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Breast MRI is being used more frequently for advanced screening for breast cancer. Patients may be at
increased risk, or are symptomatic, with nonsuspicious mammograms. There is little data regarding the
likelihood of a recommendation for biopsy, or for detecting a malignancy, in this population. We
intended to determine the malignancy rate, number needed to treat, and positive predictive value for
patients receiving adjunctiveMRI at our institution. A retrospective review of all breastMRIs from 2008
to 2010 was done. Patients with any prior diagnosis of breast cancer, or BRCA1were excluded. There
were 324 patients.Most common reasons for ordering the breastMRI included: abnormal test result 130
(44%), palpable mass 74 (23%), family history 58 (18%), breast pain 47 (15%), and nipple discharge 45
(14%). Breast Imaging-Reporting and Data System score (BIRADS) was 1 or 2 in 36 per cent, 4 or 5 in 18
per cent, 3 in 26 per cent, 0 in 10 per cent, and not given in 9 per cent. Biopsy was recommended in 77
(24%), with biopsy actually performed in 57 (18%). Of the eight cancers identified, four (1.2%) were
ductal carcinoma in situ (DCIS) and four (1.2%) were invasive cancer, yielding a true-positive rate of 2.5
per cent. Number needed to treat was 40. Positive predictive value was 14 per cent with a false-positive
rate of 86 per cent. In this group of generally higher risk women, typically prescreened with mam-
mography, 1.2 per cent had an invasive cancer, and another 1.2 per cent had DCIS. Those who undergo
biopsy are 6.1 times more likely to have benign pathology. The efficacy of adjunctive breast MRI could
be improved through refinements in indication, test interpretation, or alternative screening strategies.

T HE EARLY IDENTIFICATION of breast cancer is heavily
dependent on the use of imaging, particularly

mammography and ultrasound. The use of breast MRI has
increased over the past several years both as a screening
adjunct as well as a diagnostic tool, with one study
showing a 20-fold increase from 2000 to 20091 and an-
other showing a 3-fold increase between 2005 and 2009,2

despite only 21 to 25 per cent of these patients showing
evidence of meeting the American Cancer Society crite-
ria.1, 2 Numerous studies have presented data regarding its
use for women who are genetic mutation carriers, or who
have a very high risk for breast cancer.3–7 It is particularly
in this setting thatMRI has attained its status as the highest
sensitivity breast imaging modality, with rates ranging
from 71 to 91 per cent.8–11 Other studies have reported on
the use of breast MRI in the newly diagnosed breast
cancer patient.12–14 There are many women who fall in
between these two ends of the spectrum, women who
may be at average or above average risk, either asymp-
tomatic presenting for screening, or who present with
some breast symptom or finding on clinical examination.

There is limited data regarding the utility of adjunctive
breast MRI in this group that comprises a significant
number of women in a typical breast practice.15

Critics of breast MRI cite a high false-positive rate,
low positive predictive value (PPV), and unreliable
specificity, leading to unnecessary procedures and delay
in treatment16 as well as possible overtreatment with
unnecessary mastectomies.13 False-positive rates have
ranged between 40 and 87 per cent.16, 17 Although up to
25 per cent of patients may receive biopsies, PPV from
these studies hovers around 40 per cent.3, 17 The spec-
ificity has varied greatly, ranging from 26 to 97 per cent,
but usually reported near 60 per cent.18, 19 This study
aimed to provide new information regarding the likeli-
hood of biopsy after MRI in average- or above-average
risk patients, with or without symptoms, the cancer
detection rate, and thus the PPV of MRI to help guide
responsible disease detection.

Methods

Study Design

Institutional Review Board consent was obtained for
a retrospective chart review of all women who un-
derwent breast MRI from January 2008 to December

Address correspondence and reprint requests to John S. Kennedy,
M.D., DeKalb Surgical Associates, 2665 North Decatur Road, Suite
730, Decatur, GA 30033. E-mail: drkennedy@dekalbsurgical.com.

815



2010 at DeKalbMedical Center Comprehensive Breast
Care Center in Atlanta, Georgia. Electronic medical
records were used to manually collect data points from
radiology, operative and pathology reports, clinic visit
notes, cancer registry data, and patient questionnaires.
The data were collected by one researcher and criti-
cally reviewed by another. After gathering data, ex-
clusions were then made for BRCA+, and any previous
diagnosis of breast cancer, whether recent or remote.

Background Information

Our facility does approximately 32,000 screening and
10,000 diagnostic digital mammograms annually, with
a screening recall rate of about 8 per cent, a screening
cancer detection rate of 0.34 per cent, and an overall
cancer detection rate of about 0.61 per cent. MRIs
accounted for about 0.8 per cent of all breast imaging
studies during the study period. BreastMRIs were done on
a Siemens 1.5 TAvanto machine with an 8-channel breast
coil (SiemensMedical Solutions USA, Inc., Malvern, PA).

Measures

Subject data collected included patient age at the
time of MRI, race, previous breast cancer diagnoses,
BRCA status, date ofMRI, reason forMRI, MRI findings,
BIRADS rating, biopsy recommendation, biopsy com-
pletion and pathology, breast cancer surgery and pathol-
ogy, and surgical margins including future re-excision or
mastectomy. Reasons for providers recommending MRI
included a new diagnosis, personal history, or family
history of breast cancer, BRCA carrier positive, breast
implants, palpable mass, breast pain, dense breasts, nipple
discharge, an abnormal test result, posttreatment surveil-
lance, or commonly a combination of any of the above.
Included in the previous diagnosis of breast cancer classi-
fication were any patients recommended for anMRI due to
new diagnosis or personal history of breast cancer, post-
treatment surveillance, or any MRIs reporting BIRADS 6.

Results

Patient Characteristics

In total, 322 patients met inclusion criteria for the
study population (Fig. 1). A total of 909 patients were
identified and 587 were excluded. A total of 574 were
excluded due to previous diagnosis of breast cancer
(233 new diagnosis, 213 personal history, and 128
posttreatment surveillance). Thirteen additional patients
were excluded due to BRCA+ status. Patients remaining
in the study population had a variety of reasons for MRI.
Patient characteristics and reasons for MRI are shown in
Table 1 (note: percentages do not add up to 100% due to
possible multiple reasons for an MRI).

The most common reason for requesting an MRI
order was an abnormal previous test result (39.8%),
such as a screening mammogram, whereas palpable
mass (23.0%), family history of breast cancer (18.0%),
breast pain (14.6%), and nipple discharge (14.0%) all
had significant contributions as well.

MRI Reports

Of the 322 MRIs, 59 (18.3%) had a suspicious or
highly suspicious BIRADS designation of 4 or 5,
116 (36.0%) were given benign designations of 1 or 2,
and 84 (26.1%) were designated BIRADS 3. There were
33 (10.2%) BIRADS 0 cases and 30 (9.3%) were not
given a BIRADS score. Full BIRADS, findings, and
biopsy recommendation data are shown in Table 2.
Suspicious findings were found in 87 (27.0%),

leading to a recommendation for biopsy in 77 (23.9%).
Unilateral biopsy recommendations outnumbered bi-
lateral nearly 5-to-1 (64:13). There were no biopsies
explicitly listed for only the contralateral breast of the
initial suspicion. There were no suspicious findings
in 235 (73.0%), i.e., either benign findings only or
normal.

FIG. 1. Population progression from breast MRI through final
pathology. n 4 number of patients.
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Biopsy Results

Of the 77 biopsies recommended, 57 were performed
(74.0% of recommended, 17.7% of total patients). On
initial biopsy, seven malignancies were found (five DCIS
and two invasive ductal carcinomas). After surgery, one
DCIS and one atypical lobular hyperplasia were upstaged
to invasive ductal carcinoma for a final malignancy count

of eight. The final pathology findings after definitive
treatment are shown in Table 3.
Malignancy was found in 8/57 biopsies for a PPVof 14

per cent and a false-discovery rate of 86 per cent. Cancer
detection rate was 2.5 per cent, half of which were DCIS
and half invasive ductal carcinomas, so the number needed
to treat to find onemalignancywithMRIwas 40 (100/2.5).
Of the four invasive cancers found, three had been

previously identified as highly suspicious on prior
screening (mammogram ± ultrasound), but were not
biopsied until after the MRI. All four invasive cancer
patients also had additional suspicious foci by MRI
(three contralateral) that on biopsy or mastectomy
were revealed to be false positives. MRI did detect the
four DCIS cases in patients who had received non-
suspicious mammograms. If one discounts the three
invasive cancers which almost certainly would have
been confirmed by biopsy without MRI, the cancer
detection rate would be 1.6 per cent with a number
needed to treat of 64.
In this 3-year period, a total of 319 breast cancers

were diagnosed at our facility after any screening ex-
aminations, and 394 were diagnosed after diagnostic
examinations. These numbers include the eight cases
identified by MRI in this study, which constitutes an
additional 1.1 per cent of the total cases.

Discussion

Breast cancer is the most common cancer among
women both in the United States and worldwide.20 Fear
of breast cancer evokes much anxiety, spotlighted at the
time of screening mammography, or when a breast
symptom first becomes manifest. When women are
evaluated under these circumstances, it is essential
to find any underlying cancer or to be able to give
confident reassurance that the likelihood of cancer is
near zero. Mammography is almost always used in
this setting, and ultrasound has a fairly defined
role.21 But what is the role of MRI in this situation?
The addition of MRI in this group yielded an addi-

tional eight cancers among 322 women over the entire
3-year period, and one could easily conclude that three
of those would certainly have been diagnosed without
MRI. To find these additional cancers, 57 biopsies
were done, of 77 biopsies recommended. It is reason-
able to assume those with false-positive biopsies were
likely advised to have more intensive screening there-
after, however, an analysis of the extent of any further
imaging is beyond the scope of this study. Also unknown
is how many cancers were present but not diagnosed in
the overall population. A typical screening program is
expected to identify between 2.9 and 5.3 cases/1000
screenings,22 so our cancer detection rate overall is
within or higher than the expected range.

TABLE 1. Patient Demographics (n 4 322)

Number (%)

Age, mean (SD) 52.4(12.4)
Family history 58(18.0)
Implants 15(4.7)
Palpable mass 74(23.0)
Breast pain 47(14.6)
Dense breasts 16(5.0)
Nipple discharge 45(14.0)
Other 5(1.6)
No reason given 8(2.5)
Abnormal test result 128(39.8)

SD, standard deviation.

TABLE 2. Full BIRADS, Findings, and Biopsy
Recommendation Data

BIRAD classification Number (%)
0 33(10.2)
1 11(3.4)
2 105(32.6)
3 84(26.1)
4 52(16.1)
5 7(2.2)
6 0(0.0)
Not given 30(9.3)

MRI findings
Normal 8(2.5)
Benign findings only 227(70.5)
Unilateral—suspicious 61(18.9)
Bilateral—suspicious 26(8.1)

Biopsy recommendations
Unilateral only 64(19.9)
Contralateral only 0(0.0)
Bilateral 13(4.0)
No 245(76.1)

TABLE 3. Final Pathology Findings

Breast
pathology Number Biopsy (%)

Total
patients (%)

Benign breast
tissue

48 84.2 14.9

Atypical lobular
hyperplasia

0 0.0 0.0

Lobular carcinoma
in situ

0 0.0 0.0

Atypical ductal
hyperplasia

1 1.8 0.3

DCIS 4 7.0 1.2
Invasive ductal

cancer
4 7.0 1.2

Invasive lobular
cancer

0 0.0 0.0
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Limitations of this study include its retrospective
nature. Patients may have been further evaluated or
biopsied at another facility, such that other cancers
may have been diagnosed and not documented at our
facility. The study group is defined primarily by ex-
cluding certain subsets, namely those known to be
BRCA+, and those with a recent or remote diagnosis of
breast cancer. Individual risk assessment of patients is
not known, so the study group may include patients
known to be at very high risk for breast cancer. The
indications for MRI were variable, and the aggregation
of these clinical scenarios could obscure significant
correlations.
One cannot conclude that either too many or too few

MRIs were done in our entire breast screening pop-
ulation. What is clear is that about 98 per cent of the
cancers were found with the sole use of screening and
diagnostic mammography and ultrasound, and efforts
to identify the remainder come at a cost, of additional
imaging, and false-positive results leading to unnecessary
biopsies. The application of MRI in our patient mix
yielded a previously undiagnosed cancer in about 1 out of
every 40 to 64 MRIs ordered, and for every positive MRI
biopsy, there were about six biopsies that were benign.
These data will hopefully assist others in developing
a logical, efficient, and cost-effective algorithm for their
own screening and diagnostic program.
The breast cancer screening arena is still in flux.23

Breast tomosynthesis has been approved by the FDAfor
screening, with reports of decreased recall rates, and
increased cancer detection.24 If this technology delivers
on these metrics, one could expect there would be even
fewer undiagnosed cancers to find after first-pass screen-
ing exams, thereby diminishing the potential increased
yield with the addition of breast MRI. But this technology
is relatively new, and will not be widely available for
some time.25 Our facility is presently implementing its
first such machine.
So how does one apply breast MRI in this mixed

patient population? No specific recommendations can
be validated based on this retrospective study. Our
empiric recommendation would be to use breast MRI
very selectively, e.g., for a woman who is determined
to be at very high risk (e.g., using the National Cancer
Institute Breast Cancer Risk Assessment Tool classi-
fication26), or in specific circumstances, such as the
presence of breast implants or extremely dense breasts.

REFERENCES

1. Stout NK, Nekhlyudov L, Li L, et al. Rapid increase in breast
magnetic resonance imaging use: trends from 2000 to 2011. JAMA
Intern Med 2014;174:114–21.
2. Wernli KJ, DeMartini WB, Ichikawa L, et al. Patterns of

breast magnetic resonance imaging use in community practice.
JAMA Intern Med 2014;174:125–32.

3. Lehman CD, Isaacs C, Schnall MD, 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.

4. Gilbert FJ, Warren RM, Kwan-Lim G, et al. Cancers in
BRCA1 and BRCA2 carriers and in women at high risk for breast
cancer: MR imaging and mammographic features. Radiology
2009;252:358–68.

5. Kuhl CK, Schrading S, Leutner CC, et al. Mammography,
breast ultrasound, and magnetic resonance imaging for surveil-
lance of women at high familial risk for breast cancer. J Clin Oncol
2005;23:8469–76.

6. Lehman CD, Blume JD, Weatherall P, et al. Screening
women at high risk for breast cancer with mammography and
magnetic resonance imaging. Cancer 2005;103:1898–905.

7. Sardanelli F, Podo F, D’Agnolo G, et al. Multicenter com-
parative multimodality surveillance of women at genetic-familial
high risk for breast cancer (HIBCRIT study): interim results.
Radiology 2007;242:698–715.

8. Kriege M, Brekelmans CT, Obdeijn IM, et al. Factors af-
fecting sensitivity and specificity of screening mammography and
MRI in women with an inherited risk for breast cancer. Breast
Cancer Res Treat 2006;100:109–19.

9. Leach MO, Boggis CR, Dixon AK, et al. Screening with
magnetic resonance imaging and mammography of a UK pop-
ulation at high familial risk of breast cancer: a prospective multi-
centre cohort study (MARIBS). Lancet (London, England) 2005;
365:1769–78.

10. Warner E, Plewes DB, Hill KA, et al. Surveillance of
BRCA1 and BRCA2 mutation carriers with magnetic resonance
imaging, ultrasound, mammography, and clinical breast examina-
tion. JAMA 2004;292:1317–25.

11. Heywang-Kobrunner SH, Hacker A, Sedlacek S. Magnetic
resonance imaging: the evolution of breast imaging. Breast
(Edinburgh, Scotland) 2013;22(Suppl 2):S77–82.

12. Kim J, Han W, Moon HG, et al. Low rates of additional
cancer detection by magnetic resonance imaging in newly di-
agnosed breast cancer patients who undergo preoperative mam-
mography and ultrasonography. J Breast Cancer 2014;17:167–73.

13. Houssami N, Turner R, Morrow M. Preoperative magnetic
resonance imaging in breast cancer: meta-analysis of surgical
outcomes. Ann Surg 2013;257:249–55.

14. Liberman L, Morris EA, Kim CM, et al. MR imaging
findings in the contralateral breast of women with recently diag-
nosed breast cancer. AJR Am J Roentgenol 2003;180:333–41.

15. Vilaprinyo E, Forne C, Carles M, et al. Cost-effectiveness
and harm-benefit analyses of risk-based screening strategies for
breast cancer. PLoS One 2014;9:e86858.

16. Padia SA, Freyvogel M, Dietz J, et al. False-positive extra-
mammary findings in breast MRI: another cause for concern.
Breast J 2016;22:90–5.

17. Mahoney MC, Newell MS. Screening MR imaging versus
screening ultrasound: pros and cons. Magn Reson Imaging Clin N
Am 2013;21:495–508.

18. Beatty JD, Porter BA. Contrast-enhanced breast magnetic reso-
nance imaging: the surgical perspective. Am J Surg 2007;193:600–5.

19. Roganovic D, Djilas D, Vujnovic S, et al. Breast MRI,
digital mammography and breast tomosynthesis: comparison of
three methods for early detection of breast cancer. Bosn J Basic
Med Sci 2015;15(4):64–8.

THE AMERICAN SURGEON September 2016818 Vol. 82



20. Ghoncheh M, Mirzaei M, Salehiniya H. Incidence and
mortality of breast cancer and their relationship with the human
development index (HDI) in the world in 2012. Asian Pac J Cancer
Prev: APJCP 2015;16:8439–43.
21. Royal College of Radiologists. Guidance on Screening

and Symptomatic Breast Imaging, 3rd Ed. The Royal College of
Radiologists London, UK, 2013.
22. Consortium NBCS. Smoothed Plots of Frequency Distributions

of Cancer Detection Rates (Among Radiologists with 1000 or More
Examinations), 2004–2008–Based on BCSCData Through 2009. NCI-
Funded Breast Cancer Surveillance Consortium, Bethesda, MD, 2009.

23. Suthers H. American Cancer Society Revises Its Mammo-
gram Guidelines. Society of Breast Imaging Reston, VA, 2014.
24. Friedewald SM, Rafferty EA, Rose SL, et al. Breast cancer

screening using tomosynthesis in combination with digital mam-
mography. JAMA 2014;311:2499–507.
25. Lee CI, Lehman CD. Digital breast tomosynthesis and the

challenges of implementing an emerging breast cancer screening
technology into clinical practice. JAm Coll Radiol 2013;10:913–7.
26. Amir E, Freedman OC, Seruga B, et al. Assessing women

at high risk of breast cancer: a review of risk assessment models.
J Natl Cancer Inst 2010;102:680–91.

No. 9 CALCULATION OF THE MALIGNANCY RATE, NNT, AND PPV ? Kennedy and Robbins 819


