
EPIDEMIOLOGY

Comparative effectiveness of breast MRI and mammography
in screening young women with elevated risk of developing breast
cancer: a retrospective cohort study

Anand K. Narayan1 • Kala Visvanathan2 • Susan C. Harvey3

Received: 12 July 2016 / Accepted: 13 July 2016 / Published online: 21 July 2016

� Springer Science+Business Media New York 2016

Abstract Screening guidelines recommend that women

with 20 % or greater lifetime risk of breast cancer undergo

annual breast MRI screening to supplement mammography,

irrespective of age. In patients less than 40 years, mam-

mography is often avoided due to concerns about radiation

and decreased performance. However, prior studies have

been limited by large percentages of women above 40 with

decreased breast density. Our purpose was to test whether

adding mammography to breast MRI screening compared to

breast MRI screening alone in women below 40 increases

cancer detection rates. After obtaining IRB approval,

chart review identified patients aged 25–40 years undergo-

ing breast MR screening (2005–2014). Demographics, risk

factors, BI-RADS assessments, background parenchymal

enhancement, andmammographic breast tissue density were

recorded. Cancer detection rates, short-term follow-up

(BIRADS 3), image-guided biopsy (BIRADS 4,5), and

PPV1–3 were calculated. 342 breast MRI exams were

identified (average age was 33, 37 % were nulliparous, and

64 % had prior benign biopsy), 226 (66 %) of which

underwent concurrent mammography. Risk factors included

64 %with breast cancer in first-degree relative(s), 90 % had

heterogeneous or extremely dense breast tissue on

mammography, and 16 % were BRCA carriers. Four inva-

sive cancers were detected by MRI (11.7 cancers/1000

examinations, 95 % CI 8.3, 15.1). None of these was

detected by mammography, and no cancers were indepen-

dently identified bymammography. BreastMRI screening in

high-risk women under 40 yielded elevated cancer detection

rates (11.7/1000). The cancer detection rate for mammog-

raphy was 0 %, suggesting that MRI alone may be useful in

screening high-risk women under 40.
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Introduction

Screening guidelines recommend that women with a 20 %

or greater lifetime risk of breast cancer undergo annual

breast MR screening to supplement mammography [1]. In

patients less than 40 years old who do not have a known

germline mutation, however, mammography is often

avoided to minimize radiation exposure [2] and because of

decreased performance (secondary to increased breast

parenchymal density) [3]. Nevertheless, prior studies and

the American College of Radiology Appropriateness Cri-

teria (ACR) have suggested that higher-risk women under

40 undergo screening with both breast MRI and mam-

mography [4, 5]; however, prior studies comparing MR and

mammography have been limited by study cohort popula-

tions which included large percentages of women greater

than 40 years old as well as women with lower breast

parenchymal density. The purpose of our study was to

evaluate the hypothesis that screening with both mam-

mography and breast MRI would not improve cancer
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detection rates compared to screening with breast MRI

alone in women between 25–39 years old.

Materials and methods

To evaluate the main study hypothesis, we conducted a

retrospective cohort study after obtaining IRB approval.

The study was based in a tertiary care hospital located in an

urban setting as well as nearby outpatient suburban satellite

locations. Participants were identified using breast MRI

procedure codes from radiology databases. The following

inclusion criteria were used: women between the ages of

25–39 years who underwent screening breast MRI between

1/1/2005 and 6/30/2014 followed by at least 1 year of

follow-up with the last date of clinical follow-up being

6/30/2015. Breast MRIs were considered as screening

MRIs, if indication for examination was described as for

screening and/or if clinical histories indicated that patients

had risk factors for breast cancer which gave them a greater

than 20 % lifetime risk of developing breast cancer.

Women undergoing breast MRI for evaluation of symp-

tomatic abnormalities (e.g., lump, focal breast pain, and

discharge) were excluded. Women with histories of active

breast cancer (actively undergoing cancer treatment or

have undergone treatment within the last year) were also

excluded, while women with more distant ([1 year) his-

tories of cancer remained eligible for inclusion. Clinical

histories and variable data for each patient were obtained

from searching the electronic medical records.

Variables

Independent variable

The primary independent variable was the presence or

absence of mammography performed within 7 months of

screening breast MRI. The additional month takes into

consideration women who are slightly late for their

6-month visit.

Outcome Variables

Primary outcome variables included cancer detection rate

(numbers of cancers detected per year per 1000), abnormal

interpretation proportions (BIRADS 0, 3, 4, and 5), short-

term follow-up (BIRADS 3), image guided biopsy (BIR-

ADS 4,5), sensitivities, specificities, and positive predictive

values were calculated and compared in patients undergo-

ing breast MRI screening with and without mammography.

BIRADS diagnoses of all recorded lesions were dichot-

omized with categories 1 and 2 being considered negative

and categories 0, 3, 4, and 5 being considered as positive.

Positive histopathologic diagnoses included a diagnosis of

invasive or ductal carcinoma in situ with all other benign

breast histopathologies being considered negative (includ-

ing lobular carcinoma in situ). Histopathologic diagnoses

were dichotomized, in that a diagnosis of invasive or DCIS

cancer was accepted as a malignant diagnosis or disease

positive; all other histologic results including lobular car-

cinoma in situ were categorized as disease negative. In

addition, an uneventful follow-up, based on any type of

imaging or clinical follow-up at 12 months was accepted as

disease negative.

Three positive predictive values were calculated. Posi-

tive predictive value 1 (PPV1) refers to the number of true

positives/number of positive screening examinations, pos-

itive predictive value 2 (PPV2) refers to the number of true

positives/number of screening or diagnostic examinations

recommended for biopsy, and positive predictive value 3

(PPV3) refers to the number of true positives/number of

biopsies.

Predictors, confounders and effect modifiers

Baseline demographics were obtained for each patient (age,

race/ethnicity) at the time of first screening breast MRI.

Additionally, known risk factors for breast cancer were

collected including age at menarche, parity, number of

children, age at birth of first child, history of prior breast

biopsies, history of atypia or lobular carcinoma in situ,

menopausal status, family history of breast or ovarian

cancer (including first-degree relatives), BRCA status, oral

contraceptive or hormonal therapy usage, alcohol usage,

smoking status (current, former, and never), history of

ovarian/uterine surgery, usage of chemoprevention, and

history of breast cancer (greater than one year). As these

variables may lead to the outcome (breast cancer) and may

be associated with the exposure (presence or absence of

screening mammography), these variables were considered

as potential confounders. No variables were hypothesized a

priori to be causal intermediates between the exposure

(presence/absence of screening mammography) and the

outcome (breast cancer), hence no variables were consid-

ered to be effect modifiers.

Statistical analysis

Linear and logistic regression analyses were utilized to

compare baseline risk factors in patients undergoing breast

MRI with and without mammography screening with ran-

dom effects used to account for multiple screening rounds.

The primary outcomes (cancer detection rates and

abnormal interpretation rates) were compared in breast

MRI screening rounds with and without screening
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mammography using logistic regression with random

effects models used to account for multiple screening

rounds, unadjusted and adjusted for potential confounders.

Means, medians, and standard deviations (SD) were

reported for continuous outcomes with 95 % confidence

intervals. As MRI BIRADS information was not available

for only 1/342 patients (0.3 %), additional missing data

analyses were not performed.

Sample size was based on comparing the estimated

sensitivity of mammography in dense breasts (62 %) [6] to

MRI (96 %) [7], yielding an estimated sample size of 19 in

each group for 80 % statistical power. Two-sided p values

less than 0.05 were considered to be statistically signifi-

cant. STATA 11 was used to perform analyses (StataCorp.

2009. Stata Statistical Software: Release 11. College Sta-

tion, TX: StataCorp LP).

Results

A total of 235 patients underwent 342 breast MRI exams of

which 66.0 % (226/342) MRI examinations were per-

formed with mammography within 7 months. Mean fol-

low-up time was 1.7 years (median 1, SD 1.4, range 1.6,

1.9) (mean number of exams per patient of 1.455).

Baseline risk factors are described in Table 1 for the

patients. At baseline, the mean age of patients was

33.0 years (n = 235, median 34, SD, 4.9, 95 % CI 32.4,

33.7) and 78.2 % of patients were white. Comparing

screening rounds in which supplemental mammography

was performed to screening rounds in which only screening

breast MRI was performed, no statistically significant dif-

ferences were found in baseline risk factors, except for oral

contraceptive usage in which usage was lower in screening

rounds in which screening breast MRI was performed

without adjunct mammography (19.5 vs. 29.7 %,

p = 0.049).

In terms of outcomes, the overall cancer detection rate

for screening breast MRI in this cohort was 11.7 per 1000

(8.3, 15.1) (Table 2). Sensitivity was 100 % as no cancers

developed on interval imaging or clinical follow-up or

presented in between rounds of breast MRI screening with

PPV1–3 ranging between 4.2 and 10.8%. Overall abnormal

interpretation proportion (MR BIRADS of 0,3,4,5) was

27.9 % with 10.8 % of screening breast MRIs leading to

biopsy (n = 341). Analysis of results by round of screening

MRI (initial screening breast MRI exam versus subsequent

screening breast MRI) found cancer detection rates of 27.5

cancers per subsequent screening round per 1000

(n = 107) compared with 4.3 cancers per initial screening

round per 1000 (n = 235), a result which was close to the

statistically significant one (p = 0.058) (Table 3). No dif-

ferences were found in BIRADS distribution comparing

initial vs subsequent screening rounds (p = 0.135) and

percentage of screening MR examinations leading to

biopsies (p = 0.187). Patients were more likely to undergo

supplemental mammography (p = 0.022) and ultrasound

examinations (p\ 0.001) at initial screening rounds com-

pared with subsequent screening rounds. No statistically

significant differences were found in abnormal examina-

tion proportions comparing initial versus subsequent

screening rounds (p = 0.158).

Four invasive cancers were detected by MRI (11.7

cancers detected per 1000 examinations, 95 % CI 8.3,

15.1). Of these four cancers, none of the lesions was

detected on mammography (two were given BI-RADS

ratings of two, and mammography was not performed for

the other two cancers). Regarding the detected cancers, one

cancer was a patient with a previous left breast invasive

ductal cancer at the age of 29 treated with lumpectomy and

radiation therapy and was found to have an ipsilateral

recurrence on breast MRI (clumped ductal enhancement)

with biopsy-proven ductal carcinoma in situ at age 37 and

subsequently underwent mastectomy. Another case

involved a 39 year old with a strong family history of

breast cancer undergoing high-risk screening breast MRI.

She was found to have suspicious nonmass enhancement in

her right breast (without mammographic or ultrasound

correlate) biopsied with large core needle technique and

MRI guidance and found to be infiltrating ductal carci-

noma, subsequently treated by lumpectomy (mammogra-

phy localization of biopsy clip), radiation, and adjuvant

chemotherapy. Additionally, a 39-year-old female with a

BRCA one mutation and personal history of ovarian cancer

was found to have new areas of nonmass enhancement in

her right breast. The patient underwent bilateral mastec-

tomies with pathology revealing an infiltrating mammary

carcinoma with ductal and lobular features on the right

corresponding to the MRI finding. Unfortunately, the

patient went on to develop metastases from her ovarian

cancer, which was treated with chemotherapy. Finally, a

38-year-old female with history of right breast invasive

ductal carcinoma treated with lumpectomy, chemotherapy,

and radiation followed by tamoxifen at the age of 35

underwent high screening breast MRI and was found to

have new spiculated enhancing mass in the upper outer

quadrant of her right breast ultrasound-guided biopsy

proven to be infiltrating ductal carcinoma with lobular

features. Patient subsequently underwent bilateral total

mastectomy and unfortunately was diagnosed with diffuse

metastases 7 months later and was subsequently treated

with chemotherapy, and palliative brain and spinal

radiation.

In the population, 64 % had mammography and MRI

(219/342 screening rounds) at any time point with 66.5 %

of mammography examinations having heterogeneously

Breast Cancer Res Treat (2016) 158:583–589 585

123



Table 1 Baseline

demographics and risk factors

for breast cancer in a cohort of

235 patients

Parameter Results (95 % CI) No. of patients

with data

Mean age (median, SD) 33.0 (34, 4.9) 235

Follow-up (median, SD) 1.7 (1, 1.4) 235

Race (%) 206

White 78.2

African American 13.1

Other 8.7

Age at Menarche (yrs) 12.6 (13, 1.5) 122

Parous (%) 44.5 164

Ever pregnant (%) 55.2 152

No. of children 0.8 (0, 1.1) 157

Birth age of first child (yrs) 27.3 (28.5, 6.6) 50

Prior biopsy (%) 37.2 188

No. of prior breast biopsies 0.8 (1, 0.7) 70

History of atypia (%) 9.7 154

History of LCIS (%) 0.6 180

Family history of first-degree relative (%) 54.0 235

Relatives with breast cancer 2.4 (2, 1.7) 189

Known BRCA mutation (%) 15.7 63

Oral contraceptives (%) 19.5 145

Hormone replacement therapy (%) 1.7 147

Uterine surgery (%) 0.0 123

Ovarian surgery (%) 0.8 123

Chemoprevention (%) 1.6 123

Family history of first-degree relative refers to maternal or paternal family history of first-degree breast

cancer

LCIS Lobular carcinoma in situ

Table 2 Combined outcomes in all patients undergoing screening breast MRI (with or without mammography)

Parameter Results Sample Size

No. of cancers detected 4 (1 initial screening round, 3 subsequent screening rounds) 342

Overall cancer detection rate (per 1000) 11.7 cancers per screening round per 1000 342

% of screening examinations which led to biopsies 10.8 342

MRI BIRADS (%) 341

0 5.6

1 22.9

2 49.3

3 13.5

4 8.8

Sensitivity 100.0 4

Specificity 73.0 338

PPV1 4.2 95

PPV2 6.7 30

PPV3 10.8 37

Recall proportion 27.9 341

PPV Positive predictive value
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dense breast parenchymal density and 24.1 % of mam-

mography examinations having extremely dense breast

tissue (Table 4). 80.7 % (172/213) of mammography

examinations had BIRADS 1 or 2. Of the remaining 41

mammography examinations with abnormal interpretations

(BIRADS 0, 3,4, or 5), 9 led to biopsies, all of which were

benign. For our primary analysis, no statistically significant

differences were found in cancer detection rates

(p = 0.483) and abnormal interpretation rates (p = 0.114)

comparing rounds of screening breast MRI performed with

and without mammography.

Conclusion

In our study, we found elevated incidence rates of breast

cancer in high-risk women under 40 (11.7/1000) compared

with general population-based SEER estimates of cancer

incidence in women under 40 (0.6/1000), a 20-fold

increase [8]. The results are consistent with prior literature

on screening breast MRI in a wide variety of patient pop-

ulations with elevated risks of developing breast cancer. In

one of the few prospective cohort studies evaluating cancer

detection by screening breast MRI in a cohort of women

(mean age 44.6) with greater than 20 % lifetime risk of

developing breast cancer (BRCAPRO model), Kuhl et al.

found a cancer detection rate of 14.9/1000 using screening

breast MRI alone [9], comparable to the 11.7/1000 rate

found in our study. High-risk cohorts in women with his-

tories of LCIS found cancer detection rates ranging

between 16.3 and 17.9 cancers per 1000 screening exam-

inations [10, 11]. Freitas et al. studied 98 women with prior

Table 3 Outcomes by screening round in all patients undergoing screening breast MRI (with or without mammography)

Initial screening round n Subsequent screening round n p value

Cancer detection rate (per 1000) 4.3 cancers per screening

round per 1000

235 27.5 cancers per screening

round per 1000

107 0.058

MRI BIRADS (%) 234 107 0.135

0 6.9 2.8

1 24.6 19.3

2 45.3 57.8

3 15.1 10.1

4 8.2 10.1

Mammo performed? 68.2 235 55.1 107 0.022

Ultrasound performed? 45.1 235 21.6 107 0.000

Biopsy performed? 12.5 235 7.3 107 0.187

Sensitivity 100.0 2 100.0 2

Specificity 70.0 233 79.0 105

PPV1 2.8 71 16.7 24

PPV2 5.0 20 10.0 10

PPV3 6.7 15 14.3 7

Recall proportion 29.7 233 22.9 107

PPV Positive predictive value

Table 4 Supplemental screening mammography

Supplemental mammography screening Results n

Parameter

Cancer detection rate (per 1000) 0 219

MRI BIRADS (%) 213

0 7.5

1 29.1

2 51.6

3 7.0

4 4.2

5 0.5

Breast density 211

Almost entirely fatty 1.9

Scattered fibroglandular densities 7.6

Heterogeneously dense 66.5

Extremely dense 24.1

Biopsy Performed? 13.2 219

Sensitivity 0.0 2

Specificity 80.6 217

PPV1 0.0 41

PPV2 0.0 10

PPV3 0.0 7

Recall proportion 18.7 219
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histories of chest radiation therapy, in whom 12 cancers

were detected by MRI screening (median latency from

completion of radiation to detection of the breast cancer of

18 years) [12]. Kriege et al. studied 1952 women with a

lifetime risk of developing breast cancer greater than 15

percent (mean age of 40) and found an overall cancer

detection rate of 9.5 per 1000 screening exams with the

highest rate in the subgroup of women with genetic

mutations (26.5 cancers per 1000) [13]. Finally, Lehman

et al. studied 1521 women (88.6 % who were greater than

age 40) with personal histories of breast cancer undergoing

screening breast MRI and found cancer detection rates of

19.7 per 1000 [14].

We found a cancer detection rate for supplemental

mammography of 0 % with 90 % of mammograms

demonstrating heterogeneous or extremely dense breast

parenchymal density (known to limit mammographic sen-

sitivity) suggesting that MRI alone may be useful in

screening high-risk women under 40. The results are sim-

ilar to the results from the prospective EVA trial by Kuhl

et al. [9] in which the combination of screening mam-

mography and MRI did not lead to statistically significantly

increased cancer detection rates compared with MRI alone

(p = 0.5). The only cancer not visible on MRI in this study

was a case in a 52-year-old patient who was found to have

calcifications which were biopsied, revealing low-grade

DCIS. Studies comparing ultrasound to mammography in

women under 40 have reached similar conclusions about

the incremental benefits of mammography—Lehman et al.

found high sensitivities (95.7 %) for ultrasound in symp-

tomatic women with poor sensitivities for mammography

(60.9 %), suggesting that adjunct mammography has lim-

ited benefits, likely secondary to elevated levels of breast

parenchymal density [15]. Indeed in our study, we found

that over 90 % of women under 40 had heterogeneously

dense or extremely dense breast parenchymal density,

likely contributing to the limited sensitivity of mammog-

raphy in this setting.

Limitations of our study include reliance on retrospec-

tive data collection, data collection from a single institu-

tion, small numbers of detected cancers, and relatively low

positive predictive values. Though prospective data col-

lection would have enhanced our ability to more closely

track baseline risk factors and improve our ability to

ascertain outcomes, the results in our study regarding

cancer detection rates and the lack of benefits of screening

mammography in this age group are similar to previously

described prospective cohort studies. Data collection from

a single institution limits the generalizability of our study

conclusions; however, we collected data from our outpa-

tient sites in both urban and suburban locations. The small

number of cancers we detected in our study (four) creates

additional uncertainty regarding the true incidence of

breast cancer in a high-risk cohort of women under 40.

Nevertheless, our cancer detection rate (11.7/1000) is

comparable to previously reported cancer detection rates

with widely overlapping confidence intervals. Additionally,

our cancer detection rate is comparable to the cancer

detection rates in other previously reported high-risk

cohorts. Finally, we note low positive predictive values in

our cohort study (PPV3 of 10.8 %) of screening breast

MRI. This is attributable to the bulk of our data collection

occurring in an era at our institution in which the large

majority of our breast MRIs were read by non-breast

imagers. More recent results from dedicated breast imagers

in our practice have yielded much higher positive predic-

tive values(unpublished data). With higher positive pre-

dictive values and the development of abbreviated low-cost

MR protocols [16, 17], these advancements suggest the

possibility of increased dissemination of high-risk screen-

ing protocols in high-risk women below 40.

In conclusion, breast MRI screening in high-risk women

under 40 yielded elevated cancer detection rates (11.7 per

1000) with no evidence of improvements in cancer detec-

tion rates by mammography. With a large majority of

women under 40 demonstrating high levels of breast

parenchymal density, the results suggest that MRI alone

may be useful in screening high-risk women under 40. Our

findings should be confirmed in future, multicenter

prospective trial involving multiple institutions and larger

numbers of patients.
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