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Abstract

Objectives Tomosynthesis (DBT) has proven to be more sensitive than digital mammography, but it requires longer reading time.

We retrospectively compared accuracy and reading times of a simplified protocol with 1-cm-thick slabs versus a standard

protocol of slabs + 1-mm-spaced planes, both integrated with synthetic 2D.

Methods We randomly selected 894 DBTs (including 12 cancers) from the experimental arm of the RETomo trial. DBTs were

read by two radiologists to estimate specificity. A second set of 24 cancers (8 also present in the first set) mixed within 276

negative DBTs was read by two radiologists. In total, 28 cancers with 64 readings were used to estimate sensitivity. Radiologists

read with both protocols separated by a 3-month washout. Only women that were positive at the screening reading were assessed.

Variance was estimated taking into account repeated measures.

Results Sensitivity was 82.8% (53/64, 95% confidence interval (95%CI) 67.2-92.2) and 90.6% (95%CI 80.2-95.8) with simpli-

fied and standard protocols, respectively. In the random screening setting, specificity was 97.9% (1727/1764, 95%CI1 97.1-98.5)

and 96.3% (95%Cl1 95.3-97.1), respectively. Inter-reader agreement was 0.68 and 0.54 with simplified and standard protocols,

respectively. Median reading times with simplified protocol were 20% to 30% shorter than with standard protocol.

Conclusions A simplified protocol reduced reading time and false positives but may have a negative impact on sensitivity.

Key Points

* The adoption of digital breast tomosynthesis (DBT) in screening, more sensitive than mammography, could be limited by its
potential effect on the radiologists’ workload, i.e., increased reading time and fatigue.

» A DBTsimplified protocol with slab only, compared to a standard protocol (slab plus planes) both integrated with synthetic 2D,
reduced time and false positives but had a negative impact on sensitivity.
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Introduction

In western countries, breast cancer screening is recommended
by most scientific societies and governmental agencies as an
evidence-based intervention to reduce mortality [1-5]. Digital
mammography (DM) is now the standard for screening; it is
strongly recommended in women aged 50—69 and condition-
ally recommended for women aged 4549 [1]. Nevertheless,
mammography sensitivity is not optimal, which can limit
screening efficacy [6], particularly in dense breasts [7].

Digital breast tomosynthesis (DBT) is a new imaging tech-
nology that provides a 3D reconstruction of the breast from a
limited angle scan involving a series of low-dose mammo-
graphic exposures [8].

In trials comparing the two technologies on the same wom-
en, i.e., double-testing studies measuring accuracy, DBT has
proven to be more sensitive than DM alone in detecting can-
cers [9—13]. On the contrary, relative specificity of DBT ver-
sus DM varies in different studies, mostly because DM spec-
ificity varies across countries and programs [11-14]. Overall,
this makes DBT a very promising technology for screening.
The FDA has approved DBT as an adjunct to DM or synthetic
2D (Sy-2D) [15] for screening, and this combination has now
been adopted in some screening facilities in the USA [16]. The
addition of DBT to DM means doubling the radiation dose
and, with many systems, also increases the discomfort during
imaging acquisition. For this reason, Sy-2D images elaborated
from the DBT acquisition have been developed. DBT + Sy-
2D has shown better sensitivity than DM in most studies [13,
14, 17], while its non-inferiority compared to that of DBT +
DM has not yet been clearly demonstrated. Regarding speci-
ficity, DBT + Sy-2D has shown worse performance than DBT
+ DM [14]. Thus synthetic 2D is probably the easiest way now
available to reduce harms in the introduction of tomosynthesis
in screening [18].

The new European guidelines suggest screening with either
DBT with Sy-2D or DM alone, in the context of an organized
screening program (conditional recommendation); the recom-
mendation is supported by evidence of very low certainty;
although data on cross-sectional performance are very prom-
ising, there is no evidence on how this gain in sensitivity can
translate into better prognosis [1]. One of the main concerns
about the adoption of DBT in screening is its potential effect
on the radiologists’ workload: depending on breast thickness,

each single DBT view consists of an average of 60 sections (1-
mm-spaced planes), increasing interpretation time, and possi-
bly errors due to reader fatigue [19].

Existing studies show that reading times for DBT are 50 to
100% longer than those for DM [10, 20-22], with a net in-
crease in screening readings of about 25-30 s per case. In our
analyses of the RETomo [20] reading times, differences al-
most disappear in cases sent to assessment. Our interpretation
is that the longer the reading times, the smaller the difference,
suggesting that DBT’s longer reading time is mostly due to the
multiple images themselves and not to the interpretation of
findings [20].

Therefore, reducing reading times for DBT + Sy-2D is
critical to introducing this new technology in screening pro-
grams, particularly in those countries with a National Health
Service providing screening for free and aiming to reach high
coverage levels in the whole population.

Aim

Here, we present the preliminary results of a study nested in
the RETomo trial [20] comparing accuracy and reading times
of a simplified protocol with slab only versus a standard pro-
tocol of slab plus planes, both integrated with Sy-2D. We also
compare the simplified (DBT slabs + Sy-2D) and standard
protocols (DBT slabs + planes + Sy-2D) with the DBT +
DM (DBT slabs + planes + standard digital mammography)
readings; the latter is the protocol currently investigated in the
RETomo trial [20] and re-used in the same setting in this
retrospective reader study.

Materials and methods
Setting

The province of Reggio Emilia has a population of around
550,000. The population-based breast cancer screening pro-
gram has been active since 1994. The target population in-
cludes women aged 45-74 years old. The screening interval
is 1 year for women aged 45-49 and 2 years for women aged
50-74. Independent double reading is used for all mammo-
grams, with arbitration in the event of disagreement [23].

Study design

This is an accuracy and concordance retrospective study
nested in a large trial comparing DBT + DM versus DM.
The trial protocol is described elsewhere [20] and is briefly
reported in the box (Fig. 1).

Two sets of DBTs were drawn from women participating in
the experimental arm of the RETomo trial in the period from
January 2015 to December 2016. All images were acquired
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Fig. 1 RETomo study design—
trial registration: NCT02698202

of care.

from 50 to 74 yo)

Aim: To compare the efficacy and the impact on cancer prognosis of the adjunct of digital breast tomosynthesis (DBT)
to digital mammography (DM) versus DM alone in breast cancer screening.

Design: Two-arm test-and-treat randomized controlled trial comparing DBT+DM versus DM, randomization ratio 1:1
Intervention: DBT+DM (two projections and double reading with arbitration in case of discordance); DBT-alone results
were recorded but women were managed according to DBT+DM judgement.

Comparator: DM (two projections and double reading with arbitration in case of discordance), the screening standard

Inclusion criteria: Women (45-70 yo) presenting for a mammography after invitation to the Reggio Emilia Province
screening programme who had already participated in screening programme.

Exclusion criteria: Women with previous breast cancer, pregnancy, ascertained genetic risk for breast cancer, very
large breasts which could require more than one exposure for each projection, augmentation prostheses.

Main outcomes: Interval cancers and cumulative incidence of advanced cancers (> 20 mm) in the following 4.5 years
Secondary outcomes: Detection rate, recall rate, positive predictive value, reading time, dose.

Follow up: In the following rounds, both arms will be screened with DM (annually from 45 to 49 yo and every 2 years

Planned sample size: 40,000 women, 20,000 per arm
Actual sample size (predicted): 26,000
Recruitment period: from 12 March 2014 to 31 July 2017
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with Senographe Essential digital mammography systems (GE
Healthcare), equipped with tomosynthesis. DBT image sets
were read according to three different protocols by two inde-
pendent readers after a 3-month washout period between read-
ings; during this period, the readers were also involved in rou-
tine screening readings, thus favoring washout. In this prelim-
inary analysis, sensitivity and specificity were calculated con-
sidering as true positives only cancers detected at baseline
screening (i.e., detected within 9 months after a positive screen-
ing examination so as to include BIRADS-3 referred to early
recall). The final reference will be the result of assessment for
all the women that resulted positive at screening and the follow-
up for all women resulting negative at screening; thus, true-
positive cases will be all screen-detected cancers, all interval
cancers, and all cancers screen-detected at the following round.

The first set (specificity set) was defined to measure the
specificity of the Sy-2D + slabs (simplified protocol), Sy-2D
+ slabs + planes (standard protocol), and DBT + DM. It in-
cluded 894 DBT examinations randomly selected from the
RETomo trial participants. Of these, 32 were referred for an
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assessment and 12 had a cancer. Thus, 882 non-cancer cases
with two readers (CAM and RV) each were available for spec-
ificity analysis.

The second set (sensitivity set) was defined to estimate the
sensitivity: 276 negatives randomly drawn from the screening
population, 20 cancers not included in the first sample, and 8
cancers included in the first set. Finally, 28 malignant lesions
with 64 readings were available for sensitivity estimates (includ-
ing 2 ductal carcinomas in situ [DCIS]). These readings came
from 8 cancers with three readings, i.e., the ones present in the
both sets were read by CAM, RV, and SR (RV actually read
these cases twice, but only the first reading was considered), and
20 with two readings: 4 from the first set were read by CAM and
RV and 16 from the second set were read by RV and SR.

Results of this retrospective study were only used for re-
search purposes and women were not informed, nor managed
consequently.

Images were classified according to a screening modified
breast imaging-reporting and data system (BIRADS) classifi-
cation: BIRADS 1 and 2 are grouped together as “negative,”
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and “positive” readings are classified as BIRADS 4 or 5;
BIRADS 3 was not used in the first level test since shortened
follow-up interval can only be decided after the assessment.

Sample size and study power

For the sensitivity, it was estimated that about 48 true cancers
were needed to be read with each protocol (i.e., invasive can-
cers and DCIS) to obtain an 80% power for a non-inferiority
test excluding a relative sensitivity lower than 0.9, with al-
pha=0.05 [24]. The non-inferiority threshold has been de-
fined arbitrarily, in analogy to the requirements defined for
other screening tests [25]. We included all the 28 available
cancers. Considering that we had at least two readings for each
cancer, we had at least 56 readings. This number should par-
tially counter balance the non-independence of observations:
with a design effect of about 1.2, the power would be 80%; if
the design effect was 1.5, the power would be 67%, and in the
hypothesis of perfect correlation, i.e., design effect 2 equal to
cluster size, the power would be 55% [25].

For the specificity, it was estimated that about 800 true-
negative cases were needed with each protocol to obtain
80% power for a non-inferiority test excluding a relative spec-
ificity lower than 0.98. We conservatively sampled about 894
cases, including an initially unknown number of cancers.

Reading protocols

The sets were read according to three protocols with the fol-
lowing workflows (Fig. 2):

A) DBT + DM protocol: the radiologist read the DBT image
set in sequence, scrolling continuously from slabs (1-cm-
thick, 0.5 cm overlap) to 1-mm-spaced planes; all the
images are always visualized. The workstation then pre-
sented DM in a standardized hanging protocol; the radi-
ologist could immediately visualize any DBT projection
simultaneously on the screen.

B) Standard DBT protocol (Sy-2D + slabs + planes): the radi-
ologist read DBT image sets in sequence, scrolling contin-
uously from the Sy-2D (GE V-Preview), slabs (1-cm-thick,
0.5 cm overlap) to planes (1-mm-spaced); all the images are
always visualized; the radiologist could immediately visu-
alize any DBT projection simultaneously on the screen.

C) Simplified DBT protocol (Sy-2D + slabs): the radiologist
read the DBT image sets only with the Sy-2D (GE V-
Preview) and slabs (1-cm-thick, 0.5 cm overlap); the ra-
diologist could immediately visualize any DBT projec-
tion simultaneously on the screen.

For all protocols, previous mammograms were available
for comparison.

All three readers (CAM, RV, and SR) were specialized
breast radiologists, with 3 years of experience with DBT in
screening and clinical setting. Readers were blinded to the
cancer frequency in the set, i.e., whether they were reading
the set for specificity or for sensitivity assessment.

Reading time was automatically measured by the radiology
information system as the difference between opening and clos-
ing times for each examination. Reading times longer than 5 min
were excluded as these were extreme outliers, usually due to
external reasons (e.g., answering telephone, lack of connection).

Randomization

To minimize the bias due to incomplete washout after first and
second reading, we randomized the protocol sequence. We
prepared 6 subsets of about 150 cases each from the specificity
set and 3 subsets of about 100 cases from the sensitivity set.
Then, we randomized the subsets to have balanced combina-
tions of protocols: A-B-C, B-C-A, C-A-B.

Statistical analyses

Sensitivity was evaluated on 28 lesions and 64 independent read-
ings: 8 cancers had three readings and 20 had two readings. The
non-inferiority tests comparing sensitivity and specificity of the
simplified protocol versus the standard protocol were performed
with McNemar’s test corrected for repeated measures [26].

Specificity was evaluated on 882 DBTs of women who
were negative at screening.

Sensitivity and specificity 95%CI were computed taking
into account the intra-cluster correlation within different read-
ings of the same case using the survey estimate module for
proportions in STATA 13.0 in which the standard errors are
estimated with Taylor’s linearization method [27].

We present Cohen’s kappa values [28] with relative 95%CI
for the concordance between the different protocols using
pooled data from the two sets. We report kappa values for
cancers, screening negative women, and for the total. We also
report the kappa values, and relative 95%Cl, for inter-rater
agreement with each reading protocol using pooled data from
the two sets; for the 8 cancers with three readings, only the
first two readings were considered.

Mean, median, and interquartile ranges (IQR) are reported
for reading time; ¢ test was used to compare means. All anal-
yses were performed with STATA 13.0 [29].

Funding and ethical approval

The RETomo trial was approved by the provincial Ethics
Committee (11/11/2013, ASMN 2013/0029304) and has been
registered at clinicaltrials.gov: NCT02698202. It has been
partially funded by the Regione Emilia Romagna Public
Health System and sustained by the institutional funds of the
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Fig. 2 Hanging protocols adopting Sy-2D. The standard protocol included Sy-2D, slabs, and planes (in red), displayed in sequence by scrolling the
mouse; clicking (gray arrowhead) switched to the four different main screens. The simplified protocol included only Sy-2D and slabs

Reggio Emilia Local Health Authority. GE Healthcare loaned
one tomosynthesis option for our study period, provided the
software for simplified protocol, and partly funded part of the
additional readings made for this substudy; GE’s support of
our study was unconditional and was approved after the
definition of the protocol. The Reggio Emilia Local Health
Authority is the data owner and has the full responsibility
for publishing the data. All participants signed a written
informed consent.

Results

From the specificity set, including 882 non-cancer cases with
two readings each, specificity was 97.9% (1727/1764, 95%CI
97.1-98.5) and 96.3% (95%CI 95.3-97.1) with the simplified
(Sy-2D + slabs) and standard (Sy-2D + slabs + planes) proto-
cols, respectively; DBT + DM specificity was 96.4%
(1700/1764 95%CI 95.4-97.2) (Table 1). The results of this
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study for specificity, with the non-inferiority threshold set as
having 95% probability of less than 2% lower specificity,
show non-inferiority of the simplified protocol on specificity
compared to standard protocol (p < 0.0001) and to DBT + DM
(p<0.0001).

Considering the two sets, we had 28 cancers, with 64 read-
ings made by different readers, i.e., 20 cancers with two read-
ings and 8 with three readings. Sensitivity was 82.8% (53/64,
95%CI 66.2-92.2) and 90.6% (58/64, 95%CI 80.2-95.8) with
simplified and standard protocols, respectively. DBT + DM
sensitivity was 92.2% (59/64 95%CI 82.3-96.8) (Table 1).
The probability that the sensitivity of the simplified protocol
is lower the non-inferiority threshold of less 10% is 0.33 when
we compare to the standard protocol and 0.59 when we com-
pare to DBT + DM (p =0.59).

With the simplified protocol, 2 cases were missed by both
readers, despite the fact that the images do not show any
appreciable difference of the radiological signs in slabs and
planes (Fig. 3).



Eur Radiol (2019) 29:3802-3811 3807

Table 1 Sensitivity and specificity of Simplified (Sy-2D + slabs), Standard (Sy-2D + slab + planes) and DBT + DM protocol
True lesions (invasive cancers and DCIS) No screen-detected lesion

Readings Positive  Negative  Sensitivity ~ 95%ClI Positive  Negative  Specificity =~ 95%CI
Simplified protocol (Sy-2D + slabs) 53 11 82.8 66.2-92.2 37 1727 97.9 97.1-98.5
Standard protocol (Sy-2D + slabs + planes) 58 6 90.6 80.2-95.8 65 1699 96.3 95.3-97.1
DBT + DM protocol 59 5 922 82.3-96.8 64 1700 96.4 95.4-97.2

With the standard protocol and DBT + DM, every malig-  Discussion
nant lesion was identified by at least one reader (Table 2).

Cohen’s kappa value for the intra-reader agreement between ~ Main findings

the simplified and standard protocols was 0.66 (95%CI 0.59—
0.73), while the agreement of simplified with DBT + DM was
0.61 (95%CI 0.53-0.68) and the agreement of standard with
DBT + DM was 0.70 (95%CI 0.64-0.76) (Table 3).

Cohen’s kappa values for the inter-reader agreement was
0.68 (95%C1 0.58-0.79) and 0.54 (95%CI 0.44—64) with sim-
plified and standard protocols, respectively; for DBT + DM
kappa, it was 0.52 (95%CT 0.42-0.62) (Table 4).

Median reading times with simplified protocol ranged
between 35 and 69 s among readers; for the standard pro-
tocol, the range was from 60 to 97 s and for DBT + DM,
from 62 to 109 s. Looking at the 75th percentile, differ-
ences between simplified and standard protocols de-
creased, ranging from 65 to 90s for the simplified protocol
and from 68 to 109 s for the standard protocol; the DBT +
DM showed longer reading times, ranging from 89 to 127 s
(Table 5). The mean was lower for readers 1 and 2 in both
sets (<0.00005), but similar for readers 2 and 3 in the
sensitivity set (p = 0.59).

v

j*‘a‘

-
Previous FFDM

Fig. 3 Cancer missed by both readers. M.R., 68 years old, parenchymal
distortion in the upper quadrants of the right breast. The patient was thus
recalled. a Previous (2 years before) full-field digital mammography,
negative. b The distortion is difficult to detect on the Sy-2D but equally

In this study, we measured the accuracy of a new simplified
protocol for reading DBTs in a screening setting. The simpli-
fied protocol was effective in reducing reading times, partic-
ularly for the shortest time. It at least maintained the same
specificity than the standard protocol, if not improving it.
Furthermore, the simplified DBT protocol showed the highest
reproducibility compared to the standard DBT protocol and
DBT + DM, even if all are within the values reported in pre-
vious studies (i.e., from 0.45 to 0.7) [30-32]. On the other
hand, the simplified protocol showed lower sensitivity, and
the non-inferiority test clearly indicates that there is a high
probability that the sensitivity is more than 10% inferior to
that with the standard protocol.

Limits

For logistical reasons, the workstation was separated from the
daily screening practice. The connection with picture

visible both in ¢ slabs and d planes [e slab magnification; f plane magni-
fication]. However, reading only Sy-2D and slabs, the few images could
limit its perception. Histology: diagnosis of IDC G2 (6 mm)
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Table2 Inter-rater agreement for tomosynthesis of screen-detected can-
cers only
Simplified Standard DBT + DM
protocol protocol
Cases with 2 readings (20)
Both readers 18 18 16
positive
1 pos/1 neg 0 2 4
Both neg 2 0 0
Cases with 3 readings (8)
3 readers positive 4 5 7
2 pos/1 neg 2 2 1
1 pos/2 neg 2 1 0
3 0 0 0

archiving and communication system (PACS) was not opti-
mized, and times to download and visualize the images were
thus longer than for routine screening activity. The DBT +
DM median reading times in this study ranged from 47 to
91 s, while in the trial, median reading times ranged from 35
to 81 s. Nevertheless, our results give an indication of at least
which protocol is less time consuming.

There may be a learning curve, and certainly, the newer
procedure (the simplified DBT protocol) was at a disadvan-
tage. However, it must be remembered that DBT is quite new

for all radiologists. Although all the authors involved in this
study had experience with DBT + DM thanks to the RETomo
trial, Sy-2D was completely new for everyone.

As in all retrospective studies, readers did not express their
judgment under the pressure of real practice as no woman was
in fact affected by this reading.

As the power of the study for sensitivity is limited, the
result of the non-inferiority test should be considered with
caution.

The reference we used in this paper to assess true cases is
not the one planned in the final analyses. For the moment, we
only have results from the baseline assessment for women
who were positive at screening. Any cancers in women who
were negative will be detected only in the next 2 years. This
ascertainment bias, at least for sensitivity, favors the DBT +
DM protocol. In fact, in the RETomo trial, the actual screening
procedure was DBT + DM. Therefore, only women that were
positive to DBT + DM in the screening readings were
assessed. Any lesion rated malignant with Sy-2D, with the
simplified or standard protocol, which was not visible at
DBT + DM, was considered as false positive at this point.
Only the follow-up will permit correctly classifying these as
true positive.

Finally, given the high variability observed between
readers, including more readers in future studies on this topic
may be opportune.

Table 3  Agreement between reading protocols, for DBT of screen-detected cases, no lesions found, and total
Simplified protocol Simplified protocol (Sy2D + slabs)  Standard protocol
(Sy-2D + slabs) (Sy-2D + slabs + planes)
True lesions Standard protocol Positive Negative Total DBT +  Positive Negative Total DBT +  Positive Negative Total
(invasive cancers (Sy-2D + slabs + DM DM
+ DCIS) planes)
Positive 51 6 58  Positive 51 8 59  Positive 56 3 59
Negative 1 5 6 Negative 2 3 5 Negative 2 3 5
Total 53 11 64  Total 53 11 64  Total 58 6 64
Kappa value 0.531 95%CI 0.234-0.829 Kappa value 0.300 95%CI Kappa value 0.503 95%CI
0.013-0.613 0.126-0.880
No screen detected ~ Standard protocol Positive Negative Total DBT + Positive Negative Total DBT +  Positive Negative Total
lesions (Sy-2D + slabs + DM DM
planes)
Positive 37 54 91 Positive 38 61 93 Positive 52 41 93
Negative 23 2200 2223 Negative 28 2193 2221 Negative 39 2182 2221
Total 60 2254 2314 Total 60 2254 2314 Total 91 2223 2314
Kappa value 0.474 (0.374-0.573) Kappa value 0.399 (0.299-0.499)  Kappa value 0.547 (0.459-0.636)
Total Standard protocol Positive Negative Total DBT +  Positive Negative Total DBT +  Positive Negative Total
(Sy-2D + slabs + DM DM
planes)
Positive 89 60 149  Positive 83 69 152 Positive 108 44 152
Negative 24 2205 2229 Negative 30 2196 2226 Negative 41 2185 2226
Total 113 2265 2378 Total 113 2265 2378 Total 149 2229 2378

Kappa value 0.661 (0.593-0.729)

Kappa value 0.605 (0.534-0.676)

Kappa value 0.699 (0.638-0.759)
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Table 4 Inter-rater agreement with the three reading protocols
Simplified protocol (Sy-2D + slabs) Simplified protocol (Sy-2D + slabs + planes) DBT + DM
Reader 1 Reader 1 Reader 1
Reader2  Positive Negative Reader 2 Positive Negative Reader 2  Positive  Negative
Positive 38 26 64 Positive 41 57 98 Positive 40 56 96
Negative 7 1115 1122 Negative 6 1082 1088 Negative 11 1079 1090
45 1141 1186 47 1139 1186 51 1135 1186

Kappa 0.683 (0.581-0.785)

Kappa 0.541 (0.442-0.640)

Kappa 0.517 (0.417-0.617)

Interpretation and comparison with previous studies

To reduce DBT reading times, two main approaches have
been studied in the literature: the use of a computer-aided
detection (CAD) system and reducing the number of DBT
images to evaluate and simplify visualization protocols.

A CAD system for DBT has recently been developed
mainly for the detection of masses [33, 34]. A retrospective
study by Morra et al [19] showed that the DBT-CAD system
can detect a large percentage (89%, 99 of 111) of breast
cancers manifesting as masses and microcalcification clus-
ters, with an acceptable false-positive rate (2.7 per breast
view). Balleyguier et al [35] reported a similar study design,
but analyzed only bilateral craniocaudal (CC) DM and
mediolateral oblique (MLO) DBT images for each patient
and concluded non-inferiority of radiologist interpretation
performance using concurrent CAD, with a reduction in
reading time of 23.5% (from an average of 48.2 s without
CAD to 39.1 s with CAD). Benedikt et al [36] achieved
similar results in their retrospective multi-reader multi-case
crossover design; analyzing bilateral CC DM and MLO DBT
images for each patient, they determined that concurrent use
of CAD with DBT resulted in 29.2% faster reading time,
while maintaining reader interpretation performance.

With the second approach, i.e., reducing the number
of DBT images to evaluate, Dustler et al [37] found that
increasing slab thickness, using 2-mm slabs instead of
I-mm planes, can reduce reading time of normal cases
by 20%.

Our results are in line with this second approach: we
adopted thicker slabs (10 mm) and obtained a 20-30% reduc-
tion of the median times. On the other hand, if we look at
reading times over the 75th percentile, the advantage of the
simplified protocol was much smaller than that for median
time, suggesting that more difficult cases need longer times,
regardless of the protocol. Further studies might be necessary
to define the optimal balance between the thickness of slabs,
with the consequent number of images and reading times, and
the sensitivity for the simplified protocol.

Surprisingly, radiological signs of the two cancers
completely missed with the simplified protocol were al-
most identical in slabs and planes (Fig. 3). Both readers
were astounded that they could have missed such clear-
ly visible lesions. There might be different possible ex-
planations for the lower sensitivity of slabs, for exam-
ple, the perception of the same abnormalities is different
when presented in several planes instead of few slabs.
Also, presenting a lot of similar images, as in a series

Table 5 Median, interquartile range (IQR), and mean reading time per reader and DBT set
Simplified protocol (Sy-2D + slabs) Simplified protocol (Sy-2D + slabs +planes) DBT+DM
Specificity set s s s
Reader 1 Median (IQR) 64 (48-82) 88 (72-109) 100 (78-127)
Mean 67 97 109
Reader 2 Median (IQR) 61 (46-83) 78 (60-100) 77 (60-99)
Mean 68 89 85
Sensitivity set s s s
Reader 2 Median (IQR) 69 (54-90) 86 (70-108) 87 (71-113)
Mean 76 97 97
Reader 3 Median (IQR) 35 (24-65) 42 (30-68) 45 (27-89)
Mean 58 60 62
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of 1-mm-spaced planes, could reduce the probability of
a careless mistake. Further, DBT sets with slabs only—
the newest protocol—could require a learning period.
Indeed, the radiologist (RV) who read both the sets
had 5 false negatives in the specificity set whereas none
read after the specificity set.

Friedewald [38] described how scrolling through the DBT
images could be challenging because of the tendency for dis-
traction as different portions of the breast come in and out of
focus, suggesting reviewing one portion of the image while
scrolling and then to repeat moving the focus. This approach,
which we can define “cine-mode,” is more suitable for DBT
reading rather than reviewing the entire image and then mov-
ing on to the next slice, which would be an adjustment of the
standard 2D reading. However, limiting the visualization to
slabs alone could make the cine-mode suboptimal.

The sustainability of introducing DBT into routine screening
programs depends on by how much reading times can be re-
duced. Most of the European population—based screening pro-
grams are struggling with resource restrictions due to economic
constraints and the reduction of the public health budget. The
introduction of a new technology with higher resource con-
sumption risks making the programs unsustainable. We need
a careful technology assessment that measures the balance be-
tween the possible benefits of higher specificity and sensitivity
and the increase in reading time and technology costs.

To conclude, this study described how a simplified proto-
col, without the presentation of planes, maintained similar
DBT specificity, increased reproducibility, and decreased
reading times but may have a negative impact on sensitivity.
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