed themselves of testing.

To our knowledge, no other study has reported on the frequency of genetic testing for
BRCA1 and BRCA2 mutations in a population-based sample of women with newly
diagnosed ovarian cancer and where testing is freely available. Previous research on uptake
of genetic testing has been done on individuals with a family history of cancer, including
those from families with known BRCA1 or BRCA2 mutations [15–18], and on individuals
attending high-risk cancer clinics [19,20]. However, for the great majority of ovarian cancer
patients, there is no family history of ovarian cancer (93% in our study) or breast cancer
(83% in our study). Therefore, genetic testing for BRCA1 and BRCA2 mutations might not
be recommended for these patients. However, Risch et al. reported among women with
ovarian cancer, 37% with BRCA1 or BRCA2 mutations had no family history [10]. Thus,
omission of referral for genetic testing for such women will miss more than one-third with
BRCA1 or BRCA2 mutations.

There are limitations to our study. It is possible that some women were offered genetic
testing at the time of ovarian cancer diagnosis but refused. However, all of these women
consented to take part in this study in which genetic testing was done, therefore, it seems
unlikely that many women initially refused genetic testing and then elected for testing at the
time of our study. In addition, more than 300 potentially eligible women were excluded
because they had died prior to contact with our research personnel. It is unknown what
proportion of these women had undergone genetic testing prior to death. It is also unclear
from our analyses if practice changed after 2001 as we did not compare referral patterns pre-
and post-2001.

In conclusion, this study suggests that the women at highest risk of having BRCA1 or
BRCA2 mutations are adequately identified and offered genetic testing in Ontario. However,
if testing was restricted to those referred by physicians because of a high risk of carrying a
mutation, approximately 40% of the mutations would remain unidentified. This suggests that
reliance on physicians for patient referrals for genetic testing is inadequate and that greater
physician education and public awareness is needed. The medical community should seek to
make women aware that genetic testing may be indicated for all women with invasive
ovarian cancer. That is not to say that they should seek testing directly from the laboratory,
but that they should bring this to the attention of their physicians and should request referrals
to genetic counselling. In addition, future consideration should be given to pathology reports
indicating that genetic referral is indicated with any serous tumor.
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Table 1

Characteristics of the study sample

Variable Description Frequency (%)

Age at diagnosis <=40 28 (6.7%)

41–50 93 (22.4%)

51–60 127 (30.5%)

>=61 168 (40.4%)

Mean age at diagnosis 57.5 (23–79)

Race White 384 (92.3%)

Black 3 (0.7%)

Asian 29 (7.0%)

Histology Clear cell 39 (9.4%)

Endometroid 89 (21.4%)

Mucinous 21 (5.1%)

Papillary serous 222 (53.4%)

Other 45 (10.8%)

Tumour site Fallopian 19 (4.6%)

Ovary 397 (95.4%)

Number of daughters 0 162 (38.9%)

1 135 (32.5%)

2 91 (21.9%)

3 20 (4.8%)

4 7 (1.7%)

5 1 (0.2%)

Number of sons 0 166 (39.9%)

1 145 (34.9%)

2 74 (17.8%)

3 22 (5.3%)

4 8 (1.9%)

5 1 (0.2%)

Family history of ovarian cancer No 387 (93.0%)

Yes 29 (7.0%)

Family history of breast cancer No 344 (82.7%)

Yes 72 (17.3%)

Personal history of breast cancer No 387 (93.0%)

Yes 29 (7.0%)

Level of education 11 years or less 103 (24.8%)

12 years or completed high school 114 (27.5%)

Some or all community college or technical school 123 (29.6%)

Completed college or university 57 (13.7%)

Completed graduate or professional degree 15 (3.6%)

Don’t know 3 (0.7%)
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Variable Description Frequency (%)

Missing 1

Marital status Married or common law 279 (67.2%)

Divorced or separated or widowed 97 (23.4%)

Never married 39 (9.4%)

Missing 1

Genetic test results Negative 375 (90.1%)

BRCA1 29 (7.0%)

BRCA2 11 (2.6%)

BRCA1+2 1 (0.2%)
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Table 2

Demographic characteristics of women with and without previous genetic testing

Variable Those not tested previously N=336 (80.8%) Those tested previously N=80 (19.2%) P

Date of ovarian cancer diagnosis 2003.3 (2002–04) 2003.4 (2002–04) 0.75

Hospital type

Community 121 (84.6%) 22 (15.4%)

Teaching 215 (78.8%) 58 (21.3%) 0.15

Age at diagnosis

<=40 23 (82.1%) 5 (17.9%)

41–50 73 (78.5%) 20 (21.5%)

51–60 99 (78.0%) 28 (22.1%)

>=61 141 (83.9%) 27 (16.1%) 0.56

Mean age 57.8 (23–79) 56.4 (23–79) 0.32

Race

White 305 (79.4%) 79 (20.6%)

Black 3 (100%) 0 (0.0%) 0.05

Asian 28 (96.6%) 1 (3.5%)

Parity

No 74 (89.2%) 9 (10.8%)

Yes 262 (78.7%) 71 (21.3%) 0.03

Mean number of children (if parous) 2.4 (1–7) 2.4 (1–6) 0.99

Education

11 years or less 91 (88.4%) 12 (11.7%)

12 years or completed high school 91 (79.8%) 23 (20.2%)

Community college/technical school 100 (81.3%) 23 (18.7%)

Completed college or university 40 (70.2%) 17 (29.8%)

Completed graduate/prof. degree 13 (86.7%) 2 (13.3%)

Don’t know 1 (33.3%) 2 (66.7%)

Missing 0 1 0.03

Marital status

Married or common law 220 (78.9%) 59 (21.2%)

Divorced or separated or widowed 83 (85.6%) 14 (14.4%)

Never married 33 (84.6%) 6 (15.4%)

Missing 0 1 0.29

Histology

Clear cell 34 (87.2%) 5 (12.8%)

Endometroid 79 (88.8%) 10 (11.2%)

Mucinous 20 (95.7%) 1 (4.8%)

Papillary serous 172 (77.5%) 50 (22.5%)

Other 31 (68.9%) 14 (31.1%) 0.01

Tumour site

Fallopian 10 (52.6%) 9 (47.4%)
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Variable Those not tested previously N=336 (80.8%) Those tested previously N=80 (19.2%) P

Ovary 326 (82.1%) 71 (17.9%) 0.001

Family history of ovarian cancer

No 323 (83.5%) 64 (16.5%)

Yes 13 (44.8%) 16 (55.2%) <0.0001

Family history of breast cancer

No 298 (86.6%) 46 (13.4%)

Yes 38 (52.8%) 34 (47.2%) <0.0001

Personal history of breast cancer

No 325 (84.0%) 62 (16.0%)

Yes 11 (37.9%) 18 (62.1%) <0.0001

Mean age at breast cancer 53.0 (34–73) 46.9 (24–75) 0.22
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