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Conclusion:
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To assess the effect of and interaction between the availabil-
ity of prior images and digital breast tomosynthesis (DBT)
images in decisions to recall women during mammogram
interpretation.

Verbal informed consent was obtained for this HIPAA-com-
pliant institutional review board-approved protocol. Eight ra-
diologists independently interpreted twice deidentified mam-
mograms obtained in 153 women (age range, 37-83 years;
mean age, 53.7 years = 9.3 [standard deviation]) in a mode
by reader by case-balanced fully crossed study. Each study
consisted of current and prior full-field digital mammogra-
phy (FFDM) images and DBT images that were acquired in
our facility between June 2009 and January 2013. For one
reading, sequential ratings were provided by using (a) cur-
rent FFDM images only, (b) current FFDM and DBT images,
and (c) current FFDM, DBT, and prior FFDM images. The
other reading consisted of (a) current FFDM images only,
(b) current and prior FFDM images, and (c) current FFDM,
prior FFDM, and DBT images. Fifty verified cancer cases,
60 negative and benign cases (clinically not recalled), and 43
benign cases (clinically recalled) were included. Recall rec-
ommendations and interaction between the effect of prior
FFDM and DBT images were assessed by using a generalized
linear model accounting for case and reader variability.

Average recall rates in noncancer cases were significantly re-
duced with the addition of prior FFDM images by 34% (145
of 421) and 32% (106 of 333) without and with DBT images,
respectively (P < .001). However, this recall reduction was
achieved at the cost of a corresponding 7% (23 of 345) and
4% (14 of 353) reduction in sensitivity (P = .006). In con-
trast, availability of DBT images resulted in a smaller reduc-
tion in recall rates (false-positive interpretations) of 19% (76
of 409) and 26% (71 of 276) without and with prior FFDM
images, respectively (P = .001). Availability of DBT images
resulted in 4% (15 of 338) and 8% (25 of 322) increases in
sensitivity, respectively (P = .007). The effects of the avail-
ability of prior FFDM images or DBT images did not signifi-
cantly change regardless of the sequence in presentation (P
= .81 and P = .47 for specificity and sensitivity, respectively).

The availability of prior FFDM or DBT images is a largely
independent contributing factor in reducing recall recom-

mendations during mammographic interpretation.

©RSNA, 2015
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igital  breast  tomosynthesis

(DBT) is approved for clinical

use with the expectation that
it will improve the efficacy of screen-
ing and diagnostic mammography by
increasing the conspicuity of imaged
abnormalities (1). Publications have
shown an effect on the interpretation
of screening mammograms in terms
of reducing recall rates while, in some
studies, simultaneously increasing
cancer detection rates, particularly in
patients with invasive cancers (2-9).
However, some studies did not include

Advances in Knowledge

B Availability of prior full-field dig-
ital mammograms (FFDM) and
digital breast tomosynthesis
(DBT) images is a largely inde-
pendent contributing component
in reducing recall rate during in-
terpretation of mammograms.

® When compared with interpreta-
tion of FFDM images exclusively,
review of current and prior
FFDM images led to a 34% (145
of 421) and 32% (106 of 333)
reduction in the number of false-
positive interpretations without
and with availability of DBT
images, respectively (P < .001);
however, review of prior FFDM
images also led to an actual re-
duction in sensitivity of 7% (23
of 345) and 4% (14 of 353) with-
out and with availability of DBT
images, respectively (P = .006).

® When compared with interpreta-
tions of current FFDM images
exclusively, review of current
FFDM and DBT images led to a
reduction of false-positive inter-
pretations by 19% (76 of 409)
and 26% (71 of 276) without and
with availability of prior FFDM
images, respectively (P = .001);
furthermore, review of current
FFDM and DBT images also led
to an increase in true-positive
interpretations by 4% (15 of
338) and 8% (25 of 322) without
and with availability of prior
FFDM images, respectively (P =
.007).

the availability of prior full-field digital
mammogramphy (FFDM) images dur-
ing the interpretation of DBT images
and, to our knowledge, none have spe-
cifically reported on the effect of the
availability of prior FFDM images or
the interaction between the availabil-
ity of prior FFDM and DBT images on
the resulting interpretation. In clinical
practice, the vast majority of women
have prior FFDM studies available for
comparison. It is well known that the
availability of these prior studies dur-
ing interpretation of screening mam-
mograms reduces recall rates sub-
stantially by enabling the observer to
simultaneously (a) assess change, if
any, over time and (b) discard depicted
abnormalities that clearly represent a
variety of stable benign findings (10—
13). Prospective studies have shown
that even with the availability of prior
studies in the majority of patients, re-
call rates decreased substantially when
DBT images were included in the stud-
ies being interpreted (5,9,10,14,13).
However, we are unaware of any stud-
ies designed to evaluate the relative
contribution of prior FFDM studies
and DBT studies on the decision of
whether or not to recall women for
diagnostic work-up of suspicious find-
ings. There are also no data on the
interaction, if any, between these two
factors.

The purpose of this study was to as-
sess the relative effect of and potential
interaction between the availability of
prior FFDM images and DBT images on
the recall rate when interpreting mam-
mography studies.

Materials and Methods

The enriched fully deidentified digital
mammography image set used in this

Implication for Patient Care

B Understanding the primary vari-
ables that effect recall rates and
the relative magnitude of their
effect during interpretation of
mammograms could improve our
ability to optimize clinical
practices.

study consisted of prior FFDM, current
FFDM, and DBT images. The FFDM
and DBT images were acquired at our
facility between June 2009 and January
2013 under institutional review board-
approved research protocols (written
consent was required). Consenting
women underwent both conventional
FFDM as part of their routine care and
DBT as a part of our research. All cur-
rent studies were acquired with a DBT
system (Dimensions; Hologic, Bedford,
Mass) by using a standard tomosyn-
thesis acquisition technique that gen-
erated 15 low-dose projection images,
or frames, acquired for reconstruction
of the three-dimensional DBT image
sets. Although studies acquired prior to
the U.S. Food and Drug Administration
approval (February 2011) were consid-
ered experimental, the system used
was technically the same as the one
that was later approved for clinical use.
After acquisition, data from the low-
dose frames were used to reconstruct
50-90 parallel 1-mm-thick sections,
the number of which depended on the
thickness of the compressed breast. All
prior FFDM examinations were per-
formed with a clinical system (Selenia;
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Hologic) as a part of standard care and
were collected retrospectively with an
institutional review board-approved re-
search protocol (written informed con-
sent was waived).

Study Population

FFDM and DBT images obtained in
153 women who ranged in age from
37 to 83 years (mean age, 53.7 years
+ 9.3 [standard deviation]|) were se-
quentially selected for this study from
a pool of 319 studies (predominantly
from prior research studies), 36 of
which were used in a pilot study (16)
and were excluded from this study.
The selection of cases was based on
the availability of a prior FFDM study
obtained between 1 and 3 years prior
to the current FFDM and DBT stud-
ies of interest and the requirement
to fulfill a desired distribution of ver-
ified outcomes, breast densities, and
abnormality types. Cases with visu-
ally extremely obvious findings were
excluded. Negative and benign cases
were verified at least 1 year after the
examination in question. All cases with
findings positive for cancer were veri-
fied with pathologic examination. Ac-
quisition time of prior FFDM images
ranged from 11 to 37 months prior to
acquisition of the current FFDM im-
ages (mean, 23.4 months = 5.7). To
stress test the experiment in terms of
obtaining higher-than-clinically-expect-
ed recall rates, 43 (42%) of the 103
women with negative benign findings
were actually recalled for diagnostic
work-up during clinical practice. In
the remaining 60 (58%) women, the
negative benign findings were rated
as negative or benign (Breast Imaging
Reporting and Data System category 1
or 2); hence, they were not recalled
during the original clinical interpreta-
tions. Among the 43 recalled women
with negative studies, biopsy was per-
formed in eight, and 35 were deter-
mined to have benign findings during
diagnostic work-up and later verified as
such during subsequent imaging-based
periodic follow-up for at least 1 year.
Fifty cancer cases were included in the
study. Of these, 16 were ductal carci-
nomas in situ, 31 were invasive ductal

carcinomas, two were invasive lobular
carcinomas, and one was papillary car-
cinoma. The subjectively rated breast
density distribution for these cases
was eight of 153 (5.2%), 43 of 133
(28.1%), 95 of 153 (62.1%), and seven
of 153 (4.6%) for breast tissue density
almost entirely fat, scattered fibroglan-
dular density, heterogeneously dense,
and extremely dense, respectively. In
this study, we focused on evaluating
changes, if any, in patients with Breast
Imaging Reporting and Data System
category 2 and 3 breast density (par-
ticularly Breast Imaging Reporting and
Data System category 3) that consti-
tute the majority of screening cases.

Participating Radiologists

Eight Mammography Quality Stan-
dards Act-qualified radiologists (for
FFDM and DBT) with 3-28 years of
experience participated in this study
(C.M.H., VJ.C.,, D.M.C., M.A.G.,
A.EK., D.D.S., J.H.S., L.PW.). The
radiologists received a detailed In-
struction to Observers document to
review before beginning the study.
The document informed the readers
that this was a study to assess if and
how the availability of different types
of imaging-based information might
affect decisions in a screening environ-
ment. The document also defined the
type of examinations used in the study,
described the general set-up and pro-
tocol for reviewing and rating each of
the studies, informed the readers that
computer-aided detection would not
be provided, and requested that, if at
all possible, readers should attempt to
complete the readings in each mode
(set) in approximately 2 months. No
prevalence information in the data set
was provided to the readers.

Observer Study

The reader study was conducted with
a dual-monitor SecurView (Hologic)
workstation that was remotely con-
trolled via a laptop with an in-house-
developed study management applica-
tion (Study Manager; written in-house
by two members of the research staff).
This application communicated with the
workstation via the SecurView AppSync

(Hologic) programming interface. This
application was responsible for driving
the study in terms of case randomiza-
tion by reader and session and case
presentation  sequencing  (worklist)
within each session and was also used
to record all ratings. The workstation
includes two 5-megapixel liquid crystal
displays that enabled viewing of one,
two, or four images per display for
each monitor. Each study consisted of
two conventional views of each breast
(craniocaudal and mediolateral oblique
projections).

For cross-balancing purposes, the
study involved two separate sequential
readings of each study, and the radi-
ologists retrospectively interpreted
each study twice. During the first half
of the cases, four of the radiologists
read current four-view FFDM images
(current FFDM only), followed by the
DBT images (current FFDM + DBT),
and then the prior FFDM images (cur-
rent FFDM + DBT + prior FFDM). At
midpoint, the order of presentation
was switched so that radiologists first
viewed current four-view FFDM im-
ages only (current FFDM only), then
current and prior FFDM images (cur-
rent FFDM + prior FFDM), then cur-
rent FFDM, prior FFDM, and DBT
images (current FFDM + prior FFDM
+ DBT). During the second reading of
each study, the order of presentation
between DBT and prior FFDM images
for each case was reversed. The or-
der of presentation for the remaining
four radiologists was reversed from
the first group; namely, they started
with reading half the cases as current
FFDM images only, followed by cur-
rent and prior FFDM images, then
current and prior FFDM images and
DBT images. During each reading, the
radiologist was asked to score or rate
the study in question after each group
(combination) of images was present-
ed within the sequence; thus, each
reader sequentially scored each case
three times under each presentation
sequence. Radiologists reported or
scored their breast-based recommen-
dations by using a screening BI-RADS
rating scale (category O, 1, or 2). The
reader was prompted to provide a
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Table 1

Recall Rates for 153 Mammography Cases Evaluated Twice by Each of Eight Radiologists in Two Sequential Evaluations

Current and

FFDM FFDM and DBT Prior FFDM Current FFDM, DBT, and Prior FFDM
Reading 1 Reading 2 Reading 1 Reading 2 Reading 1 Reading 2
No. of No. of No. of No. of No. of No. of
Total No. Cases Recall Cases Recall Cases Recall Cases Recall Cases Recall Cases Recall
Reader of Cases Recalled Rate Recalled Rate Recalled Rate Recalled Rate Recalled Rate Recalled Rate
Noncancer Cases

1 103 33 0.32 33 0.32 28 0.27 23 0.22 17 0.17 9 0.09
2 103 38 0.37 36 0.35 36 0.35 28 0.27 31 0.30 32 0.31
3 103 30 0.29 38 0.37 31 0.30 22 0.21 16 0.16 18 0.17
4 103 74 0.72 77 0.75 68 0.66 60 0.58 43 0.42 46 0.45
5 103 92 0.89 75 0.73 69 0.67 33 0.32 39 0.38 24 0.23
6 103 48 0.47 49 0.48 30 0.29 34 0.33 20 0.19 21 0.20
7 103 34 0.33 41 0.40 26 0.25 31 0.3 21 0.20 21 0.20
8 103 60 0.58 72 0.70 45 0.44 45 0.44 40 0.39 34 0.33

Total 824 409 421 333 276 227 205
Average 0.50 0.51 0.40 0.33 0.28 0.25

Cancer Cases

1 50 36 0.72 39 0.78 43 0.86 38 0.76 40 0.80 41 0.82
2 50 42 0.84 41 0.82 46 0.92 40 0.80 46 0.92 44 0.88
3 50 43 0.86 45 0.90 48 0.96 43 0.86 47 0.94 46 0.92
4 50 46 0.92 47 0.94 46 0.92 42 0.84 43 0.86 46 0.92
5 50 43 0.86 43 0.86 42 0.84 37 0.74 39 0.78 38 0.76
6 50 40 0.8 42 0.84 40 0.80 40 0.80 39 0.78 44 0.88
7 50 43 0.86 42 0.84 43 0.86 39 0.78 42 0.84 44 0.88
8 50 45 0.9 46 0.92 45 0.90 43 0.86 43 0.86 44 0.88

Total 400 338 345 353 322 339 347
Average 0.85 0.86 0.88 0.81 0.85 0.87

Note.—Current FFDM-only images were evaluated in both sessions. Recall rate for noncancer cases represents a false-positive fraction or 1—specificity; for cancer cases, it represents a true-positive

fraction or sensitivity.

breast-based probability of malignancy
rating (range, 0-100) only if the breast
in question was scored as BI-BRADS
category O (ie, recall). There was a
minimum 8-week interval (time delay)
between each of the reading modes
and a delay of at least 100 days be-
tween a specific case being presented
to a radiologist for the second time.
All radiologists completed the reading
sessions within the planned period.

Data Analysis

Recall recommendations were evaluated
for each reader and for different subsets
of cases. A noncancer case was con-
sidered a false-positive recall if either
breast received a Breast Imaging Re-
porting and Data System score of 0. A

case with cancer was considered a true-
positive recall only if the breast with a
verified cancer received a Breast Imag-
ing Reporting and Data System score of
0 (there were no bilateral cancer cases
in the set). Analysis of recall rates, can-
cer detection rates, and possible interac-
tions between the effect of prior studies
and DBT images on decisions was per-
formed by using the generalized linear
mixed model for binary data (PROC
GLIMMIX in SAS version 9.3; SAS In-
stitute, Cary, NC) and adjusting for
sources of variability due to cases and
readers. Effects of availability of DBT
images and prior FFDM images were ad-
justed for possible differences between
the reading sequences (order of presen-
tation) and evaluated by using Type III

tests with a significance level of P < .05.
The 95% confidence interval (CI) was
constructed by using the nonparametric
bootstrap method, with 50000 resam-
ples over cases and readers. To confirm
the consistency of our findings, we also
performed receiver operating charac-
teristic (ROC) curve analysis using the
probability of malignancy ratings (after
assigning a probability of malignancy = 0
for all nonrecalled studies). The average
area under the ROC curves (AUC) was
compared by using multireader analysis
(OR-DBM MRMC, version 3.0; SAS In-
stitute) (17), accounting for sources of
heterogeneity and correlations due to
readers and cases. Pairwise compari-
sons of imaging modalities at the specific
reading sequence were performed by
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Table 2

Average Recall Rates for the Same Case for Different Subtypes of Cases over All Readers and for Both Readings

Current FFDM Images

Current FFDM and
DBT Images

Current FFDM and
Prior FFDM Images

Current FFDM, DBT, and
Prior FFDM Images

Recall No. of Studies Recall No. of Studies Recall No. of Studies Recall No. of Studies
Case Type Rate (nx8X2) Rate (< 8) Rate (nx8) Rate (Mx8X2)
All noncancer 0.50 1648 0.40 824 0.33 824 0.27 1648
Not recalled in clinic 0.43 960 0.32 480 0.21 480 0.17 960
Benign 0.61 688 0.52 344 0.51 344 0.39 688
Cancer 0.85 800 0.88 400 0.81 400 0.86 800

Note.—The effect of availability of prior FFDM and DBT images was significant in the not-recalled-in-clinic subset, with P=.03 and P < .001, respectively, and in the benign subset, with P=.002

and P < .001, respectively.

using a two-sided test at a significance
level of P < .05 and 95% ClIs based on
the subsets of data corresponding to the
modalities being compared.

The frequencies of recall recommenda-
tion for each reader individually and
for all readers together are summa-
rized in Tables 1 and 2. The combina-
tion of current FFDM, DBT, and prior
FFDM images had the lowest average
recall rate of noncancer cases for both
reading sequences, with a rate of 0.28
(227 of 824) and 0.25 (205 of 824)
during reading sequences 1 and 2,
respectively. The addition of the DBT
images led to a significant reduction of
22% in the noncancer recall rate (av-
erage reduction of 19% without and
26% with prior FFDM images) after
adjusting for the availability of prior
FFDM images and reading sequences
(P=.001; 95% CI: 0.09, 0.34). During
the first reading sequence, the noncan-
cer recall rate was reduced by 19%
(76 of 409) from 0.50 (409 of 824) for
current FFDM images only during the
first reading to 0.40 (333 of 824) for
current FFDM and DBT images. Simi-
larly, during the second reading when
DBT images were made available after
prior FFDM images, the recall rate for
noncancer cases was reduced by 26%
(71 of 276), from 0.33 (276 of 824)
for current FFDM and prior FFDM im-
ages to 0.25 (205 of 824) for current
FFDM, prior FFDM, and DBT images.

At the same time, the availability of
DBT images resulted in a significant
increase in cancer cases recall rate by
6% (averages of 4% [15 of 338] with-
out and 8% [25 of 322| with prior im-
ages) after adjusting for the availability
of prior images and reading sequence
(P =.007; 95% CI: 0.001, 0.14). There
was no meaningful interaction between
the effects of the availability of DBT
images and prior FFDM images (spec-
ificity, P = .81; sensitivity, P = .47);
namely, the improvement associated
with the addition of DBT images re-
mained approximately the same re-
gardless of the availability (or lack
thereof) of prior FFDM images (Fig 1).

The availability of prior FFDM im-
ages also led, on average, to a signif-
icant 33% (averages of 34% without
and 32% with DBT images) reduction
in the recall rate of noncancer cases
after adjusting for the availability of
DBT image and reading session (P <
.001; 95% CI: 0.21, 0.44) (Table 1).
Recall rates were reduced by 32% (106
of 333) from 0.40 (333 of 824) for cur-
rent FFDM and DBT images to 0.28
(227 of 824) for current FFDM, DBT,
and prior FFDM images in the first
reading and by 34% (145 of 421) from
0.51 (421 of 824) for current FFDM
images only to 0.33 (276 of 824) for
current and prior FFDM images dur-
ing the second reading. However, the
availability of prior FFDM images also
led to a significant decrease in the re-
call rate of cancer cases of 5% (aver-
ages of 7% [23 of 3435] without and

0.9 FFDM+TOMO(1)

ALL IHHEE(2 FFDM(2)

FFDM+PRIORS(2)

Cancer Recall Rate (TPF)
o
(o]

0.6, . . . .
0.2 0.3 0.4 0.5 0.6
Non-cancer Recall Rate (FPF)
Figure 1:  Graph shows average recall rates for

reading modalities and sequences (reading sequence
in parenthesis and lines connect the modality-specific
averages for the specific reading sequence).

4% [14 of 353] with DBT images) after
adjusting for availability of DBT images
and reading sequence (P = .006; 95%
CI: 0.02, 0.10).

There was no significant difference
in recall rate for either cancer or non-
cancer cases between the comparable
modes in the first and second reading
sequence (specificity, P = .64; sensitiv-
ity, P = .15). Reduction in recall rates
due to the availability of prior or DBT
images remained significant in the be-
nign (P = .002 and P < .001, corre-
spondingly) and negative (nonrecalled
in clinic) subsets of noncancer cases
(P = .03 and P < .001, correspond-
ingly) (Table 2). ROC analysis by using

Radiology: \olume 276: Number 1—July 2015 = radiology.rsna.org
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Table 3

Average Probability of Malignancy-based AUC for Each Modality and Statistical Summaries of Differences Showing Effects of
Availability of Prior FFDM Images Only, DBT Images Only, the Combination of Prior FFDM and DBT Images, and the Sequence

of Reading
Compared Modalities AuC*
Difference ~ 95% Cl for
Effect Modality 1 Modality 2 Modality 1 Modality 2~ (1vs2) the Difference* PValugt
Sequence
Comparison A Current FFDM (2) Current FFDM (1) 0.827 0.808 0.019 —0.001,0.039 .055
Comparison B Current FFDM+prior FFDM +DBT (2)  Current FFDM+DBT-+prior FFDM (1)  0.895 0.877 0.018 —0.004,0.040 .109
DBT
ComparisonA  Current FFDM+DBT (1) Current FFDM (1) 0.873 0.808 0.065 0.024,0.107  .002
Comparison B Current FFDM+ prior FFDM +DBT (2)  Current FFDM+prior FFDM (2) 0.895 0.834 0.061 0.023,0.099 .002
Prior images
Comparison A Current FFDM-+prior FFDM (2) Current FFDM (2) 0.834 0.827 0.007 —0.017,0.031  .543
Comparison B Current FFDM+DBT+prior FFDM (1) Current FFDM+DBT (1) 0.877 0.873 0.004 —0.018,0.027 .692

* Each AUC provided represents the average of eight reader-specific AUCs for the specific reading sequence (1 or 2 in parentheses).
* Pvalues for testing hypotheses of no difference and confidence intervals for computed differences were obtained by using OR-DBM software (MRMC, version 3.0; SAS Institute) based on the specific

subsets of cases for the modalities being compared.

Reader-specific Probability of Malignancy-based AUCs

0.90
0.88 ///
0.86 / /
S o84
2 /1(
0.82 /
—— TOMO
0.80 - ~# TOMO after Priors
-~ PRIORS
0.76 -+ PRIORS+after TOMO
1 2 3

Order of sequential readings

Figure 2:  Graph shows the effect of the avail-
ability of prior FFDM and DBT images on average
probability of malignancy (POM)-based AUCs. TOMO
= digital breast tomosynthesis.

the probability of malignancy ratings
showed similarly that the availability of
DBT images led to improvement in the
AUC of approximately 0.06, regard-
less of the availability of prior images
(Table 3, Fig 2). In particular, with the
addition of DBT images, the AUC in-
creased from 0.81 to 0.87 (P = .002)
when prior images were not available
and from 0.83 to 0.90 (P = .002) when
priorimages were available (Tables 3, 4).
The effect of the availability of prior

Modality*
Current FFDM, Current FFDM,

Current Current Current FFDM  Current and DBT, and Prior Prior FFDM,

Reader FFDM (1)  FFDM (2)  and DBT (1) Prior FFDM (2) ~ FFDM (1) and DBT (2)
1 0.777 0.829 0.887 0.833 0.871 0.893
2 0.840 0.842 0.924 0.850 0.935 0.903
3 0.867 0.878 0.943 0.891 0.945 0.940
4 0.809 0.831 0.881 0.812 0.883 0.906
5 0.668 0.721 0.742 0.775 0.797 0.827
6 0.803 0.806 0.858 0.834 0.859 0.903
7 0.857 0.844 0.867 0.808 0.869 0.897
8 0.839 0.862 0.880 0.867 0.860 0.891
Average  0.808 0.827 0.873 0.834 0.877 0.895

* Numbers in parentheses represent the reading sequence.

images on AUC was negligible, regard-
less of the availability of DBT images
(AUC change < 0.01, P = .54 and P
= 0.69 for changes without and with
DBT images, respectively). The read-
ing sequence did not have any sub-
stantial effect on the AUC (difference
of 0.02, P = .06 for current FFDM
images only; difference of 0.02, P =
.11 when both prior FFDM and DBT
images were available). Of note, the
almost identical average changes in

performance levels shown in the sim-
ilar and almost perfect parallelograms
for binary responses and probability
of malignancy-based AUCs in Figures
1 and 2 show not only the consistency
in our results for the specific type of
additional information made available
to the interpreter (prior FFDM and/or
DBT images) but also the magnitude
of the average change in performance
with each type of additional informa-
tion provided.
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Our finding of no significant interaction
between the two primary factors of
prior FFDM and DBT images suggests
that the effect of the two types of infor-
mation is largely independent of each
other. The almost identical slopes of
average changes in performance levels
shown in the similar and almost perfect
parallelograms for binary responses
and probability of malignancy-based
AUCs show not only the consistency in
our results for specific types of addi-
tional information made available to the
interpreter (prior FFDM images and/or
DBT images) but also the magnitude of
the average change in performance with
each type of additional information pro-
vided to the readers. In our study, the
availability of DBT images had an ef-
fect on radiologists” performance levels
comparable with that of the availability
of prior images. While availability of
prior images resulted in a larger de-
crease in recall rates, it also reduced
sensitivity, whereas availability of DBT
images simultaneously decreased recall
rate and increased sensitivity. To our
knowledge, no studies have been per-
formed to assess the interaction, if any,
between the availability of prior FFDM
and DBT images on decisions to recall
(or not) a woman for additional imaging
on the basis of diagnostic work-up. Our
results suggest that in cases in which
prior images are not readily available
(eg, baseline studies, first time in a
clinic without prior images for some
reason, loss of prior images because
of archiving errors) the use of DBT as
a primary modality should yield accu-
racy that is comparable to, if not better
than, that of current and prior FFDM
images. In the context of this study, the
consistency in our results in terms of
the lack of significant interaction be-
tween the effect of the availability of
prior FFDM or DBT images on recall
rates and sensitivity, regardless of the
availability of the other supplementary
type of information or the order of pre-
sentation, support the general validity
of our conclusion.

Our study had several limitations.
First, this was a single-institutional

retrospective reader study and, as
such, the results may not be directly
generalized to actual clinical practice.
Second, our data set was enriched and
is not representative of the distribution
of cases in the clinical environment;
therefore, our results could potentially
lead to under- or overestimation of the
expected effect on recall rates in actual
clinical practice. We also chose to in-
crease the number of cases of Breast
Imaging and Reporting Data Systems
category 3 breast density during clini-
cal interpretation. This use of a stress
test is important, as it generally helps
in assessing an upper limit of the effect
being investigated. Third, our study
included a combination of FFDM and
DBT images; hence, the effect of DBT
images in an environment where syn-
thesized images (eg, C-View; Hologic)
are used in lieu of FFDM images could
not be assessed (18,19).

In conclusion, the availability of
prior FFDM and DBT images during in-
terpretation of screening mammograms
is a largely independent contributing
factor leading to a reduction in the
frequency of recommendations to recall
a woman without cancer for diagnostic
work-up. The availability of DBT im-
ages had a larger effect on radiologists’
performance levels than did the avail-
ability of prior FFDM images.
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