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Abstract
Objectives To evaluate the potential effect of
computer support on general practitioners’
management of familial breast and ovarian cancer,
and to compare the effectiveness of two different types
of computer program.
Design Crossover experiment with balanced block
design.
Participants Of a random sample of 100 general
practitioners from Buckinghamshire who were
invited, 41 agreed to participate. From these, 36 were
selected for a fully balanced study.
Interventions Doctors managed 18 simulated cases:
6 with computerised decision support system Risk
Assessment in Genetics (RAGs), 6 with Cyrillic (an
established pedigree drawing program designed for
clinical geneticists), and 6 with pen and paper.
Main outcome measures Number of appropriate
management decisions made (maximum 6), mean
time taken to reach a decision, number of pedigrees
accurately drawn (maximum 6). Secondary measures
were method of support preferred for particular
aspects of managing family histories of cancer;
importance of specific information on cancer genetics
that might be provided by an “ideal computer
program.”
Results RAGs resulted in significantly more
appropriate management decisions (median 6) than
either Cyrillic (median 3) or pen and paper (median
3); median difference between RAGs and Cyrillic 2.5
(95% confidence interval 2.0 to 3.0; P < 0.0001). RAGs
also resulted in significantly more accurate pedigrees
(median 5) than both Cyrillic (median 3.5) and pen
and paper (median 2); median difference between
RAGs and Cyrillic 1.5 (1.0 to 2.0; P < 0.0001). The
time taken to use RAGs (median 178 seconds) was 51
seconds longer per case (95% confidence interval 36
to 65; P < 0.0001) than pen and paper (median 124
seconds) but was less than Cyrillic (median 203
seconds; difference 23. (5 to 43; P = 0.02)). 33 doctors
(92% (78% to 98%)) preferred using RAGs overall.
The most important elements of an “ideal computer
program” for genetic advice in primary care were
referral advice, the capacity to create pedigrees, and

provision of evidence and explanations to support
advice.
Conclusions RAGs could enable general practitioners
to be more effective gatekeepers to genetics services,
empowering them to reassure the majority of patients
with a family history of breast and ovarian cancer who
are not at increased genetic risk.

Introduction
Continuing advances in the molecular genetics of
common diseases mean that primary care will play an
increasing role in providing genetic advice.1 The recent
increase in referrals of people at low risk of inherited
cancer, particularly breast cancer, to genetics clinics
suggests that general practitioners need a range of new
skills to be effective gatekeepers.2 The ability to obtain
and interpret family history information accurately is
fundamental to these new skills.3 Computers could
support primary care in this new task by simplifying
pedigree drawing and implementing management
guidelines.4 5

We previously reported a qualitative evaluation of
Risk Assessment in Genetics (RAGs), a computer pro-
gram to support the assessment of familial breast and
ovarian cancer in primary care.6 The results of this
study informed the development of the software used
in the current study so that it was more appropriate for
primary care. The aim of the current study was to com-
pare two different types of computer support—RAGs
and Cyrillic (an established pedigree drawing program
designed for clinical geneticists)—with traditional pen
and paper methods in the recording and interpret-
ation of family histories of cancer.

Participants and methods
Participants
We wrote to a random sample of 100 Buckingham-
shire general practitioners inviting them to participate
in the study. After one mailing, 41 doctors agreed to
join the study, of whom the first 36 respondents were
chosen. The participants were paid £80 for the two
hours required to perform the study.
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Computer support
RAGs was developed in a collaboration between JE
and the ICRF Advanced Computation Laboratory.
Pedigrees are generated by first entering information
about the proband and then adding data about
relatives by clicking on individual icons in the family
tree. The program uses PROforma technology7 to
categorise risk of breast and ovarian cancer. The
program implements detailed referral guidelines that
are based on the Claus model8 and then suggests
appropriate management. The Claus model is a math-
ematical model that predicts risk of breast cancer and
is based on data from a case-control study of 4730
breast cancer cases. Cyrillic draws pedigrees and
assesses risk of breast cancer, also using the Claus
model, and calculates the numerical risk of carrying a
mutation that predisposes to breast cancer and the
cumulative risks of developing breast cancer.9 Cyrillic
was originally designed for use by clinical geneticists.
This study used a modified version of Cyrillic that takes
the user through a series of question and answer boxes
to construct the pedigree.

Simulated cases and recommended management
We developed 18 hypothetical cases, designed to cover
a range of risk levels, based on the types of referral
received by the Oxford genetics clinic in the previous
year. An expert panel comprising a general prac-
titioner and a health services researcher with
knowledge of cancer genetics and a clinical cancer
geneticist agreed by consensus the appropriate
management for each case. Management decisions
were based on the strategy proposed at a UK national
consensus meeting: low risk women are managed in
primary care, moderate risk women at a breast unit,
and high risk women at a genetics clinic.10 The panel
decided that there were six high risk, five moderate risk,
and seven low risk cases. The cases were randomly
allocated into three sets of six.

Study design
Each doctor was asked to manage all 18 cases, six with
each method of support (RAGs, Cyrillic, and pen and
paper). We used a balanced block design. To avoid any
learning effect, the order in which the methods and
case sets were presented was completely balanced
among the 36 doctors. We also ensured that each
method was used equally often with each case set (see
extra table on the BMJ website). For each case, the doc-
tor was asked to create a pedigree and decide on man-
agement using the principle of triaging the patient as
low, moderate, or high risk. The two computer
programs were set up on a laptop computer in the
doctor’s consulting room. The participants were famil-
iarised with each program with one or two test cases
before conducting the study. When the doctors used
pen and paper to manage cases they were allowed to
use any paper referral guidelines that were available to
them. Although all Buckinghamshire general practi-
tioners had been mailed management guidelines in
1997, only three of the doctors in our study had access
to these in their consulting room.

Outcome measures
The principal outcome measures were the number of
appropriate management decisions made for each set

of six cases, the mean time taken to reach a decision,
and the number of pedigrees accurately drawn. A
pedigree was considered correct only if it used
standard symbols and lines and contained information
about the age of the proband, type of cancer, and age
of onset for each affected relative. After managing all
18 cases, the participants completed a questionnaire
asking them to rate, on a five point Likert scale, the
three methods for particular aspects of managing fam-
ily histories of cancer, and the importance of specific
functions or information on cancer genetics that might
be provided by an “ideal computer program.”

Sample size and statistical analysis
From the results of a pilot study, we calculated that we
required 25 doctors to detect a mean difference of 1.5
in management scores (SD 1.6) between RAGs and
Cyrillic with 90% power and two sided á = 0.05. The
sample size was increased to 36 to make a completely
balanced study design. We used Friedman’s two way
analysis of variance to compare effects overall for each
outcome. To compare different pairs of support for
each outcome, we used Wilcoxon’s matched pairs
signed rank test. We used SPSS for Windows (version
8) for the Friedman’s and Wilcoxon’s tests, and the
confidence interval analysis program (CIA)11 to
calculate differences in medians and associated
confidence intervals.

Results
Characteristics of participants
The characteristics of the participants were similar to
those who chose not to enter the study. Of the 36 doc-
tors selected to participate, 69% were men, 61% held
the MRCGP, and their median time since qualification
was 21 (range 7-36) years. Of the 59 non-participants,
61% were men, 56% held the MRCGP, and their
median time since qualification was 21 (range 8-39)
years.

Outcomes
Table 1 shows the median outcomes for the three
different types of support. RAGs resulted in signifi-
cantly more appropriate management decisions and
accurate pedigrees than both Cyrillic and pen and
paper. The median difference in management scores
between RAGs (median 6) and pen and paper (median
3) was 3 (95% confidence interval 2.5 to 3.5;
P < 0.0001) and between RAGs and Cyrillic (median 3)
was 2.5 (2.0 to 3.0; P < 0.0001). Pedigrees were more
accurately drawn with RAGs than with pen and paper
(median scores 5 v 2; difference 3 (2.5 to 3.5);
P < 0.0001) or with Cyrillic (5.0 v 3.5; difference 1.5 (1.0
to 2.0); P < 0.0001). Cyrillic produced significantly

Table 1 Median (range) outcome measures for 36 doctors managing family histories of
cancer using three different methods of support—traditional pen and paper and
computer programs RAGs and Cyrillic

Outcome RAGs Cyrillic Pen and paper
P value for
difference*

Correct referrals (maximum 6) 6.0 (4-6) 3.0 (0-6) 3.0 (0-5) <0.0001

Correct pedigrees (maximum 6) 5.0 (2-6) 3.5 (0-6) 2.0 (0-5) <0.0001

Time to complete each case
(seconds)

178 (109-287) 203 (120-299) 124 (73-372) <0.0001

*Friedman’s two way analysis of variance.
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more accurate pedigrees than pen and paper (median
difference 1.5 (1.0 to 2.0); P < 0.0001), but there was no
difference in management scores between these two
types of support (median difference 0.5 (0 to 1.5);
P = 0.08). It took significantly longer to reach a decision
with RAGs than with pen and paper (median 178 sec-
onds v 124 seconds; difference 51 (37 to 66);
P < 0.0001) but significantly less time than with Cyrillic
(178 v 203 seconds; difference 23 (5 to 43); P = 0.02).
The figure shows the distributions of time taken with
each method.

Table 2 shows which of the three methods of
support the participants preferred for particular
elements of managing patients with a family history of
cancer. RAGs was preferred for all elements—drawing
and understanding the pedigree, ease and speed of
use, and information provided—and 92% (95%
confidence interval 78% to 98%) of the doctors
preferred RAGs overall.

Table 3 shows the importance the doctors placed
on having specific functions or information provided
by an “ideal computer program” for advice about can-
cer genetics. Providing accurate referral advice was
most important, followed by the capacity to draw fam-
ily trees and the facility for individualised explanations
and evidence to support the advice provided.

Discussion
In this study of 36 general practitioners, we have shown
the potential for computer support, and in particular
RAGs, to improve the management of patients with a
family history of breast and ovarian cancer in primary
care. RAGs led to more appropriate management
decisions and more accurate pedigrees at the expense
of an additional median 51 seconds per case.

Limitations of study
After a single letter of invitation to participate, only 41 of
100 doctors agreed, of whom only 36 entered the study
for a fully balanced design. Our sample may therefore be
unrepresentative of British general practitioners. How-
ever, the doctors studied were no different in their basic
characteristics from those who chose not to participate.
Thirteen of the doctors in the study were unfamiliar with
a Windows interface, suggesting that our sample was not
a self selected group of highly computer literate
practitioners. Furthermore, by offering payment for par-
ticipation, we were more likely to recruit a representative
sample of general practitioners.12

This study used simulated paper cases to assess the
potential effect of computer support on management
of people with a family history of cancer. The results
cannot be generalised to predict the actual effect of
computer support on referrals to secondary care for
familial cancer. Because the number of referrals made
by an individual general practitioner is small, a large
randomised controlled trial would be required to
quantify these effects in real life. Until stronger

Table 2 Preference of 36 doctors for different methods of
support—traditional pen and paper and computer programs
RAGs and Cyrillic—for specific elements of managing family
histories of cancer. Values are numbers (percentages)

Preferred method

RAGs Cyrillic Pen and paper

Overall 33 (92) 2 (6) 1 (3)

Pedigree drawing 27 (75) 3 (8) 6 (17)

Pedigree comprehension* 28 (82) 3 (9) 3 (9)

Ease of use 31 (86) 3 (8) 2 (6)

Speed 19 (53) 7 (19) 10 (28)

Information 31 (86) 5 (14) 0

*Two doctors did not respond for this question.

Table 3 Level of importance assigned by 36 doctors to specific functions and items of
information in an ideal computer program for genetic advice. Values are numbers
(percentages)

Function or information

Level of importance*

Most
(scores 4-5)

Medium
(score 3)

Least
(scores 1-2)

Referral advice 34 (94) 2 (6) 0

Individualised explanations for advice 28 (78) 7 (19) 1 (3)

Evidence to support advice 28 (78) 7 (19) 1 (3)

Pedigree drawing 26 (72) 9 (25) 1 (3)

Use of HRT in context of family history of breast cancer 20 (56) 12 (33) 4 (11)

Information on genetic testing 19 (53) 11 (31) 6 (17)

Numerical risk calculation 12 (33) 15 (42) 9 (25)

Information on genetics clinic (such as waiting times) 14 (39) 9 (25) 13 (36)

*Assigned on a 5 point Likert scale.
HRT=hormone replacement therapy.
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evidence exists to support interventions for people
with a genetic risk of breast and ovarian cancer, we
believe it would be inappropriate to conduct a trial of
computer support that involves actively identifying
individuals with a family history of breast or ovarian
cancer.

Comparison with other studies and implications
for practice
This study confirms the ability of computer decision
support systems to improve physicians’ performance13

at the possible expense of longer consultations.14 It also
shows the difficulty general practitioners have in
appropriately managing patients with a family history
of cancer. This is in keeping with a study of general
practitioners in south east Scotland, who showed a ten-
dency to overestimate risk of cancer on the basis of
family history and who expressed a desire for compu-
ter aided risk assessment in this field.15

RAGs was significantly better than Cyrillic in all
three outcomes. This is perhaps not surprising given
that it was designed specifically for general practice,
whereas Cyrillic was originally designed for clinical
geneticists, for whom pedigrees and numerical risks
have more meaning. The aim of our study was to com-
pare three different levels of support—standard care,
numerical risk assessment, and specific management
advice—rather than comparing standard care with two
computer programs that provide the same infor-
mation in different formats. Cyrillic is the only
commercially available pedigree drawing program that
performs risk assessment for breast cancer. We
therefore compared existing technology with a newly
developed technology.

This study shows the importance of developing
medical software to meet the specific needs of its
intended users, and this may require considerable vari-
ation in the format and type of information provided.16

It supports the combination of qualitative and quanti-
tative methods, with the early involvement of potential
users, to develop medical software that is appropriate
for a specific clinical context.17

There are several reasons why RAGs might be
more appropriate for general practitioners than
Cyrillic. RAGs has a simpler interface with fewer
potential actions or choices for the user. This seemed
to be particularly important for the less computer liter-
ate doctors. The method of generating a pedigree was
more flexible and allowed mistakes to be corrected
more easily. In particular, the graphical presentation of
the family tree, with labels explaining the nature of the
relationship with the proband, assisted doctors who
were less familiar with pedigrees. Cyrillic assumes that
users understand the nature of family relationships
such as cousins and great aunts, but this knowledge was
not universal in our sample of doctors. RAGs prompts
users to enter a minimum dataset required for risk
assessment, thus avoiding potential incorrect estima-
tions of risk because of inadequate data. Most
importantly, however, RAGs provides management
advice, whereas Cyrillic gives only a numerical risk
assessment. With the exception of extreme values, the
numerical risks alone were insufficient to aid general
practitioners in their decision making. The doctors in
this study rarely ignored the advice provided by RAGs,

and the main reason for incorrect management with
RAGs was an error in entering data.

Molecular genetics is likely to have an increasing
influence on the practice of clinical medicine.18

Primary care is poorly prepared for this new era, and
general practitioners will need to acquire new skills
and knowledge to play an important role in the deliv-
ery of genetics services.19 20 Guidelines have been
suggested as a method of bridging this knowledge gap,
but, as we found in this study, paper guidelines are
rarely accessible in general practice when required.21

In the United Kingdom few general practitioners
currently use their computer as a source of
information during consultations.22 This reflects the
limitations of existing hardware and software, which
present a substantial barrier to integration of decision
support into clinical practice.4 Field trials are needed to
assess the real impact of computer support for cancer
genetics in primary care and patients’ responses to
using such software in the consultation.23 This study
shows that RAGs could enable general practitioners to
be more effective gatekeepers to genetics services and
empower them to reassure the majority of their
patients with a family history of breast and ovarian
cancer who are not at increased genetic risk.

Appendix: Access to software
Cyrillic is available commercially from Cherwell Scien-
tific Publishing (www.cherwell.com). Experience from
from the evaluation of RAGs and Cyrillic is being
applied to the development of an online genetic risk
assessment service that will be available shortly at
www.familygenetix.com. Requests for copies of the ver-
sion of RAGs used in this study should be made to
Professor John Fox (jfox@acl.icnet.uk).
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What is already known on this topic

General practitioners will play an increasing role in providing genetic
advice but currently lack the skills to be effective gatekeepers to
genetics services

Computers have been proposed as a way of supporting primary care
in this new task

What this study adds

RAGs, a program designed specifically for primary care, resulted in
more appropriate management decisions and more accurate pedigrees
than both Cyrillic, an established pedigree drawing program designed
for clinical geneticists, and traditional methods but took an extra 51
seconds per case

For general practitioners, RAGs was superior to Cyrillic because it
provided more relevant information and had a simpler interface

Computer support could empower general practitioners to reassure
patients with a family history of breast or ovarian cancer who are not at
increased genetic risk and avoid unnecessary referrals
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NHS Economic Evaluation Database for healthcare decision makers
The increasing importance of information on cost
effectiveness has been recognised by the National Insti-
tute for Clinical Excellence (NICE)1 and will be an inte-
gral part of new national guidelines for the NHS.
Analyses of the literature on economic evaluations also
reveal a rapid increase in the number of published stud-
ies.2 Having access to reliable information on the cost
effectiveness of competing health technologies is there-
fore important to decision makers and researchers in
the NHS.

The NHS Economic Evaluation Database (NHS
EED) project is commissioned by the NHS Research
and Development Programme to identify as many stud-
ies on economic evaluations in the literature as possible
and to disseminate the principal findings to clinicians
and other decision makers by means of structured and
critical abstracts. The abstracts are freely accessible
through a public database on the internet and also from
the Cochrane Library. The aim of the project is to assist
researchers and decision makers in identifying and
interpreting economic evaluations, which are spread
over many databases and paper based resources. The
NHS EED website (available through www.york.ac.uk/
inst/crd) provides details of how to search the database,
how to use the inquiry desk of the NHS Centre for
Reviews and Dissemination (the parent organisation of
NHS EED), how to contact NHS EED staff, and other
useful information. The database currently holds 1800
structured abstracts of full economic evaluations (cost
effectiveness, cost utility, and cost benefit studies) and
bibliographic details of 1953 cost studies, 649 reviews
(of cost effectiveness), and 459 studies of methodology.

NHS EED records show that hits on the database
have increased over the past year from an average of

4000 a month in the first six months of 1999 to an aver-
age of more than 5000 a month in the last six months of
1999. Initial findings of focus group work in two NHS
health authorities (North Yorkshire and Leicestershire)
indicate that NHS EED abstracts are useful and can
help in the process of identifying and interpreting eco-
nomic evaluations. These findings indicate that NHS
EED is a valuable tool to decision makers and is being
used at a high and increasing rate.

Abstracts are completed according to guidelines
developed by leading health economists at the
University of York in consultation with an international
advisory group. To allow readers to evaluate the poten-
tial usefulness of NHS EED abstracts, we include an
example, based on a study by Morrell,3 in an appendix
on the BMJ website (bmj.com).
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NHS EED abstract
appears on the BMJ
website
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