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BACKGROUND: The addition of breast magnetic resonance imaging (MRI) to screening mammography for women with BRCA mutations
significantly increases sensitivity, but there is little data on clinical outcomes. We report screening performance, cancer stage, distant
recurrence rate, and breast cancer-specific mortality in our screening study.
METHODS: From 1997 to 2009, 496 women aged 25 to 65 years with a known BRCA1/2 mutation, of whom 380 had no previous
cancer history, were enrolled in a prospective screening trial that included annual MRI and mammography.
RESULTS: In 1847 screening rounds, 57 cancers were identified (53 screen-detected, 1 interval, and 3 incidental at prophylactic
mastectomy), of which 37 (65%) were invasive. Sensitivity of MRI vs mammography was 86% vs 19% over the entire study period
(Po0.0001), but was 74% vs 35% from 1997 to 2002 (P¼ 0.02) and 94% vs 9% from 2003 to 2009 (Po0.0001), respectively. The
relative sensitivities of MRI and mammography did not differ by mutation, age, or invasive vs non-invasive disease. Of the incident
cancers, 97% were Stage 0 or 1. Of 28 previously unaffected women diagnosed with invasive cancer, 1 BRCA1 mutation carrier died
following relapse of a 3 cm, node-positive breast cancer diagnosed on her first screen at age 48 (annual breast cancer mortality
rate¼ 0.5%). Three patients died of other causes. None of the 24 survivors has had a distant recurrence at a median follow-up of 8.4
years since diagnosis.
CONCLUSION: Magnetic resonance imaging surveillance of women with BRCA1/2 mutations will detect the majority of breast cancers at
a very early stage. The absence of distant recurrences of incident cancers to date is encouraging. However, longer follow-up is
needed to confirm the safety of breast surveillance.
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In women with a BRCA1 or BRCA2 gene mutation, the risk of
breast cancer is low until the age of 25, but by age 70, the
cumulative risk reaches 57–65% for BRCA1 and 45–49% for
BRCA2 mutations (Antoniou et al, 2003; Chen and Parmigiani,
2007). Options for managing this risk include bilateral prophylac-
tic mastectomy (Hartmann et al, 1999) or surveillance. Over the
past decade, several studies have demonstrated that annual
magnetic resonance imaging (MRI) is a significantly more
sensitive screening modality than annual mammography (Kriege
et al, 2004; Warner et al, 2004; Kuhl et al, 2005; Lehman et al, 2005;
MARIBS study group, 2005; Hagen et al, 2007; Lehman et al, 2007;

Warner et al, 2008; Rijnsburger et al, 2010; Sardanelli et al, 2011).
However, if MRI screening is to be a reasonable alternative to
prophylactic mastectomy, it is necessary that breast cancer
mortality in women who undergo annual screening be similar to
that of women who choose prophylactic surgery. To date, no
randomised study has compared the mortality of women under-
going MRI with women undergoing mammography (or who
undergo prophylactic mastectomy). As such a study will likely
never be done in women with BRCA mutations, indirect evidence
is necessary to support a recommendation for long-term screening.
Convincing evidence would include: a very low interval cancer
rate, a very low incidence of invasive tumours greater than stage I,
and a very low rate of distant recurrence.
It is unclear to what extent the sensitivity of MRI compared with

mammography varies by age or mutation type. It has been
suggested that MRI may not be necessary in women over age 50
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(National Institute for Health and Clinical Excellence (NICE),
2006) or that annual screening may not be frequent enough in
young women with BRCA1 mutations (Tilanus-Linthorst et al,
2007; Shah et al, 2009; Rijnsburger et al, 2010).
Between 1997 and 2009, we screened 496 women with BRCA1 or

BRCA2 mutations using annual MRI and mammography. We
report the sensitivities of MRI and mammography by age and
mutation type, as well as clinical outcomes, including cancer stage,
systemic therapy, distant recurrence, and survival.

PATIENTS AND METHODS

Detailed results of the study population and protocol have been
published previously (Warner et al, 2004) and are summarised
below.

Study population

Between 1 November 1997 and 30 June 2009, women aged 25 to 65
with a known BRCA1 or BRCA2 mutation, and at least one breast
in which cancer had never been diagnosed, were enrolled
consecutively in a prospective breast cancer screening trial at a
single tertiary centre. Ethics approval was obtained by the
institutional review board and all participants provided informed
consent. Women who were pregnant or lactating were asked to
defer participation until they were 4–6 months past weaning (or
4–6 months post-partum if not breastfeeding). Similarly, women
on study who became pregnant discontinued screening until 4–6
months after delivery or weaning. Women were advised to stop
breastfeeding after 6 months post-partum or 18 months from their
last screening, whichever was earlier. Before 2004, women with a
prior history of breast or ovarian cancer were eligible for annual
screening for 3 years, and all others for 5 years, after which
screening was continued off study by the referring physician. From
2004 onwards, only unaffected women were eligible and were
offered annual screening until the study ended in June 2009. These
women were then referred to a centre that provided clinical MRI
screening to continue screening off study. Women diagnosed with
breast cancer on study continued screening on study unless they
underwent bilateral prophylactic mastectomy.

Screening protocol

Eligible women were screened annually with conventional four-
view film screen mammography, dynamic gadolinium contrast-
enhanced MRI, and ultrasound, and screened semi-annually with
clinical breast examination. All imaging modalities were per-
formed on the same day. Screening was performed during the
second week of the menstrual cycle in premenopausal women to
minimise the occurrence of breast densities or physiological
enhancement related to cyclical hormonal variation. Enhanced
MRI techniques were continually incorporated throughout the
study. Digital mammography was introduced in January 2008.
Ultrasound screening was discontinued in May 2005, because of
inadequate sensitivity and specificity. All imaging studies were
read independently by a radiologist specialised in breast imaging,
and classified using the American College of Radiology Breast
Imaging Reporting and Data System (BI-RADS) as follows:
0–further information or workup required; 1–negative; 2–benign
finding; 3–probable benign finding (short follow-up interval
required); 4–suspicious abnormality; 5–highly suggestive of
malignancy (Kopans et al, 1993).

Biopsies

A biopsy was performed if at least one imaging modality was
scored as BI-RADS 4 or 5. If the MRI screening test was abnormal

(BI-RADS score 3–5), but no other modality was abnormal, then a
diagnostic MRI procedure was performed approximately 4 weeks
later. Cases that were suspicious for malignancy on diagnostic MRI
examination (BI-RADS score 4 or 5) proceeded to biopsy.
BI-RADS 3 lesions were not routinely biopsied, but were followed
up with MRI 6 months, 1 year, and 2 years after the initial imaging
study. Whenever possible, core and excisional biopsies were
performed under ultrasound or stereotactic guidance. For MRI-
only visualised BI-RADS 4 and 5 lesions, excisional biopsy was
initially performed using an MRI-guided wire localisation techni-
que. From January 2003 onwards, whenever technically feasible,
percutaneous MRI-guided biopsies using 14-Gauge and 9-Gauge
vacuum-assisted devices were performed (Daniel et al, 2001).
Careful pathological review was performed by a pathologist with
special expertise in breast cancer.

Data collection and analysis

Baseline demographic data were collected using a self-adminis-
tered questionnaire at the time of study enrolment. Details of
cancers detected on study were collected from electronic medical
records and hospital charts. Treatment of women diagnosed with
breast cancer was at the discretion of the treating physician.
Follow-up data were obtained from a self-administered ques-
tionnaire mailed annually to all women who had undergone at least
one round of MRI screening on study, whether or not they were
continuing to be screened on the study. The questionnaire
recorded new diagnoses of breast cancer and recurrences, as well
as prophylactic mastectomies. The follow-up data reported here is
accurate as of 1 March 2012. Women for whom the date of last
follow-up was before 1 January 2010 were considered lost to
follow-up. Women were taken off study for protocol violation if
there was a 24-month or greater interval between any two rounds
of screening.
Cancers diagnosed more than 1 year after the last study MRI

screen were not included in the analysis. Multicentric tumours in
one breast were considered a single cancer and the size of the
largest invasive component was reported. The sensitivity of a given
modality was defined as the number of (biopsy-proven) cancers
detected by that modality (based on BI-RADS score 0, 3–5) divided
by the total number of cases detected by all modalities, plus
interval cases, and incidental cancers found at the time of
prophylactic mastectomy in the 1-year period following the last
screen. Sensitivity results of the initial study phase from 1997–2002
(Warner et al, 2004) were compared with the final phase to assess
changes over time. The specificity of a given modality was defined
as the number of true-negative screens divided by the sum of true-
negative and false-positive screens (i.e., screens scored BI-RADS 0,
3–5 leading to either a benign biopsy or close imaging follow-up
with no progression for at least 2 years). Cancers were divided into
ductal carcinoma in situ without micro-invasion, ductal carcinoma
in situ with micro-invasion (defined as invasive tumour measuring
p1mm in greatest dimension), and invasive cancer. Ductal
carcinoma in situ with and without micro-invasive disease were
combined into a single category (DCIS). Fisher’s exact tests and t-
tests were used for categorical and continuous variables,
respectively, with a two-sided P-value of less than 0.05 considered
to be statistically significant.

RESULTS

A total of 496 women (267 BRCA1 and 229 BRCA2 mutation
carriers) completed from 1 to 9 rounds of screening (median 3),
for a total of 1847 rounds (Table 1). The median age at first screen
was 44 years (range 25 to 66 years). A total of 90 women had a past
history of breast cancer and 29 women had a past history of
ovarian cancer. The median time from study entry to last follow-up
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for the cohort of 496 women was 7.6 years, with 35 women (7%)
lost to follow-up. None of the participants who were diagnosed
with breast cancer were lost to follow-up.
Overall, 57 breast cancers (53 screen-detected, 1 interval, and 3

detected incidentally at the time of prophylactic mastectomy) were
diagnosed in 54 women whose median age was 48 years (range 32
to 68 years). Of these 54 women, 11 had a prior diagnosis of breast
cancer and 2 women had a prior diagnosis of ovarian cancer. A
single interval cancer was detected in a 40-year-old BRCA1
mutation carrier 8 months after her last negative screen, yielding
an interval cancer rate of 2% overall and 3% for the BRCA1 cohort.
The cancer was a palpable, 1.7 cm ‘triple-negative’, grade 3, node-
negative invasive ductal carcinoma. Two of the cancers detected at
prophylactic mastectomy were DCIS, found 1 and 2 months after

the last MRI. In one case, MRI had detected a 0.9-cm area of
clumped enhancement that was stable over 1 year (BI-RADS score
3), which was biopsied and found to be benign. The contralateral
breast had a similar appearance on MRI, but was much larger in
size, and was biopsy-proven DCIS for which the participant elected
to undergo bilateral mastectomy, at which time a 1-cm focus of
DCIS was found in the breast with a prior benign biopsy. In the
second case, a 0.2-cm focus of DCIS found on prophylactic
mastectomy was missed on preceding MRI (scored BI-RADS 2).
Neither case was seen retrospectively on mammography. The third
case was a 0.6-cm invasive, node-negative ductal cancer diagnosed
in a 36-year-old BRCA1 mutation carrier 6 months after her last
screen. The tumour could not be visualised retrospectively on
either MRI or mammography.
The 53 screen-detected breast cancers were detected in 1847

screening rounds (detection rate 2.9%). The detection rate was 0%
for women aged 25–29 (0 of 59 screens), 2.4% for women aged
30–49 (28 of 1188 screens), 3.8% for women aged 50–59 (18 of 479
screens), and 5.8% for women aged 60 or more (7 of 121 screens).

Screening performance

Of the 57 diagnosed cancers, 49 (86%) were detected by MRI and
11 (19%) were detected by mammography (Po0.0001). Only two
cancers were detected by mammography and not by MRI. Both of
these were diagnosed before 2001, and both were DCIS (one with
micro-invasion). Two cases were detected by ultrasound only,
before 2003. Of the 37 invasive cancers, 89% were detected by MRI
and 22% were detected by mammography (Po0.0001). For the 20
cases of DCIS (4 with micro-invasion), sensitivities of MRI and
mammography were 80% and 15%, respectively (Po0.0001). The
observed sensitivities for mammography and MRI are presented in
Table 2, according to time period, mutation type, age at diagnosis,
and invasive status. The sensitivity of MRI improved over time
(74% vs 94%, P¼ 0.05), whereas the sensitivity of mammography
declined (35% vs 9%, P¼ 0.02). Higher sensitivity of mammo-
graphy was seen with increasing tumour size but not with older
patient age. The sensitivity of mammography was low for both

Table 1 Baseline demographics by entire cohort (n¼ 496) and mutation
status

No. of participants

Characteristic
BRCA1
(n¼ 267)

BRCA2
(n¼ 229)

Total
(%)

Age at first study screen, years
o30 13 13 26 (5)
30–39 93 60 153 (31)
40–49 89 94 183 (37)
50–59 62 50 112 (23)
X60 10 12 22 (4)

Prior breast or ovarian
cancer

66 53 116 (23)

Rounds of screening
Median (range) 4 (1–9) 3 (1–9) 3 (1–9)
One 43 46 89 (16)
Two 35 30 65 (13)
Three or more 189 153 342 (70)

Table 2 Sensitivities of MRI and mammography

All cancersa (%) Invasive cancersb (%)

Characteristic MRI Mammography P-values MRI Mammography P-values

All participants 49/57 (86) 11/57 (19) o0.0001 33/37 (89) 8/37 (22) o0.0001
BRCA1 28/31 (90) 6/31 (19) o0.0001 21/23 (91) 6/23 (26) o0.0001
BRCA2 20/25 (80) 5/25 (20) o0.0001 12/14 (86) 2/14 (14) 0.0004

Time period
1997–2002 17/23 (74) 8/23 (35) 0.02 13/16 (81) 5/16 (31) 0.011
2003–2009 32/34 (94) 3/34 (9) o0.0001 20/21 (95) 3/21 (14) o0.0001

Age at diagnosis
o40 9/12 (75) 3/12 (25) 0.04 5/6 (83) 2/6 (33) 0.2
40–49 17/20 (85) 4/20 (20) o0.0001 12/14 (86) 3/14 (21) 0.002
X50 23/25 (92) 4/25 (16) o0.0001 16/17 (94) 3/17 (18) o0.0001

Screening round
Round 1 20/23 (87) 5/23 (22) o0.0001 14/15 (93) 3/15 (20) o0.0001
Rounds 2–9 29/34 (85) 6/34 (18) o0.0001 19/22 (86) 5/22 (23) o0.0001

Tumour size
40.1–0.5 8/8 (100) 0/8 (0) 0.0002
40.5–1.0 16/18 (89) 4/18 (22) 0.0001
41.0–2.0 8/10 (80) 4/10 (40) 0.17
42.0 1/1 (100) 0/1 (0) 1.0

Abbreviation: MRI¼magnetic resonance imaging. aIncludes three cancers detected incidentally at risk-reducing mastectomy. bIncludes one cancer detected incidentally at
risk-reducing mastectomy.
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BRCA1 (21%) and BRCA2 (20%) mutation carriers, whereas the
sensitivity of MRI was high for both subgroups.
Table 3 compares the screen-detected cancers according to the

modality with which they were detected. The average size of MRI-
detected lesions was 1.16 cm (range 0.5–2 cm) in the period from
1997–2002 and 0.77 cm (range 0.03–3 cm) in the period from
2003–2009 (P¼ 0.07). The average size of mammographically
detected lesions was 1.3 cm (range 1–2 cm) in the period from
1997–2002 and 0.9 cm (range 0.7–1.2 cm) in the period from
2003–2009 (P¼ 0.25).
The specificity of MRI was 90% overall (82% for the first screen

and 93% for subsequent screens), and the specificity of
mammography was 97% overall (96% for the first screen and
97% for subsequent screens).

Tumour characteristics

Of 57 cancers diagnosed, 31 occurred in BRCA1 mutation carriers
and 26 in BRCA2 carriers. Of these, 8 (26%) were DCIS in BRCA1
mutation carriers (3 with micro-invasion) compared with 12 (46%)
in BRCA2 mutation carriers (1 with micro-invasion). The mean
size of invasive cancers was 1.02 cm (range, 0.3–3 cm). Table 4
compares the invasive cancers by mutation status. Cancers in
BRCA1 mutation carriers were significantly more likely to be
hormone-receptor negative and to have been treated with
chemotherapy. They also tended to be larger and high-grade. A
greater proportion of DCIS cases in BRCA1mutation carriers had a
micro-invasive component compared with BRCA2 mutation
carriers (38% vs 8%, P¼ 0.26).
Of the 34 incident cancers, all but one (97%) was Stage 0 or 1.

The mean size of invasive cancers diagnosed on the initial screen
(prevalent cancers) and cancers diagnosed on subsequent screens
(incident cancers) was 1.15 (range 0.3–3 cm) and 0.93 cm (range
0.4–2 cm), respectively (P¼ 0.28). Three out of four node-positive
cancers were prevalent. Of the invasive cancers, those diagnosed

on the first screen were more likely to be treated with
chemotherapy (9 of 15, 60%), compared with incident cancers (8
of 22, 36%); however, the difference was non-significant (P¼ 0.19).

Disease status and survival

Table 5 summarises the demographic, tumour, treatment, and
follow-up details of all 41 previously unaffected carriers who were
diagnosed with a total of 43 cancers on study. At last follow-up, 10
of 37 living participants had not undergone risk-reducing
mastectomy. There were no cases of contralateral cancer diagnosed
during the follow-up period. Two women with intermediate-grade
DCIS, who had undergone breast-conserving therapy, developed
ipsilateral, intermediate-grade, node-negative invasive cancers 3
and 6 years later, for which both women underwent bilateral
mastectomies and did not require chemotherapy. Both cancers
were mammographically occult and detected on MRI, remote from
the initial sites of cancer, and thus favoured to represent second
primary tumours. Another woman had ipsilateral recurrence of
DCIS with micro-invasion 2 years later, for which she underwent
bilateral mastectomies.
Excluding the micro-invasive cancers, there were 28 invasive

breast cancers diagnosed in women with no previous history of
breast or ovarian cancer at enrolment. One of these women, a
BRCA1 mutation carrier, died of breast cancer 5 years after her
initial diagnosis. This cancer was diagnosed on her first screen at
age 48 and was 3 cm in size, with one of 13 lymph nodes involved.
This single distant relapse and death among 28 previously
unaffected mutation carriers diagnosed with invasive cancers
represents an overall distant recurrence rate of 3.6% and annual
breast cancer-specific mortality rate of 0.5%. Three women died of
other causes (suicide, primary peritoneal cancer, and ovarian
cancer at 1, 3, and 4 years following breast cancer diagnosis). None
of the 24 surviving patients has had a distant recurrence at a
median follow-up of 8.4 years since diagnosis.

DISCUSSION

In this study of 496 women with BRCA1 or BRCA2 mutations
screened with annual MRI plus mammography, 54 developed
breast cancer. We observed a very low proportion of interval

Table 3 Comparison of screen-detected cancers by modality of
detection (n¼ 51)a

No. of cancers detected

Characteristic
MRI and

mammography
MRI
only

Mammography
only

Total no. of cancers
detected (%)

9 (18) 40 (78) 2 (4)

Detected on first screen 4 16 1

Mean age at diagnosis,
years (range)

46 (34–54) 49
(32–68)

45 (39–51)

Tumour size (cm)
DCIS 1 12 1
p0.1 (micro-invasive) 0 3 1
0.1–0.5 0 8 0
40.5–1.0 4 12 0
41.0–2.0 4 4 0
42.0 0 1 0

Node-positive 0 3 0

Grade of invasive cancers
1 0 3 0
2 3 14 0
3 5 9 0

Abbreviations: DCIS¼ ductal carcinoma in situ; MRI¼magnetic resonance imaging.
aTotal of 51 cancers, excluding 2 detected only by ultrasound (including a 1.9 cm
invasive lobular cancer with 1 out of 17 lymph nodes positive), 1 interval cancer, and
3 incidental cancers.

Table 4 Comparison of invasive cancers in BRCA1 and BRCA2 mutation
carriers

No. of cancers (%)

Characteristic BRCA1 (n¼ 23) BRCA2 (n¼ 14) P-values

Mean size, cm (range) 1.1 (0.3–3) 0.89 (0.4–2) 0.29

Nodal status 1
Negative 20 (87) 13 (93)
Positive 3 (13) 1 (7)

ER-positive 8 (35) 12 (86) 0.006
PR-positive 5 (22) 10 (71) 0.005
HER2-positive 1 (4) 1 (7) 1

Grade 0.12
1 1 (4) 2 (14)
2 10 (43) 9 (64)
3 12 (52) 3 (21)

Chemotherapy given 0.04
Yes 14 (61) 3 (21)
No 9 (39) 11 (79)

Abbreviations: ER = estrogen receptor; PR = progesterone receptor.
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cancers (2%), a very high proportion of early stage incident
cancers (97%), and a distant recurrence rate of 3.6% after a median
follow-up of over 8 years. On the basis of these results, we
recommend annual screening with MRI for women with a BRCA1
or BRCA2 mutation who have not undergone prophylactic
mastectomy.
In a Dutch trial of MRI screening for high-risk women,

conducted from 1999 to 2006, 47 cancers were found among 594
previously unaffected BRCA mutation carriers (Rijnsburger et al,
2010). They reported sensitivities of 71% and 41% for MRI and
mammography, respectively. In their sensitivity analysis, interval
cancers diagnosed within the 1-year period following the last

screen were included, but incidental cancers identified at
prophylactic mastectomy were excluded. For the period from
2003 to 2009, our sensitivity estimate was 94% for MRI, compared
with 9% for mammography (if we were to exclude the incidental
cancers found at prophylactic mastectomy, then MRI sensitivity
would be 100% for this time period). The reason for the
discrepancy between the two studies is unclear. Technological
innovation, operator and/or radiologist expertise, and patient age
may have impacted on MRI sensitivity. Despite a median age at
cancer diagnosis of 45 years (range 27 to 68 years) in the Dutch
study that was similar to our cohort of unaffected carriers (median
46 years, range 32 to 68 years), 3 BRCA1 mutation carriers under
the age of 30 were diagnosed with cancer in the Dutch trial, whereas
no cancers were diagnosed in this age group in our study. As
tumour growth is more rapid in younger BRCA1 mutation carriers
(Tilanus-Linthorst et al, 2007), this may have contributed to their
higher interval cancer rate. The UK MARIBS study was another
large multicentre MRI screening study of 649 high-risk women,
including 120 BRCA mutation carriers (MARIBS study group,
2005). Median enrolment age was 40 years (range 31 to 55 years),
and reported overall sensitivities for MRI and mammography were
77% and 40%, respectively, with an interval cancer rate of 6%.
Recurrence and survival data have not yet been reported.
We noted improvement in the sensitivity of MRI over the course

of our study. A decline in the sensitivity of mammography is to be
expected as the sensitivity of MRI improves, because very small
MRI-detected cancers are difficult to detect with mammography.
Indeed, the average size of MRI-detected lesions was greater in the
period from 1997 to 2002, compared with those detected from 2003
to 2009 (1.16 vs 0.77 cm). In a recent paper from the UK, the
sensitivity of mammography was reported to be 77% for screening
high-risk women (FH01 Collaborative Teams, 2010), far better
than the sensitivity of 9% reported here. The enormous difference
is a consequence of different protocols; in the UK study, subjects
received mammography only, while in our study, subjects also
underwent MRI screening (i.e., sensitivity is not a fixed quantity,
but is context-dependent). In the absence of an MRI facility, we
support the use of mammography as a screening tool. However,
our current data does not support the use of film mammography
in addition to MRI screening. Digital mammography was
introduced towards the end of the study (January 2008), and it is
too early to say what the impact on sensitivity would be.
We found MRI to be equally effective in the screening of women

with BRCA1 and BRCA2 mutations. In the Dutch study, MRI was
more sensitive than mammography for detecting tumours in
BRCA1 mutation carriers, but not in BRCA2 carriers. Contributing
factors could be differences in the mammographic appearance of
cancers in the two subgroups, a higher growth rate in BRCA1-
associated cancers, or a higher proportion of non-invasive cancers
among BRCA2 carriers (Kuhl et al, 2007; Gilbert et al, 2009). In our
study, 26% of all cancers in BRCA1 carriers and 46% of cancers in
BRCA2 carriers were DCIS. In BRCA1 carriers, 38% of DCIS cases
had evidence of micro-invasion, compared with 8% of DCIS cases
in BRCA2 carriers, suggesting that tumours in BRCA1 carriers may
become invasive earlier than those in BRCA2 carriers. Some
studies suggest that BRCA1-associated cancers grow faster than
BRCA2-related breast cancers, and the authors have suggested that
the screening interval may need to be shorter for BRCA1 carriers
than for BRCA2 carriers (Tilanus-Linthorst et al, 2007; Shah et al,
2009). In the Dutch cohort, 32% of the cancers in BRCA1 carriers
and 6% of the cancers in BRCA2 carriers presented as interval
cancers. In our study, only one interval cancer was detected in a
BRCA1 carrier, yielding a 3% interval cancer rate in the BRCA1
group. As noted above, the difference in interval cancer rate
between the two studies may be partly related to the younger age of
cancer detection in the Dutch BRCA1 cohort (3 under 30 years of
age). On the basis of a low interval cancer rate, our study does not
support shortening the screening interval for either subgroup.

Table 5 Detailed overview of previously unaffected carriers diagnosed
with cancer

Characteristic
No. of participants

(%)

Patient characteristics (n¼ 41)
Mutation-type
BRCA1 21 (51)
BRCA2 20 (49)

Median age at first study screen, years (range) 47 (28–65)
Menopausal status
Pre- 19 (46)
Peri- 2 (5)
Post- 20 (49)

Ashkenazi Jewish ethnicitya 9 (22)
Tamoxifen useb (ever) 1 (2)
Prior oophorectomy (bilateral) 18 (44)
Median age at diagnosis (range) 46 (32–68)

Tumour characteristics (n¼ 43)c

Diagnosed on first screening round 15 (35)
Screen-detected cancers 40 (93)
Interval cancers 1 (2)
Incidental cancers found at prophylactic
mastectomy

2 (5)

Tumour size (cm)
DCIS 12 (28)
p0.1 (micro-invasive) 3 (7)
0.1–0.5 7 (16)
40.5–1.0 12 (28)
41.0–2.0 8 (19)
42.0 1 (2)

Node-positive 4 (9)
Grade of invasive cancers
1 3 (11)
2 16 (57)
3 9 (32)

Hormone receptor-positive 19 (63)

Treatment and follow-up (n¼ 41)
Adjuvant chemotherapy givend 13 (32)
Median years since diagnosis, overall (range)e 8.1 (2.2–13)
Prevalent cancers 8.7 (3–13)
Incident cancers 6.6 (2.2–12)

Local recurrence/new primaryf 3 (18)
Metachronous contralateral cancer 0
Distant recurrence 1 (2)
Survival status
Death, breast cancer 1 (2)
Death, other causeg 3 (7)
Alive, cancer-free 37 (90)

Abbreviations: DCIS, ductal carcinoma in situ; MRI¼magnetic resonance imaging.
aEthnicity was indicated by each participant on the intake questionnaire and refers to
either parental background. bTamoxifen use for chemoprophylaxis only. cTotal of 43
cancers (2 participants with synchronous bilateral disease). dNo neoadjuvant
chemotherapy was given. Two invasive tumours were HER2neu-positive. eFour
women who died are excluded. fA total of 17 women initally chose breast-conserving
therapy. On follow-up, seven eventually went on to have bilateral mastectomy.
gOther deaths due to suicide, ovarian cancer, and primary peritoneal cancer.
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In our study, the sensitivity of MRI varied little with age.
Notably, the sensitivity of mammography was poor in women over
the age of 50 (16%), despite the anticipated decline in breast
density associated with increasing age. These results support the
recommendation that women with a BRCA mutation should
continue to receive annual MRI screening beyond age 50, in
contrast to screening guidelines in the UK (National Institute for
Health and Clinical Excellence (NICE), 2006). A prior detailed
analysis of mammographic sensitivity based on breast density in
BRCA mutation carriers revealed that, although there was a trend
towards greater mammographic sensitivity for invasive cancers
(not DCIS) in women with less dense breasts compared to women
with greater breast density (37–43% vs 8–12%; P¼ 0.1), the
sensitivity of mammography was still inadequate in the former
group (Bigenwald et al, 2008). This study is unable to address the
issue of whether the MRI screening interval can be increased in
older women (with recommended age-based intervals possibly
varying between BRCA1 and BRCA2 mutation carriers).
Our data do not provide evidence to base a recommendation for

when MRI screening should be stopped, but age and life
expectancy of the individual woman are factors to consider. Our
data support the recommendation that MRI screening be
performed routinely from age 30 onwards. No cancer was
identified in a woman below age 30. Furthermore, of the cancers
detected at the first round of screening, the youngest age of
diagnosis of a large (42 cm) or node-positive cancer was 48 years.
This observation suggests that if screening were initiated at age 30
and done annually thereafter, most advanced or node-positive
cancers could be avoided. However, our study did not have
sufficient power to rule out a benefit for screening women aged
25–29 who have a family history of very early-onset breast cancer.
It is unclear how many of the 20 cases of DCIS diagnosed in this

study represent over-diagnosis, but at the very least, the four with
micro-invasion were likely of clinical significance. Longer follow-
up of larger numbers of BRCA mutation carriers undergoing MRI
screening matched to an appropriate control group would be
needed to determine the degree to which the increased detection of
DCIS lowers the subsequent incidence of invasive disease.
The Dutch MRI study is the only other high-risk MRI screening

trial to report on long-term outcomes in their screened women
(Rijnsburger et al, 2010). In their study, 4 of the 42 mutation
carriers diagnosed with an invasive cancer in the screening cohort
died of their disease and 1 more had developed metastatic disease.
They report an 84% distant disease-free survival rate at 6 years and
an annual mortality rate of 1.2%. In our study, with a follow-up
time of 8 years, only one distant recurrence and death occurred in
a woman who was diagnosed with cancer on her first screen at age

48. This is equivalent to an annual mortality rate for invasive
cancers of 0.5%. This estimate may be conservative, as we excluded
micro-invasive disease from the survival analysis. Our results are
very encouraging, particularly in view of the predilection of ‘triple-
negative’ cancers, which constituted 43% of the cancers in our
study, to relapse early (Dent et al, 2009). However, for both
studies, the sample size is not very large and the follow-up period
still relatively short. Moreover, it is not known whether the
Canadian or Dutch experience better represents the outcome of
screening high-risk women in a non-study setting in 2012. One
limitation of our study is that 7% of the screened cohort was lost to
follow-up. However, none of the 54 women diagnosed with cancer
on study were lost to follow-up, and thus, our reporting of relapse
and mortality for this group is accurate.
In conclusion, our study suggests that MRI surveillance of

women with BRCA mutations performed at an experienced centre,
beginning at age 30, detects the majority of breast cancers at an
early stage, yielding a low rate of distant relapse at 8.4 years follow-
up. These results are encouraging and suggest that MRI
surveillance may be a safe alternative to prophylactic mastectomy
for women with BRCA mutations who can tolerate the high risk of
a future breast cancer diagnosis, but longer-term follow-up data is
needed.
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