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Purpose:

Materials and
Methods:

Results:

Conclusion:

To determine if digital breast tomosynthesis (DBT) per-
forms comparably to mammographic spot views (MSVs) in
characterizing breast masses as benign or malignant.

This IRB-approved, HIPAA-compliant reader study obtained
informed consent from all subjects. Four blinded Mammog-
raphy Quality Standards Act-certified academic radiologists
individually evaluated DBT images and MSVs of 67 masses
(30 malignant, 37 benign) in 67 women (age range, 34-88
years). Images were viewed in random order at separate
counterbalanced sessions and were rated for visibility
(10-point scale), likelihood of malignancy (12-point scale),
and Breast Imaging Reporting and Data System (BI-RADS)
classification. Differences in mass visibility were analyzed
by using the Wilcoxon matched-pairs signed-ranks test.
Reader performance was measured by calculating the area
under the receiver operating characteristic curve (A ) and
partial area index above a sensitivity threshold of 0.90
(A29) by using likelihood of malignancy ratings. Masses
categorized as BI-RADS 4 or 5 were compared with histo-
pathologic analysis to determine true-positive results for
each modality.

Mean mass visibility ratings were slightly better with DBT
(range, 3.2-4.4) than with MSV (range, 3.8-4.8) for all
four readers, with one reader’s improvement achieving sta-
tistical significance (P =.001). The A_ranged 0.89-0.93 for
DBT and 0.88-0.93 for MSV (P = .23). The A (9 ranged
0.36-0.52 for DBT and 0.25-0.40 for MSV (P = .20). The
readers characterized seven additional malignant masses
as BI-RADS 4 or 5 with DBT than with MSV, at a cost of
five false-positive biopsy recommendations, with a mean
of 1.8 true-positive (range, 0-3) and 1.3 false-positive
(range, —1 to 4) assessments per reader.

In this small study, mass characterization in terms of vis-
ibility ratings, reader performance, and BI-RADS assess-
ment with DBT was similar to that with MSVs. Prelimi-
nary findings suggest that MSV might not be necessary for
mass characterization when performing DBT.
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ammographic spot compres-

sion views, with or without mag-

nification, are a mainstay of
diagnostic breast imaging for mass char-
acterization. They reduce noise from
scattered radiation, reduce superimposi-
tion of overlapping tissue, and improve
the effective spatial resolution of the
detector to enhance tissue contrast,
margin visibility, and image detail (1).
The utility of these views was first es-
tablished in the literature in the late
1980s. It was shown that these views
improved mammographic specificity by
providing additional characterization of
73 of 75 (97%) equivocal mammographic
lesions (1). The efficacy of spot compres-
sion magnification views and tangential
views was prospectively demonstrated
when these additional views depicted an
additional 9% of palpable breast masses
and helped better predict their benign or
malignant nature in 77% (23 of 30) of
cases compared with 69% (18 of 26) of
cases with standard views (2).

In the late 1990s, the advent of digital
mammography allowed the introduction
of breast tomosynthesis as a potential
clinical imaging modality. In an early
reader study, in which two phantoms and
four mastectomy specimens were used,
the authors (3) reported that tomosyn-
thesis images were superior to conven-
tional images in classifying five of six
lesions. As was done with spot images
a decade earlier, it was suggested that
tomosynthesis might improve mammo-
graphic specificity by eliminating over-
lapping tissues, thereby enhancing margin
visibility, particularly in dense breasts
(3). Findings of additional studies have
shown the potential benefit of digital
breast tomosynthesis (DBT) (4-11).
Authors (12) of one preliminary retro-
spective study (n = 25) have reported

Advance in Knowledge

B In a study of 30 malignant and
37 benign masses, differences in
mass visibility, reader perfor-
mance, or biopsy recommenda-
tions did not achieve statistical
significance when interpreting dig-
ital breast tomosynthesis images
or mammographic spot views.

readers’ subjective preference for using
DBT versus additional mammographic
views for diagnosis of 17 masses, one
architectural distortion, four asymme-
tries, and three cases of multiple cysts.
Our purpose was to determine if DBT
performs comparably to mammogra-
phic spot views (MSVs) in characterizing
breast masses as benign or malignant.

Materials and Methods

Study Population

Institutional review board approval was
obtained for this Health Insurance Por-
tability and Accountability Act-compliant
protocol, with written informed consent
for DBT or combined DBT and whole-
breast ultrasonography (US). Consecutive
consenting female patients were en-
rolled after clinical recommendation for
a breast interventional procedure (Breast
Imaging Reporting and Data System
|BI-RADS] category 4 or 5) had been
made based on clinical diagnostic breast
imaging findings beginning March 2006.

A Mammography Quality Standards
Act-certified radiologist (M.A.R.) with
18 years of breast imaging and 5 years
of tomosynthesis experience, who had
knowledge of clinical data and did not
participate in the reader study, deter-
mined the study population. First, of
the 260 consecutive cases in the DBT
projects between July 20, 2006 and
May 28, 2008, 108 benign cases were
randomly not selected for review to ac-
crue a cancer-enriched study group and
31 cases with only microcalcifications
were not selected for review because
this study focused on characterization
of masses. Next, review of the medical
records and clinically acquired images
excluded 31 of the remaining 121 cases
(mammographic and/or US masses)
for the following reasons: (a) outside
institution films were returned (no MSV)

Implication for Patient Care

B Additional spot compression or
magnification views might not be
necessary to characterize masses
when tomosynthesis becomes
clinically integrated.

(n = 3); (b) analog spot views were not
obtained or were missing from the clini-
cal jacket (n = 3); (c) prior surgical site
or marker from core biopsy was located
in the same quadrant as the mass being
assessed (n = 8); (d) indeterminate cor-
relation of mass location on the MSV
and at US-guided biopsy due to the pres-
ence of multiple masses on the MSV
(n = 6) or differing quadrants of MSV
and US-guided biopsy (n = 2); or (e) bi-
opsy was not performed within 4 weeks
of imaging or follow-up was unavailable
for benign cases (n = 3). Finally, on re-
view of the DBT images, 23 of the 90
remaining cases were excluded for the
following reasons: (a) DBT was per-
formed in a single projection for which
a matching MSV did not exist, preclud-
ing formation of a matched image set
(n = 1); (b) truncated projection arti-
facts (13) (n = 6); (c¢) mass not included
in the field of view due to its location
(far medial, lateral, or posterior) (n =
13); (d) technical failure, DBT images
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were inadequate (n = 1); and (e) DBT
images were incorrectly misclassified as
unusable during the case selection process
(n = 2). The remaining 67 masses in 67
women (mean age, 53 years; median,
54 years; range, 34-88 years) consti-
tuted the study population. This case
selection process produced a cancer-
enriched study population, of which 45%
(30 of 67) of masses were malignant
and 55% (37 of 67) were benign. Two
of the 37 benign masses (a simple cyst
diagnosed with strict US criteria and a
lipoma) were masses other than those
for which the patient was enrolled in the
DBT project; these masses had benign
follow-up imaging findings for more than
2 years. Mass dimensions and descrip-
tors, based on the judgment of one radi-
ologist (M.A.R.) who was not a reader,
are provided in Table 1.

DBT Image Acquisition

The DBT images were acquired from
a combined DBT and whole-breast US
research system (14) developed with
GE Global Research (Niskayuna, NY).

Table 1

Characteristics of 93 Masses Based
on Their Appearance on MSV

Malignant
Benign Masses Masses
Characteristic (47 MSVs) (46 MSVs)
Maximal
dimension (cm)
Mean 1.9 1.8
Median 1.7 1.7
Range 0.6-5.3 0.5-4.2
Shape
Round 21 20
Lobular 5 2
Oval 1 7
Irregular 5 15
Margins
Circumscribed 23 4
Obscured 10 9
Microlobulated 0 3
Indistinct 9 14
Spiculated 0 14
No. of normal 5 2
MSVs*

* The radiologist assessed seven of 93 MSVs and five of
93 DBT images as normal (mass not visible).

Cases from two different projects were
available for inclusion: one that collected
only DBT images (DBT-only project)
(n=193) and another that collected com-
bined DBT and whole-breast US images
(combined DBT-US project) (n = 67).

The DBT system uses Rh-Rh target-
filter combination x-ray source with
26-33 kVp and a Csl/a:Si detector of
0.1 X 0.1-mm pixel pitch covering 19.20
X 23.04 cm. No antiscatter grid is used.
In less than 8 seconds, 21 images over
a 60° angular range are obtained. The
step-and-shoot design of this system re-
duces focal spot blur during exposure,
while the relatively large tomographic
scan angle reduces artifacts and effec-
tive section thickness (15,16). System
settings for a single-view DBT scan for
the American College of Radiology mam-
mography phantom yielded a mean glan-
dular dose of 2.5 mGy, or approximately
1.4 times that of a single-view screen-
film image of the same phantom. A
simultaneous algebraic reconstruction
algorithm reconstructed the volume with
a 0.1 X 0.1-mm pixel size and 1-mm
section interval (17).

A certified mammography technol-
ogist, trained to operate the system by
our staff and GE Global Research, posi-
tioned the subjects. The prototype DBT
system was designed to image women
in a seated position, which with the
DBT cowling, restricted imaging near
the chest wall such that approximately
1.5 cm less of posterior breast tissue
was captured on the craniocaudal view
(18). The technologist applied breast
compression similar to that for con-
ventional mammography and obtained
DBT image volumes in craniocaudal and
mediolateral oblique or lateral views.
In the DBT-only project, craniocaudal
and mediolateral oblique views were ob-
tained. In the combined DBT-US pro-
ject, two orthogonal DBT acquisitions
were attempted; in 12 patients, only a
single view could be obtained due to
one or more factors, such as limitations
of the DBT cowling with the seated posi-
tion, time constraints, or body habitus.

Matched Image Sets
A matched image set was defined as
one MSV and one DBT image acquired

in the same mammographic position.
For example, an MSV and DBT image
that were both acquired in craniocaudal
projections constituted one matched im-
age set. The MSV was defined as a clini-
cally obtained spot compression or spot
magnification view, acquired either with
digital or analog technique. The number
of spot compression (n = 63), spot mag-
nification (n = 28), digital (n = 22), and
analog (n = 71) views was determined
by the images available in the clinical
breast imaging files. If multiple MSVs in
the same projection were available, the
single best view was selected. DBT im-
ages were acquired in either one or two
orthogonal planes. Therefore, a given
case could yield either one or two
matched image sets, depending on the
DBT views and MSVs that had been ac-
quired. Overall, the 67 masses yielded
93 matched image sets for review. Six-
teen of 30 (53%) malignant and 10 of
37 (27%) benign masses provided two
matched image sets each.

The radiologist who did not partici-
pate as a reader (M.A.R.) cropped the
DBT images to display a volume of tis-
sue that approximated the tissue visible
on the matched MSV. The cropped DBT
images were viewed at a research work-
station by using a 9-megapixel (3480 X
2400 pixels), 22.2-inch diagonal, liquid
crystal display monitor (model T221;
IBM, Armonk, NY). A graphical user
interface developed by the Computer-
Aided Diagnosis Research Laboratory
at our institution was used to display the
DBT images. The graphical user inter-
face provided adjustable contrast and
brightness and zooming and roaming
capability and allowed the user to scroll
through the cropped DBT sections (ap-
proximately 20-30) with a slide bar or
mouse wheel (Fig 1a). The readers as-
sessed MSVs (analog and printed films
of digital MSVs) using a light-box or hot-
light with or without a magnifying glass,
as they might in clinical practice (Fig 1b).
The graphical user interface required
readers to electronically mark or refer-
ence the mass on the image before allow-
ing them to record their assessments.
Thus, for data acquisition purposes, ana-
log MSVs had to be digitized (by using
previously described method [19]) and
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Figure 1

digital MSVs were made available on the
graphical user interface (Fig 1c). If
a mass was not visible on the MSV or
DBT image volume, the reader marked
“normal” on the graphical user interface.

Observer Performance Study

The four readers (D.O.J., K.A.K., M.N.,
R.W.P.) from a single academic insti-
tution were Mammography Quality Stan-
dards Act-certified radiologists with a
median of 13.5 years (range, 3-20 years)
experience in breast imaging. One reader

Tepg Ramto Wron

Reading Mode [ G pveus [0 o [0 =

had no experience with DBT image inter-
pretation, while the other three had
gained experience in one previous reader
study that had used a different study
population (20). Study aims and instruc-
tions on image viewing and assessment
entry into the graphical user interface
were provided to readers by a researcher
who was present during every reading
session to answer any technical queries.

Readers were blinded to all clinical
information. Each radiologist reviewed
approximately 31 images per session dur-

Figure 1:  Images in 71-year-old woman with
1.9-cm invasive ductal carcinoma. (a) Cropped
mediolateral oblique DBT image (arrow) displayed on
the graphical user interface, which allowed readers
to electronically enter their assessment of mass
visibility, likelihood of malignancy, and BI-RADS cat-
egory. This interface facilitated DBT image review by
allowing readers to scroll through the image volume
and adjust contrast and brightness as necessary.
(b) MSV available on the graphical user interface

to allow readers to electronically mark or reference
the mass and (c) digital mediolateral oblique MSV
(spot compression) reviewed by using a light-box or
hot-light.

ing six separate reading sessions: three
dedicated to DBT images alternated with
three dedicated to MSVs (19). The or-
der of the reading sessions among the
readers was counterbalanced such that,
for example, reader 1 started with MSV
group 2 and then a month later read
DBT group 1, whereas reader 2 started
with DBT group 3 and then progressed
to MSV group 1, and so on (21). Reading
sessions occurred approximately 1 month
apart from one another. The cases
within each session were randomized
differently. These methods reduced ef-
fects of reading order, fatigue, and mem-
orization bias (21).

Readers rated mass visibility on a
10-point scale (1 = obvious, 10 = sub-
tle) and likelihood of malignancy on a
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12-point scale (0% = normal/benign,
>94% = highly suggestive of malignancy)
and determined the BI-RADS categories
(1, 2, 3, 4a, 4b, 4c, or 5).

Statistical Analysis

Analysis was performed on data ob-
tained from the matched image sets (n =
93). The visibility ratings of each reader
were averaged and analyzed by using
the Wilcoxon matched-pairs signed-rank
test. Using the likelihood of malignancy
ratings, reader performance was deter-
mined by fitting receiver operating char-
acteristic (ROC) curves and calculating
the area under the ROC curve (A) as
the performance index by applying the
Dorfman-Berbaum-Metz multireader
multicase method with PROPROC (22)
fit (DBM-MRMC 2.2 software; University
of lowa, lowa City, lowa) (23). In addi-
tion, the partial area index above a sen-
sitivity threshold of 0.90 (A_(©99) was
calculated to obtain a more relevant as-
sessment of accuracy in the setting of
a high-sensitivity diagnostic test, such
as mammography (24). The statistical
significance for the ROC performance
(differences in A_ and A (©9)) with
DBT and MSVs for the four readers
as a group and as individuals was cal-
culated. Readers’ BI-RADS 4a, 4b, 4c,
and 5 assessments were separated from
BI-RADS 1, 2, and 3 assessments to
indicate the number of masses for which
the readers would have recommended
biopsy. These assessments were com-
pared with histopathologic results. The
true- and false-positive and true- and
false-negative findings for each reader
were calculated. The McNemar test
was used to estimate whether there
was a statistically significant difference
in the number of correctly characterized
malignancies and benign findings when
using DBT or MSVs. A P value of .05 or
less was considered to indicate a signifi-
cant difference. A post hoc power analysis
was performed based on the methods
by Obuchowski (25) and Eng (26).

All readers reported that, on average,
masses appeared more obvious on DBT
images, although only one reader achieved

Figure 2:  Box plot of each read-
er's visibility ratings (1 = obvious;
* 10 = subtle) for masses on MSVs
and DBT images. The boundary of
the box closest to zero indicates
25th percentile and the boundary
of the box farthest from zero
indicates 75th percentile. Dashed
and solid lines within each box
indicate mean and median ratings,
respectively. For reader 3 (R3) DBT,
the median line coincides with
25th percentile. Whiskers above
and below each box indicate 95th

and 5th percentiles, respectively.
The dots represent outliers. The
Pvalues for readers 1 (R7), 2 (R2),

10 4 . . . . .
9 4 .
JENERE
> 71
3 97
2 5
> 44 B L
. 2 seal
2 - —
14 == L R | .
N A A A A A
P EEPESLE P
TR K AR LR L R L

a statistically significant difference (P =
.001, Figures 2-4).

Neither differences in A_ nor in
A 09 values achieved statistical signif-
icance for any of the individual readers
when interpreting DBT images com-
pared with MSVs (Table 2, Fig 5). How-
ever, for two readers, the A: was better
with DBT, for one reader it remained
similar with both modalities, and for
one reader it was better with MSV. The
average A_for all four readers’ estimates
of the likelihood of malignancy was 0.91
and 0.90 for DBT and MSV, respec-
tively (P = .60; 95% CI: —0.7, 0.04).
Post hoc analysis indicated that the sta-
tistical power to detect a difference in A_
between DBT and MSV was 27% at a
type I error rate of 5%. The correspond-
ing A %) was 0.42 and 0.31, respec-
tively, (P =.28; 95% CI: —0.03, 0.01).

Analysis of histopathologic results
and each reader’s biopsy recommenda-
tions (BI-RADS 4a, 4b, 4c, and S group)
showed that together, the four readers
would have recommended biopsy for an
additional seven cancers and five benign
masses using DBT compared with MSV
(Table 3). Therefore, DBT yielded a
mean increase of 1.8 (7/4) true-positive
assessments (range, 0- 3) for every 1.3
(5/4) false-positive assessments (range,
—1 to 4) per reader. Positive or negative
changes in biopsy recommendations

3,and 4 (R4) were .19, .53, .13,
and .001, respectively.

with DBT compared with MSV did not
achieve statistical significance for any
reader (P = .37).

The results suggest that the performance
of DBT may be comparable to that of
clinical MSV for breast mass character-
ization. On average, all four readers
observed slightly better mass visibility
when viewing DBT images compared
with MSVs, with only one reader’s dif-
ference achieving statistical significance.
According to ROC analysis and A (099,
reader performance did not achieve statis-
tically significant differences when inter-
preting DBT images or MSVs. Analysis
of the number of biopsy recommenda-
tions that would have been made with
DBT relative to MSV indicated that, on
average, 1.8 additional cancers would be
diagnosed with DBT at the cost of 1.3 ad-
ditional false-positive biopsy results per
reader. While this also did not achieve
statistical significance, it supports the
hypothesis that DBT performs compa-
rably to MSV for characterizing a breast
mass as benign or malignant.

Authors of several previous studies
have reported comparable or improved
cancer detection with DBT when com-
pared with standard mammographic views
in the screening or diagnostic setting
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Figure 3

b.

Figure 3: Matched image set of 2.3-cm invasive
ductal carcinoma (arrow) in 56-year-old woman.

(a) Craniocaudal DBT image (1-mm section from a
volume of 20-30 sections) and (b) analog craniocaudal
MSV (spot magnification). The images were viewed
and assessed during separate reader sessions.
Spiculated margins are visible on both images. The
readers’ mean and median visibility ratings, respec-
tively, were 3.5 and 4.0 on DBT image and 3.3 and
2.0 on MSV (1 = obvious, 10 = subtle).

(4-6,8,10). Our mass visibility ratings
with DBT are in accordance with these
early reports. Our similar reader per-
formance when viewing DBT images or

Figure 4

Figure 4: Matched image set of 1.2-cm
fibroadenoma (arrow) in 29-year-old woman. (a)
Mediolateral oblique DBT image (1-mm section
from a volume of 20-30 sections) and (b) digital
mediolateral oblique MSV (spot compression). The
images were viewed and assessed during separate
reader sessions. The readers’ mean and median
visibility ratings, respectively, were 4.8 and 5.0 on
DBT image and 5.5 and 4.5 on MSV (1 = obvious,
10 = subtle).

mammographic views is also in keeping
with that reported by previous research
(5,10). Only one study (4) reported a
statistically significant upgrade rate of
BI-RADS assessments when 40 cancers
were viewed on DBT images compared
with one- or two-view full-field digital
mammograms. Our comparable mean
biopsy recommendation rate for cancer
with DBT compared with MSV supports
results reported by other investigators
(5,10).

Other than one study that reported
four readers’ subjective preference for

full-field digital mammography with DBT
over that with additional mammographic
views in the diagnostic setting (n = 25;
17 of 25 masses; 21 of 25 with histo-
pathologic proof) (12), there are no
reports, to our knowledge, objectively
comparing the performance of DBT with
MSV for breast mass characterization.
Our study substantiates their subjective
report that DBT may be an alternative
to obtaining additional mammographic
views.

Our results imply that when DBT
becomes integrated into clinical breast
imaging practice, MSVs might not be
necessary for mass assessment. Vendors
of clinical DBT prototypes have achieved
or will achieve radiation doses similar to
that of screening mammography. Dif-
ferent proposals for utilizing DBT in clin-
ical practice are being investigated. If
future studies confirm that DBT can be
integrated into screening protocols and
that DBT can substitute for MSVs to
characterize masses, then women may
be spared from being recalled for diag-
nostic views and from the associated in-
cremental radiation exposure.

This study had the following limita-
tions: The number of masses (n = 67)
and corresponding matched image sets
(n = 93) was small. Limited number of
readers (n = 4) with variable experience
using the two imaging modalities may
have influenced the results. The post
hoc power analysis and wide 95% Cls
for reader performance indicated insuf-
ficient statistical power for our study.
Additionally, the unavailability of a pub-
lished method to adjust for multiple ob-
servations from the same patients when
using PROPROC fit with DBM-MRMC
2.2 software is a limitation of our sta-
tistical analysis of reader performance.
Having said that, if the adjustment could
have been made, the results would have
been even less significant (larger P values
and wider 95% CI), thereby not chang-
ing our study conclusion. The mix of
MSVs (such as digital, analog, spot com-
pression, and spot magnification views)
resulted in a nonuniform comparison
between the modalities. This limitation
could not be avoided in the study design
due to the availability of variable diag-
nostic views obtained during clinical

66

radiology.rsna.org = Radiology: \olume 262: Number 1—January 2012



>
i

S
=

S
s

BREAST IMAGING: Digital Breast Tomosynthesis versus Mammographic Spot Views

Noroozian et al

Table 2

Reader Performance

A Az(o.gm
Reader DBT MSV PValue 95% CI* DBT MSV P Value 95% CI*
1 0.90 0.90 .94 —0.08,0.08 0.36 0.30 0.70 —0.03,0.02
2 0.89 0.93 43 —0.05,0.12 0.37 0.40 0.87 —0.03,0.04
3 0.92 0.89 .54 —0.13,0.07 0.44 0.30 0.45 —0.05,0.02
4 0.93 0.88 .23 —0.14,0.03 0.52 0.25 0.20 —0.07,0.01

* Cl = confidence interval for the difference between DBT and MSV.

— R1DBT L
8 -==- R1 MSV

—— R2DBT i

True Positive Fraction

0.4 -=-=-- R2 MSV -
~——— R3 DBT
~==- R3 MSV I
0.2 —— R4 DBT B
===+ R4 MSV |
0-0 T T T T T v T T T T
00 02 04 06 08 1.0

False Positive Fraction
Figure 5:  ROC curves for all four readers. The
A and the A% show no significant difference in
reader performance when interpreting DBT images
versus MSVs (see Table 2) . R7 = reader 1, R2 =
reader 2, R3 = reader 3, R4 = reader 4.

breast imaging care. This admixture of
MSYV likely reflects clinical practice
the United States during the study pe-
riod. Finally, our study was confined to
comparing DBT and MSV performance
in mass characterization (or diagnosis)
rather than in mass detection. Therefore,
these results cannot be used to infer any-
thing about the detection capability of
DBT.

In conclusion, in this small reader
study, differences in mass visibility,
reader performance, or biopsy recom-
mendations did not achieve statistical
significance when interpreting DBT im-
ages or MSVs. DBT may or may not
obviate MSVs in the diagnostic work-up
of a breast mass. Larger studies with
more diverse mammographic findings
and full sets of diagnostic mammographic

n

Table 3

Changes in Biopsy Recommendations
(BI-RADS 4a, 4b, 4c, and 5) When
Interpreting DBT Images Relative to

Interpreting MSVs
Malignant Benign
Reader Masses* Massest
1 0 +1
2 +2 +4
3 +2 +1
4 +3 -1
Total +7 +5

* Positive numbers indicate correct increase in biopsy
recommendation. This represents additional true-positive
results (increased cancer diagnosis) with DBT relative
to those estimated with MSVs.

T Positive numbers indicate incorrect increase in biopsy
recommendation. This represents additional false-
positive results for benign masses when interpreting
DBT images, relative to that estimated when interpreting
MSVs. Negative number indicates correct decrease in
biopsy recommendations.

images may better define the emerg-
ing role that DBT might play in clinical
breast imaging practice.
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