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Abstract
Objectives To compare the diagnostic performance of digital
breast tomosynthesis (DBT) and magnetic resonance imaging
(MRI) added to mammography in women with known breast
cancers.
Methods Three radiologists independently reviewed image
sets of 172 patients with 184 cancers; mammography alone,
DBT plus mammography and MRI plus mammography, and
scored for cancer probability using the Breast Imaging
Reporting and Data System (BI-RADS). Jack-knife alterna-
tive free-response receiver-operating characteristic
(JAFROC), which allows diagnostic performance estimation
using single lesion as a statistical unit in a cancer-only popu-
lation, was used. Sensitivity and positive predictive value
(PPV) were compared using the McNemar and Fisher-exact
tests.

Results The JAFROC figures of merit (FOMs) was lower in
DBT plus mammography (0.937) than MRI plus mammogra-
phy (0.978, P=0.0006) but higher than mammography alone
(0.900, P=0 .0013). The sensitivity was lower in DBT plus
mammography (88.2 %) than MRI plus mammography
(97.8 %) but higher than mammography alone (78.3 %, both
P<0 .0001). The PPV was significantly higher in DBT plus
mammography (93.3 %) than MRI plus mammography
(89.6 %, P=0 .0282).
Conclusions DBT provided lower diagnostic performance
than MRI as an adjunctive imaging to mammography. How-
ever, DBT had higher diagnostic performance than mammog-
raphy and higher PPV than MRI.
Key Points
•Digital breast tomosynthesis (DBT) plus mammography was
compared with MRI plus mammography.

• DBT had lower sensitivity and higher PPV than MRI.
•DBT had higher d iagnos t ic per formance than
mammography.

Keywords Magnetic resonance imaging . Imaging .

Three-dimensional, mammography . Breast neoplasms/
pathology . Sensitivity and specificity

Introduction

Breast cancer is one of the most common causes of cancer
mortality in women and accounts for up to 28 % of all new
cancer cases among women [1]. For breast cancer evaluation,
breast magnetic resonance imaging (MRI) is considered to be
the most sensitive method and has been gaining popularity as
an adjunctive imaging tool to conventional imaging including
mammography [2–4], even though the role of preoperative
MRI remains controversial [5]. Indeed, with the use of an
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intravenous contrast agent, breast MRI has been shown to
offer high sensitivity of up to 94-100 % for the detection of
breast cancers and has no limitations in dense breasts [6, 7].
However, the specificity of MRI is known to be limited, rang-
ing from 60 to 70 %, with a high false-positive benign biopsy
rate [7, 8]. In addition, breast MRI has other known limita-
tions, such as high cost, longer examination time and lower
availability compared with other breast imaging tools.

Digital breast tomosynthesis (DBT) is an emerging digital
mammography technique that provides cross-sectional data.
DBT provides thin section tomographic images reconstructed
from multiple low-dose projection images acquired from
varying angles of X-rays passing through the breast [9, 10].
Through this technology, DBT may improve lesion visibility,
consequently yielding higher sensitivity and specificity com-
pared with conventional mammography [11–13]. Until now,
direct comparison between DBT and MRI has rarely been
performed, and the limited data thus far have shown only
comparable performance [14]. We believe that comparison
of DBT and MRI in terms of sensitivity, the number of false-
positives and positive predictive value (PPV) is warranted at
this time to widen our understanding of DBT as an emerging
imaging system.

Therefore, the purpose of this study was to compare the
diagnostic performance of DBT and breast MRI as an adjunc-
tive imaging to mammography in women with known breast
cancers.

Materials and methods

This study was performed under design of a retrospective
review with prospectively collected patients. Our study proto-
col was approved by the institutional review board, and writ-
ten informed consents for DBT were obtained prospectively
from all participants

Patients

Between March and December 2012, 220 consecutive pa-
tients with breast cancer underwent digital mammography
with DBT as well as breast MRI for preoperative evaluation.
Among these patients, 48 were excluded: 38 underwent biop-
sies through surgical excision or vacuum-assisted core needle
biopsy prior to image acquisition, six were treated with neo-
adjuvant chemotherapy, one had a breast augmentation, and
three were lost to follow-up. This resulted in a total of 172
patients constituting our study population. In these 172 pa-
tients, a total of 184 breast cancers were identified. In addition
to 172 unifocal breast cancers, six cancers were additionally
identified in contralateral breast and another six cancers in the
ipsilateral breast (different quadrant from index cancers) con-
firmed separately prior to surgery.

The mean age of the patients was 51.3 years (range, 22-78
years). Of the 172 patients, 109 women (63.4 %) had palpable
masses, 60 were asymptomatic (34.9 %) and the other three
women (1.7 %) had symptoms of pain, nipple retraction and
skin thickening.

Image acquisition

Digital mammography was performed with a full-field digital
mammography unit with integrated DBT acquisition (Selenia
Dimensions; Hologic, Bedford, MA, USA). Participants
underwent bilateral two views (craniocaudal and mediolateral
oblique) in the Combo mode: Digital mammography and
DBT images were obtained with a single breast compression
for each projection. In terms of radiation exposure, for a breast
with a compressed thickness of 5.0 cm and a 50 % glandular
fraction, DBT acquisition resulted in an 8 % higher mean
glandular dose (MGD) per view than a digital mammography
acquisition (1.30 and 1.20 mGy, respectively).

All MRIs were performed using a 1.5-T MR imager (Sig-
na; GE Medical Systems, Milwaukee, WI, USA) with a ded-
icated eight-channel bilateral breast coil (GE Medical Sys-
tems) with the patient placed in the prone position. Dynamic
contrast–enhanced MR examinations included one
precontrast and five postcontrast examinations with bilateral
sagittal image acquisition using a fat-suppressed T1-weighted
three-dimensional fast spoiled gradient-echo sequence with
parallel imaging. Gadobutrol (Gadovist; Bayer Healthcare,
Berlin, Germany) was injected into an antecubital vein using
an automated injector (Spectris Solaris; Medrad, Maastricht,
Netherlands), at a concentration of 0.1 mmol/kg and a rate of
2 mL/s, followed by a 20-mL saline flush. The time interval
between digital mammography with DBT and MRI ranged
from 0 to 61 days (mean, 9.6 days). The order of the exams
depended on the scheduling availability of our imaging suites
and was not randomised. A clip was not inserted before MRI.

Performance study design

Each radiologist independently undertook three separate read-
ing sessions for images of all patients. Each reading session
contained one-third of image sets of mammography alone,
DBT plus mammography and MRI plus mammography,
which were randomised and presented in alternating order.
Each radiologist from an academic institution had respectively
clinical experience of 8, 8 and 12 years in mammography and
MRI, and 3, 3 and 2 years in DBT. Each reading session was
separated bymore than 4 weeks to minimise any learning bias.
The radiologists were aware of the overall goal of the study
prior to the reading session and knew that the patients were
diagnosed with breast cancer and the diagnostic performance
would be estimated by lesion base. Thus, the radiologists were
instructed to document all visible lesions even though the
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most suspicious lesion is clearly seen to validate the PPV
estimates that each lesion is independent from the presence
of another positive lesion in the same patients. They were
blinded to the locations of all breast lesions as well as the
results of other imaging modalities or clinical data. All radi-
ologists were asked to record the number and location of all
abnormalities using a graphical interface and standardised
template to prevent lesion misallocation. For each lesion, ra-
diologists assigned a confidence probability for malignancy
using the American College of Radiologists' Breast Imaging
Reporting and Data System (BI-RADS) categories: BIRADS
1 (negative), BIRADS 2 (benign), BIRADS 3 (probably be-
nign), BIRADS 4A (low suspicion for malignancy), BIRADS
4B (moderate suspicion for malignancy), BIRADS 4C (high
suspicion for malignancy) and BIRADS 5 (highly suggestive
of malignancy). Cases assigned a BI-RADS category of 1, 2
or 3 were considered normal or benign, and those assigned a
BI-RADS category of 4 or 5 were considered abnormal or
malignant.

Reference standard

All patients underwent surgical excision of their primary can-
cer and sentinel lymph node biopsy or axillary dissection.
Lesions with malignant results after biopsy or surgical exci-
sion were considered positive. Additional lesions detected by
either modality with concordant biopsy results and those that
did not undergo biopsy with no evidence of breast malignancy
after 1 year of clinical or imaging follow-up were considered
negative. Lesion-matching between each imaging modality
and pathology was performed off-site in consensus by two
breast radiologists with pathology reports of the surgical spec-
imen and biopsy samples as well as the standardised templates
used in the image review. The lesions in different image mo-
dalities were considered to be same lesions when they were
located within 2 cm distance, and the location of the breast
lesions were considered accurate if it was not more than 2 cm
different from the location of the lesion described at lumpec-
tomy or mastectomy. Surgical pathology and core specimens
were reviewed by one breast pathologist.

Data collection and statistical analysis

Clinical, radiological and histopathological findings of all pa-
tients were reviewed. Mammographic breast density was de-
termined according to BI-RADS breast density grading [15],
and lesion characteristics on each modality were evaluated by
two radiologists in consensus.

The primary object was to compare the diagnostic perfor-
mance of DBT and MRI as an adjunctive imaging to mam-
mography in women with known breast cancers. For each
interpretation session, a jack-knife alternative, free-response
receiver operator curve (JAFROC) was calculated using the

Table 1 Characteristics of patients and lesions

Characteristic No. of patients

Patient characteristics a

Age (years)

<40 19 (11.0 %)

40-49 68 (39.5 %)

50-59 48 (27.9 %)

≥60 37 (21.5 %)

Lesion characteristics

Histological type b

Invasive ductal carcinoma 153 (83.7 %)

DCIS 15 (8.2 %)

Mucinous carcinoma 5 (2.7 %)

Invasive lobular carcinoma 4 (2.2 %)

Invasive papillary carcinoma 3 (1.6 %)

Medullary carcinoma 2 (1.1 %)

Apocrine carcinoma 1 (0.5 %)

Secretory carcinoma 1 (0.5 %)

Invasive cancer size c

≤2 cm 96 (56.8 %)

>2 cm but ≤5 cm 70 (41.4 %)

>5 cm 3 (1.8 %)

DCIS sized

≤2 cm 4 (33.3 %)

>2 cm but ≤5 cm 6 (50.0 %)

>5 cm 2 (16.7 %)

Lymph node status e

Negative 137 (77.0 %)

Positive 41 (23.0 %)

Mammographic findings b

Mass 102 (55.4 %)

Microcalcification 28 (15.2 %)

Architectural distortion 27 (14.7 %)

No abnormality 9 (4.9 %)

Asymmetry 18 (9.8 %)

MRI finding b

Mass 167 (90.8 %)

Non-mass enhancement 17 (9.2 %)

Six patients had ipsilateral additional cancers and another six patients had
contralateral additional cancer

Data in parentheses are percentages
a Percentages were calculated with a denominator of the total number of
patients (n=172)
b Percentages were calculated with a denominator of the total number of
lesions (n=184)
c Percentages were calculated with a denominator of the total number of
invasive cancers (n=169)
d Percentages were calculated with a denominator of the total number of
DCISs (n=12) that had known pathological size. The size of the other
three DCISs is not applicable
e Percentages were calculated with a denominator of the total number of
cancers except ipsilateral additional cancers (n=178)
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software, JAFROC version 4.1. The mean diagnostic accura-
cy was calculated based on the mean figure of merit (FOM),
defined as the probability that a lesion localisation is rated
higher than the highest rated non-lesion localisation on normal
images. JAFROC calculates the mean FOM of each modality
and the difference between the means with 95 % confidence
intervals. To evaluate the differences between the image inter-
pretation sessions, the P value associated with an F-test from
an analysis of variance model was examined.

The sensitivities and positive predictive values (PPVs) of
each imagingmodality for the detection of breast cancers were
calculated on a per-lesion basis in the on-site evaluation by
one reader, and were assessed in the off-site evaluation by
each reader using the number of lesions assigned a BI-
RADS category 4 or 5 from the total number of breast cancers.
In addition, we analysed sensitivities in subgroups of women
with a single lesion and women with two or more lesions
(non-single lesions). McNemar’s test and Fisher’s exact test
were utilised to compare the sensitivities and PPVs for mam-
mography alone, DBT plus mammography and MRI plus
mammography.

Significance testing on the lesion level and patient level
was conducted using generalised estimating equations
(GEEs) with a logit link and an independent working correla-
tion structure to adjust the effect of clustering on radiologists
and patients. GEEs were utilised to compare the sensitivities
and PPVs for mammography alone, DBT plus mammography
and MRI plus mammography. The proportion of patients with
at least one false-positive finding was calculated for the false-
positive lesions [16, 17] and compared with GEE. A two-
tailed P value of less than 0.05 was considered to indicate a
significant difference.

Results

Patients

All patient and lesion characteristics are described in Table 1.
Malignant cases included 153 invasive ductal carcinomaswith
or without ductal carcinomas in situ (DCIS), 15 DCIS, 5

mucinous carcinomas, 4 invasive lobular carcinomas, 3 inva-
sive papillary carcinomas, 2 medullary carcinomas, 1 apocrine
carcinoma and 1 secretory carcinoma. The mean size of inva-
sive cancers was 2.1 cm (standard deviation [SD], 1.2 cm) and
the mean size of DCIS was 3.6 cm (SD, 1.6 cm).

Histopathological confirmation was available for 23 be-
nign lesions obtained through excisional biopsy (n=18) and
core-needle biopsy (n=5). They included 11 fibrocystic dis-
eases, 4 fibroadenomas, 2 florid ductal hyperplasias, 2 atypi-
cal ductal hyperplasias, 2 columnar cell changes and 2 lobular
carcinomas in situ (LCIS). Lesions with benign biopsies were
followed-up with mammography, and/or ultrasound and MRI
at 1 year (mean follow-up duration, 18.6 months; range, 11.4–
24.8 months).

Breast compositions of the patients according to the BI-
RADS as recorded during the initial clinical interpretation
were six (3.5 %) almost entirely fatty cases (BI-RADS com-
position a), 32 (18.6 %) scattered fibroglandular densities (BI-
RADS composition b), 101 (58.7 %) heterogeneously dense
cases (BI-RADS composition c) and 33 (19.2 %) extremely
dense cases (BI-RADS composition d). Among all 184 can-
ce r s , 102 cance r s p r e s en t ed a s mas se s , 28 a s
microcalcification, 27 architectural distortion, 18 as asymme-
try and 9 cancers showed no abnormality on DBT plus mam-
mography. OnMRI plus mammography, 167 cancers present-
ed as masses and 17 cancers presented as non-mass
enhancement.

Diagnostic performance

JAFROC FOMs for mammography alone, DBT plus mam-
mography and MRI plus mammography for each radiologist
as well as the pooled FOM of all radiologists are listed in
Table 2. FOMs for mammography alone, DBT plusmammog-
raphy and MRI plus mammography ranged from 0.883 to
0.926, 0.931 to 0.943, and 0.972 to 0.990, respectively. The
diagnostic performance of DBT plus mammography was sig-
nificantly higher than that of mammography alone in two of
three radiologists (radiologist 1 and 2, respectively, P=0.0003
and P=0.0032). Furthermore, the diagnostic performance of
DBT plus mammography (FOM=0.937) was significantly

Table 2 JAFROC analysis of
mammography alone,
tomosynthesis plus
mammography and MRI plus
mammography

FOM Radiologist 1 Radiologist 2 Radiologist 3 Pooled data

Mammography alone 0.883 0.890 0.926 0.900

Tomosynthesis plus mammography 0.943 0.938 0.931 0.937

MRI plus mammography 0.972 0.972 0.990 0.978

P value a 0.0003 0.0032 0.6955 0.0016

P value b 0.0715 0.0338 <0.0001 0.0006

FOM figure of merit
aP values between mammography alone versus tomosynthesis plus mammography
bP values between tomosynthesis plus mammography versus MRI plus mammography
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higher than that of mammography alone (FOM=0.900, P=
0.0013) according to the pooled analysis. The diagnostic per-
formance of DBT plus mammography was significantly lower
than that of MRI in two of three radiologists (radiologists 2
and 3, P=0.0338 and P<0.0001). In the pooled analysis, the
diagnostic performance of DBT plus mammography (FOM=
0.937) was significantly lower than that of MRI plus mam-
mography (FOM=0.978, P=0.0006).

The sensitivities of the three imaging sets for each radiolo-
gist as well as for all radiologists are listed in Table 3. The
sensitivity of mammography alone, DBT plus mammography
and MRI plus mammography ranged between 76.1 to 81.5 %,
84.8 to 90.2 % and 97.3 to 98.9 %, respectively. In the pooled
data, the sensitivity of DBT plus mammography (88.2 %;
95 % CI, 83.4-91.8 %) was significantly higher than that of
mammography alone (78.3 %; 95 % CI, 72.5-83.1 %;
P<0.0001) and lower than that of MRI plus mammography
(97.8 %; 95 % CI, 95.5-99.0 %; P<0.0001) (Fig. 1). Among
172 patients, radiologists assigned only one suspicious (more
than C4A) finding in 108 patients regardless of imaging mo-
dality and two or more suspicious findings were assigned in
76 patients for either mammography alone, DBT plus mam-
mography, or MRI plus mammography. When we evaluated
the sensitivities of each modality in subgroup of patients who
have only one suspicious lesion versus patients who have two
or more lesions (Supplementary table 1), overall sensitivity
was significantly higher in DBT plus mammography than
mammography alone in both subgroups. The sensitivities
were higher inMRI plus mammography than DBT plus mam-
mography in both groups across radiologists; one radiologistT
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Fig. 1 Images of a 56-year-old woman with invasive ductal carcinoma in
her left breast. a Mediolateral oblique conventional digital
mammography shows no significant abnormality. b Mediolateral
oblique DBT images show a significant architectural distortion with a
mass in upper breast. c Sagittal T1-weighted contrast-enhanced
subtraction MR image shows an irregular mass
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in subgroups with a single lesion and three radiologists with
non-single lesions reached statistical significances.

In contrast to sensitivity values, DBT plus mammography
showed less false-positive findings and higher PPVs than MRI
plus mammography (Table 4, Figs. 2 and 3). There were a total
of 68 false-positive findings that were assessed as BI-RADS
4A or greater by at least one radiologist on any imaging inter-
pretation session. These lesions remained stable during the
follow-up period. When comparing the number of false-
positive lesions between mammography and DBT plus mam-
mography, 11, 12 and 2 false-positive lesions were made in
mammography, by radiologists 1, 2 and 3, respectively. Among
them, 5 (45.4 %), 8 (66.7 %) and 0 lesions were assessed as
negative in DBT plus mammography. In contrast, 8, 10 and 2
additional false positive lesions were detected in DBT plus
mammography by radiologist 1, 2 and 3. As for the PPV for
mammography alone, DBT plus mammography, andMRI plus
mammography, they ranged from 92.2 to 98.7 %, 90.7 to
97.5 % and 84.8 to 93.8 %, respectively. The PPVof DBT plus
mammography was not significantly different from mammog-
raphy alone in all three radiologists (all P>0.05) but was higher
with borderline statistical significance than with MRI plus

mammography in two of three radiologists (P=0.0577 and
P=0.0588, for radiologist 1 and radiologist 3). In the pooled
data, the PPVof DBT plus mammography (93.3 %; 95 % CI,
90.4-95.4 %) was significantly higher than that of MRI plus
mammography (89.6 %; 95%CI, 85.9-92.4 %, P=0.0282) but
was not significantly different from that of mammography
alone (94.5 %; 95 % CI, 90.9-96.8 %, P=0.2978).

Discussion

In our study, we found that MRI plus mammography had
higher diagnostic performance with higher cancer detection
rate than DBT plus mammography; however, DBT plus mam-
mography showed higher PPV with a lower number of false-
positives compared with MRI plus mammography. The FOM
of DBT plus mammography was significantly lower than that
of MRI plus mammography (P=0.0006), and this lower diag-
nostic performance was attributed to the lower sensitivity of
DBT plus mammography compared with MRI plus
mammography.

Table 4 False-positive findings of mammography alone, tomosynthesis plus mammography and MRI plus mammography

No. of patients with false-positive findings Radiologist 1 Radiologist 2 Radiologist 3 Pooled data

Mammography alone 10 (5.8 %) 11 (6.4 %) 2 (1.2 %) 23 (4.5 %)

Tomosynthesis plus mammography 16 (9.3 %) 14 (8.1 %) 4 (2.3 %) 34 (6.6 %)

MRI plus mammography 29 (16.9 %) 18 (10.5 %) 12 (7.0 %) 59 (11.4 %)

P value a 0.1099 0.4674 0.1635 0.0542

P value b 0.0288 0.4334 0.0263 0.0075

aP values between mammography alone versus tomosynthesis plus mammography
bP values between tomosynthesis plus mammography versus MRI plus mammography

Fig. 2 False-positive finding on
MR images of a 56-year-old
woman. No abnormality was
detected on a mediolateral
oblique digital mammography
and b DBT images. c Sagittal T1-
weighted contrast-enhanced
subtraction MR images show a 2-
cm non-mass enhancement that
was assessed to be a suspicious
finding by all radiologists. This
lesionwas excised andwas finally
diagnosed as fibrocystic disease at
histological examination
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The inferiority of DBT in terms of sensitivity may be in-
herent and was, in fact, expected as DBT plus mammography
is performed without a contrast agent and thus unable to re-
flect the neoangiogenesis of malignant lesions which can be
illustrated with gadolinium-enhanced MRI [18, 19]. Despite
of the improved lesion visibility provided by DBT via reduc-
tion of the superposition of breast tissue, DBT is still an X-ray
projection technique and thus cannot completely enhance a
lesion perimeter obscured by surrounding tissues as shown
in our results. This finding is also consistent with a previous
report in that there was a modest reduction in sensitivity of
DBT in dense breast tissue comparedwith in non-dense tissue,
while the sensitivity of MRI did not differ according to breast
tissue density [14]. Nonetheless, the advantages of MRI need
to be balanced with its disadvantages of high false-positive
rates and low PPV, as was observed not only in our study
but also in other previous studies [20, 21], and false-positive
examinations can lead to an increased number of biopsies and
conversion to unnecessary mastectomy [16]. In a previous
comparison study involving DBT and MRI with a cancer-
only population, the addition of MRI to combined mammog-
raphy with DBT and ultrasound did not significantly improve
sensitivity. However, in this study, not only DBT, but ultra-
sound information was also provided so that the direct com-
parison between DBT and MRI was impossible to infer [14].
There were several other studies evaluating the role of DBT
for MRI-detected additional lesions [22, 23]. According to

those results, DBT increased detection and characterisation
of MRI-detected additional lesions, suggesting combined
use of both imaging modalities might improve overall diag-
nostic performance for breast lesion evaluation.

As in previous studies, DBT plus mammography showed
clearly higher diagnostic performance compared with mam-
mography alone. These findings support previous studies and
validate the benefit of DBT in terms of sensitivity to digital
mammography [11, 24–27]. To the contrary, we found that the
PPVs of DBT plus mammography in our study were not sig-
nificantly higher than those of mammography alone which is
not concordant with the results of screening type studies,
which show that DBT provided lower recall rates and im-
provement in specificity [25, 26, 28]. We believe that this
discordance may be associated with our respective study de-
signs depicting at least one abnormality of interest for a pa-
tient. Furthermore, underestimation of actual false-positive
lesions is also possible due to our unique study design includ-
ing a cancer-only study population [29]. However, in a previ-
ous study using FROC analysis, six of eight radiologists also
showed higher estimated maximum false-positive rates [30].

There are several limitations to our study. First, the patients
included in this study were all breast cancer patients, and high-
risk or average risk women who did not have breast cancer
were not included. In addition, the radiologists were aware
that all patients were likely to have at least one breast cancer
prior to image interpretation. This may have introduced a bias.

Fig. 3 Images of a 56-year-old
woman with contralateral,
additional cancer (shown) in her
right breast and an index cancer in
her left breast (not shown). All
radiologists were not able to
identify additional cancer either
on a digital mammography or b
DBT images. c Sagittal T1-
weighted contrast-enhanced
subtraction MR images show a
0.9-cm enhancing mass, which
was assessed to be a suspicious
finding by all radiologists. This
lesion was confirmed as a 1-cm
invasive ductal carcinoma at
histological examination
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Thus, our results may not be generalised to a screening pop-
ulation. Second, as we included a cancer-only patient group,
JAFROC methodology was used to assess the diagnostic per-
formances. FROC takes into consideration the location of the
suspected abnormality and allows for more than one location
to be identified as suspicious, and as a result, the FROC ap-
proach enables detection of the differences of diagnostic per-
formances within-subject (location-based)—and possibly to
mimic the population, which has both benign and malignant
lesions. However, the current FROC approaches ignore the
possible difference in the distributions of numbers and ratings
of false-positive marks, and different type of satisfaction of
search in positive versus negative images (or cases) [29]. Thus
the sensitivities and PPVs in our study might not reflect the
real clinical practice. To address the issue of independence of
lesion, we performed subgroup analysis, and the higher sen-
sitivities of MRI than DBT, and lowest sensitivity in mam-
mography were noted in both the single-lesion group and non-
single-lesions group. Third, not all lesions were surgically
confirmed and lesion verification is strictly associated with
the status of test positivity, thereby potentially resulting in
the overestimation of the actual sensitivity of both image mo-
dalities by reducing some false-negative lesions. As the path-
ological reference was available for all the cancer cases, less
than half of the benign cases were confirmed by pathological
examination, even though all benign lesions remained stable
during the follow-up period.

In conclusion, DBT provided lower diagnostic perfor-
mance than MRI as adjunctive imaging to mammography.
However, DBTwas found to be a valuable imaging modality
with higher diagnostic performance than mammography and
higher PPV than MRI. If validated in larger studies, this may
potentially assist the new preoperative workup in future
practice.

Acknowledgments We would like to thank Chris Woo, B.A. for his
kind assistance in editing this manuscript. The scientific guarantor of this
publication is JungMin Chang. The authors of this manuscript declare no
relationships with any companies, whose products or services may be
related to the subject matter of the article. This research was supported
by Core Medical Device R & D Program (10043122) funded by the
Ministry of Trade, Industry& Energy (MOTIE), Korea, and grant number
(05-2014-0040) from Seoul National University Hospital Research Fund.
Hojeong Won kindly provided statistical advice for this manuscript. In-
stitutional Review Board approval was obtained. Written informed con-
sent was obtained from all subjects (patients) in this study. Approval from
the institutional animal care committee was not required because this
study is not on animals. Our study subjects or cohorts have not been
previously reported. Methodology: retrospective, experimental, per-
formed at one institution.

References

1. Jemal A, Siegel R, Xu J, Ward E (2010) Cancer statistics, 2010. CA
Cancer J Clin 60:277–300

2. Weinstein S, Rosen M (2010) Breast MR imaging: current indica-
tions and advanced imaging techniques. Radiol Clin N Am 48:
1013–1042

3. Berg WA, Gutierrez L, NessAiver MS et al (2004) Diagnostic ac-
curacy of mammography, clinical examination, US, and MR imag-
ing in preoperative assessment of breast cancer. Radiology 233:
830–849

4. Kuhl CK, Schrading S, Bieling HB et al (2007) MRI for diagnosis
of pure ductal carcinoma in situ: a prospective observational study.
Lancet 370:485–492

5. Houssami N, Turner R, Morrow M (2013) Preoperative magnetic
resonance imaging in breast cancer: meta-analysis of surgical out-
comes. Ann Surg 257:249–255

6. Kuhl CK, Schrading S, Leutner CC et al (2005) Mammography,
breast ultrasound, and magnetic resonance imaging for surveillance
of women at high familial risk for breast cancer. J Clin Oncol 23:
8469–8476

7. Orel SG, Schnall MD (2001) MR imaging of the breast for the de-
tection, diagnosis, and staging of breast cancer. Radiology 220:13–30

8. Fischer U, Kopka L, Grabbe E (1999) Breast carcinoma: effect of
preoperative contrast-enhanced MR imaging on the therapeutic ap-
proach. Radiology 213:881–888

9. Kopans DB (2014) Digital breast tomosynthesis from concept to
clinical care. AJR Am J Roentgenol 202:299–308

10. Gur D, Abrams GS, Chough DM et al (2009) Digital breast
tomosynthesis: observer performance study. AJR Am J
Roentgenol 193:586–591

11. Friedewald SM, Rafferty EA, Rose SL et al (2014) Breast cancer
screening using tomosynthesis in combination with digital mam-
mography. JAMA 311:2499–2507

12. Lee CI, Cevik M, Alagoz O et al (2015) Comparative effectiveness
of combined digital mammography and tomosynthesis screening
for women with dense breasts. Radiology 274:772–780

13. DurandMA,Haas BM, YaoX et al (2015) Early clinical experience
with digital breast tomosynthesis for screening mammography.
Radiology 274:85–92

14. Mariscotti G, Houssami N, Durando M et al (2014) Accuracy of
mammography, digital breast tomosynthesis, ultrasound and MR
imaging in preoperative assessment of breast cancer. Anticancer
Res 34:1219–1225

15. D'Orsi CJBL, Berg WA et al (2003) Breast Imaging Reporting and
Data System, BI-RADS: Mammography, 4th edn. American
College of Radiology, Reston

16. Jochelson MS, Dershaw DD, Sung JS et al (2013) Bilateral contrast-
enhanced dual-energy digital mammography: feasibility and compar-
ison with conventional digital mammography and MR imaging in
women with known breast carcinoma. Radiology 266:743–751

17. Obuchowski NA, Mazzone PJ, Dachman AH (2010) Bias, under-
estimation of risk, and loss of statistical power in patient-level anal-
yses of lesion detection. Eur Radiol 20:584–594

18. Kuhl CK, Mielcareck P, Klaschik S et al (1999) Dynamic breast
MR imaging: are signal intensity time course data useful for differ-
ential diagnosis of enhancing lesions? Radiology 211:101–110

19. Weidner N, Semple JP, Welch WR, Folkman J (1991) Tumor an-
giogenesis and metastasis—correlation in invasive breast carcino-
ma. N Engl J Med 324:1–8

20. BergWA, Zhang Z, Lehrer D et al (2012) Detection of breast cancer
with addition of annual screening ultrasound or a single screening
MRI to mammography in women with elevated breast cancer risk.
JAMA 307:1394–1404

21. Elmore JG, Armstrong K, Lehman CD, Fletcher SW (2005)
Screening for breast cancer. JAMA 293:1245–1256

22. Mariscotti G, Houssami N, Durando M et al (2015) Digital breast
tomosynthesis (DBT) to characterize MRI-detected additional le-
sions unidentified at targeted ultrasound in newly diagnosed breast
cancer patients. Eur Radiol 25:2673–2681

Eur Radiol (2016) 26:1556–1564 1563



23. Clauser P, Carbonaro LA, PancotM et al (2015) Additional findings
at preoperative breast MRI: the value of second-look digital breast
tomosynthesis. Eur Radiol. doi:10.1007/s00330-015-3720-5

24. Skaane P, Bandos AI, Gullien R et al (2013) Comparison of digital
mammography alone and digi tal mammography plus
tomosynthesis in a population-based screening program.
Radiology 267:47–56

25. Haas BM, Kalra V, Geisel J, Raghu M, Durand M, Philpotts LE
(2013) Comparison of tomosynthesis plus digital mammography
and digital mammography alone for breast cancer screening.
Radiology 269:694–700

26. Rafferty EA, Park JM, Philpotts LE et al (2013) Assessing radiol-
ogist performance using combined digital mammography and
breast tomosynthesis compared with digital mammography alone:
results of a multicenter, multireader trial. Radiology 266:104–113

27. Thibault F, Dromain C, Breucq C et al (2013) Digital breast
tomosynthesis versus mammography and breast ultrasound: a
multireader performance study. Eur Radiol 23:2441–2449

28. Ciatto S, Houssami N, Bernardi D et al (2013) Integration of 3D
digital mammography with tomosynthesis for population breast-
cancer screening (STORM): a prospective comparison study.
Lancet Oncol 14:583–589

29. Gur D, Rockette HE (2008) Performance assessments of diagnostic
systems under the FROC paradigm: experimental, analytical, and
results interpretation issues. Acad Radiol 15:1312–1315

30. Gur D, Bandos AI, Rockette HE et al (2011) Localized detection
and classification of abnormalities on FFDM and tomosynthesis
examinations rated under an FROC paradigm. AJR Am J
Roentgenol 196:737–741

1564 Eur Radiol (2016) 26:1556–1564

http://dx.doi.org/10.1007/s00330-015-3720-5

	Comparison...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Patients
	Image acquisition
	Performance study design
	Reference standard
	Data collection and statistical analysis

	Results
	Patients
	Diagnostic performance

	Discussion
	References


