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Abstract Genetic testing for BRCAI and BRCA2 muta-
tions in family members of individuals with known dele-
terious mutations can distinguish between patients at high
risk of disease and those who are not. Some studies have
suggested that individuals testing negative for known
familial mutations (true negatives), may still have a higher
risk of breast cancer (BC) than the general population. We
have examined a prospectively followed cohort of true
negative women in the US. Subjects were close relatives of
known BRCAI and BRCA2 mutation carriers who had
undergone genetic testing, were negative for the known
familial mutation, and were unaffected at the time of
genetic testing. Standardized incidence ratios (SIR) and
95% confidence intervals (CI) were calculated using SEER
incidence rates. Among 375 true negatives, two invasive
and two in situ BC and no ovarian cancers were diagnosed
with mean follow up of 4.9 years (total of 1,962 person-
years). Four invasive BC were expected, whereas two were
observed, for an age-adjusted SIR of 0.52 (95% CI 0.13-
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2.09). We observed more cases of in situ BC (n = 2) than
were expected (n = 0.9; SIR = 2.30; 95% CI 0.57-9.19).
There were no cases of ovarian cancer observed; 0.4 case
was expected. In this prospective study of women who
were unaffected at the time of genetic testing and who were
negative for the known familial mutation in BRCA1/2, no
excess risk of invasive BC was observed. Our data suggest
that such women in the US should adhere to population-
based guidelines for breast cancer screening.
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Introduction

Genetic testing for BRCAI and BRCA2 mutations allows
for the identification of women at high risk for breast and
ovarian cancer with subsequent alteration of clinical
management. Prophylactic oophorectomy [1-3] and mas-
tectomy [4, 5] have been shown to decrease the risk of
ovarian and breast cancer, and breast MRI screening is
more sensitive than mammography for the detection of
cancer in women with documented mutations [6, 7]. An
additional important benefit of genetic testing is the iden-
tification of individuals who are negative for mutations
known to be segregating in their family. An unaffected
individual who undergoes testing for a BRCAI or BRCA2
mutation that is known to exist in the family and tests
negative has long been considered a “true negative”.
Unless there are other risk factors for the development of
cancer present, these individuals have been counseled that
they are at similar risk as the general population for both
breast and ovarian cancer. The differences in these risks are
significant; for example, true negatives are informed that
instead of a lifetime risk of breast cancer of 44-75% seen
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in BRCA1/2 mutation carriers [8, 9], their risk is approxi-
mately 13% as seen in the general population. Similarly,
the lifetime risk of ovarian cancer in a true negative is
estimated at 1-2% instead of 20-45% in BRCAI mutation
carriers and 10-20% in BRCA2 mutation carriers [8, 9].
Therefore, in most situations, true negative women are
counseled to follow the same screening guidelines as
women in the general population.

The paradigm reviewed above has recently been called
into question by several small studies that have suggested
that true negatives may in fact be at a slightly elevated risk
of breast cancer compared to the general population, with
relative risks of approximately 2.0 being described [10-12].
The mechanism of this possible increased risk has been
postulated to be alterations in modifier genes (distinct from
BRCA1I and BRCA?2) which are co-inherited with BRCAI or
BRCA2 mutations. The studies demonstrating these
increased risks have been limited by small sample size or a
retrospective design. As a major benefit of genetic testing
for BRCAI and BRCA?2 is to identify true negatives to avoid
unnecessary screening and preventative interventions (such
as mastectomy, oophorectomy, and chemoprevention), a
more complete analysis of this crucial issue is required. In
order to address this issue, we describe the experience of a
large cohort of true negatives who were prospectively fol-
lowed after receiving their negative genetic test results.

Methods
Databases

All individuals undergoing genetic testing at the University
of Pennsylvania and Memorial Sloan Kettering Cancer
Center are offered enrollment in ongoing registries which
allow for serial follow up. Over 95% of patients in both
institutions agree to participate. Questionnaires are sent to
patients on an approximately yearly basis. In these ques-
tionnaires, patients are asked about changes to their own
personal history as well as any new cancers in the family.
Women who do not respond to mailed questionnaires
receive follow-up telephone calls, and medical records are
reviewed to identify new diagnoses of cancer. Pathology
reports are obtained for confirmation of new diagnoses.

Eligibility criteria

Women who had undergone genetic testing for BRCA/ and
BRCA2 mutations and who had signed informed consent to
participate in IRB approved research protocols at the
University of Pennsylvania (IRB Protocol #376800) and
Memorial Sloan Kettering Cancer Center (IRB Protocols
96-051 and 97-029) were considered for inclusion. Women
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were considered eligible if they: (1) had a close relative of
an individual with a known deleterious BRCAI or BRCA2
mutation; (2) had undergone genetic testing for the known
family mutation in BRCAI or BRCA2; (3) had at least one
follow up since having genetic testing; (4) had no prior
cancer diagnosis at the time of their genetic testing (apart
from in situ cervical cancer or non-melanoma skin cancer);
and (5) had not undergone bilateral mastectomy prior to
genetic testing or subsequent to genetic testing.

Genetic testing

All patients were tested for the known mutation in the
family by direct sequencing. Besides, all individuals of
Ashkenazi Jewish descent were tested for the three founder
mutations in BRCAI (185delAG, 5382insC) and BRCA2
(6174delT).

Data collection

The following information was recorded: (1) exact muta-
tion in family, (2) date of genetic testing, (3) development
of cancer, (4) cancer type, (5) date of last follow up, and (6)
self-identified race. True negatives were considered as
having had follow up if either they or their first degree or
second-degree relative specifically provided information
regarding any new cancer diagnosis, or lack thereof, in the
true negative.

Statistical analysis

Follow-up time was initiated at the date of genetic testing.
Study subjects were censored at the time of cancer diag-
nosis or at the last date of contact, whichever came first.
The number of observed cases was compared to the
expected number of cases using standardized incidence
ratios (SIR) and 95% confidence intervals (CI). CI were
calculated using the quadratic approximation to the Poisson
log likelihood for the log-rate parameter. Expected cases
were based on SEER 13 incidence rates for invasive breast
and ovarian cancer and for in situ breast cancer from 1992
to 2005 among women 18 years or older (“all races”).
Data were also analyzed using SEER 13 rates for white
women. Statistical analyses were performed in STATA 9.0.

Results

A total of 405 true negatives were identified in 249 families
at the two centers, of which 378 (93%) had follow-up
information, and whose characteristics are demonstrated in
Table 1. Of these 378, 235 (62%) were identified at the
University of Pennsylvania and 143 (48%) from Memorial
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Table 1 Characteristics of study participants (n = 375) with avail-
able follow-up data after seeking BRCA1/2 mutation testing from the
clinical genetics departments of University of Pennsylvania and
Memorial Sloan Kettering Cancer Center

Characteristic N %
Study

U Penn 240 64.0

MSKCC 142 37.9
Age at genetic testing

<40 149 39.7

41-50 124 33.1

51-60 72 19.2

60+ 60 16.0
Race

Caucasian 341 90.9

African American 19 5.1

Hispanic/Latino 3 0.8

Unknown 12 3.2
Genetic mutation

BRCAL1 268 71.5

BRCA2 107 28.5
Degree from known carrier

1st 301 80.3

2nd 62 16.5

>2nd 9 24
Lineage

Maternal 202 53.9

Paternal 99 26.4

Unknown 74 19.7

Table 2 Standardized incidence ratios (SIRs) and 95% CI for inva-
sive and in situ breast cancer and ovarian cancer among study par-
ticipants (n = 375) with available follow-up data after seeking
BRCA1/2 mutation

Outcome No of No of SIR  (95% CI)
observed  expected
cancers cancers
Invasive breast cancer 2 3.8 0.52  (0.13-2.09)
In situ breast cancer 2 0.9 2.30  (0.57-9.19)
Ovarian cancer 0 0.4 N/C

Sloan Kettering Cancer Center. In 196 families, a single
person tested negative, and in 54 two or more individuals
were tested. Most families carried BRCAI mutations
(71.5%) and one family had both a BRCAI and a BRCA2
mutation, but the subject included in this study was nega-
tive for both familial mutations. The median age at the
time of genetic testing was 44 (range = 18-91). The
mean follow-up time was 4.9 years (standard deviation =
43.2, median = 4.5) with a total of 1,962 person-years of
follow up.

Two invasive breast cancers, two non-invasive breast
cancers (ductal carcinoma in situ), and no ovarian cancers
were diagnosed in the study group. According to SEER
data, four invasive breast cancers were expected, whereas
two were observed, for an age-adjusted SIR of 0.52 (95%
CI 0.13-2.09) (Table 2). As 91% of patients were Cauca-
sian, the analysis was also performed using SEER13 reg-
istry data among white women. Findings were very similar,
with four expected invasive breast cancers and a SIR of
0.50 (95% CI 0.13-2.01).

One invasive cancer was diagnosed in a 42-year old
woman who was negative for the familial BRCA mutation.
Her tumor was estrogen receptor positive and HER2/neu
positive with two positive lymph nodes. Following her
diagnosis, the proband underwent repeat testing by com-
prehensive analysis which was negative for detectable
BRCAI or BRCA2 mutations. Her sister, mother, maternal
aunt, and six maternal cousins all had ovarian cancer; in
addition two maternal aunts and five maternal cousins had a
diagnosis of breast cancer. All of those in the maternal
lineage who underwent testing had the familial BRCAI
mutation. In addition to this very strong maternal history, the
proband had one paternal aunt with breast cancer at age 50.

The second invasive breast cancer was in a 58-year old
who tested negative for a familial 6174delT BRCA2
mutation and was diagnosed with a T3N3 tumor which was
estrogen receptor (ER) positive and HER2/neu negative.
Her sister had been affected with breast cancer at age 43
and was a documented mutation carrier. Her father had
been diagnosed with breast and pancreatic cancer, and
there was an extensive additonal history of breast and
pancreatic cancer in her paternal lineage. Her maternal
grandmother was reported to have been diagnosed with
breast cancer at an unknown age, but her mother was
unaffected by breast or ovarian cancer at age 82 and there
was no other relevant history in that lineage.

We observed slightly more cases of in situ breast cancer
(n = 2) than were expected (n = 0.9; SIR = 2.30; 95% CI
0.57-9.19). Similar findings were seen when examining
only white women with 0.9 cases expected for a SIR of
2.23 (0.56-8.92). The first was diagnosed at age 45 with
DCIS detected on routine screening mammogram which
was ER and PR positive. She was negative for the known
185delAG BRCAI mutation on the maternal side of the
family on initial testing and on repeat testing following
diagnosis. Her paternal history was notable for a father
with prostate cancer at 68 and was otherwise unremarkable.
The second case was woman diagnosed at age 53 with
DCIS after testing negative for a BRCA2 6174del T
mutation that had initially been identified in her sister, who
had been diagnosed with bilateral breast cancer at ages 53
and 57. There was an extensive history of breast cancer in
their mother (bilateral at ages 49 and 56), maternal aunt
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(age 43), and maternal great-aunt (age unknown). There
was no history of cancer in her paternal lineage.

There were no cases of ovarian cancer observed,
whereas 0.4 case was expected.

Nine of the 378 true negatives developed other (non-
breast) cancers in the follow up: four non-melanoma skin
cancers, two thyroid cancers, one each of melanoma, non-
Hodgkin lymphoma, and renal cancer.

Discussion

In this study, we have found no increased risk of invasive
breast cancer in women who did not inherit a known del-
eterious family mutation in BRCAI or BRCA2 (true nega-
tives). Our observations are in contrast to previous studies
which have found a relative risk between 2 and 5. We did
find a modestly elevated risk of DCIS, with a RR of 2,
however, this result was not statistically significant.

The question of the risk of breast cancer in true nega-
tives is of great importance to women undergoing genetic
testing, and has significant implications for screening rec-
ommendations. Indeed, identification of true negatives is
considered to be one of the major benefits of BRCAI and
BRCA2 testing, providing reassurance and the avoidance of
unnecessary and costly screening and prevention strategies.
However, if risk were to be elevated to the degree seen in
previous studies of true negatives (relative risks of 2-5),
screening recommendations may need to be altered, par-
ticularly outside of the United States where routine mam-
mography often does not begin until after age 40. Our study
provides data to support the current recommendations that
true negatives adhere to population guidelines for breast
cancer screening and does not support early or more
intensive screening.

Our study differs from the previous studies in several
ways. Smith et al. originally reported a retrospective series
of 277 families in which 28 phenocopies were identified
[10]. Phenocopies were defined in this situation as women
who have breast cancer, but do not have the known familial
mutation; they have the phenotype (breast cancer), but not
the genotype (BRCAI or BRCA2 mutation). BRCAI or
BRCA2 testing after the identification of a BRCAI or
BRCA2 mutation in the family found that 24% of women
with breast cancer were phenocopies. The SIR for breast
cancer for true negatives was calculated to be 5.3, with five
breast cancers expected and 28 observed. After excluding
families in which another source of familial risk could be
identified (for example a paternal family history of breast
cancer, in a family with a known maternal BRCAI or
BRCA?2 mutation), the SIR was 3.2. Twenty-five of the 28
phenocopies already had breast cancer at the time of
genetic testing. This approach introduces significant
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ascertainment bias, as families are more likely to come in
for genetic testing and counseling when multiple family
members are affected with cancer. In order to account for
this, further analysis was done by Smith et al. examining
women unaffected at the time of their negative test result.
Three breast cancers were observed in 153 women in 818
person-years of follow up, whereas 1.4 were expected (SIR
2.1, CI 0.4-6.2). These data have been provocative, but
given the small sample size, not definitive.

A second study by Gronwald et al. [11, 13] found one
breast cancer in 74 non-carrier sisters of BRCAI and
BRCA2 mutation carriers. Of the 17 affected sisters of
known mutation carriers, only one was a phenocopy (i.e.,
she tested negative for the known family mutation). After
assuming similar rates in untested affected and unaffected
sisters of mutation carriers, the authors estimated an SIR of
2.1 (95% CI 0.4-6.2) for true negatives in this study.

Rowan et al. [12] prospectively examined 101 women
who had tested negative for known familial BRCAI and
BRCA2 mutation. Of these, three developed invasive breast
cancer in follow up, with a SIR of 2.9 (95% CI 1.0-8.6).
One of these three women was considered to be at mod-
estly increased risk for breast cancer, despite her negative
testing result, as her mother (also negative for the known
family mutation) had bilateral breast cancer at ages 48 and
59. The other two were determined to be at average risk.

The elevated risk of breast cancer seen in true negatives
seen in studies done to date is therefore based on fewer
than 10 prospectively identified cases. A modeling study by
Golgar et al. suggested that while ascertainment bias exists
in such studies, an increased risk of breast cancer with a
RR of 2, was possible. [14] While we cannot exclude an
elevated risk of this magnitude, our results indicate that a
greater risk is extremely unlikely.

Why might women who test negative for familial
mutation in BRCAI or BRCA2 be at increased risk? There
are increasing data that suggest risk modifiers exist that
affect the penetrance of BRCAI and BRCA2 mutations. The
penetrance estimates for BRCAI and BRCA2 vary sub-
stantially across studies. For example, initial studies using
highly affected families necessary to perform linkage
analysis estimated that breast cancer risk in BRCAI
mutation carriers was as high as 85%. In contrast, popu-
lation-based studies have demonstrated lifetime risk esti-
mates of breast cancer in BRCAI carriers as low as 36%
[15]. Although some factors that impact penetrance are
well established (such as mastectomy and oophorectomy)
many are less well understood. Genotype—phenotype cor-
relations may exist. For example, the ovarian cancer cluster
region in BRCA?2 is associated with a relatively higher risk
of ovarian cancer than mutations elsewhere in the gene
[16]. Allele-specific variation in penetrance likely explains
only a small portion of the variability seen. Modifier genes
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(genes inherited along with BRCAI and BRCA?2 and affect
their penetrance) are of substantial interest. Genome wide
association and other studies have now identified several
single nucleotide polymorphisms which modestly elevate
risk in the general population; several of these also appear
to modify breast cancer risk in BRCA2 mutation carriers
[13, 17, 18]. Given the small effects of these individual
SNPs, these data are not yet clinically useful. However, due
to independent assortment, it is possible that such modifier
genes could be inherited by a family member who did not
inherit the BRCAI or BRCA2 mutation. While these indi-
viduals would not have the dramatically elevated risk
known to be associated with a BRCAI or BRCA2 mutation,
they might still have a modestly associated risk resulting
from the independent effect of the modifiers.

The present study describes the largest cohort assembled
to address the issue of breast and ovarian cancer risk in true
negatives, and was conducted entirely prospectively. We
excluded individuals who were affected at the time of
testing, avoiding the possible ascertainment bias inherent in
studies that included such individuals. Unlike other studies,
we found no suggestion of an increased risk among true
negatives. Although this is the largest prospective study
done to date, the number of events remains small and the
follow up relatively short. Based on the CI, the relative risk
of breast cancer in the true negatives could be as high as
two. This is the same risk as having one-first degree rela-
tive with postmenopausal breast cancer, a situation that
does not currently lead to a recommendation for increased
surveillance.

A limitation to our study is that we included follow-up
information provided by first and second-degree relatives.
Although there are data reporting of breast cancer cases
accurate in first and second-degree relatives [19], it is
possible that cases of breast cancer were not reported.
Although this is a formal possibility, it seems unlikely
given that communication in these families was adequate to
disseminate genetic test results so that the unaffected
women could be tested. In such families, communication of
cancer diagnoses is also likely to be effective.

Importantly, not all true negatives for a known mutation
in a family will be at population risk for breast cancer.
Each individual coming in for genetic testing should have a
careful analysis of additional family history (with a careful
analysis of the lineage without a known mutation, as well
as any breast cancers not explained by the familial muta-
tion), histological risk factors (such as lobular carcinoma in
situ or atypical ductal hyperplasia), and reproductive risk
factors (age at first live birth, age at menarche, use of
postmenopausal hormone replacement therapy). For
example, women who have not inherited their mother’s
BRCAI mutation are still at increased risk of breast cancer
if two of their paternal aunts had premenopausal breast

cancer and were either untested or were tested and negative
for detectable BRCAI/2 mutations. Other risk factors for
breast cancer in true negatives must be recognized and
incorporated into the individual’s risk assessment. Models
such as the Breast Cancer Risk Assessment Tool (modified
Gail model), Claus and Tyrer-Cuzik can be useful to assess
risk in these situations [20].

Individuals from families with multiple cases of breast
cancer are more likely to come for genetic testing than
individuals with fewer cases. As recognized by genetic
professionals and well described by Smith et al. [10],
phenocopies do exist, particularly when there are a large
number of affected individuals in a family, as there is a
reasonable risk of breast cancer in the general population.
For this reason, it is preferable to begin testing in a family
in the individual with the highest prior probability of a
BRCAI or BRCA2 mutation. For example, women with
ovarian cancer or very early onset breast cancer, will have
a much higher chance of having a BRCA1/2 mutation than
their relative with DCIS at 65 (which is much more likely
to be sporadic).

The clinical question that faces us is the following, do
we have sufficient data to recommend anything other than
routine screening in women who are true negatives? At this
time the available data, including this entirely prospective
study, do not support additional measures, although con-
tinued prospective follow up is necessary.
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