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Background: A sensitive and acceptable screening regimen for
women at high risk for breast cancer is essential. Contrast-
enhanced magnetic resonance imaging (MRI) of the breast is highly
sensitive for diagnosis of breast cancer but has variable specificity.

Purpose: To summarize the sensitivity, specificity, likelihood ratios,
and posttest probability associated with adding MRI to annual
mammography screening of women at very high risk for breast
cancer.

Data Sources: English-language literature search of the MEDLINE,
EMBASE, and Cochrane databases from January 1995 to Septem-
ber 2007, supplemented by hand searches of pertinent articles.

Study Selection: Prospective studies published after 1994 in which
MRI and mammography (with or without additional tests) were
used to screen women at very high risk for breast cancer.

Data Extraction: Methods and potential biases of studies were
assessed by 2 reviewers, and data were extracted and entered into
2 � 2 tables that compared American College of Radiology Breast
Imaging Reporting and Data System (BI-RADS) scores of MRI plus
mammography, mammography alone, or MRI alone with results of
breast tissue biopsies.

Data Synthesis: Eleven relevant, prospective, nonrandomized stud-
ies that ranged from small single-center studies with only 1 round

of patient screening to large multicenter studies with repeated
rounds of annual screening were identified. Characteristics of
women that varied across study samples included age range, his-
tory of breast cancer, and BRCA1 or BRCA2 mutation status.
Studies used dynamic contrast-enhanced MRI with axial or coronal
plane images (European studies) or sagittal images (North American
studies) that were usually interpreted without knowledge of mam-
mography results. The summary negative likelihood ratio and the
probability of a BI-RADS–suspicious lesion (given negative test find-
ings and assuming a 2% pretest probability of disease) were 0.70
(95% CI, 0.59 to 0.82) and 1.4% (CI, 1.2% to 1.6%) for mam-
mography alone and 0.14 (CI, 0.05 to 0.42) and 0.3% (CI, 0.1%
to 0.8%) for the combination of MRI plus mammography, using a
BI-RADS score of 4 or higher as the definition of positive.

Limitations: Differences in patient population, center experience,
and criteria for positive screening results led to between-study
heterogeneity. Data on patients with nonfamilial high risk were
limited, and no data were available on recurrence or survival.

Conclusion: Screening with both MRI and mammography might
rule out cancerous lesions better than mammography alone in
women who are known or likely to have an inherited predisposition
to breast cancer.
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Since the discovery in the mid-1990s that inherited auto-
somal-dominant mutations in the BRCA1 or BRCA2

genes increase the lifetime risk for breast cancer by up to
85%, with substantial risk beginning at age 30 years (1),
great attention has been focused on how to screen women
who are at very high risk. Although inheritance of a BRCA
mutation or another rare breast cancer predisposition gene
is the strongest known risk factor for breast cancer (1),
other women at high risk include untested first-degree rel-
atives of known mutation carriers, those who have multiple
relatives with early-onset breast or epithelial ovarian cancer,
those who received therapeutic chest irradiation before 30
years of age (2), those with lobular carcinoma in situ or
atypical ductal or lobular hyperplasia (3), and those with
very dense breasts (4–8).

The alternative to breast screening for women at very
high risk is bilateral prophylactic mastectomy, which re-
duces mortality by more than 90% (9). Therefore, a rec-
ommendation for screening is justified only if it will detect
most of the tumors before invasion (ductal carcinoma in
situ [DCIS]) or at a very early stage of invasion (node-
negative tumors �1 cm in diameter), when the recurrence
rate is less than 10% (10–12). However, in studies of
women with inherited BRCA mutations who had conven-
tional mammography-based screening (13–16), the inter-

val cancer rate was 35% to 50%, few in situ cases were
detected, 40% to 78% of the invasive tumors were larger
than 1 cm, and 20% to 56% of patients had lymph node
involvement. Because most women at high risk decline
prophylactic mastectomy, development of an effective and
acceptable screening regimen is essential.

Because mammography remains the only screening
test linked to reduced breast cancer mortality in any pop-
ulation, the approach has been to add 1 or more tests to
mammography for high-risk patients. The most promising
test to date is contrast-enhanced magnetic resonance imag-
ing (MRI) of the breast, which has greater than 94% sen-
sitivity in the diagnostic setting (17, 18). Unlike mammog-
raphy, MRI is unaffected by breast density and does not
use ionizing radiation. The use of breast MRI for screening
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the general population is not practical because of its high
cost, limited availability, and relatively low specificity and
the difficulty of sampling lesions visible only on MRI; lim-
iting its use to a very high-risk population is more appro-
priate.

We performed a systematic review of prospective stud-
ies in which women at very high risk for breast cancer were
screened with both MRI and mammography. We sought
to summarize the sensitivity, specificity, likelihood ratios,
and posttest probability associated with combining these 2
tests.

METHODS

Data Sources and Searches
We searched EMBASE, MEDLINE, and the Co-

chrane Central Register of Controlled Trials to September
2007 by using subject and text word search terms for mag-
netic resonance imaging or MRI, breast cancer, and the
concept of high risk. We excluded studies with the search
terms “health education,” “health promotion,” “retrospec-
tive studies,” “questionnaires,” or “health surveys” as sub-
ject terms or “case reports,” “letter,” “editorial,” “com-
ment,” or “news” as publication types. One investigator
with experience in literature searches and systematic review
conducted the search. Two reviewers selected and reviewed
relevant articles, and we searched the reference lists from all
sources for additional studies.

Study Selection
We included prospective studies that examined use of

MRI plus mammography, with or without ultrasonogra-
phy and clinical breast examination, to screen women at

very high risk for breast cancer. Studies had to report sen-
sitivity, specificity, positive or negative predictive value, tu-
mor stage, or survival and be published in a peer-reviewed
journal. No minimum length of study follow-up was re-
quired. Our target population consisted of women at high
risk for breast cancer, defined as having a known mutation
in BRCA1, BRCA2, or another gene associated with hered-
itary breast cancer; being an untested first-degree relative of
a person with such a gene mutation; or having a family
history consistent with a hereditary breast cancer syn-
drome, atypical or lobular carcinoma in situ on previous
biopsy, or radiation therapy to chest (before age 30 years
and at least 8 years previously). We included only English-
language studies because of lack of translation resources
and only studies published after 1994 to exclude outdated
technology.

Data Extraction and Analysis
Two reviewers independently abstracted all data. We

did not numerically score the validity or quality of studies;
however, we assessed the methodology and conduct of
studies and paid particular attention to issues that might
bias findings, such as double reading of images. We ex-
tracted data on patient population; additional screening
tests; MRI technique; reporting of blinding of image as-
sessment; compliance, drop-out rates and reasons, and
completeness of follow-up; total number of centers, pa-
tients, and screens; number of prevalent, incident, and in-
terval cases of cancer detected; number of in situ versus
invasive tumors detected, with size and nodal status of the
latter; and reported sensitivity and specificity. We also ex-
tracted raw data to tabulate the number of false-positive,
false-negative, true-positive, and true-negative screening re-
sults for mammography, MRI, and the combination of the
2 tests.

After study review, it became clear that conducting a
meta-analysis without regard for the American College of
Radiology Breast Imaging Reporting and Data System (BI-
RADS) score used in each study to classify a positive test
would be inappropriate and misleading. We therefore con-
ducted all of the analyses separately whenever possible, us-
ing BI-RADS scores of 0 (indeterminate), 3 (short fol-
low-up interval required), 4 (suspicious), and 5 (highly
suspicious and requiring biopsy) as the definition of posi-
tive and then using only BI-RADS scores of 4 or 5 as
positive, even if 1 of these criteria was not chosen a priori.

We used the methods described by Littenberg and Moses
(19), Moses and colleagues (20), and Devillé and colleagues
(21) to evaluate the heterogeneity among the included studies
and to generate and compare summary receiver-operating
characteristic (ROC) curves for the 2 tests separately and in
combination. We used Meta-DiSc software (Unit of Clinical
Biostatistics, Ramón y Cajal Hospital, Madrid, Spain; avail-
able at www.hrc.es/investigacion/metadisc_en.htm) for our
analysis. We estimated summary sensitivity by specificity, di-
agnostic odds ratio, positive likelihood ratio, and negative like-

Context

Some experts use mammography and magnetic resonance
imaging (MRI) to screen women with an inherited predis-
position to breast cancer.

Contribution

This review summarized data from 11 prospective studies
that screened women at very high risk for breast cancer
with mammography plus MRI. Assuming a 2% pretest
probability of disease, negative findings on mammography
and MRI reduced the probability of suspicious biopsy le-
sions to 0.3%, whereas a negative mammogram alone
reduced the probability of suspicious lesions to 1.4%.

Caution

Criteria for suspicious lesions varied across studies.

Implication

Screening women at very high risk for breast cancer with
both MRI and mammography might rule out cancerous
lesions better than mammography alone.

—The Editors
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lihood ratio from the data by using a random-effects model
and calculated the probabilities after both a positive and a
negative test result, assuming a 2% prevalence from the

pooled study results. We assessed the heterogeneity of these
measures by using both a chi-square test for heterogeneity and
the I2 value; we considered a P value less than 0.1 on the

Table 1. Prospective Studies of Screening Breast Magnetic Resonance Imaging and Mammography*

Study, Year (Reference) Previous Breast
Cancer Included?

Ages Allowed, y Risk Criteria in Addition
to Proven Mutation

Additional Tests† MRI Plane Image
Assessment‡

Kuhl et al., 2005 (22) Yes �30 (or 5 y before
youngest family
member);
median, 40

High familial risk
(�20% lifetime)

Ultrasonography,
semiannual CBE

Axial Blinded

Kriege et al., 2004 (23) No 25–70; mean, 40 High familial risk
(�15% lifetime)

Semiannual CBE Axial Blinded

Leach et al., 2005 (24) No 35–49; median, 40 High familial risk
(�0.9% annual)

None Coronal Blinded

Warner et al., 2001 (25) Yes 25–60; mean, 43 High familial risk
(�25% lifetime)

Ultrasonography,
semiannual CBE

Coronal Blinded

Warner et al., 2004 (26) Yes 25–65; mean, 47 None Ultrasonography,
semiannual CBE

Coronal (first 38
patients),
then sagittal

Blinded

Trecate et al., 2006 (27) Yes 23–81 High familial risk Ultrasonography, CBE Axial NR
Hartman et al.,

2004 (28)
Yes �25; median, 42.5 High familial risk

(�1% annual)
Ductal lavage,

semiannual CBE
Sagittal§ NR

Lehman et al., 2005 (29) Yes �25; mean, 45 High familial risk
(�25% lifetime)

CBE Sagittal Blinded

Lehman et al., 2007 (31) Yes �25; mean, 45 High familial risk
(�20% lifetime)

Ultrasonography, CBE Sagittal Blinded

Sardanelli et al.,
2007 (30)

Yes �25; mean, 46 High familial risk Ultrasonography, CBE Axial or coronal Blinded

Hagen et al., 2007 (32) Yes 19–79; mean, 41 None None Coronal (4
centers) or
axial (1
center)

Blinded

* CBE � clinical breast examination; MRI � magnetic resonance imaging; NR � not reported.
† Tests were performed at the same time as MRI and mammography unless otherwise specified.
‡ Images from the different tests were evaluated independently for blinded assessments.
§ Only study that imaged breasts sequentially.

Table 2. Cancer Detected in Studies of Screening Magnetic Resonance Imaging and Mammography*

Study, Year (Reference) Centers,
n

Patients,
n

Screening
Examinations, n

Cancer Characteristics

Total Mean per
Patient

Total
Cases,
n†

Cases of
Interval
Cancer, n

Patients with
In Situ
Disease, %

Tumor Size, %‡ Patients with
Node-Positive
Disease, %§<1

cm
1.1–2
cm

>2
cm

Kuhl et al., 2005 (22) 1 529 1452 2.7 43 3 23� 29 42 6� 16�

Kriege et al., 2004 (23) 6 1909 4169 2.2 45¶ 4 12 38 28 22 14
Leach et al., 2005 (24) 22 649 1881 2.9 35 2 17 37 26 11 17
Warner et al., 2001 (25) 1 196 196 1 7 NA 14 86 NR NR 0
Warner et al., 2004 (26) 1 236** 457 1.9 22 1 27 41 32 0 12
Trecate et al., 2006 (27) 1 116 116 1 12 NA 8 50 42†† NR
Hartman et al., 2004 (28) 1 41 41 1 1 NA 100 NR NR NR NR
Lehman et al., 2005 (29) 13 367 367 1 4 NA 25 33 67 0 0
Lehman et al., 2007 (31) 6 171 171 1 6 NA 0 67‡‡ 17 20
Sardanelli et al., 2007 (30) 17 278 377 1.4 18 0 22 44 22 11 21
Hagen et al., 2007 (32) 5 491 867 1.7 25 5 12 44 28 16 26

* NA � not applicable; NR � not reported.
† Some cases of cancer may have been detected by ultrasonography rather than by magnetic resonance imaging or mammography.
‡ Proportion of cases of invasive cancer detected, if this information was provided.
§ Proportion of cases of invasive cancer with positive nodes, of those for which nodal status was reported.
� Only reported for the 31 cases of cancer in unaffected women.
¶ Included in sensitivity and specificity analysis; 51 cases of cancer reported.
** Included in sensitivity and specificity analysis; 1542 total surveillance rounds reported.
†† �1 cm.
‡‡ �2 cm.
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chi-square test or an I2 value greater than 50% to be evidence
of statistical heterogeneity. We used an equally weighted least-
squares model to estimate the parameters of the summary
ROC curves. We judged whether any cut-off effect was
present on the basis of the slope parameter of the curve. To
allow inclusion of studies with zero patients in a cell of the
contingency table, we added 0.5 to those cells.

The diagnostic odds ratio, a measure of the overall
accuracy of a test, is the ratio of the odds of a positive result
among those with the disease to the odds of a positive
result among those without. The greater the diagnostic
odds ratio, the more discriminatory power the test has. A
cut-off effect occurs when different studies have different
implicit cut-off values for the test being evaluated. These
implicit differences can occur even when studies are re-
ported as having applied the same explicit standard (such
as BI-RADS) because clinicians may interpret these stan-
dards in subtly different ways or study samples may differ.

When a cut-off effect is present, the diagnostic odds ratio is
not constant across the range of sensitivities and specifici-
ties and must be interpreted with caution (19–21). If the
slope of the summary ROC curve differs statistically signif-
icantly from zero, a cut-off effect is likely (19–21). The
positive likelihood ratio indicates the increase in the odds
of a person having the disease after a positive test result; the
negative likelihood ratio is the similar value for the de-
crease in odds with a negative test result.

RESULTS

We did not identify any randomized trials. After re-
viewing the titles and abstracts of 217 articles identified in
the electronic search and removing duplicates, we selected
40 for full-text review. Of these, we identified 11 articles
(22–32) describing 11 prospective studies comparing MRI
with mammography (Table 1). We included only the most

Table 3. Studies Comparing MRI with Mammography*

Study, Year
(Reference)

Definition of
Positive Result†

Mammography MRI MRI and Mammography

Sensitivity,
%

Specificity,
%

PPV,
%

Sensitivity,
%

Specificity,
%

PPV,
%

Sensitivity,
%

Specificity,
%

PPV,
%

Kuhl et al.,
2005 (22)

BI-RADS score 4
or 5

32 97 24 91 97 50 93 96 42

Kriege et al.,
2004 (23)‡

BI-RADS score 4
or 5

33 99 27 64 96 16 NR NR NR

BI-RADS score
0, 3, 4, or 5

40 95 8 71 90 7 89§ NR NR

Leach et al.,
2005 (24)‡

BI-RADS score 4
or 5�

14§ 98§ 15§ 51§ 96§ 21§ 60§ 95§ 20§

BI-RADS score
0, 3, 4, or 5y�

40 93 10 77 81 7 94 77 7

Warner et al.,
2001 (25)¶

BI-RADS score 4
or 5

43 99§ 75§ 86 91 26 100 NR NR

Warner et al.,
2004 (26)‡

BI-RADS score 4
or 5

36 100 88 77 95 46 86§ 95§ 48§

BI-RADS score
0, 3, 4, or 5

36§ 99§ 80§ 82§ 81§ 18§ 90§ 80§ 19§

Trecate et al.,
2006 (27)

BI-RADS score 4
or 5

33 100 100 100** 97 79§ 100¶ 97 79§

Hartman et al.,
2004 (28)

BI-RADS score 4
or 5

0 NR NR 100 75§ 9§ 100 NR NR

Lehman et al.,
2005 (29)

BI-RADS score 4
or 5

25 98§ 11§ 100 93§ 13§ 100 91§ 11§

Lehman et al.,
2007 (31)

BI-RADS score
3, 4, or 5††

33 91 12 100 79 15 100 73 12

Sardanelli et al.,
2007 (30)

BI-RADS score 4
or 5

59 99§ 77 94 98§ 63 100 NR NR

Hagen et al.,
2007 (32)‡‡

BI-RADS score
3, 4, or 5††

32§ NR NR 68§ NR NR 80 NR NR

* BI-RADS � Breast Imaging Reporting and Data System; MRI � magnetic resonance imaging; NR � not reported; PPV � positive predictive value.
† In the BI-RADS system, 0 � indeterminate; 1 � negative; 2 � benign finding; 3 � short follow-up interval required; 4 � suspicious abnormality, biopsy should be
considered; and 5 � highly suspicious for malignancy.
‡ The reported sensitivity and specificity were based on considering a BI-RADS score of 0, 3, 4, or 5 positive. However, the investigators also provided alternate cutoff
information, which is reported here for comparability with the other included studies.
§ Calculated from data provided.
� The study used an alternate scoring system, but the investigators claim that a positive result in this system is equivalent to a BI-RADS score of 0, 3, 4, or 5. When the 2
readers reached discrepant conclusions, the higher score was assigned.
¶ References 25 and 26 have at least some participants in common.
** Excludes 1 patient for whom MRI was not performed.
†† No BI-RADS scores of 0 were assigned.
‡‡ The investigators reported 86% sensitivity with MRI and 50% sensitivity with mammography, but this was at time of diagnosis for patients who had imaging with those
tests at diagnosis. These calculated values assume that interval cancer results were false negative with both MRI and mammography.
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recent report for any study, unless relevant unreprinted
data were found in the earlier reports. For the study by
Kriege and colleagues, we used a follow-up report to com-
pare results from initial (23) and subsequent (33) screens.
The study by Hagen and colleagues (32) was unique in
that it lacked specificity data.

The studies varied in size and scope, ranging from
small single-center studies with only 1 round of patient
screening to large multicenter studies with repeated rounds

of annual screening. Two studies (26, 32) included only
patients with proven BRCA1 or BRCA2 mutations. All
other studies included patients with various family history
criteria in addition to those with proven breast cancer pre-
disposition genes (Table 1). Leach and colleagues (24) only
included women between the ages of 35 and 49 years,
whereas ages ranged from 23 to 81 years in the study by
Trecate and colleagues (27). In the 10 studies reporting
mean or median age, the range was 40 to 47 years. All but
the 2 largest studies (23, 24, 33) included women with a
history of breast cancer.

All included studies used dynamic contrast-enhanced
MRI with T1-weighted imaging based on spoiled gradient-
recalled MRI with gadolinium diethylenetriamine penta-
acetic acid as the contrast agent and obtained multiple sets
of postinjection images to provide information about tu-
mor enhancement kinetics. The level of reported technical
detail varied widely. Image quality varied somewhat among
the provided images because of differences in hardware
(magnets and coils) and software (pulse sequences). Imag-
ing was performed in either the axial or the coronal plane
in the European studies (22–24, 27, 30, 32), which ac-
count for most of the data, whereas the North American
studies (26, 28, 29, 31) used sagittal imaging. In all studies,
mammography and MRI were conducted within 90 days
of each other and usually on the same day. In studies with
2 or more rounds of screening (22–25, 26, 30, 32), the
screening interval was 1 year. In all but 2 studies (24, 32),
screening ultrasonography or clinical breast examination
was also performed, and 1 study included ductal lavage
(28).

All but 2 single-center studies specifically reported that
each screening test was assessed independently of the oth-
ers. The study by Leach and colleagues (24) was unique in
that each imaging study was read by 2 different readers and
the more conservative (higher BI-RADS score) reading was
used. Hagen and colleagues (32), Trecate and colleagues
(27), Sardanelli and colleagues (30), and Hartman and col-
leagues (28) did not discuss adherence or follow-up. In the
study by Kuhl and colleagues (22), 8.5% of the patients
who received only 1 round of screening were excluded

Figure. Sensitivity versus specificity of studies of MRI and
mammography.
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In the BI-RADS system, 0 � indeterminate; 1 � negative; 2 � benign
finding; 3 � short follow-up interval required; 4 � suspicious abnormal-
ity, biopsy should be considered; and 5 � highly suspicious for malig-
nancy. BI-RADS � American College of Radiology Breast Imaging Re-
porting and Data System; MRI � magnetic resonance imaging.

Table 4. Studies Reporting Sensitivity and Specificity, by Number of Previous Screenings*

Study, Year (Reference) Mammography MRI

First Subsequent First Subsequent

Sensitivity,
%

Specificity,
%

Sensitivity,
%

Specificity,
%

Sensitivity,
%

Specificity,
%

Sensitivity,
%

Specificity,
%

Kriege et al., 2004 (23) 36 94 29 95 82 87 77 92
Leach et al., 2005 (24) 40 93 40 94 75 82 80 81
Warner et al., 2004 (26) 38 99.6 43 100 85 93 71 97
Sardanelli et al., 2007 (30) 40 NR 86 NR 91 NR 100† NR

* MRI � magnetic resonance imaging; NR � not reported.
† Excludes 1 patient with cancer for whom MRI was not performed and 1 for whom results were indeterminate because of motion artifact.
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from the analysis. Common reasons for patient withdrawal
included prophylactic mastectomy, claustrophobia from
the MRI, pregnancy, and recurrence of cancer.

With the exception of the study by Hagen and col-
leagues (32), the interval cancer rate was less than 10% in
the studies with more than 1 round of screening. In the
studies with higher overall detection rates for DCIS (22,
26, 30), most noninvasive cases were detected by MRI
only, whereas in the studies with lower rates of DCIS (23–
25), most noninvasive cases were detected by mammogra-
phy only. Overall, more than 50% of the detected tumors
were either in situ or no larger than 1 cm. Twelve percent
to 21% of invasive tumors were node-positive (Table 2).
In the few studies for which data were available by year of
screening (23, 24, 26, 30), tumor stage was similar for
prevalent and incident screens. No study provided data on
relapse-free or overall survival.

All studies considered biopsy-confirmed cancer the de-
finitive positive result for sensitivity calculations (Table 3).
However, some considered BI-RADS scores of 3, 4, or 5 to
be positive, whereas others considered only BI-RADS
scores of 4 or 5 to be positive. Three studies (23, 24, 26),
provided enough data to calculate sensitivity and specificity
by using both methods. In most studies, BI-RADS scores
of 0 were ultimately reclassified; however, a few were in-
cluded in the BI-RADS 3 tally because both scores gener-
ate further imaging. The sensitivity of MRI was higher
than that of mammography in all studies that used either
criterion for positivity. Reported sensitivity of the combi-
nation of MRI and mammography ranged from 80% to
100%, compared with 25% to 59% for mammography
alone. In every study except the one by Kuhl and col-
leagues (22), the specificity of MRI was lower than that of
mammography; specificity of the combined tests ranged
from 73% to 93%. As expected, sensitivity was higher but
specificity lower in the studies that scored BI-RADS 3 le-
sions as positive (Table 3 and Figure).

Three studies reported sensitivity and specificity by
round of screening (first vs. subsequent), and in a fourth
study (30), we were able to calculate sensitivities separately
for the first and second rounds of screening. In 2 of the 3
studies, MRI specificity was higher on the subsequent
screens, probably because false-positive lesions found on
the first screen and determined to be benign would no
longer be rated as “positive” on subsequent screens (Table
4). In studies that included additional screening tests (22,
23, 25–31), those tests detected very few cases of cancer
missed by both MRI and mammography.

Of the 11 included studies, we excluded 1 (32) from
the meta-analysis (Table 5) because of insufficient report-
ing of the number of true- and false-positive and true- and
false-negative results. Not all studies reported sufficient
data to be included in every aspect of the meta-analysis
(Table 5). The slope of the summary ROC curve did not
statistically significantly differ from zero for any subanaly-
sis, indicating that a cut-off effect of interest was probably
not present. Most of the subanalyses revealed statistical
heterogeneity (heterogeneity chi-square P value �0.10)
among the studies. When we used a BI-RADS score of 4 or
higher as the definition of positive, the combination of
MRI and mammography was associated with the highest
diagnostic odds ratio (124.8 [95% CI, 36.4 to 427.4]),
compared with an odds ratio of 45.9 (CI, 17.5 to 124.8)
for BI-RADS scores of 3 or higher. When we used a BI-
RADS score of 4 or higher as the definition of positive and
assumed a 2% pretest probability of disease, the negative
likelihood ratio for the combination of MRI plus mam-
mography was 0.14 (CI, 0.05 to 0.42), compared with 0.7
(CI, 0.59 to 0.82) for mammography alone, and the prob-
ability after a negative test result for the combination was
0.3% (CI, 0.1% to 0.8%), compared with 1.4% (CI, 1.2%
to 1.6%) for mammography alone. The positive likelihood
ratio and probability after a positive test result for MRI
plus mammography were 16.4 (CI, 11.1 to 24.1) and

Table 5. Meta-analysis of Studies*

Screening Technique and
BI-RADS Cutoff Value
(Reference)

Studies/Screening Examinations/
Tumors, n/n/n

Diagnostic Odds Ratio
(95% CI)

Sensitivity (95% CI), % Specificity (95% CI), %

Mammography
�3 (23, 24, 26, 31) 4/6678/108 14.7 (6.1–35.6)§ 39 (37–41) 94.7 (93.0–96.5)§
�4 (22–24, 26, 27, 29, 30) 7/8818/178 38.5 (15.9–93.3)§ 32 (23–41)§ 98.5 (97.8–99.2)§

MRI
�3 (23, 24, 26, 28, 31) 5/6719/109 18.3 (11.7–28.7) 77 (70–84) 86.3 (80.9–91.7)§
�4 (22–24, 26–30) 8/8857/178 88.7 (34.6–227.5)§ 75 (62–88)§ 96.1 (94.8–97.4)§

Mammography and MRI
�3 (25, 26, 31) 3/2509/63 45.9 (17.5–120.9) 94 (90–97) 77.2 (74.7–79.7)§
�4 (22, 24, 26, 27, 29) 5/4272/115 124.8 (36.4–427.4)§ 84 (70–97)§ 95.2 (93.7–96.6)§

* BI-RADS � Breast Imaging Reporting and Data System; MRI � magnetic resonance imaging; ROC � receiver-operator characteristic.
† Posttest probabilities calculated assuming 2% prevalence.
‡ Based on 95% CI of likelihood ratio.
§ Associated with considerable statistical heterogeneity (chi-square P value � 0.1).
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25.0% (CI, 18.4% to 33.0%), respectively, compared with
24.8 (CI, 11.6 to 53.0) and 33.6% (CI, 10.1% to 51.9%)
for mammography alone.

DISCUSSION

We found 11 prospective, nonrandomized studies in
which women at high risk for breast cancer were screened
with both annual MRI and mammography. However, our
quantitative summary estimates are uncertain because the
studies were heterogeneous in terms of patient population,
sample size, number of screening examinations, and center
experience. We may also have missed 1 or more key studies
that were published in a language other than English or
that are not yet published. Overall, the combination of
MRI and mammography with a BI-RADS score of 4 or
higher as positive provided the best balance of performance
in terms of all measures investigated (sensitivity, specificity,
diagnostic odds ratios, likelihood ratios, and posttest prob-
abilities). The summary negative likelihood ratio and prob-
ability of a BI-RADS–suspicious lesion (given negative test
findings and assuming a 2% pretest probability of disease)
for the combination of MRI plus mammography were
0.14 and 0.3%, respectively, compared with 0.70 and
1.4% for mammography alone.

The studies differed in several ways that affected their
comparability. First, the sensitivity and specificity of MRI
or mammography may have differed among patient sam-
ples according to risk status. In addition, because tumor
growth rates vary inversely with age and are higher in
women with BRCA mutations (34), studies with a younger
patient population or a greater proportion of women with
mutations might have a higher rate of interval cancer or
later-stage tumors. Second, the sensitivity estimates, which
were based on no more than 45 cases of cancer in any
study, would be particularly imprecise for the smaller stud-
ies. Third, the tumors detected by these techniques might
otherwise have been interval cancer or might have been

detected on a subsequent mammography or MRI screen.
However, few cases of cancer were detected by additional
tests alone. Fourth, the experience level of the MRI tech-
nologists and radiologists undoubtedly varied, and techni-
cal differences in the performance of the MRI scans may
also be important. Fifth, differences in patient adherence to
the protocol and follow-up may have biased the reported
sensitivity and interval cancer rates. Finally, one might ex-
pect higher sensitivity of MRI relative to mammography in
the first round of screening if patients had previously been
screened with mammography alone. Specificity would also
be expected to improve after the first round of screening
(Table 4).

Given the many differences among the studies, the
relative consistency of the results is reassuring from a clin-
ical point of view. However, although the available evi-
dence strongly supports the addition of MRI to mammog-
raphy for screening women at high risk because of family
history or genetic status, many questions remain unan-
swered.

Although all 11 studies used a screening interval of 1
year, this may not be the ideal screening interval for all risk
groups and ages. The lower age of eligibility in the reported
studies ranged from 25 to 35 years; thus, we do not know
the optimal age at which to begin MRI screening. We have
no data about the upper age limit because few studies in-
cluded a substantial proportion of older women.

With the exception of women who have a predispos-
ing mutation or are close relatives of a person with such a
mutation, selecting appropriate women for MRI screening
on the basis of family history is not always a simple matter.
Various models have been developed to help estimate life-
time risk and the probability of carrying a BRCA1 or
BRCA2 mutation. The recent American Cancer Society
guideline on MRI screening describes the use and limita-
tions of these models (35).

All studies to date have focused on women at increased

Table 5—Continued

Summary ROC Curve
Slope P Value

Positive Likelihood Ratio
(95% CI)

Probability after Positive Test
Result† (Range‡), %

Negative Likelihood Ratio
(95% CI)

Probability after Negative Test
Result† (Range‡), %

0.141 8.7 (4.4–17.5)§ 15.1 (8.2–26.3)§ 0.64 (0.55–0.75) 1.3 (1.1–1.5)
0.30 24.8 (11.6–53.0)§ 33.6 (19.1–51.9)§ 0.70 (0.59–0.82)§ 1.4 (1.2–1.6)§

0.46 4.2 (3.0–5.9)§ 8.0 (5.8–10.8)§ 0.29 (0.21–0.41) 0.6 (0.4–0.8)
0.29 16.6 (11.1–25.0)§ 25.3 (18.4–33.8)§ 0.22 (0.12–0.43)§ 0.4 (0.2–0.9)§

0.97 4.1 (3.6–4.7) 7.7 (6.8–8.7) 0.09 (0.04–0.23) 0.2 (0.08–0.4)
0.20 16.4 (11.1–24.1)§ 25.0 (18.4–33.0)§ 0.14 (0.05–0.42)§ 0.3 (0.1–0.8)§
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risk because of family history or genetic status. The benefit
of MRI in other high-risk populations is unknown and
could differ in subgroups of patients with similar cancer
risk but a different profile of risk factors. Nevertheless, the
recent American Cancer Society guidelines also recom-
mend MRI of the breast for screening women who had
chest irradiation before age 30 years (35). Great caution
should be taken before extrapolating these results to
women at lower risk, such as those with a previous diag-
nosis of atypical hyperplasia, lobular cancer in situ, dense
breasts, or previous breast cancer.

The possible reasons why the sensitivity of mammog-
raphy in this setting was so much lower than the sensitivity
reported for screening the general population include the
young age of these patients (mean age, early 40s), which
would be associated with higher breast density; the pathol-
ogy of BRCA1-related cancer (fewer cases of DCIS or
fleshy tumors with pushing margins), which might cause
these tumors to be less visible on mammography; and the
possibility that cancer detected by MRI alone might have
been detected by mammography on a subsequent round of
screening. Indeed, the relatively small increase in cancer
detection observed with the addition of mammography to
MRI raises the possibility that MRI alone could be a rea-
sonable screening strategy. However, although all groups
have reported a higher sensitivity for MRI than mammog-
raphy for invasive cancer, in the 2 large multicenter studies
(23, 24), mammography was more sensitive than MRI for
DCIS. This is probably because of the “MRI learning
curve,” which is steeper for DCIS because of its more sub-
tle presentation. Accordingly, MRI should be used in ad-
dition to mammography, even in young women. If mam-
mography reveals cancer on a particular round of
screening, MRI is still indicated, because multiple primary
lesions occur fairly commonly in this population (22, 30).

The clinical effectiveness of any screening regimen de-
pends on its ability to reduce mortality, as opposed to
simply increasing lead time. The greatest challenge in re-
viewing the evidence on the effectiveness of MRI screening
is the lack of randomized trials. Now that preliminary ev-
idence from comparative studies of MRI and mammogra-
phy is available, randomized trials may no longer be feasi-
ble and would be ethically complicated. Longer follow-up
of the patients in these comparative studies is needed so
that recurrence and survival data can be obtained.

A final caveat is that very high-risk women who are
choosing between risk-reducing mastectomy and screening
should be counseled that although the sensitivity of MRI
in combination with mammography is excellent and will
probably improve as further experience is gained with this
technique, it will always be less than 100%. In addition,
some very small tumors will already be incurable at the
time of detection. Therefore, women who opt for screening
should strongly consider other risk-reducing measures
(such as chemoprevention or oophorectomy) and must be
willing to accept some risk.

In conclusion, annual screening with MRI and mam-
mography using a BI-RADS score of 4 or 5 to define pos-
itivity is currently the most accurate means of screening
women with a strong familial or genetic predisposition to
breast cancer.
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21. Devillé WL, Buntinx F, Bouter LM, Montori VM, de Vet HC, van der
Windt DA, et al. Conducting systematic reviews of diagnostic studies: didactic
guidelines. BMC Med Res Methodol. 2002;2:9. [PMID: 12097142]
22. Kuhl CK, Schrading S, Leutner CC, Morakkabati-Spitz N, Wardelmann E,
Fimmers R, et al. Mammography, breast ultrasound, and magnetic resonance
imaging for surveillance of women at high familial risk for breast cancer. J Clin
Oncol. 2005;23:8469-76. [PMID: 16293877]
23. Kriege M, Brekelmans CT, Boetes C, Besnard PE, Zonderland HM, Ob-
deijn IM, et al. Magnetic Resonance Imaging Screening Study Group. Efficacy
of MRI and mammography for breast-cancer screening in women with a familial
or genetic predisposition. N Engl J Med. 2004;351:427-37. [PMID: 15282350]
24. Leach MO, Boggis CR, Dixon AK, Easton DF, Eeles RA, Evans DG, et al.
MARIBS Study Group. Screening with magnetic resonance imaging and mam-
mography of a UK population at high familial risk of breast cancer: a prospective
multicentre cohort study (MARIBS). Lancet. 2005;365:1769-78. [PMID:
15910949]
25. Warner E, Plewes DB, Shumak RS, Catzavelos GC, Di Prospero LS, Yaffe

MJ, et al. Comparison of breast magnetic resonance imaging, mammography,
and ultrasound for surveillance of women at high risk for hereditary breast cancer.
J Clin Oncol. 2001;19:3524-31. [PMID: 11481359]
26. Warner E, Plewes DB, Hill KA, Causer PA, Zubovits JT, Jong RA, et al.
Surveillance of BRCA1 and BRCA2 mutation carriers with magnetic resonance
imaging, ultrasound, mammography, and clinical breast examination. JAMA.
2004;292:1317-25. [PMID: 15367553]
27. Trecate G, Vergnaghi D, Manoukian S, Bergonzi S, Scaperrotta G,
Marchesini M, et al. MRI in the early detection of breast cancer in women with
high genetic risk. Tumori. 2006;92:517-23. [PMID: 17260493]
28. Hartman AR, Daniel BL, Kurian AW, Mills MA, Nowels KW, Dirbas FM,
et al. Breast magnetic resonance image screening and ductal lavage in women at
high genetic risk for breast carcinoma. Cancer. 2004;100:479-89. [PMID:
14745863]
29. Lehman CD, Blume JD, Weatherall P, Thickman D, Hylton N, Warner E,
et al. International Breast MRI Consortium Working Group. Screening women
at high risk for breast cancer with mammography and magnetic resonance imag-
ing. Cancer. 2005;103:1898-905. [PMID: 15800894]
30. Sardanelli F, Podo F, D’Agnolo G, Verdecchia A, Santaquilani M, Musu-
meci R, et al. High Breast Cancer Risk Italian Trial. Multicenter comparative
multimodality surveillance of women at genetic-familial high risk for breast can-
cer (HIBCRIT study): interim results. Radiology. 2007;242:698-715. [PMID:
17244718]
31. Lehman CD, Isaacs C, Schnall MD, Pisano ED, Ascher SM, Weatherall
PT, et al. Cancer yield of mammography, MR, and US in high-risk women:
prospective multi-institution breast cancer screening study. Radiology. 2007;244:
381-8. [PMID: 17641362]
32. Hagen AI, Kvistad KA, Maehle L, Holmen MM, Aase H, Styr B, et al.
Sensitivity of MRI versus conventional screening in the diagnosis of BRCA-asso-
ciated breast cancer in a national prospective series. Breast. 2007;16:367-74.
[PMID: 17317184]
33. Kriege M, Brekelmans CT, Boetes C, Muller SH, Zonderland HM,
Obdeijn IM, et al. Dutch MRI Screening (MRISC) Study Group. Differences
between first and subsequent rounds of the MRISC breast cancer screening pro-
gram for women with a familial or genetic predisposition. Cancer. 2006;106:
2318-26. [PMID: 16615112]
34. Tilanus-Linthorst MM, Kriege M, Boetes C, Hop WC, Obdeijn IM, Oost-
erwijk JC, et al. Hereditary breast cancer growth rates and its impact on screening
policy. Eur J Cancer. 2005;41:1610-7. [PMID: 15978801]
35. Saslow D, Boetes C, Burke W, Harms S, Leach MO, Lehman CD, et al.
American Cancer Society Breast Cancer Advisory Group. American Cancer
Society guidelines for breast screening with MRI as an adjunct to mammography.
CA Cancer J Clin. 2007;57:75-89. [PMID: 17392385]

ReviewUsing MRI to Screen Women at High Risk for Breast Cancer

www.annals.org 6 May 2008 Annals of Internal Medicine Volume 148 • Number 9 679



Current Author Addresses: Drs. Warner, Causer, and Plewes: Sunny-
brook Health Sciences Center, 2075 Bayview Avenue, Toronto, Ontario,
Canada M4N 3M5.
Mr. Messersmith: Program in Evidence-Based Care, McMaster Univer-
sity, 1280 Main Street West, DTC, 3rd Floor, Hamilton, Ontario, Can-
ada L8S 4L8.

Dr. Eisen: Odette Cancer Center, 2075 Bayview Avenue, Toronto, On-
tario, Canada M4N 3M5.
Dr. Shumak: Cancer Center Ontario, 505 University Avenue, 18th
Floor, Toronto, Ontario, Canada M5G 1X3.

Annals of Internal Medicine

W-136 6 May 2008 Annals of Internal Medicine Volume 148 • Number 9 www.annals.org


