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Breast magnetic resonance imaging (MRI) has been proposed as an additional screening

test for young women at high risk of breast cancer in whom mammography alone has poor

sensitivity. We conducted a systematic review to assess the effectiveness of adding MRI to

mammography with or without breast ultrasound and clinical breast examination (CBE) in

screening this population. We found consistent evidence in 5 studies that adding MRI pro-

vides a highly sensitive screening strategy (sensitivity range: 93–100%) compared to mam-

mography alone (25–59%) or mammography plus ultrasound +/) CBE (49–67%). Meta-

analysis of the three studies that compared MRI plus mammography versus mammogra-

phy alone showed the sensitivity of MRI plus mammography as 94% (95%CI 86–98%) and

the incremental sensitivity of MRI as 58% (95%CI 47–70%). Incremental sensitivity of MRI

was lower when added to mammography plus ultrasound (44%, 95%CI 27–61%) or to the

combination of mammography, ultrasound plus CBE (31–33%). Estimates of screening spec-

ificity with MRI were less consistent but suggested a 3–5-fold higher risk of patient recall for

investigation of false positive results. No studies assessed as to whether adding MRI

reduces patient mortality, interval or advanced breast cancer rates, and we did not find

strong evidence that MRI leads to the detection of earlier stage disease. Conclusions about

the effectiveness of MRI therefore depend on assumptions about the benefits of early detec-

tion from trials of mammographic screening in older average risk populations. The extent
er Ltd. All rights reserved.
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to which high risk younger women receive the same benefits from early detection and

treatment of MRI-detected cancers has not yet been established.

� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Women with a strong family history of breast cancer or a

predisposing gene mutation such as BRCA1 or BRCA2 have

a cumulative lifetime risk of developing breast cancer of

21–65%1,2 with a substantial proportion of these cancers

diagnosed before the age of 50 years. Prophylactic mastec-

tomy, oophorectomy and chemoprevention with a selective

oestrogen receptor modulator such as tamoxifen can reduce

this risk but are associated with adverse events and may be

unacceptable options for some women.3–5 Surveillance of

high risk women with breast imaging is recommended as

a secondary preventive measure on the assumption that

early diagnosis and treatment will confer similar benefits

of reduced breast cancer mortality in this population as re-

ported from randomised controlled trials of population

screening programs using mammography in average risk

women.6–8

Although mammography is a reasonably sensitive test for

screening postmenopausal women, it is less sensitive in

younger women and those with a genetic predisposition to

breast cancer.9 This has been attributed to increased mam-

mographic density in premenopausal women which can ob-

scure the radiological features of early breast cancer and

the faster growth of breast cancers in these populations. Fur-

ther, it has been suggested that cancers associated with BRCA

mutations, in particular BRCA1, are more likely to have a be-

nign appearance on mammography.10,11

Emerging evidence that magnetic resonance imaging (MRI)

is more sensitive than mammography for the detection of

breast cancer, supported by expert opinion about the poten-

tial associated patient benefits have led to recent guidelines

recommending its use for the surveillance of some high risk

women in the United Kingdom (UK) and United States

(US),12,13 while some countries are contemplating whether

there is sufficient evidence to implement such recommenda-

tions. Given this ongoing uncertainty about the trade-offs be-

tween potential benefits and harms, a review of the evidence

on this issue is timely to guide screening decisions. Few accu-

racy studies and no existing systematic reviews have specifi-

cally investigated the incremental value of MRI as an addition

to conventional imaging with mammography and ultrasound

in young high risk women. We present a systematic review on

the incremental accuracy of breast MRI as an addition to an-

nual mammography with or without breast ultrasound and

clinical breast examination (CBE) in screening women under

50 years, provide pooled estimates of screening accuracy

where appropriate, and evaluate evidence relating to early

detection and outcomes in this population. This work was

undertaken as part of a broader review conducted for the Aus-

tralian Medical Services Advisory Committee to assist with

decisions about public funding of screening MRI for this group

of women.
2. Materials and methods

2.1. Search strategy

Electronic databases (MEDLINE, Pre-Medline, EMBASE, the

Cochrane Library) and websites of health technology assess-

ment agencies were searched to identify relevant studies pub-

lished in English between 1966 and March 2007 using Medical

Subject Heading terms and text words for MRI and breast can-

cer. A total of 3367 citations were identified. Two independent

reviewers scanned citation abstracts to identify studies that

compared the addition of MRI to mammography with or with-

out ultrasound and CBE in asymptomatic high-risk women,

and reported sufficient data for calculation of the incremental

sensitivity (probability of a positive test in women with breast

cancer) and specificity (probability of a negative test in wo-

men without breast cancer) of MRI using histology as the ref-

erence standard for positive tests and a consensus of all tests

as the minimum reference standard for negative tests using

data tables (see data analysis). Comparative studies reporting

on prognostic tumour characteristics (tumour size and/or ax-

illary lymph node involvement) of invasive cancers detected

with the addition of MRI versus conventional imaging alone,

interval cancer rates, or relevant patient outcomes were also

eligible for inclusion.

Five accuracy studies were eligible for review (see Appendix

for flowchart of search strategy).14–18 Four systematic reviews

investigating MRI for breast cancer screening were identified:

three were conducted prior to the publication of one or more

eligible accuracy studies12,19,20; the fourth included all eligible

studies but did not specifically investigate the incremental va-

lue of MRI versus conventional imaging.13 The present system-

atic review appraises evidence published up to March 2007 to

assess the incremental accuracy of MRI, and compare prog-

nostic characteristics of cancers detected by the addition of

MRI versus those detected by conventional testing alone.

2.2. Quality appraisal

Two independent reviewers assessed the quality of included

studies using the QUADAS tool.21 Studies were classified as

high quality if: they were conducted prospectively using

well-defined selection criteria and recruited consecutive eligi-

ble subjects; reported on the execution of study tests and test

threshold for a positive test in sufficient detail to allow test

replication; applied the same reference standard to validate

the results of study tests; interpreted test results without

the knowledge of the reference standard or comparator tests;

conducted study tests within two weeks; reported indetermi-

nate test results; and explained study withdrawals. Studies

not conducted prospectively or not meeting the criteria for

an adequate reference standard or test interval were classi-

fied as low quality, other studies were classified as fair quality.
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2.3. Data analysis

The characteristics of the study population (subject age and

breast cancer risk), MRI magnet strength, comparator tests

and reference standard at the first screening round were ex-

tracted from each study to assess applicability and variation

between studies. Cancer detection rates at the first and subse-

quent screening rounds, number of additional cancers de-

tected (yield), false positive patient recall and benign biopsy

rates were also extracted where available. Data extraction

was performed by one reviewer and checked by a second

reviewer.

Two by two tables were reconstructed and per-patient sen-

sitivity, specificity and associated 95% confidence intervals

(CI) for test strategies with and without MRI were calculated

using Meta-DiSc software.22 Differences in sensitivities and

specificities between test strategies were calculated. Where

appropriate, summary estimates and 95%CI of sensitivity

and specificity for each test strategy, and the differences be-

tween strategies, were obtained using the random-effects

method of DerSimonian-Laird. Heterogeneity between stud-

ies was assessed separately for estimates of sensitivity and

specificity, and differences between tests in sensitivity and

specificity, using Chi-squared tests.23 Relative risk and abso-

lute risk differences of false positive recall and benign biopsy

rates (and 95%CI) were calculated for the addition of MRI ver-

sus conventional testing alone.

3. Results

3.1. Study characteristics

There were no randomised controlled trials (RCTs) of MRI in

breast screening. Five studies compared the incremental sen-

sitivity and specificity of MRI as an additional test to the com-

bination of mammography, ultrasound and CBE17,18 and/or

mammography alone.14–16 Four studies reported on tumour

size and/or axillary lymph node spread of invasive cancers

detected by each test strategy.14,15,17,18 We did not identify

any studies that compared patient outcomes, reported mor-

tality as an outcome or interval cancer rates in high risk wo-

men screened with and without MRI.

Subjects participated in an average of one16,17 to five14

screening rounds with some subjects followed up with annual

screening to 7 years14,15 providing data from a total of 4,534

MRI scans in 2059 women. Criteria for eligibility varied across

studies (Table 1). Mean/median age ranged from 4014,15 to 47

years,18 although only one study restricted enrolment to

women 650 years.15 Risk criteria used to select subjects ran-

ged from estimation of P20% cumulative lifetime risk14 to

known BRCA1 or BRCA2 mutation carriers (estimated 65%

cumulative lifetime risk).18 One study excluded participants

with a prior history of breast cancer.15 The rate of breast can-

cers detected in the first screening round (prevalence) for

each study ranged from 1% to 6%.

Studies were performed using MRI equipment with a field

strength of 1.0–1.515,17 or 1.5 Tesla,14,18 a dedicated breast coil

and intravenous gadolinium contrast. Each study only re-

ported data for the subset of eligible subjects who success-

fully received MRI and comparator tests. Four studies
reported between 6% and 21% of enrolled subjects were sub-

sequently excluded or lost to follow up.14–16,18 Reasons for

subject exclusions included: test/s not performed according

to study protocol; subject ineligible due to negative gene test;

bilateral mastectomy performed; diagnosis of primary or met-

astatic breast cancer; subject no longer wished to participate;

or lost to follow up. Two studies also reported MRI scanning

failed or was contraindicated in 1–3% of enrolled subjects

due to: subject too large for MRI machine; claustrophobia; dis-

comfort; pregnancy; or other contra-indication.15,18

3.2. Study appraisal

All studies were conducted prospectively, but did not report as

to whether a consecutive or selected sample of eligible subjects

was recruited. Positive test results were validated by histology,

but studies reported different thresholds for classifying posi-

tive tests and different protocols for the assessment of

MRI-indeterminate findings and validation of discordant

MRI-positive, mammography-negative findings (Table 1).

Three studies validated negative tests with follow-up at 6

months or longer and classified interval cancers as false nega-

tives.14,15,18 One study reported that tests were performed on

the same day,18 two studies reported tests were performed

‘preferably’ on the same day (one study achieved this in 92%

of cases),15,17 whereas two studies reported testing was per-

formed within an interval of 8 weeks 14 or 90 days.16

3.3. Test accuracy

Studies estimated the sensitivity of MRI plus conventional

tests at between 86% and 100% compared to 25–59% for mam-

mography alone and 49–67% for combinations of mammogra-

phy and ultrasound with or without CBE (Table 2). Meta-

analysis of data from the three studies that compared the

sensitivity and specificity of MRI plus mammography versus

mammography alone showed the sensitivity of MRI plus

mammography as 94% (95%CI 86–98%) and the incremental

sensitivity of MRI as 58% (95%CI 47–70%, test for heterogene-

ity P = 0.84).14–16 The incremental sensitivity of MRI was lower

when added to mammography plus ultrasound (44%, 95%CI

27–61%) or to the combination of mammography, ultrasound

plus CBE (31–33%, Table 2).14,17,18

Estimates of the specificity of MRI plus conventional testing

varied widely across studies (range 77–96%) and precluded

meta-analysis to estimate the ‘true’ relative specificity of

screening strategies versus without MRI (Table 2). Reporting

on the MARIBS study, Leach and colleagues found adding MRI

resulted in a statistically significant 17% absolute reduction

in the specificity of screening .15 Three other studies reported

smaller 1–7% absolute reductions in screening specific-

ity.14,16,17 Warner and colleagues did not report on specificity

for the combination of MRI plus conventional tests.18

Two studies reported data from women screened annually

over a period of at least two years and up to 7 years.14,15 Both

studies observed a higher detection rate of breast cancer at the

initial screening round (prevalent cancers) than subsequent

screening rounds (incident cancers). Only one study reported

the proportion of study subjects who had participated in prior

screening.18 In this study of BRCA1 and 2 mutation carriers,



ble 1 – Characteristics and appraisal of eligible studies investigating the accuracy of breast MRI as an addition to screening mammography with(out) ultrasound and
BE for the surveillance of women at high risk of breast cancer

uthor, year, setting,
cruitment period

Na (tests)b Index test and
comparator(s)

Study population Reference standard and
classification of a positive

MRI

Test interval and
interpretation

hl et al., 2005 Germany,

Single centre 1996–2001

529 (1452) Index test: 1.5 Tesla MRI Median age 40 years (range 27– Positive test: Histopathology Test interval <8 weeks

Test comparisons: conventional

tests +/) MRI

• M + US

• M

59 years)

Prior history of breast cancer:

26%

Female: 98.8% (1 male

participant)

Negative test: 6-monthly follow-

up with CBE and US. Interval

cancers classified as false

negatives

Indeterminate test: (BI-RADS 3),

6-month follow-up

Tests interpreted with patient

history and CBE, blinded to

comparator test results

Risk classification Classification of a positive MRI:

BI-RADS 4-5Follow-up time

mean 5.3 years, range 2–7 years

• 20% risk: 21%

• 21–40% risk: 46%

• BRCA1/BRCA2 mutation car-

rier: 8%

ach et al., 2005 (magnetic

resonance imaging breast

screening (MARIBS)) United

Kingdom 22 sites 1997–2004

649 (1881) Index test: 1.5 Tesla MRI

Test comparisons: conventional

test +/) MRI

• M

Median age 40 years (range 31–

55 years)

Prior history of breast cancer:

0%

Female: 100%

Positive test: Histopathology

performed based on

combination of all tests

Negative test: 12-month follow-

up. Interval cancers classified

as false negatives

Test interval not specified but

preferably ‘same day’

Tests interpreted blinded to

comparator test results, CBE

not performed, double

reporting of all tests

Follow-up time range 1–7 years Risk classification Classification of a positive MRI:

BI-RADS 0, 3-5• Annual risk P0.9% or 1st

degree relative with 60%

chance BRCA1/2 mutation

carrier: 82%

• BRCA1/BRCA2 mutation car-

rier: 18%

hman et al., 2005

(International Breast MRI

Consortium Working Group

(IBMC)) USA, Canada 13 sites

1999–2002

367 (367) Index test: MRI, Tesla NR

Test comparisons: conventional

test +/) MRIc

• M

Mean age 45 years, standard

deviation 9.7 years (range NR)

Prior history of breast cancer:

10%

Female: 100%

Positive test: Histopathology,

except in 9 cases where MRI/M

discordant results

Negative test: Based on

combination of tests (film

review for discordant results).

No interval cancers reported

Test interval 690 days

Tests interpreted blinded to

comparator test results

Follow-up time

no long-term follow-up

reported

Risk classification

• Cumulative risk >25%: 90%

• Prior history of breast cancer:

10%

Classification of a positive MRI:

BI-RADS 4-5
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Sardanelli et al., 2006 Italy 17

sites 2000–2003 (interim

analysis)

278 (377) Index test: 1.0–1.5 Tesla MRI

Test comparisons: conventional

tests +/) MRIc

• M + US + CBE

• M + CBE

• M

Mean age 46 years (range 25–79

years)

Prior history of breast cancer:

39%

Female: 100%

Positive test: Histopathology

Negative test: 12-month follow-

up. No interval cancers

reported

Indeterminate test: (BI -RADS 3),

4-month follow-up

Test interval 62 weeks (96%),

2–8 weeks 4%

Tests interpreted blinded to

comparator test results

Follow-up time NR (inferred

range 1–2 years)

Risk classification

• BRCA1/BRCA2 mutation

carrier 60%

• M

• 1st degree relative BRCA1/

BRCA2 3%

• strong family history of

breast and/or ovarian cancer

37%

Classification of a positive MRI:

BIRADS 4-5

Warner et al., 2004 Canada

Single centre 1997–2003

236 (457) Index test: 1.0–1.5 Tesla MRI

Test comparisons: conventional

tests +/) MRIc

• M + US + CBE

• M + CBE

• M

Follow-up time

median 2 years, range 1–3 years

Median age: 47 years (range

25–65 years)

Prior history of breast cancer:

30%

Female: 100%

Risk classification

• BRCA1/2 mutation carriers

100%

Positive test: Histopathology

performed for positive tests,

except if MRI BI-RADS 3-5

discordant with other tests,

then MRI repeated in 1 month.

Tests resulting in benign biopsy

classified as false positives, but

not tests resulting in additional

tests without biopsy

Test interval <2 weeks

Tests interpreted blinded to

comparator test results and

CBE

10/32 biopsies (31%) could not

be performed under US

guidance

Negative test: based on

combination of tests. Interval

cancer classified as false

negative after film review

Indeterminate test: (BI-RADS 3),

6, 12 and 24 month follow-up

Classification of a positive MRI:

BIRADS 4-5

CBE = clinical breast examination; M = mammography; MRI = magnetic resonance imaging; US = ultrasound; BI-RADS= The American College of Radiology Breast Imaging Reporting and Data System:

BI-RADS 0 = needs further work-up; 1 = negative; BI-RADS 2 = benign finding; BI-RADS 3 = probably benign finding; BI-RADS 4 = suspicious abnormality; BI-RADS 5 = highly suggestive of malignancy;

NR = not reported.

a Number of asymptomatic patients undergoing MRI and mammography.

b Total number of eligible screening test rounds.

c Data for comparison inferred from data presented in published article.
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Table 2 – Incremental accuracy, cancer yield and risk of false positive from the addition of MRI to conventional breast cancer screening strategies for high risk women

Study
author, year

N (tests) Total breast
cancersa Detection

rate year 1

Screening strategy sensitivity and specificity (95%CI) Incremental cancer
yield and test sensitivity

(95%CI) using MRI

Relative risk and absolute
risk difference (95%CI) of

false positive patient
recall and benign biopsies

with and without MRI

With MRI Without MRI

Kuhl et al.,

2005

529 (1452) 43 (41 patients) Conventional testing = mammography + ultrasound

Sensitivity 93% (81–

99%)

Sensitivity 49% (33–65%) Incremental yield 19/1452 False positive patient recall

rate NR

14/529 (3%) Specificity NR Specificity 89% (87–91%) 13.1 additional cancers per

1000 screening rounds

Benign biopsy rate NR

Incremental sensitivity 44%

(27–61%)

Conventional testing = mammography

Sensitivity 93% (81–

99%)

Sensitivity 33% (19–49%) Incremental yield 26/1452 False positive patient recall

rate NRb

Specificity 96% (95–

97%)

Specificity 97% (96–98%) 17.9 additional cancers per

1000 screening rounds

Benign percutaneous biopsy

(use of surgical biopsy NR)

RR: 1.22 (0.83–1.80)

Incremental sensitivity 60%

(45–76%)

RD: 7 (6–20) additional benign

percutaneous biopsies per

1000 screening rounds

Leach et al.,

2005

649 (1881) 35 Conventional testing = mammography

20/649 (3%)c Sensitivity 94% (81–

99%)

Sensitivity 40% (24–58%) Incremental yield 19/1881 False positive patient recall

Specificity 77% (75–

79%)

Specificity 93% (92–95%) 10.1 additional cancers per

1000 screening rounds

RR: 3.43 (2.59–4.54)

RD: 78 (61–94) additional false

positive recalls per 1000

screening rounds

Incremental sensitivity 54%

(36–72%)

Benign percutaneous biopsy

RR: 3.15 (2.04–4.88)

RD: 30 (19–40) additional

benign biopsies per 1000

screening rounds

Benign surgical biopsy

RR: 2.0 (0.5–8.0)

RD: 2 (1.5–5) additional

benign surgical biopsies per

1000 screening rounds

Lehman et al.,

2005

367 (367) 4 Conventional testing = mammography

4/367 (1%) Sensitivity 100%

(40–100%)

Sensitivity 25% (0.6–81%) Incremental yield 3/367 False positive patient recall

Specificity 91%

(87–94%)

Specificity 98% (96–99%) 8.2 additional cancers per 1000

screening rounds

RR: 4.86 (2.18–10.82)
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Study author,

year

N (tests) Total breast cancersa

Detection rate year 1

Screening strategy sensitivity and specificity (95%CI) Incremental cancer yield and

test sensitivity (95%CI) using

MRI

Relative risk and absolute risk

difference (95%CI) of false

positive patient recall and

benign biopsies with and

without MRI

With MRI Without MRI

Incremental sensitivity 75%

(33–100%)

RD: 74 (41–106)

additional recalls per

1000 screening rounds

Benign percutaneous biopsy

RR: 9.50 (2.23–40.49)

RD: 46 (22–70) additional

biopsies per 1000 screening

rounds

Sardanelli

et al., 2006

278 (377) 18 Conventional testing = mammography + ultrasound + CBE

11/278 (4%) Sensitivity 100%

(82–100%)

Sensitivity 67% (41–87%) Incremental yield 6/377 False positive patient recall

rate NR

Specificity 96% (94–

98%)

Specificity NR 15.9 additional cancers per

1000 screening rounds

Benign biopsy rate NR

Incremental sensitivity 33%

(11–55%)

Conventional testing = mammography + CBE

Sensitivity 100% (82–

100%)

Sensitivity 67% (41–87%) Incremental yield 5/377 False positive patient recall

rate NR

Specificity NR Specificity NR 13.3 additional cancers per

1000 screening rounds

Benign biopsy rate NR

Incremental sensitivity 28% (4–

52%)

Conventional testing = mammography

Sensitivity 100% (82–

100%)

Sensitivity 59% (33–82%) Incremental yield 7/377 False positive patient recall

rate NR

Specificity NR Specificity 99% (98–100%) 18.6 additional cancers per

1000 screening rounds

Benign biopsy rate NR

Incremental sensitivity 36%

(10–61%)

Warner

et al., 2004

236 (457) 22 (21 patients) Conventional testing = mammography + ultrasound + CBE

13/236 (6%) Sensitivity 95% (77–

100%)

Sensitivity 64% (41–83%) Incremental yield 7/457 False positive patient recall

rate NR

Benign biopsy rate NR

Specificity NR Specificity NR 15.3 additional cancers per

1000 screening rounds

Incremental sensitivity 31%

(10–54%)

Conventional testing = mammography + CBE

Sensitivity 86% (65–

97%)

Sensitivity 45% (24–68%) Incremental yield 9/457 False positive patient recall

rate NR

Specificity NR Specificity NR 19.7 additional cancers per

1000 screening rounds

Benign biopsy rate NR

(continued on next page)
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Warner and colleagues reported 87% of subjects had prior

mammography screening during the last 15 months.

MRI and mammography performance was maintained at

first and subsequent screening rounds in the MARIBS study.15

Warner and colleagues reported a decrease in MRI-initiated

benign biopsy rate in each subsequent screening round and

a decrease in MRI sensitivity over each screening round, how-

ever participation in screening dropped to 58% and 36% at the

second and third screening rounds respectively, and these dif-

ferences in test sensitivity and specificity were not statisti-

cally significant.18

3.4. Additional cancer yield

The additional cancer yield of MRI in women with negative

findings on conventional testing ranged from 10 to 24 addi-

tional cancers detected per 1000 screening rounds. Studies

reporting data at each end of this range showed that adding

MRI to mammography provided a similar incremental sensitiv-

ity (50–54%), but were conducted in subjects with different risk

levels.15,18 The highest cancer yield was observed in the study

population with the highest risk and prevalence of breast

cancer.18

Four studies observed that mammography detected can-

cers that were occult on MRI.14,15,17,18 One of these studies

also found that ultrasound detected cancers that were not

identified by either mammography or MRI.18 The fifth study

only reported four cancers, all of which were detected by

MRI.16 The two studies that reported on CBE as a component

of conventional testing observed CBE-detected cancers that

were occult on mammography17 or mammography plus ultra-

sound,18 but not MRI.

3.5. Test recall rates

Three studies reported subject recall rates for further investi-

gation of false positive findings15,16 and/or benign percutane-

ous biopsy (core needle biopsy or fine needle aspiration

biopsy) rates14–16 for different screening strategies. One study

also reported on MRI-initiated benign surgical biopsies. Based

on these data, the risk of being recalled for further investiga-

tion where cancer was subsequently excluded was three to

five-fold higher when MRI was added to mammography ver-

sus mammography alone (relative risk 3.43–4.86) with an esti-

mated 71–74 additional false positive recalls per 1000

screening rounds (Table 2).

The relative risk of undergoing a benign percutaneous

biopsy due to the addition of MRI varied between 1.22

and 9.50 with an estimated 7–46 additional benign biopsies

per 1000 screening rounds. Data from the MARIBS study

also indicated that adding MRI doubled the risk of undergo-

ing a benign surgical biopsy (relative risk 2.0, 95%CI 0.5–8.0;

2 additional benign surgical biopsies per 1000 screening

rounds).15

3.6. Stage shift in cancer detection

None of the studies reviewed compared rates of advanced

cancers in successive screening rounds. There were no statis-

tically significant differences in tumour size (<10 mm or



Table 3 – Prognostic characteristics of breast cancers detected by screening with and without MRI

Study author,
year

N Screen-detected
cancers

Number of invasive cancers detected by screening strategies with and without
MRI & proportion with size < 10 mm and no lymph node involvementa

Size and lymph node status
of invasive cancers detected

by MRI alone
With MRI Without MRI

Kuhl et al.,
2005

390b(total 529) Invasive 31,c DCIS 9 Conventional testing = mammography + ultrasound
N = 31 N = 16 N = 14
• size • size • size
<10 mm; P20 mm NR <10 mm; P20 mm NR mean <10 mm; P20 mm NR
mean 12.4 mm, s.d. 6.7, median
11.0 mm

13.9 mm, s.d. 6.4, median
13.0 mm

mean 9.0 mm, s.d. 4.3,
median = 7.5 mmd

• LN negative 26/31 (84%) • LN negative 11/16 (69%) • LN negative 14/14 (100%)e

Conventional
testing = mammography
N = 31 N = 10 NR
• size • size
<10 mm; P20 mm NR <10 mm; P20 mm NR
mean 12.4 mm, s.d. 6.7, median
11.0

mean 13.2 mm, s.d. 7.8 median
12.0 mm

• LN negative 26/31 (84%) • LN negative 6/10 (60%)

Leach et al.,
2005

649 Invasive 28, DCIS 5 Conventional
imaging = mammography
N = 28 N = 9 N = 19
• size • size • size
<10 mm: 10/28 (36%) <10 mm: 4/9 (44%) <10 mm: 6/19 (32%)
P20 mm: 9/28 (32%) P20 mm: 3/9 (33%) P 20 mm: 6/19 (32%)
LN negative 19/24 (79%) LN negative 6/9 (67%) • LN negative13/15 (87%)

Sardanelli
et al., 2007

278 Invasive 14, DCIS 4 Conventional imaging = mammography + ultrasound + CBE
N = 14 N = 12 N = 2
• size • size • size
<10 mm: 3/14 (21%) <10 mm: 1/12 (8%) <10 mm: 2/2 (100%)
P20 mm: 3/14 (21%) P20 mm: 3/12 (25%) P20 mm: 0/2 (0%)
• LN negative 10/13 (77%) • LN negative 9/11 (82%) • LN negative 1/2 (50%)

Warner et al.,
2004

236 Invasive 15, DCIS 6 Conventional imaging = mammography + ultrasound + CBE
N = 15 N = 10 N = 5
• size • size • size
<10 mm: 5/15 (33%) <10 mm: 2/10 (20%) <10 mm: 3/5 (60%)
• LN negative 12/14 (86%) • LN negative 8/9 (89%) • LN negative 4/5 (80%)
Conventional imaging = mammography + CBE
N = 13 N = 6 N = 7
• size • size • size
• <10 mm:5/13 (38%) • <10 mm: 1/6 (17%) • <10 mm: 4/7 (57%)
P20 mm: 2/13 (15%) P20 mm: 1/6 (17%) P20 mm: 1/7 (14%)
• LN negative 11/12 (92%) • LN negative 5/5 (100%) • LN negative 6/7 (86%)

DCIS = ductal carcinoma in situ; LN = lymph node; NR = not reported.

a No statistically significant difference in proportion of invasive cancers with size < 10 mm or no lymph node involvement detected by screening strategies with and without MRI.

b 390 women without a prior history breast cancer from total study population of 529.

c 31 primary invasive breast cancers detected in 30 women, excludes invasive cancers detected in patients with prior history of breast cancer.

d T-test for comparison of mean size of cancers detected by conventional tests versus by MRI alone: P = 0.02.

e X2-test for comparison of proportion of cancers with no lymph node involvement detected by conventional tests versus by MRI alone: P = 0.02.
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P20 mm) or lymph node involvement of invasive cancers de-

tected with and without MRI (Table 3). Data reported by Kuhl

and colleagues indicated that the additional cancers detected

by MRI alone were statistically significantly smaller and less

likely to involve lymph nodes than cancers detected by mam-

mography and ultrasound (P < 0.05). However, data from the

larger MARIBS study did not show similar findings.
4. Discussion
This review provides strong evidence that adding breast MRI

to conventional screening tests offers a highly sensitive strat-

egy for the early detection of breast cancer in young high risk

women. There is some evidence that adding MRI to mammog-

raphy may increase patient recall rates due to increased false

positive findings, although the magnitude of this trade-off is

less certain.

Strategies that combined MRI plus mammography with or

without ultrasound and CBE reported sensitivities of 93–100%.

Screening sensitivity was 58% higher (95%CI 46–70%) when

MRI was added to mammography due to the low sensitivity

of using mammography alone in this population, with smal-

ler but statistically significant net gains when MRI was added

to combinations of mammography, ultrasound and CBE

(incremental sensitivity 31–44%). Mammography, ultrasound

and MRI each detected cancers that were not detected by

the other modalities indicating that the use of all three tests

in combination would provide optimum sensitivity.

Interpretation of estimates of sensitivity need to take into

account the duration and completeness of subject follow-up

to identify false negatives. Two studies that reported 100%

sensitivity for the combination of MRI plus conventional tests

either did not undertake long-term follow-up16 or reported an

interim analysis before all subjects completed 12-months of

follow-up,17 whereas other studies followed patients up for

an average of two or more years and identified false negative

(interval) cancers.

The increased sensitivity of screening with MRI should be

considered with evidence about the potential corresponding

risks of increased false positive findings. Estimates of the rel-

ative specificity of adding MRI to conventional tests were less

consistently reported and varied widely across studies. This

variation may be explained, at least in part, by the use of dif-

ferent thresholds for classifying positive test results. Screen-

ing specificity using MRI was lowest in the MARIBS study

(77%, 95%CI 75–79%), where all patients referred for further

tests and those with indeterminate results that were ‘proba-

bly benign’ were classified as having a positive test in addi-

tion to patients classified as having ‘suspicious’ or

‘malignant’ findings (BI-RADS 0.3–5).15 Furthermore, all tests

were double read and the most conservative score was se-

lected for calculation of test sensitivity and specificity. In

contrast, studies that only classified subjects as having a po-

sitive test if they had a ‘suspicious’ or ‘malignant’ finding

(BI-RADS 4–5) estimated screening specificities of up to 96%

using MRI, but these results do not take into account pa-

tients recalled for further investigation of indeterminate

findings.
Two studies reported data indicating that adding MRI to

mammography increased a woman’s risk of being recalled

for further investigation of a false positive result approxi-

mately three to five-fold,15,16 with the number of additional

false positive patient recalls per 1000 screening rounds

varying according to the risk of the disease in the screened

population. Both studies showed that adding MRI increased

the risk of benign percutaneous biopsies by at least three-

fold, with Leach and colleagues also reporting a twofold in-

crease in the risk of surgical biopsy.15 In contrast, Kuhl and

colleagues observed a smaller, non-significant difference in

the rate of benign percutaneous biopsies when MRI was

added to mammography (surgical biopsies not reported).14

The authors attributed these favourable results to the high

level of experience of study radiologists. At least in the set-

ting of screening mammography, there is evidence that wo-

men prefer to be recalled more frequently for investigation

of false positive results, provided this will lead to an in-

creased overall chance of detecting cancer.24

The effectiveness of a screening test can be demon-

strated by showing that it reduces patient mortality; or in-

ferred from evidence that it detects extra cases of disease

with a reduction in rates of interval cancers or the inci-

dence of advanced cancers in subsequent screening

rounds.25 We did not identify any studies assessing the im-

pact of MRI screening on any of these outcomes. Conclu-

sions about the value of MRI are therefore based on

evidence of improved sensitivity and assumptions about

the benefits of early detection in young high risk women

extrapolated from mammographic screening trials under-

taken in older average risk populations.5,9 Reductions in

mortality observed in population breast cancer screening

programs have been attributed to the ability of mammogra-

phy screening to produce a stage shift in the detection of

earlier stage breast cancer in asymptomatic women and

the improved efficacy of treatment for early versus late

stage disease. However, it is not clear whether early detec-

tion will produce the same benefits in high risk women be-

cause breast cancers in this population are known to have a

different prognostic profile.5

We did not identify convincing evidence that the addition

of MRI detects breast cancer at an earlier stage than conven-

tional testing alone. However, none of the included studies

were designed to test this hypothesis, and the number of

cases detected may have been too small to demonstrate a

true difference in tumour stage. In a large study comparing

the accuracy of MRI versus mammography, Kriege and col-

leagues reported on tumour characteristics from 44 invasive

breast cancers.26 They found a statistically significant differ-

ence in the proportion of cases detected with favourable prog-

nostic characteristics (size < 10 mm and absence of axillary

lymph node spread and micrometastases) in high risk women

participating in breast cancer screening programs that used

MRI compared to a population-based sample of breast cancer

cases (screening history unreported) and a sample of high risk

women who did not participate in screening. Unfortunately,

these findings do not allow conclusions about differences in

tumour stage for the additional cases detected by adding

MRI to conventional screening tests. The authors did not find

a difference in tumour stage between invasive cancers de-
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tected by MRI at the first versus subsequent screening

rounds.27 Therefore, although there is strong evidence that

the addition of MRI results in the early detection of additional

breast cancer cases compared to conventional screening

tests, the benefits of early detection in terms of improved pa-

tient prognosis have not yet been quantified.

Two cost-effectiveness analyses used different methods

to estimate the magnitude of incremental effects of

adopting MRI in terms of quality adjusted life years saved.

Plevritis and colleagues used a mathematical model of the

natural history of invasive breast cancer to estimate the

relative effects of screening with MRI plus mammography

versus mammography alone and used US health care

costs to estimate an incremental cost-effectiveness ratio.28

The National Collaborating Centre for Primary Care ap-

plied evidence about test accuracy and UK costs from

the MARIBS study to assumptions about the differential

effects (in terms of 5-year survival) of early versus late

detection.12

These different approaches both led to similar conclu-

sions that MRI is potentially cost-effective for screening wo-

men younger than 50–54 years at very high risk of breast

cancer (e.g. proven BRCA1 mutation carriers), but less

cost-effective for screening populations with a wider risk

or wider age distribution. Both modelled analyses also indi-

cated that the relative effectiveness and cost-effectiveness

of MRI varied substantially with variations in the incidence

of breast cancer in the screened population and the esti-

mated incremental sensitivity of MRI versus conventional

screening tests. Notably, neither study investigated the

incremental cost-effectiveness of MRI compared to screen-

ing programs that included the routine use of ultrasound

which would be expected to reduce the incremental sensi-

tivity and therefore cost-effectiveness of MRI.

Conclusions about the incremental accuracy of MRI com-

pared to mammography plus ultrasound with or without

CBE in this review were limited to evidence from three

studies (2286 MRI studies in 1043 patients).14,17,18 These

studies reported a wide variation in the sensitivity of each

modality, for example, the estimated sensitivity of mam-

mography varied from 33% to 59%, and were conducted in

populations with different levels of risk, aged from 25 to

79 years, leaving some uncertainty about the relative sensi-

tivity of each modality in high risk women under 50 years.

Furthermore, none of these studies reported sufficient data

for a comparison of the specificity of screening strategies

that used this combination of screening modalities. Thus,

no conclusions can be drawn about the impact of MRI as

an addition to mammography plus ultrasound on false po-

sitive recall rates; and any potential associated harms such

as increased patient anxiety and use of healthcare re-

sources for unnecessary biopsies.

These findings highlight the difficulty in synthesising evi-

dence for conclusions about the value of a test from studies
that have used different methods to assess test accuracy

and do not report primary data for estimates of sensitivity

and specificity. Prospective accuracy studies with methods

and results clearly reported according to the Standards for

Reporting of Diagnostic Accuracy (STARD guidelines) are

needed to address outstanding questions about the perfor-

mance of different screening strategies.29

The absence of evidence about the effects of early detec-

tion of breast cancer, in terms of reduced patient mortality,

in this group of women should be judged in context of the

barriers to conducting a RCT to quantify these effects (these

include: large sample size and lengthy follow-up to detect a

true effect; and the ethics and acceptability of randomisation

to patients and clinicians). An alternate approach would be a

RCT to compare screen-detected tumour stage and interval

cancer rates (a shorter term outcome) for screening strategies

with and without MRI as this may be more feasible.25

This review provides convincing evidence that including

MRI in breast cancer screening programs for young high

risk women detects additional breast cancers compared to

conventional screening strategies. However, there is no di-

rect evidence for estimates of the magnitude of patient ben-

efits. If a policy of using MRI for screening young high risk

women is adopted as is occurring in the UK,12 the US13 and

under consideration in Australia,30 challenges for clinicians

include the need for comprehensive risk prediction models

to accurately select high risk women who may stand to

gain the most benefits. It will be critical to provide counsel-

ling and information to these women about the large uncer-

tainty surrounding these potential benefits; the higher risk

of unnecessary false positive findings; and the benefits

and harms of primary prevention measures as an alterna-

tive strategy to screening.
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Appendix. Quality of reporting of meta-analyses (QUOROM) flowchart summarising the results of the
literature search and the application of eligibility criteria
Potentially relevant publications 
screened for retrieval  
(n = 3,309). 

Publications retrieved for full-text 
evaluation (n = 91). 

Publications excluded based on eligibility criteria (n = 3,225): 
Not a controlled clinical study or wrong patient group or 
diagnostic test (n = 3,192); wrong reference standard or 
comparator (n = 30); wrong outcomes (n = 2); not in English 
(n = 1). 

Duplicate publications and publications with overlapping 
patient populations excluded (n = 13). 

 

Publications excluded based on eligibility criteria (n = 69): 
Not a controlled clinical study (n = 35); wrong patient group 
(n = 9); wrong diagnostic test (n = 3); no comparison of MRI 
plus conventional imaging versus conventional imaging (21); 
wrong outcome (n=1). 

 

Additional studies meeting eligibility criteria (n = 7): identified 
from search of HTA databases (n = 4)a;  cited by included 
articles or experts in the area (n = 3). 

Primary publications included in the 
systematic review (n = 5):  
 

Potentially relevant publications 
identified  
(n = 3,367). 

Duplicate publications excluded (n = 58). 

Systematic reviews conducted prior to the publication of one 
or more eligible primary studies or not investigating the 
incremental value of MRI versus conventional screening 
tests excluded (n=4) 
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