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Purpose:Mutations in the BRCA1 and BRCA2 genes are responsible for approximately 2% of breast cancers by age

70 years. Professional and governmental groups recommend using family history protocols as an initial step in

identifying women and families for mutation testing. We assess screen-positive rates and levels of agreement

between these protocols. Methods: We applied six family history screening protocols to a population-based cohort

of 321 women, age 21 to 55 years, who reported their personal and family history of breast and ovarian cancer.

Results: The proportion of women and families identified as candidates for mutation testing ranged from 4.4% to 7.8%,

depending on the protocol. The protocols had low or fair agreement (kappa �0.75 for 14 of 15 comparisons), but all

identified six women (1.9%, 95% confidence interval 0.7%–4.0%) as screen positive. When the effect of missing ages

of cancer onset was modeled, these rates increased (range 6.5%–11.5%), and nine women (2.8%) were screen positive

by all protocols. Conclusion: Given limitations of family history as a screening test for hereditary cancer related to

BRCA1/2 mutations, 1% to 2% of women in the general population should initially be identified for mutation testing.

One way to achieve this would be to require that multiple screening protocols agree. Genet Med 2006:8(3):161–

168.
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The most common mutations identified among women with
inherited forms of breast/ovarian cancers are in the BRCA1 and
BRCA2 genes. Mutations in these genes account for between 1%
and2%of all breast cancers by age 70 years.1,2BRCA1/2mutation
testing canhavea substantial impacton thepersonbeing tested, as
well as other family members, including such adverse effects as
psychologicdistress andthe fearof social stigmatization.3–12These
issues, alongwith the expense of genetic testing and other consid-
erations, have led to the use of questions about family history for
initial evaluation.Todate, this approachhas been limited tohigh-
risk families and has not been evaluated for routine use in the
general population. Recently, the United States Preventive Ser-
vicesTask Force stated that population studies are needed to eval-
uate the effectiveness of risk stratification when delivered by pro-
viders in settings other than referral centers.13

Published family history protocols for identifying inherited forms
of breast/ovarian cancer take into account factors such as personal
history of cancer, number of affected first- and second-degree rela-
tives, theagesatdiagnosis, andethnicity.Suchprotocolsare intended
to identify a small group of women whose evidence of hereditary
cancer is sufficiently strong that genetic testing for BRCA1/2muta-
tions canbe considered (e.g., positive predictive value of�10%).
The purpose of the present analysis is to (1) identify published

breast/ovarian cancer family history screening protocols that are en-
dorsedbyprofessionaland/orgovernmentalorganizations, (2)apply
these protocols to the family histories obtained from a population-
basedcohortofyoungerwomen, (3)computeandcompare thepro-
portionofwomen identified as candidates for genetic testingby each
of theprotocols, and(4) compare the level of agreementbetween the
protocols. At least one study has attempted to unify various family
history screening protocols,14 but, until now, there has been no for-
mal assessment of these protocols using family history information
collected at the general population level.

MATERIALS AND METHODS
Identification of breast/ovarian cancer family history
screening protocols

Family history screening protocols for breast/ovarian cancer
were identified primarily through contact with genetics profes-
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sionals and secondarily by a Medline search using the terms
“breast cancer,” “genetics,” and “guidelines.” Criteria for in-
clusion were as follows: (1) the protocol is approved by a pro-
fessional organization and/or a governmental agency, (2) the
protocol is recommended for use in the general population,
and (3) the protocol is not directly derived from an existing
protocol. We did not include models that were designed pri-
marily to assess the risk of carrying a BRCA1/2mutation, such
as BRCAPRO,15 Couch et al.’s,16 Shattuck-Eidens et al.’s,17

Frank et al.’s,18Manchester scoring system,19 or BOADICEA,20

because they do not satisfy the first inclusion criterion. All of
these models, with the possible exception of the Manchester
scoring system,19 take considerably more time, effort, and ex-
pertise to complete than the family history-taking required by
the protocols included in our analyses. Some of these risk-
prediction models have been reviewed and their applications
have been discussed.21,22 We also did not include the Family
History Assessment Tool23 because it does not satisfy the first
criterion for inclusion.

Family history data collection

One of the authors (R.S.) collected personal and family his-
tories of breast/ovarian cancer that included first- and second-
degree relatives from a population-based cohort of women
aged 21 to 55 years. The study protocol was approved by the
Thomas Jefferson University Institutional Review Board. The
questionnaire was designed to be self-administered and was
given to women attending an outpatient family medicine
clinic. The women did not provide personal identifiers; there-
fore, it was not possible to use existing patient records to collect
anymissing information once the questionnaire had been sub-
mitted.

Interpretation of a woman’s family history

All protocols were coded into a Visual Basic Program (Mi-
crosoft, Redmond, Wash) for analysis. Each protocol was im-
plemented as an independent algorithm. Thewoman complet-
ing the questionnaire was considered to be the index case. In 30
of the families (including all 12 women with a personal his-
tory), one age of onset of cancer was unavailable. In 14 addi-
tional families, two ormore ages of onset weremissing. For the
initial analysis, age of onset was assumed to be later than all
age-associated cutoff levels for the six protocols. Subsequently,
a sensitivity analysis was performed by setting the missing val-
ues to a random age of onset that was generated separately for
breast cancer (Gaussian distribution with a median of 51 years
and a standard deviation of 10 years) or ovarian cancer (me-
dian 53 years, standard deviation 10 years). These median val-
ues were set, conservatively, to 10 years earlier than themedian
age of onset reported in the latest data reported by the Surveil-
lance, Epidemiology, and End Results.24 In 13 families, one or
more ages of onset were specified as a decade. In such in-
stances, the age was arbitrarily assigned the midpoint of the
range (e.g., “in the 40s” was assigned a value of 44 years). This
assumption was also subjected to sensitivity analysis. In two
families, the line of descent for a half-sister was not recorded.

They were assumed to be on the side of the family with the
more severe history. Again, this assumption was subjected to
sensitivity analysis. A half-sibling’s history was represented as a
second-degree relative. Ambiguities in interpretation were re-
solved by consensus of a group consisting of a board-certified
clinical geneticist, a genetic counselor, and an epidemiologist
(M.R.M.).

Limitations of the dataset

No information was collected regarding Ashkenazi Jewish
ethnicity. We assumed all study participants and family mem-
bers to be non-Jewish. On the basis of the general characteris-
tics of the Jefferson Family Medicine Associates, no more than
3% of the participating women would be expected to be of
Ashkenazi Jewish heritage. No information regarding other
forms of cancer (e.g., prostate, colorectal cancer)was collected,
because these were rarely considered directly by family history
screening protocols.

Statistical analysis

Each woman’s personal and family history was tabulated as
being either positive (satisfied at least one criterion in a given
protocol) or negative (did not satisfy any criteria in a given
protocol). Consistency between protocols was estimated using
a nonweighted kappa coefficient by SAS V8.1 (SAS Institute,
Inc., Cary, NC). The proportion of participants with a positive
result was computed for each protocol. In addition, the pro-
portion of participants positive for one, two, three, four, five,
and all six protocols was also computed. Sensitivity analyses
were performed for missing ages of onset and missing lines of
descent. Confidence intervals (CIs) for proportions were com-
puted using the binomial distribution.

RESULTS

Six breast/ovarian cancer family history screening protocols
were identified that satisfied the inclusion criteria: Wales Can-
cer Genetic Service (WCGS),25 New York State/American Col-
lege of Medical Genetics (NYS/ACMG),26 National Breast
Cancer Centre (NBBC),27 National Comprehensive Cancer
Network (NCCN, v.1.2006),28 National Institute for Clinical
Excellence (NICE) Quick Reference Guide (referral to tertiary
care),29 and the United States Preventive Services Task Force
(USPSTF).13 Although the USPSTF does not identify their re-
ferral criteria as a protocol, they are stated as recommenda-
tions for referral to genetic counseling for further evaluation.
From accompanying literature, the stated purpose of these six
protocols was that they be used as an aid in decision-making
about BRCA1/2mutation testing in families. None of the pro-
tocols identified in our survey were empirically derived from
actual data; instead, the basis for the protocols is expert opin-
ion. A listing of these family history screening protocols is con-
tained in the Appendix.
Over a 3-week period, 488 women between the ages of 21

and 55 years were identified and approached, and 321 (66%)
participated. Details about the 166 women not participating
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are not available. Among participants, 203 women (63%) re-
ported no personal or family history of breast/ovarian cancer,
106 women (33%) reported a family history but no personal
history, and 12 women (4%) reported a personal history of
breast and/or ovarian cancer.
The proportion of women having at least one first-degree

relative with breast cancer (8.3%; 95% CI 5.6%–12%) is con-
sistent with the 6.4% reported by others.30 Table 1 shows the
number and proportion of the 321 women classified as having
a family history indicative of an inherited form of breast/ovar-
ian cancer (positive result) for each of the six protocols. Be-
tween 14 (4.4%) and 25 (7.8%) of the participating women
have a positive screening result, depending on the protocol
applied. The positive rates provided in Table 1 are likely to

underestimate the true positive rate, because of our conserva-
tive assumption concerning missing ages of cancer onset and
the lack of some additional information (e.g., Ashkenazi Jew-
ish heritage).
Table 2 shows that 282 of the 321 women are screen neg-

ative by all six protocols (87.9%). It also shows how many
are screen positive according to one, two, three, four, five,
or six protocols. Each of the rows is mutually exclusive;
therefore, 39 of the 321 women (12.1%) are screen positive
on at least one protocol. For example, the fourth row in
Table 2 shows that three women are classified as positive by
three protocols, but negative by the other three. One of the
women in this row had no personal history of cancer, but
had a maternal grandmother diagnosed with ovarian cancer
at age 83 years and a maternal aunt diagnosed with ovarian
cancer at age 61 years. This is a positive family history by the
NCCN (maternal aunt satisfies criterion 3a), USPSTF (cri-
terion 1e), and NICE (criterion 2aii) protocols. It is negative
according to NYS/ACMG, NBCC, andWCGS protocols. Six
women are classified as positive by all six protocols (1.9%,
95% CI 0.7%–4.0%). Two had four relatives with breast
cancer on the maternal side of the family, and one reported
three ovarian cancer cases on the paternal side of the family.
Another woman had a mother with early-onset ovarian can-
cer and a maternal grandmother with early-onset breast
cancer. The fifth woman had breast cancer, along with her
sister and maternal aunt. The last woman had a sister with
breast and ovarian cancer, a son with breast cancer, and a
maternal grandmother with early-onset ovarian cancer.
The levels of agreement between all pair-wise combina-

tions of the six protocols are shown in Table 3, using the
kappa statistic. Kappa coefficients of less than 0.40 indicate
low agreement, coefficients between 0.40 to 0.75 indicate
fair agreement, and coefficients greater than 0.75 indicate
good agreement.31 The analyses were carried out in all 118
women with either a personal history of breast/ovarian can-
cer or at least one affected family member. One of the lowest
levels of agreement is between the NYS/ACMG and NCCN
protocols, both of which have relatively high positive rates

Table 1
Proportion of 321 women identified as having a family history indicative of
an inherited form of breast/ovarian cancer by each of six published protocols

Family history screening protocol
Number
positive

Percent positive
(95% CI)

New York State/American College of
Medical Genetics

19 5.9 (3.6–9.1)

National Breast Cancer Centre, Australia 18 5.6 (3.4–8.7)

Wales Cancer Genetic Services 16 5.0 (2.9–8.0)

National Institute for Clinical Excellence
(tertiary referral)

14 4.4 (2.4–7.2)

National Comprehensive Cancer Network 25 7.8 (5.1–11.3)

United States Preventive Services Task Force 24 7.5 (4.9–10.9)

CI, confidence interval.

Table 2
Proportion of 321 women with negative family histories according to all six
breast/ovarian family history screening protocols, along with the number
classified as positive by one, two, three, four, five, or all six protocols

Number of protocols with a positive result Number of women (%)

None 282 (87.9)

One onlya 6 (1.9)

Two onlyb 17 (5.3)

Three onlyc 3 (0.9)

Four onlyd 4 (1.2)

Five onlye 3 (0.9)

All six 6 (1.9)

aNCCN positive in three, USPSTF positive in two, and NICE positive in one.
bNYS/ACMG � USPSTF positive in seven, NCCN � NBBC positive in five,
WCGS � NCCN positive in two, WCGS � USPSTF positive in two, and
NYS/ACMG � NICE positive in one.
cOne positive each forNCCN�USPSTF�NICE,NBCC�WCGS�NCCN,
and NBCC � NCCN � NICE.
dOne negative each for WCGS � NCCN, NYS/ACMG � WCGS, NBCC �
NICE, and NYS/ACMG � USPSTF.
eNICE negative in two, and NBCC negative in one. NYS/ACMG, New York
State/American College of Medical Genetics; NBCC, National Breast Cancer
Centre, Australia; WCGS, Wales Cancer Genetic Services; NICE, National In-
stitute forClinical Excellence (tertiary referral); NCCN,National Comprehen-
sive Cancer Network; USPSTF, United States Preventive Services Task Force.

Table 3
Level of agreement (kappa statistic) between each pair of the six family
history screening protocols estimated using the 118 women with any

personal or family history of breast/ovarian cancer

NBCC WCGS NICE NCCN USPSTF

NYS/ACMG Low (0.39) Fair (0.50) Fair (0.47) Low (0.33) Good (0.80)

NBCC — Fair (0.52) Low (0.57) Fair (0.75) Low (0.37)

WCGS — — Low (0.47) Fair (0.62) Fair (0.52)

NICE — — — Fair (0.49) Fair (0.44)

NCCN — — — — Low (0.36)

NYS/ACMG, New York State/American College of Medical Genetics; NBCC,
National Breast Cancer Centre, Australia; WCGS, Wales Cancer Genetic Ser-
vices; NICE, National Institute for Clinical Excellence (tertiary referral);
NCCN, National Comprehensive Cancer Network; USPSTF, United States
Preventive Services Task Force.
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(from Table 1, 19 and 25 women positive for the NYS/
ACMG and NCCN protocols, respectively). However, only
10 women are identified as positive by both protocols. The
highest level of agreement is between the NYS/ACMG and
USPSTF protocols. These protocols classify 19 and 24
women, respectively, as being screen positive. Eighteen of
the 19 women identified as positive by the NYS/ACMG pro-
tocol are also positive by the USPSTF protocol. It is not
known whether the level of agreement between the proto-
cols is related to their ability to predict BRCA1/2 mutation
risk.
Table 4 shows how selected risk factors associated with inher-

ited forms of breast/ovarian cancer are used by the six family his-
tory screening protocols. Three of the factors are used by all six
protocols (total number of breast cancer cases, bilateral breast
cancer, and a male with breast cancer). However, the protocols
differ in how these factors are used. For example, bilateral breast
cancer alone in any family member is considered sufficient to
classify a woman as screen positive by the NYS/ACMG protocol,
whereas WCGS and USPSTF protocols require that the bilateral
breast cancer be in a first-degree relative; the NICE protocol re-
quires the cancers to occur at an average age earlier than 50 years,
whereasNBCCandNCCNprotocols require anadditional family
member with cancer on the same side of the family. There is less
agreement about whether Ashkenazi Jewish heritage should be
considered (NICE and WCGS do not address this criterion).
Other types of cancers are directly addressed only by the NBCC
andNICE protocols.
In this dataset, ages of cancer onset are missing in 44

family histories, and the analyses shown so far assume them
all to be at 55 years of age (older than the highest cutoff level
used in any of the six protocols). To estimate the maximum
impact of this age factor on the positive rate, we then ran-
domly assigned ages of onset for those that were missing (as

described earlier). These ages are, on average, younger than
expected in the general population by 10 years. This was
done to account for the fact that, in all instances, there is at
least some family history already present, and to set a rea-
sonable “upper limit” to the screen-positive rates. As ex-
pected, the number of screen-positive women increases for
all six protocols. Two protocols sustained only modest in-
creases (USPSTF from 24 to 25 and NYS/ACMG from 19 to
22). The four other protocols increased more dramatically
(WCGS from 15 to 21, NBCC from 18 to 25, NICE from 15
to 22, and NCCN from 25 to 37). The lower number of
positives (Table 2) likely represents screening expectation in
primary care, where missing data are expected. The higher
number of positives found by modeling might be ap-
proached if time and resources are made available to more
carefully document family history in primary care settings.
In 20 additional instances, ages of cancer onset were pro-

vided only as a decade, and the analyses shown so far assume
each to be at the middle of the designated decade. To esti-
mate the maximum and minimum impact of this assump-
tion, the ages are first set to the upper limit of the specified
range and then to the lower limit. The only change occurs
for the NCCN protocol, in which the number of women
classified as positive increases from 25 to 26 when the ages
are set to the lower limit. In two families, the line of descent
was not provided for a half-sister, and the previous analyses
assume her to be on the side of the family with the strongest
family history. To examine the impact of this assumption,
all are now set to the other side of the family. This yields a
reduction in the number of women classified as positive by
two of the protocols: NBCC (from 18 to 17) and NCCN
(from 25 to 23). These types of missing information, there-
fore, would have little impact on the proportion of women
with positive family histories.

Table 4
How selected risk factors associated with inherited forms of breast/ovarian cancer are used in six family history screening protocols

Family history screening protocol

Factor(s) needed for “positive” NYS/ACMG NBCC WCGS NICE NCCN USPSTF Protocols using factor

Number of BCs at any agea �3 �3 �3 �3 �3 �3a 6

Bilateral BC alone Yes If a second case If 1° If �50 y If a second case If 1° 6

Male with BC Yes If a second case Yes If a second case If a second case Yes 6

Age defining “early-onset” BC �45 �40 �40 �40 �40 No 5

BC and OC in one relative No If a second case If 1° No Yes Yes 4

Consider Ashkenazi Jewish heritage Yes Yes No No Yes Yes 4

Consider identified family mutations Yes Yes No No Yes Nob 3

Consider personal history of BC/OC Yes No No No Yes No 2

Consider other cancers No Yes No Yes Noc No 2

aAll but the USPSTF protocol require the affected individuals to be on the same side of the family.
bText accompanying the protocol indicates that women with a known BRCAmutation may be referred for genetic counseling.
cFootnote mentions that the presence of other cancers (prostate, pancreatic, or melanoma) may increase suspicion BC, breast cancer; OC, ovarian cancer; NYS/
ACMG, New York State/American College of Medical Genetics; NBCC, National Breast Cancer Centre, Australia; WCGS, Wales Cancer Genetic Services; NICE,
National Institute for Clinical Excellence (tertiary referral); NCCN, National Comprehensive Cancer Network; USPSTF, United States Preventive Services Task
Force.
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DISCUSSION

Others have commented on the lack of consistent criteria
among family history protocols,14 but this is the first time that
the extent of agreement has been documented using real pa-
tient data. Although one of the comparisons (NYS/ACMG and
USPSTF) showed good agreement, the other 14 comparisons
showed only low to fair agreement among the six protocols.
Several other important performance features also emerged:
(1) ensuring that all ages at onset of cancer are available is
important for accurately interpreting family histories for most
of the protocols, (2) the proportion of women classified as
having a positive family history varies substantially among
protocols, (3) each of the protocols individually classifies a
relatively high proportion ofwomen as having a positive family
history, and (4) all six protocols agree that a small group of
women has a positive family history.
All six of the protocols evaluated in this study are designed to

be applied in the general population. At present, however, no
formal pilot trials have been carried out to assess their perfor-
mance. A positive screening test carries with it serious impli-
cations for the woman and her family from an emotional, fi-
nancial, and medical point of view, and any negative impact
will be magnified when screening is extended to the general
population. Under such circumstances, it would be prudent to
design intervention trials to identify only the families with the
strongest evidence of an inherited form of cancer as screen
positive until the screening test’s performance characteristics
can be better understood. Some guidelines and at least one
professional organization have recommended that family his-
tory screening protocols be sufficiently discriminatory to en-
sure that at least 1 in 10 women (10%) classified as having a
positive family history will carry a BRCA1/2 mutation.32 This
10% positive predictive value seems to be reasonable as a start-
ing point, and the present study provides data to help deter-
mine how this might be accomplished.
In the general population, approximately 10 in every 3,500

women carry one of these mutations (excluding Ashkenazi
Jewish women, among whom the carrier rate is higher because
of founder mutations).1 By assuming family history to be pos-
itive in all 10 of the women, the positive predictive value of
10% would be reached by classifying 100 of the screened
womenascandidates formutation testing ([10 truepositives�90
false positives]/3,500 � 2.9%). However, this 100% detection
rate is likely to be an overestimate because of inherent limita-
tions of using family history as a screening test. These limita-
tions are apparent in a review of four published studies that
collectively carried out mutation testing on 1,667 younger
women with breast cancer. Among these women, 431 (26%)
also had at least one affected first-degree relative.1,33–35 Even
among those with a BRCA1/2 mutation, only 6 of 10 had a
first-degree relative with breast/ovarian cancer. In our study,
only 4% of women had breast cancer, suggesting that fewer
than six might be detected. However, we collected a more ex-
tensive family history (both first- and second-degree relatives),
which might result in higher detection. Taken together, the

evidence leads us to conclude that between 4 and 6 of every 10
women in the general population with a BRCA1/2 mutation
might have a positive family history. If family history could
detect 4 of the 10 women with mutations in a primary care
setting, the acceptable number of screen positives would be 40
per 3,500 women (1.1%). If family history could detect 6 of the
10 mutations, the total number of screen positives could be
increased to 60 (1.7%).
An alternative approach would be to reduce the threshold

defining a positive family history as a way to increase the iden-
tification of families carrying deleterious mutations (e.g.,
12.1% of the women in our study were screen positive by at
least one protocol) (Table 2). The small gain in women iden-
tified with a mutation, however, would be offset by a dispro-
portionately large number of women who would require ge-
netic counseling and, should they proceed with genetic testing,
receive negative (or uninformative) BRCA1/2 mutation test
results. Also, these women would not be candidates for pri-
mary preventive action, unlike the small number of women
with an extensive family history. The additional medical, fi-
nancial, and emotional impact of such an approach should be
examined carefully before any such introduction.
Several characteristics of these screening protocols deserve

further discussion. The USPSTF protocol explicitly excludes
womenwith a personal history of breast and/or ovarian cancer.
Tomake amore fair comparison among protocols, we consid-
ered the 12 women with a personal history to be first-degree
relatives instead of removing them from the screening process
entirely. In practice, excluding these women (and their fami-
lies) would reduce the usefulness and overall performance of
family history screening. The NYS/ACMG and USPSTF pro-
tocols tend to agree more (and tend to have higher positive
rates) mainly because of criteria that include one case of breast
cancer (at any age) and another case of ovarian cancer (at any
age) to define a screen positive. In general, we found that fam-
ily histories that are positive according to one, two, three, or
four protocols are usually positive for only a single criterion on
each. In contrast, the family histories positive according to five
or six protocols are often positive for multiple criteria in each
protocol. The NICE organization has promulgated two sepa-
rate family history screening protocols, one relatively inclusive
protocol to be used for referrals from primary care to second-
ary care and another to be used for referrals from secondary to
tertiary care. We chose to implement the latter, because
women positive at the tertiary level are likely to be offered
mutation testing.We encountered one difficulty during imple-
mentation. The protocol contained in the quick reference
guide does not match the protocol provided in the full clinical
guidelines. We chose to implement the former, because it
seems to be designed for use in practice. The NICE protocol
uses the average age of onset of cancer. This cannot be com-
puted if even one age ismissing. The other protocols do not call
for average age, andmissing data are less problematic for them.
Ourmodeling ofmissing ages of onsetmost strongly affects the
NCCN protocol, because a single family member diagnosed
with breast cancer at or before age 40 years is sufficient to
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define a positive family history. Other protocols require addi-
tional factors to be present.
If family history is to be systematically introduced as a

screening test for hereditary breast/ovarian cancer, a prime
consideration should be to establish a highly selective policy
for classifying women as candidates for BRCA1/2 mutation
testing. This is especially true in the early stages of screening
program development. One possible way to achieve that goal
might be to require that several family history screening pro-
tocols agree. The present study, for example, indicates that a
1.9% screen-positive rate might be achieved when six family
history screening protocols all agree. This is consistent with the
estimated acceptable range for screen positive rates of 1% to
2%.Currently, it is not possible to determine the actual screen-
ing performance of any of these protocols. Instead, we view
each of them as an “expert opinion” and the combination of
the protocols as an “expert panel.” It is unrealistic to expect
that BRCA1/2 mutation test results will be available from an
entire population-based cohort of women who have family
history available, even though such a study would allow the
detection and false-positive rates to be computed and the ac-
tual performance of the protocols to be directly compared. As
an intermediate step in helping to define performance, it
would be more realistic to apply a set of family history screen-
ing protocols to a cohort of women from the general popula-
tion and determine the proportion of screen-positive women/
families with a detectable mutation (positive predictive value).
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Appendix

Definitions of a positive family history of breast/ovarian
cancer according to six published screeningprotocols (These
protocols have been reconfigured and presented in a consistent
format to make reading and comparisons easier.)

A. New York State Department of Health and American College of
Medical Genetics (NYS/ACMG) Genetic Susceptibility to Breast and
Ovarian Cancer Assessment, Counseling and Testing Guidelines
(1999)
1. Three ormore affected 1° or 2° relatives with breast or ovar-

ian on the same side of the family, regardless of age at diag-
nosis OR

2. Fewer than three affected relatives but one or more of the
following:
a) The patient was diagnosed at �45 years
b) A family member has been identified with a detectable

mutation
c) There are one ormore cases of ovarian cancer at any age,

and one ormoremembers on the same side of the family
with breast cancer at any age

d) There are multiple primary or bilateral breast cancers in
the patient or one family member

e) There is breast cancer in a male patient, or in a male
relative

f) A patient is at increased risk for specific mutations(s)
because of ethnic background (i.e., Ashkenazi Jewish de-
scent) and has one or more affected relatives with breast
or ovarian cancer at any age

B. Management of Early Breast Cancer, National Breast Cancer
Centre, Australia (NBCC) Clinical Practice Guidelines (2000)
1. Two 1° or 2° relatives on one side of the family diagnosed

with breast or ovarian cancer plus one or more of the fol-
lowing features on the same side of the family:
a) Additional relative(s) with breast or ovarian cancer
b) Breast cancer diagnosis at �40 years
c) Ovarian cancer diagnosed �50 years
d) Bilateral breast cancer
e) Breast and ovarian cancer in the same individual
f) Jewish ancestry
g) Breast cancer in a male

2. One 1° or 2° relative diagnosed with breast cancer at �45
years plus another 1° or 2° relative on the same side of the
family with sarcoma (bone/soft tissue) at �45 years

3. Member of a family in whom the presence of a high-risk
breast cancer gene mutation has been established

C. All Wales Cancer Genetics Service (WCGS) Referral Guidelines
(2002)
1. Breast cancer (and one or more of the following)

a) One 1° relative diagnosed �40 years

b) Two 1° relatives diagnosed �60 years (on the same side
of the family)

c) Three 1° or 2° relatives diagnosed any age (on the same
side of the family)

d) One 1° male with breast cancer diagnosed at any age
e) One 1° relative with bilateral breast cancer

2. Breast/ovarian cancer (and one or more of the following)
a) One or more occurrences of ovarian cancer and one or

more occurrences of breast cancer on the same side of
the family (if only one of each, the breast cancer diag-
nosed �50 years)

b) A 1° relative with both breast and ovarian cancer
3. Ovarian cancer

a) Two or more relatives (on the same side of the family)
and one is a 1° relative

D. National Institute for Clinical Excellence (NICE) Familial Breast
Cancer Clinical Guideline 14 (2004): Quick Reference Guide

Referral criteria from secondary care to tertiary care
1. Female breast cancers only (on the same side of the family)

a) One 1° and one 1° or 2° relative with breast cancer diag-
nosed at average age �50 years

b) One 1° and two 1° or 2° relatives with breast cancer
diagnosed at average age �60 years

c) One 1° and three (or more) 1° or 2° relatives with breast
cancer diagnosed at any age

2. Ovarian cancer
a) One relative with ovarian cancer at any age and on the

same side of the family
i) One 1° (including relative with ovarian cancer) or one

2° relative with breast cancer diagnosed �50 years
ii) One additional relative diagnosed with ovarian cancer

at any age
iii) Two 1° or 2° relatives with breast cancer diagnosed

�60 years
3. Bilateral breast cancer (on the same side of the family)

a) One 1° relative with cancer diagnosed in both breasts at
an average age �50 years

b) One 1° or 2° relative with bilateral breast cancer and one
1° or 2° relative diagnosed with breast cancer before av-
erage age of 60 years

4. Male breast cancer (on the same side of the family)
a) One male breast cancer at any age and
i) One 1° or 2° relative with breast cancer diagnosed �50

years
ii) Two 1° or 2° relatives with breast cancer diagnosed at

an average age �60 years

E. National Comprehensive Cancer Network, v.1.2006 (NCCN)
Practice Guidelines (2005)
1. Member of a family with a knownBRCA1/BRCA2mutation
2. Personal history of breast cancer plus one or more of the

following:
a) Diagnosed �40 years, with or without family history
b) Diagnosed �50 years, or bilateral, with at least one

close* blood relative with breast cancer diagnosed �50
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years or at least one close blood relative with ovarian
cancer

c) Diagnosed at any age, with at least two close* blood rel-
atives with ovarian cancer at any age

d) Diagnosed at any age with breast cancer with at least two
close* blood relatives with breast cancer, especially if at
least one is diagnosed before age 50 years or has bilateral
disease

e) Close* male blood relative has breast cancer
f) Personal history of ovarian cancer
g) Is of ethnic descent associated with deleterious muta-

tions (e.g., Ashkenazi Jewish)
3. Personal history of ovarian cancer plus one or more of the

following:
a) At least one close* blood relative with ovarian cancer
b) At least one close* female blood relative with breast can-

cer at age �50 years or bilateral breast cancer
c) At least two close* blood relatives with breast cancer
d) At least one close*male blood relative with breast cancer
e) Is of Ashkenazi Jewish descent

4. Personal history of male breast cancer plus one or more of
the following:
a) At least one close*male blood relative with breast cancer
b) At least one close* female blood relative with breast or

ovarian cancer

c) Ashkenazi Jewish descent
5. Family history only: close* family member (on the same

side of the family) meeting any of the above criteria
*Close is defined by the NCCN protocol as first-, second-,

and third-degree relatives.

F. United States Preventive Services Task Force Clinical Guidelines
for Women with No Personal History of Breast/Ovarian Cancer
USPSTF (2005)

1. Among non-Ashkenazi Jewish women
a) Two 1° relatives with breast cancer; one of whom was

diagnosed �50 years
b) Three or more 1° or 2° relatives with breast cancer
c) Both breast and ovarian cancer among 1° and 2° relatives
d) A first-degree relative with bilateral breast cancer
e) Two or more 1° or 2° relatives with ovarian cancer
f) A 1° or 2° relative with both breast and ovarian cancer
g) Breast cancer in a male relative

2. Among Ashkenazi Jewish women
a) A 1° relative with breast or ovarian cancer
b) Two 2° relatives on the same side of the family with

breast or ovarian cancer 3. Relative with a known dele-

terious mutation in BRCA1 or BRCA2

Palomaki et al.

168 Genetics IN Medicine


	Screen-positive rates and agreement among six family history screening protocols for breast/ovarian cancer in a population-based cohort of 21- to 55-year-old women
	MATERIALS AND METHODS
	Identification of breast/ovarian cancer family history screening protocols
	Family history data collection
	Interpretation of a woman's family history
	Limitations of the dataset
	Statistical analysis

	RESULTS
	DISCUSSION
	Acknowledgements
	References
	Appendix
	



