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Abstract
Randomised controlled trials allow com-
parisons to be made between diVerent
models of service delivery, but have not
been used in the field of clinical genetics.
With the advent of clinical governance, the
evidence provided by such trials will be
increasingly important in informing and
shaping clinical genetics practice. The
TRACE project (Trial of genetic assess-
ment in breast cancer) is a randomised
controlled trial of genetic assessment for
women who are at increased risk of breast
cancer because of their family history.
The absence of cancer genetics service
provision in Wales before this study gave a
window of opportunity in which this
important trial could be conducted. The
present paper describes how TRACE will
provide crucial evidence regarding the
psychosocial as well as resource implica-
tions of adding individualised genetic
assessment, genetic counselling, and
(where appropriate) gene testing to typi-
cal advice and surveillance from a hospi-
tal breast clinic. In addition, it is
anticipated that TRACE will represent a
model for future trials of service delivery
in the increasing number of complex
genetic disorders where evidence on the
economic implications of screening and
management is currently limited.
(J Med Genet 2000;37:192–196)
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Breast cancer is the commonest cancer in
women in the UK. The incidence is among the
highest in the world with approximately 30 000
new cases presenting each year. Although most
breast cancer arises in women over the age of
50, it is still the most common cause of death in
women between the ages of 40 and 50 years.
There are a number of risk factors currently
known1 and others under investigation. The
most relevant risk factor in the present study is
that of family history, long recognised to confer
an increased risk.2 Up to 10% of breast cancer
may be the result of a genetic predisposition.3 4

One of the genes (BRCA1) predisposing to
breast (and ovarian) cancer was initially
mapped to the long arm of chromosome 17 in
19905 and cloned in 1994.6 In a collaborative
approach, the Breast Cancer Linkage Consor-

tium (BCLC)7 showed that BRCA1 mutations
underlie approximately 50% of families with a
clear dominant breast cancer predisposition
and over 80% of those families in which both
breast and ovarian cancer are present. A
proportion of the remaining dominant families
can be accounted for by the second breast can-
cer predisposing gene, BRCA2 on chromosome
13q12-13, cloned in 1995.8

The BCLC used BRCA1 linked families to
estimate that the incidence of breast cancer in
BRCA1 mutation carriers is 51% by the age of
50 and 85% by the age of 70 years. The risk of
ovarian cancer was estimated at 63% by the age
of 70 years. There is some evidence of
increased risk of colon cancer in BRCA1 carri-
ers of both sexes and prostate cancer in male
carriers.

Genetic testing of aVected women has been
limited by the complexity of analysing a large
gene with numerous unique mutations. Re-
cently, however, the Ashkenazi Jewish popula-
tion has been found to have a single mutation
in BRCA1 occurring in up to 1% of their
population,9 raising the possibility of easier
access to widespread testing of both aVected
women and those at risk. However, since the
majority of breast cancer cases are attributed to
non-heritable factors, most women with a fam-
ily history are not at suYciently high risk to
necessitate presymptomatic genetic testing.

This background of increasing genetic
knowledge has contributed to pressure for the
development and evaluation of appropriate
service provision for women with a family his-
tory of breast cancer.10–12 However, the charac-
teristics of the population likely to present to
family history clinics are unclear, and despite
the increased consumer “demand” no evidence
of consumer “need” has yet been found. Some
authors have called for large scale, prospective
studies to evaluate the psychosocial and
economic costs and benefits of receiving
specialist genetic assessment for breast cancer
susceptibility.13 Despite the lack of evidence,
“services” are developing throughout the
United Kingdom in diVerent forms, in some
centres research based and in other centres
service clinics. It has been suggested that the
ideal family history clinic would reflect an inte-
grated approach involving surgeons, oncolo-
gists, and geneticists.14 With developments
pending regarding the Calman-Hine Report10

and the recent Department of Health Report.12

it is timely to consider how cancer genetics
services can be integrated.
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The TRACE project (Trial of genetic assess-
ment in breast cancer) is a randomised
controlled trial of genetic assessment for breast
cancer susceptibility. The objectives of the
study include identifying the client population
of women with a family history of breast
cancer, and examining the psychosocial and
resource implications of a multidisciplinary
genetic and surgical assessment clinic for at
risk women (fig 1).

Plan of investigation
A multidisciplinary assessment service for
women with a family history of breast cancer
(involving breast surgeons, nurse specialists,
and genetics staV) was established to allow a
randomised comparison with the existing clini-
cal service, and was evaluated in terms of psy-

chosocial, health economic, and service deliv-
ery outcomes. Ethical approval for the project
was obtained.

Study entry criteria
The study entry criteria were as follows. (1)
Breast cancer in mother, sister, or daughter
diagnosed under the age of 50 years. (2)
Mother, sister, or daughter with bilateral breast
cancer. (3) Breast cancer in two first degree
relatives or a first and second degree relative.
(4) Resident in Wales (total population 2.9
million). (5) No previous genetic counselling.

Methods
CONSENT

An information sheet and consent form were
sent to women on receipt of a referral form

Figure 1 TRACE flow diagram.
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from the District General Hospital (DGH).
Women who felt unable to sign the consent
form definitively before their clinic appoint-
ment were asked to attend and time was
allocated to discuss the issues.

STUDY DESIGN AND PROCEDURES

All general practitioners (GPs) in Wales (total
1700) were circulated with information about
the study before the start of recruitment. The
information sent to GPs advised that women
who were concerned about a possible family
history of breast cancer and who fulfilled the
study entry criteria could be referred to local
specialist breast surgeons. Eligible women were
given a brief written description of the study by
the DGH surgeon, and those who verbally
consented to participate were referred to the
study. Before referral, the surgeon carried out a
breast examination in order to exclude any pal-
pable lumps. On receiving the referral form
from the DGH surgeon, a package which
included a baseline questionnaire, information
sheet, and consent form was sent to women.
The baseline questionnaire assessed demo-
graphic and psychological variables. Randomi-
sation to the trial group or control group took
place on receipt of the completed baseline
questionnaire. Two clinic venues were chosen
for the study, Breast Test Wales (BTW)
Screening Centre and the existing family
history clinic at the University Hospital of
Wales (UHW), both in CardiV. A four way
randomisation was conducted according to a
predetermined random allocation scheme, rep-
resenting each combination of clinic type (trial
and control) and clinic venue (BTW and
UHW). This approach aided in controlling for
intrinsic diVerences that existed between the
two sites. In order to avoid possible response
bias, there was no reference to the group
allocation in either the baseline questionnaire
or initial appointment letter. Participants were
asked to complete and return further question-
naires to assess psychological outcomes. These
were administered at two follow up points,
immediately after clinic and nine months after
clinic for women in both study groups. Follow
up at nine months was chosen in order to avoid
any overlap with annual surgical review, which
was provided one year after clinic to women in
both study groups.

Control group
Women who were randomly allocated to the
control group were seen in a typical family his-
tory clinic, with clinical input provided by sur-
gical staV including a breast surgeon and breast
care nurse. The breast surgeon adhered to a
standard protocol that included the following
elements: (1) systematic clinical breast exam-
ination and, for women over 35 years of age, a
mammogram; (2) surgical assessment of indi-
vidual breast cancer risk presented in qualita-
tive form and based on non-genetic infor-
mation including age, reproductive history, and
minimal family history; (3) the option of enter-
ing a chemoprevention trial; (4) advice about
breast cancer surveillance and risk manage-
ment; and (5) annual surgical review involving

appropriate breast screening and advice. Refer-
ral for genetic counselling or presymptomatic
genetic testing was not oVered.

Trial group
Women randomly assigned to the trial group
received a newly developed multidisciplinary
genetic assessment service. This combined
clinical input from surgical staV with a genetics
consultation provided by genetics staV includ-
ing a clinical geneticist and genetic nurse
specialist. The central element of the trial con-
dition was the provision of genetic assessment,
involving individualised genetic risk assess-
ment and the oVer of presymptomatic testing
for the BRCA1/BRCA2 gene in women identi-
fied as “high” risk (>25% residual lifetime risk
of breast cancer) and who had a living aVected
relative. Surgical input was provided as previ-
ously, with individualised risk assessment
provided instead by genetics staV who adhered
to a standard protocol. Detailed family histo-
ries were obtained in which cancer related
diagnoses were documented, with the aim of
constructing and analysing a family pedigree
for genetic risk assessment and counselling.
Calculations of individualised breast cancer
risk were made from pedigree data and
analysed by the geneticist using the model
developed by Claus et al15 incorporated into the
Cyrillic pedigree drawing package.16 The vari-
ables included in this model are the number of
first degree and second degree relatives af-
fected with breast cancer and their age at diag-
nosis. Risk of breast cancer was presented in
quantitative form (percentage residual lifetime
risk) and compared to figures estimated for
women of the same age in the general popula-
tion. Genetic aspects of familial breast cancer
were also discussed. A standard follow up letter
that summarised details of the trial group con-
sultation was sent to patients and referring sur-
geons.

Presymptomatic testing was oVered using a
model recommended by the UK Predictive
Testing Consortium for Huntington’s Disease
(HD)17 and developed at the Institute of Medi-
cal Genetics in CardiV .18 Women at high risk
were oVered a preliminary appointment at
which medical, psychosocial, ethical, and legal
issues were discussed. Consent forms were
given to the consultand to pass to the aVected
relative, asking permission to view their medi-
cal notes and to make contact. If the consent
form was returned, the genetic nurse specialist
made contact with the aVected relative, ob-
tained fully informed consent for blood sam-
pling, and initiated mutation searching. The
advantage of identifying the mutation in a
living aVected relative is that the consultand’s
subsequent testing becomes a relatively clear
presence or absence of the mutation known in
that family. Once the mutation is identified in a
family, at risk members who wish to be tested
are oVered two genetic counselling sessions
separated by a one month contemplation
period. The genetic counselling sessions cover
a range of emotional as well as clinical issues.
Women are also oVered a standard clinical fol-
low up protocol that is observed at the Institute
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of Medical Genetics, involving a telephone call
one week after test results and a clinic appoint-
ment one month after results for everyone, and
a yearly clinic appointment for gene carriers.

PARTICIPANTS

Over an 18 month recruitment period, a total
of 1172 women were referred into the study. A
statistical power calculation had indicated that
minimum sample sizes of 95 per study group
would be necessary to detect a medium eVect
size (d=0.5) with a power of 80% at a
significance level of á=0.01, using analyses of
between groups diVerences. Therefore power
eYciency of the study design was shown to be
above recommended levels.19 Data from the
first 1000 referrals were considered suYcient
for the purposes of the psychosocial evaluation
and are reported in the companion paper by
Brain et al. Of the 1000 referrals, 833 returned
the baseline questionnaire and were ran-
domised to the trial group (n=366) or control
group (n=369).

Evaluations
PSYCHOSOCIAL EVALUATION

The associated paper by Brain et al reports
cross sectional data regarding the baseline
demographic, medical, and psychological char-
acteristics of women recruited to the study.
Subsequent publications will report prospec-
tive data relating to psychological outcomes
including general anxiety, cancer worry, per-
ceived risk of breast cancer, breast cancer
knowledge, satisfaction, attitudes towards ge-
netic testing, and intentions regarding risk
management.

HEALTH ECONOMIC EVALUATION

An economic evaluation was undertaken
within the study to estimate the additional cost
of providing a specialist genetic assessment
service compared with current practice of a
breast surgeon consultation. This included the
time required by health professionals to coun-
sel, contact, and visit aVected relatives and to
verify family histories. DiVerential use of mam-
mography and other investigations was moni-
tored. The cost of searching for genetic muta-
tions was estimated, and the knock on eVects
for primary care (GP visits concerning fears of
breast cancer) and secondary care (prophylac-
tic mastectomy and increased lifetime surveil-
lance) was monitored. Since the evaluation
adopted a societal perspective, patient borne
costs including travel, time oV work, and child
care costs were also recorded.

Conventional methods of valuation were
used throughout,20 with sensitivity analyses
undertaken to measure the robustness of
results to changes in key variables. Assessing
these costs against the full range of benefits will
provide an indication of the eYciency of
specialist genetic assessment. Since there are
many demands being placed on NHS re-
sources, it is important that information on the
eYciency of the service be gleaned in addition
to information on the eVectiveness.

Discussion
The current randomised controlled trial allows
evaluation of the potential benefits and disad-
vantages of adding genetic assessment to exist-
ing surgical management for women with a
family history of breast cancer. However, we
recognise the potential problems implicit in the
study design. Firstly, there is the possibility of
contamination of the surgical input into the
control arm. There was always a possibility that
the surgeons would increase in genetic knowl-
edge through their involvement in the study
and fail to continue to represent “typical” sur-
gical breast specialists. Despite this potential
problem, we felt it important to use the same
surgeons in both the trial and control arms in
order to minimise other variables.

Secondly, the oVer of individualised risk
assessment and presymptomatic testing are
unique to the trial group and this raises
questions of whether women should be allowed
to switch between study groups. At the time the
project was initiated, specific cancer genetics
provision and BRCA1/BRCA2 testing was not
available for families at increased risk of breast
cancer in Wales. At that time, standard practice
involved management at a surgical clinic only.
The introduction of genetic assessment and
possible testing was deemed to be unproven;
accordingly, ethical permission for the ran-
domised controlled trial was granted in Wales.
Therefore, there was no facility for transferring
across groups. However, women could opt to
leave the study and therefore “leakage” to other
centres was monitored. Numbers attending
other centres for genetic testing during this
period were very small, with final figures being
collated by neighbouring genetic centres.

Thirdly, work conducted in recent years with
new approaches to risk assessment and evalua-
tion of BRCA1/BRCA2 risk may raise ques-
tions regarding the present study referral crite-
ria. In the present study, we opted to present
risk as residual lifetime risk and to identify
“high risk” subjects as those with 25%, or
greater, residual lifetime risk of breast cancer.
We found residual lifetime risk a useful way of
discussing risk with women in the trial arm of
the study. In addition, the cut oV point of 25%
or greater residual lifetime risk gave a detection
rate of over 20% of BRCA1/BRCA2 mutations,
as will be shown in subsequent publications.

The TRACE project was designed to
provide information that will be of direct
relevance to future service provision in relation
to genetic aspects of breast cancer. The linked
article by Brain et al identifies important char-
acteristics of the presenting population. The
next step is to assess the psychosocial and eco-
nomic implications of adding a “specialist
genetic” component to existing care for these
women. Service delivery questions such as this
need to be answered in order to allow the
appropriate introduction of new genetic ad-
vances and to avoid ad hoc developments. The
guidelines on appropriate cancer genetic serv-
ices released by the Department of Health12

highlight possible service structures that
should be purchased, and the TRACE project
will provide information regarding patients’
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responses to receiving diVerent elements of this
structured care.

The TRACE project has relevance in other
cancers. Bowel cancer is perhaps closer to a
“service ready” situation, with better tumour
detection and evidence of survival benefit from
the screening of those at high risk. Apart from
breast and bowel cancer, genetic advances will
aVect how we manage other common cancers,
for example, prostate cancer. By debating the
issues in relation to TRACE, it may be possible
to identify sensible conclusions applicable to
the whole group of disorders before media
publicity and widespread public concern create
unfocused “demand”. The wider value of this
debate goes beyond the field of cancer, since
the same issues of a high risk genetic subset are
now being found in an increasing range of dis-
orders. Knowing what factors may make
specialist genetic assessment important, and
which situations do not need a specialist input,
should help to target resources selectively
where they are needed, while ensuring that the
concerns of the vast majority without a strong
genetic predisposition can be relieved.
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