
7Med Genet 1996;33:187-192

Ascertainment of familial ovarian cancer in the
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Abstract
Ovarian cancer is the fifth most common
malignancy in women in the UK. Patients
with a family history including ovarian
cancer make up nearly 15% of family can-

cer referrals to the Genetic Clinic in Ab-
erdeen. To date, only one pedigree has
been suitable for linkage studies, which
has enabled us to target screening more

accurately at those people at highest risk.
Following discovery of a strong candidate
for the BRCA1 gene, direct mutation test-
ing may soon be possible. People who seek
testing will require further counselling.
Therefore we anticipate an increased de-
mand on both clinical and laboratory re-

sources, but more accurate ascertainment
of high risk subjects should lead to more

appropriate targeting of screening ser-

vices.
(J7Med Genet 1996;33:187-192)
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The annual incidence ofovarian cancer is about
15 per 100 000 females in the UK,' making it
the fifth most common malignancy in females.
Epithelial ovarian cancer is asymptomatic in
the early stages and is hence often diagnosed
at an advanced stage, perhaps explaining the
poor prognosis and five year survival rate of less
than 35%.' Five to 10% of epithelial ovarian
cancers occur in relation to an hereditary pre-

disposition which has an autosomal dominant
mode of transmission.34 In such families, the
predisposition is most often to ovarian and
breast cancer, although ovarian specific families
have been documented.
For the purposes of this paper, a significant

family history of ovarian cancer was defined as

follows: (1) one or more first degree relatives
with epithelial ovarian cancer under 55 years

of age, (2) one or more first degree relatives
with both breast and epithelial ovarian cancer

at any age, (3) one first degree relative with
epithelial ovarian cancer at any age and one or

more additional first or second degree relative
with breast or ovarian cancer, (4) one first
degree relative with breast cancer and one or

more additional first or second degree relatives
with ovarian cancer at any age.

The present management of patients who
present with a significant family history of
ovarian cancer may include regular screening
using serum CA125 estimation and pelvic
ultrasound in addition to bimanual pelvic ex-

amination. Prophylactic oophorectomy may be
considered after completion of childbearing in
those who are thought to be at high risk and who
request this procedure following counselling.5
With the linkage of ovarian and breast/ovarian
cancer predisposition to the BRCA1 gene on
1 7q and its recent cloning,67 DNA tests to
identify those at highest risk have become pos-
sible.
We have studied 3' years of referrals to the

Genetic Clinic in Aberdeen of people thought
to be at high risk of developing cancer. From
these referrals, we have ascertained those ped-
igrees containing a significant history of ovarian
cancer as an estimate of the potential workload
that could be produced once presymptomatic
genetic testing (including mutation testing) be-
comes available. It should be noted that not
all of these patients were referred primarily
because of a history of ovarian cancer, for
example, those with a history suggestive of a

Lynch type II syndrome. We anticipate that
there will be a significant increase in workload
ifcurrent guidelines for pre- and post-test coun-
selling are implemented.8
DNA linkage studies have been performed

in one large family with a history of breast and
ovarian cancers, using markers flanking and
within BRCA1 on chromosome 17q. Currently
the maximum lod score is 1-7 for the most
informative loci using marker D17S579 (5%
recombination), but using an intragenic marker
D17S855 the lod score is 1-523 (0% re-

combination). The results have shown that the
number of people considered to be at high risk
and requiring screening or prophylactic surgery
or both can be reduced, with consequent po-
tential savings for the screening services, and
the potential for reduction in anxiety for those
family members found to be at low risk. Cur-
rently all at risk women are continuing to re-

ceive screening, pending the results of studies
to identify a mutation in BRCA1.

Method and results
Between January 1990 and July 1994, 968
patients with a family history of cancer were
referred for genetic counselling in Aberdeen.
These were drawn from a population of around

Table 1 Types of cancer family

Cancers reported Pedigrees

Ovarian only 20
Breast/ovarian 25
Ovarian and other (eg Lynch II) 1 1
Total 56
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Figure 1 (A) Example of autosomal dominant (AD) pedigree suitable for linkage studies, also containing an example
of male transmission. (B) Example of a pedigree suitable for linkage studies but few samples available.

500 000. Of these, 145 subjects from 57 ped-
igrees had a family history of ovarian cancer;

66 are from one large pedigree (family 1) which
has been reported previously.9"0 This paper will
concentrate on the remaining 79 people (56
pedigrees), but will also describe the use of
DNA studies in family 1.
As can be seen in table 1, in 20 of these 56

pedigrees ovarian cancer was the main or only
cancer identified, while in 25 pedigrees both
breast and ovarian cancer were seen. The re-

maining 11 pedigrees contained cases of
ovarian and other cancer types, including ex-

amples consistent with the Lynch type II syn-
drome.

If a family included three or more subjects
with a relevant cancer and direct vertical trans-
mission or transmission through a male, the
family was considered compatible with auto-
somal dominant (AD) inheritance. Using these
criteria, 17 pedigrees were consistent with AD
inheritance but only one is currently suitable
for linkage studies. This was because of a lack

of tissue or blood samples for DNA extraction,
and also in some cases because of an inability
to confirm the diagnosis in some family mem-
bers (fig 1A, B).
Of the AD families, one contained six cases

of ovarian cancers, 10 families included a com-

bination of breast cancer (either unilateral or

bilateral) and at least one ovarian cancer, and
the remaining six families contained a com-

bination of ovarian, breast, and other cancers

such as testicular or gastrointestinal cancers.

One of these six families also contained a sub-
ject with Hodgkin's lymphoma (table 2).
Those families not meeting the above criteria

for AD inheritance included 15 families with
one or two ovarian cancers, 14 families with
breast and ovarian cancers, and the remaining
10 families with ovarian cancer along with
breast, gastrointestinal, and cervical cancers,
and in two of these families a malignant melan-
oma was seen (table 3). Seven of the families
in this category included two subjects with
ovarian cancer (table 4). Levels of lifetime risk
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Table 2 Nature of cancers in the autosomal dominant families

Cancerfamily Nlo of Cancer type
families

Ovanran Breast Bilat breast Testis Colon Stonmach Other

Ovarian 1 6 - --
Breast/ovarian 10 15 21 2 - - - -

Ovarian and other 6 10 7 1 4 5 2 1*
* Hodgkin's lymphoma.

Table 3 Nature of cancers in the non-autosomal dominant families

Cancer famnily No of Cancer type
fanmilies

Ovarian Breast Bilat breast Testis Colon Stomnach Other

Ovarian 15 18 - -- -
Breast/ovarian 14 14 18 0
Ovarian and other 10 12 4 0 0 7 2 4*
* Two malignant melanoma and two cervical cancer.

11 1

III 1 2 3 4 5

IV 2 6 7 8 9 1 18 2

VFgr 1

Figure 2 Simplified pedigree offamily (linkage studies available).

for these people were calculated as ranging
from around 2-5% (one first degree relative
<55 years affected by ovarian cancer) to around
30% (two first degree relatives with breast or

ovarian cancer) lifetime risk, based on es-
timations of the probability of inheriting a de-
leterious gene from relatives affected at
different ages.4 1112

Forty-seven people over 18 years of age from
family 1 with breast and ovarian cancer syn-
drome (fig 2, the simplified pedigree of a family
previously described by Cruickshank et al9)
mentioned earlier were counselled on at least
two occasions regarding predictive testing by
DNA linkage studies, and subsequently re-
quested testing. Only six people in this pedigree
(three male and three female) who live in our
region declined to attend for counselling. To
date, two counselled subjects in that family
(one male and one female) have chosen not to
have DNA testing. The group who requested
testing comprised 29 females and 18 males. Of
these, 14 females and 16 males were at 50%

risk of carrying the gene for breast/ovarian
cancer, 11 females and two males were at 25%
risk, and four females but no males were at
12 5% risk (fig 3A). Where the parents were
still living, all parents and spouses of those
considered to be at risk who were resident in
the region attended for counselling and were
tested. Therefore no subject was tested whose
parent (if unaffected) had not also been tested.

Following testing, these 47 patients were
then recategorised as being either at high risk
(greater than 95% probability of carrying the
gene based on DNA studies with linked poly-
morphisms) or low risk (less than 5% risk of
carrying the gene) (fig 3B).

Table 4 Distribution of ovanran cancers in pedigrees

No of ovarian tumzours 3 or mnore 2 1

Autosomal dominant pedigree 1 10 6
Non-autosomal dominant
pedigree 0 7 33
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Figuire 3 Risk modificationMs based on DNA studies. (A) Memiibers of family 1 reqlesting testing. (B) Risk
niodificationls in niieniibers offamtily 1 followinlg testinlg.

Of the original 29 women, only six were

found to be at high risk (>95%) of carrying
the predisposing gene. The remaining 23 have
been reassured that they are at low risk and
once mutation detection can confirm and fur-
ther refine their low risk status, they may be
counselled that they will not require further
"high risk" screening. Ten out of 18 males were

found to be at high risk of carrying the affected
gene. Therefore it is possible to begin ap-

propriate counselling for the female offspring
of these high risk males.

Before DNA testing, three females from fam-
ily 1 opted to have prophylactic mastectomy,
and all but one in generation IV who were at
risk and with whom contact had been made
had prophylactic oophorectomy. After DNA
testing, it is too early to say what decisions will
be made by those subjects who are at high risk
who have not as yet had surgery, based on the
results of their DNA tests. Those who are now

in the "low risk" category based on these linkage
studies appear to be delaying their decisions
regarding prophylactic mastectomy, although
it is again too early to determine the effect on

decisions regarding prophylactic oophor-
ectomy.

Discussion
A family history which includes ovarian cancer

is found in nearly 15% of "family cancer re-

ferrals" to our Genetic Clinic. This constitutes
a substantial workload. Few of these patients'
pedigrees are suitable for linkage studies, but
many would be appropriate for inclusion in

studies aimed at detecting mutations in
BRCA1.
The implications of a diagnosis of ovarian

cancer in a family, especially where there have
previously been family members affected with
similar cancers, can have a major effect on the
lifestyles of other family members. In Ab-
erdeen, we have considerable experience in
counselling families with other adult onset dis-
eases such as Huntington's disease,'3 and the
effects that this diagnosis has on other family
members. Subjects with a family history of
ovarian cancer should receive appropriate
counselling regarding their risks of developing
an ovarian or related cancer, and screening

should be offered if these people are considered
to be at high risk. Present management of such
patients involves a number of approaches.

LIFESTYLE

The combined oral contraceptive pill has been
found to be protective against ovarian cancer.

Inhibition of ovarian function with the com-

bined oral contraceptive pill is associated with
a 40% lower risk of ovarian cancer in the
general population.'4' However, the effect on

the risk in genetically predisposed women is
not yet known. The risk of early onset breast
cancer in those with a family history of breast
cancer taking the combined oral contraceptive
pill is as yet unclear, but in women in the
general population there is an increase in early
onset breast cancer (<45 years) in those taking
the combined oral contraceptive pill for more

than eight years.'6 Recent studies have sug-

gested that it is the length of pill use before
the first pregnancy which is most relevant.'7
However, the evidence for use of the combined
oral contraceptive pill being a risk factor in
breast cancer is less than that of it being pro-

tective in ovarian cancer. Therefore in families
where there is predominantly a risk of ovarian

cancer there may be a balance in favour of
combined oral contraceptive usage, particularly
as ovarian cancer has a worse prognosis. The
oral contraceptive pill may also be the form of
contraception of choice, after consideration of
other factors such as stability of relationships,
contraindications of other forms of con-

traception in some people, and the risks of an

unwanted pregnancy to the physical and mental
health of the women.

SCREENING

At present, women who are referred to the
Genetic Clinic in Aberdeen and who are found
to be at increased risk of developing ovarian
cancer (as defined in the second paragraph
of the Introduction to this paper) are offered
screening in the form of annual pelvic ex-

amination, along with annual transvaginal
ultrasound'8 and serum CA 125 estimation.'920
Any abnormalities that are detected are referred
for further follow up and management by a
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gynaecologist with a special interest in gynae-
cological oncology. This screening policy was
adopted as a compromise in Aberdeen, as the
effectiveness of the above screening strategies
is as yet unproven. While individual centres are
attempting to set up protocols for and trials of
screening for ovarian cancer in order to as-
certain the effectiveness of various forms of
surveillance, it is also hoped that in the near
future a national trial will begin which will audit
the outcome of such screening programmes in
women in different at risk categories.

PROPHYLACTIC SURGERY
Prophylactic bilateral salpingo-oophorectomy
may be offered to women over the age of 35
years who have completed their families, after
appropriate counselling.2 Studies suggest that
in such women there is still a residual risk
of intra-abdominal carcinomatosis compatible
with metastatic ovarian cancer.2"22 Therefore
histological examination of ovaries removed
prophylactically is essential as tiny foci of
adenocarcinoma may exist.

People who present to our clinic Aberdeen
with a family history including ovarian cancer
are given a personal risk assessment based on
their family history, and if they are thought to
be at a high risk of developing breast or ovarian
cancer themselves are offered the opportunity
of entering our screening programme. If the
patient is thought to be a member of an auto-
somal dominant ovarian cancer family, or at
the patient's request, they are offered the op-
portunity to discuss prophylactic surgery with
both a clinical geneticist and a gynaecologist.
To date, all those discussed in this paper who
are considered to be at high risk of developing
ovarian cancer have opted to enter our screen-
ing programme.

Following discovery of a strong candidate
for the BRCA1 gene,67 the four genes relating
to HNPCC23-26 and localisation ofthe BRCA227
gene, direct mutation testing may soon be pos-
sible in a number of families. Very few of our
families would be suitable for linkage as the
number of affected subjects for whom samples
would be available would be inadequate. How-
ever, most families could be submitted for
mutation testing for BRCA1 and eventually
BRCA2, as in most families blood or tissue
samples from many of the affected relatives are
available. This may eventually give information
regarding the likelihood that it is the segregation
of a pathological mutation which is associated
with the disease in that family.
When direct mutation testing becomes avail-

able, there will be increased demand on clinical
and laboratory time. These patients will require
pretest counselling, whether or not they opt to
proceed to DNA testing.928

Predictive testing carries implications for life-
style similar to other adult onset genetic dis-
orders, such as Huntington's disease.28 Because
of this, it has been suggested that a similar
programme of counselling should be available
for those at possible high risk of developing an
inherited cancer syndrome, for which genetic

testing is available. Such a programme proposes
that each patient would require at least two
one hour pretest counselling sessions and two
post-test counselling sessions; the total extra
workload for patients referred from the families
described here would be around 316 hours.
This would comprise 112 hours for those in
the AD category, 180 hours for those not in
the AD category but with at least one first
degree relative affected with a relevant cancer,
and the remaining 24 hours for those with at
least one second degree relative affected with a
relevant cancer. This excludes any new referrals
both through present channels and those which
may result from publicity following the dis-
covery ofthe BRCA1 gene and any other genes.
This does not take into account any attempt
at family tracing, for counselling of other po-
tentially at risk family members. Conversely,
this calculation assumes that tissue samples
would be available from affected subjects in all
of these families, which may not be the case.
Assuming that up to three such consultations

could be carried out per clinic, on present
calculations the above workload could occupy
a genetic counsellor for the equivalent of 105
to 106 sessions. This excludes the time spent
in researching family history and arranging ap-
propriate screening programmes for the con-
sultands.
However, as can be seen from the results of

DNA analysis in family 1 mentioned above9
(fig 2), more accurate identification ofhigh risk
patients can result in fewer people requiring
screening or prophylactic surgery. Potential
health benefits exist if a decision regarding
surgery is postponed because of the unwanted
effects of early mastectomy and oophorectomy
if these prove to be unnecessary. Therefore
DNA analysis can provide reassurance to a
majority, and by more accurate targeting of
those who require it, associated financial sav-
ings for screening and surgical services.

It is interesting to note (from fig 3) that a
higher number of men than women were at
50% risk before testing, and subsequently
tested at high risk compared to women, yet
there were fewer men than women at 25% and
12-5% risk who came forward for testing. It is
likely that this higher proportion of males in
the 50% category exists because they have not
been "screened out" by actually developing a
cancer themselves.

It would be interesting in the future to es-
timate the cost in terms of genetic testing and
counselling and prophylactic surgery, set
against costs saved by not screening those who
do not carry the mutant allele in this family,
but such a study would necessarily be the basis
of further research.
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