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Sciences Malmö, Lund University, Skåne University Hospital, Malmö, Sweden

Objective: Our aim was to compare the ability of radiologists to detect breast cancers
using one-view breast tomosynthesis (BT) and two-view digital mammography (DM) in
an enriched population of diseased patients and benign and/or healthy patients.
Methods: All participants gave informed consent. The BT and DM examinations were
performed with about the same average glandular dose to the breast. The study
population comprised patients with subtle signs of malignancy seen on DM and/or
ultrasonography. Ground truth was established by pathology, needle biopsy and/or by
1-year follow-up by mammography, which retrospectively resulted in 89 diseased
breasts (1 breast per patient) with 95 malignant lesions and 96 healthy or benign
breasts. Two experienced radiologists, who were not participants in the study,
determined the locations of the malignant lesions. Five radiologists, experienced in
mammography, interpreted the cases independently in a free-response study. The data
were analysed by the receiver operating characteristic (ROC) and jackknife alternative
free-response ROC (JAFROC) methods, regarding both readers and cases as random
effects.
Results: The diagnostic accuracy of BT was significantly better than that of DM
(JAFROC: p50.0031, ROC: p50.0415). The average sensitivity of BT was higher than that
of DM (,90% vs ,79%; 95% confidence interval of difference: 0.036, 0.108) while the
average false-positive fraction was not significantly different (95% confidence interval
of difference: 20.117, 0.010).
Conclusion: The diagnostic accuracy of BT was superior to DM in an enriched
population.
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About 1 in 8–10 females develop breast cancer during
their lifetime [1, 2]. Screening mammography plays a key
role in the detection of breast cancer at an early stage.
Based on incidence of interval cancers it has been
suggested that a radiologist reading screen-film mam-
mograms might miss 16–30% of cancers detectable on
the mammograms [3]. Mammography cancer detection
varies widely: estimates of sensitivity have been reported
from 68% (or as low as 48% for extremely dense breasts)
to 88%, with specificities ranging from 82% to 98%. These
results suggest that there is considerable room for
improvement in mammography [4, 5]. Digital mammo-
graphy (DM) was expected to improve the performance
of breast cancer detection compared with screen-film

mammography (SFM). In most clinical trials the overall
sensitivity has been higher for DM, but, since the
specificities have also been lower, only a few studies
have been statistically significant in favour of DM [5]. In
a subset of females under 50 years of age in the Digital
Mammographic Imaging Screening Trial study, there
was a significantly improved diagnostic accuracy in DM
compared with SFM [5].

Because a mammogram is a two-dimensional (2D)
projection of the breast onto the detector plane, over-
projected healthy tissue (anatomical noise) can hamper
breast cancer detectability. Anatomical noise is known to
have a greater impact than quantum noise on the
detection of certain breast cancers (e.g. masses) [6, 7].
Two views—mediolateral oblique (MLO) and craniocau-
dal (CC)—can partially compensate for the overlapping
anatomical noise, but this depends on the radiologist’s
ability to mentally fuse the two images.

Breast tomosynthesis (BT) collects 2D projection views
over a limited angular range, which allows reconstruc-
tion of thin slices of the breast volume. Reduced
anatomical noise from superimposed tissues is expected
to improve breast cancer detection compared with DM.
In CT where hundreds of projection images are acquired
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covering 360u, the anatomical noise can be reduced to a
larger degree, but it is difficult to image the entire breast
volume using CT, particularly close to the chest wall.
Moreover, the average glandular dose is higher with CT,
as is imaging time and the cost of the device. While there
is ongoing research that may solve these issues [8–10], BT
has a number of potential advantages and there are
currently commercialised units.

Previous studies of observer performance of BT
compared with DM have shown contradictory results,
varying from a statistically significant advantage for BT
[11–13] to no clear advantage for BT [14–18]. Non-blinded
pilot studies have been performed at our institution that
suggest improved sensitivity of BT over DM [19, 20].

The aim of the current study was to compare the
diagnostic accuracy of one-view BT with conventional
two-view DM using an enriched population.

Methods and materials

Patient population

The study protocol was approved by the Regional
Ethics Review Board at Lund University (Dnr 159/2006)
and the local Radiation Safety Committee at Skåne
University Hospital, Malmö. All patients provided
informed consent. The study population included symp-
tomatic as well as asymptomatic females examined at our
institution during a 23-month period from 19 June 2006 to
21 May 2008. Patients with suspicious findings underwent
fine needle or core biopsy followed by surgery and
histopathological examination of the specimens. Patients
without suspicious findings were followed for 1 year [18,
21] to establish absence of cancer. Of 185 patients (breasts),
89 were proven to have cancer (containing 95 abnormal-
ities), whereas 95 of the cases were established to be
benign or healthy. The average age of the patients was
60 years (range: 42–79 years). The study included one
breast per patient and featured many difficult cases, as is
normal in observer performance studies where the natural
incidence of cancer is very low [22, 23]. The majority of the
lesions were difficult to see in the DM views, but usually
seen on ultrasonography [19].

Image acquisition

DM was performed using a Mammomat Novation DR
unit (Siemens, Erlangen, Germany) and BT was performed
using a prototype device based on the same type of unit.
The detector used in this prototype BT system was an
amorphous selenium flat-panel detector [24]. The BT and
DM images were acquired using the same tube voltage and
anode/filter (W/Rh) combination as determined by the
automatic exposure control of the DM unit. BT examina-
tions were performed immediately following the DM/
ultrasound examinations. The BT examinations were
performed using about twice the mAs of a single DM
image for that patient in the same projection, resulting in
approximately the same absorbed dose as a dual-view
mammography examination [25]. For the BT examinations,
25 projection images were acquired over an angular range
of approximately ¡20u. The scan time using full-resolution
mode of the BT unit was about 20 s [24]. The images were

reconstructed using filtered back-projection [26, 27]. Each
DM examination consisted of the MLO and CC views. The
MLO view was chosen for the BT examinations in the
majority of the cases (88%), since the lesion was least visible
in this DM view [19]. In the remaining 12% of the cases BT
was performed in the CC view.

Ground truth lesion locations

Two radiologists (IA and DI, referred to as the ‘‘truth
panel’’), who were not participants in the study and
experienced in BT and DM, outlined the malignant
regions in consensus using an electronic marker. They
had access to all the available data from BT, DM,
ultrasonography, needle biopsy and pathology. In the
DM cases the corresponding malignant regions of the
breast were outlined in the CC and the MLO view. In the
BT image volumes the outlining was made in three slices:
the initial, focus (central) and final slice where the lesion
appeared. In cases where a lesion was not visible in BT or
DM to the truth panel, but was seen and localised to a
quadrant on ultrasound images and the histopatholog-
ical examination, the lesion-containing quadrant was
outlined (this event occurred twice). The breast cancer
visibility was classified in the MLO and CC views of the
DM cases into three categories: not visible, subtle and
visible. The breast density was classified according to the
Breast Imaging-Reporting and Data System (BI-RADS)
[28]: 1, fatty or ,25% dense; 2, scattered fibroglandular
densities or 25–50% dense; 3, heterogeneously dense or
50–75% dense; 4, dense or .75% dense.

Graphical user interface

A graphical user interface, ViewDEX [29], was used to
display images and to record the data. The workstation
consisted of a Sun Microsystem Ultra 24 Workstation
(2.5 GHz, 4 Gb RAM) with two five-megapixel flat-panel
calibrated monitors (SMD21500; EIZO GmbH, Karlsruhe,
Germany). The minimum luminance was 0.4 cd m–2 and
the maximum luminance was 355 cd m–2, measured with
recommended instrumentation [30, 31]. The ambient
light level was less than 3 lux, which follows European
guidelines [32]. Although window/level settings were
pre-set by an experienced radiologist (IA) for the BT
cases, and by the built-in software of the DM system, the
radiologists were free to alter the settings during the
study.

Reader study

Five dedicated breast radiologists with experience of
breast imaging ranging between 3 and 25 years (average
16.6 years), who were blinded to the truth status
(positive/negative) of the images, interpreted them using
the free-response paradigm [33, 34]. The task was to mark
the centres of all perceived cancers and assign malignancy
ratings to them. The probability of malignancy was rated
on a BI-RADS-based scale [35]: BI-RADS 1, 2, 3, 4A, 4B, 4C
and 5. The zero and the sixth rating were not allowed
since this was an experimental study. For the purpose of
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the study the BI-RADS 2 (definitely benign) marks were
ignored. The radiologists were instructed to mark/rate
the lesions if visible on both views of the DM images and
they were allowed to use the zoom and pan functions. The
cine-loop mode was sequentially displaying the BT slices
at a user-controlled rate.

The location of each mark was compared with the
nearest malignant lesion, if any, and if it was inside the
truth panel’s outlined region (areal for DM and
volumetric for BT) it was classified as a lesion localisa-
tion (LL) and if outside as a non-lesion localisation (NL).
In DM, if a pair of marks in two views corresponded to
the same physical location, in the opinion of the truth
panel, the mark with the highest rating was used in the
analysis. If one mark corresponded to the lesion but the
other did not, the first was recorded as an LL and the
other as an NL.

No limit was imposed on the viewing time. Prior to the
study, the radiologists underwent a training session
using 30 corresponding BT and DM cases, which were
not used in the actual study. An accompanying expert
radiologist familiarised each reader with the user inter-
face and with the appearance of the healthy tissue and
the various cancer types in BT. In each of the eight
reading sessions, the cases were presented in random
order in two blocks of 25 cases per modality (i.e. 25 one-
view BT cases and 25 two-view DM cases). The modality
presentation order was alternated and a period of 1–3
weeks separated consecutive viewings of the same case
in the two modalities [22].

Statistical analysis

The LL and NL ratings were analysed by the jackknife
alternative free-response receiver operating characteris-
tic (JAFROC) method [33, 34]. The JAFROC figure of
merit (h ) is the probability that the rating of the highest-
rated and correct LL on a diseased case exceeds the
rating of the highest-rated mark on a healthy/benign
case (NL). This is equivalent to the non-parametric area
under the AFROC curve [36, 37]. NLs on abnormal
images are not used in the data representation of the
AFROC curve. Significance testing was performed using
the Dorfman–Berbaum–Metz multiple-reader multiple-
case (DBM-MRMC) mixed model analysis of variance
(ANOVA) procedure applied to h (the ANOVA module
was provided by Dr Kevin Berbaum). ANOVA yields an
F-statistic and a p-value for rejecting the null hypothesis
that the modalities have identical performance. Random-
reader and random-case analysis was performed.
Parametric AFROC curves (reader-averaged) fitted by
search model [36, 37] are presented for illustration
purposes. As a check, ROC analysis was also performed
using the highest rating on a case as the inferred ROC
rating. DBM-MRMC software [38] with the PROPROC
[39] fitted area under the ROC curve (AUC; the
probability that the value of the highest rated mark on
an diseased case exceeds that on a healthy/benign case)
was used as the figure of merit for ROC analysis. Note
that the only difference between JAFROC analysis of
FROC data and DBM-MRMC analysis of ROC data is in
the definition of the figure of merit.

Results

Pathological findings

Of 95 breast cancers, 57 (60%) were invasive ductal
carcinomas (IDCs), 19 (20%) invasive lobular carcinomas
(ILCs), 6 (6.3%) were tubular carcinomas (Tubs), 6 (6.3%)
were ductal carcinomas in situ (DCISs), 1 (1.1%) was
lobular carcinoma in situ (LCIS), 1 (1.1%) was IDC+ILC,
1 (1.1%) was IDC+LCIS, 2 (2.1%) were mucinous
carcinomas, 1 (1.1%) was mucinous carcinoma+ILC and
1 (1.1%) was intracystic papillary carcinoma. The largest
average lesion diameter was 19.9 mm (range 2–90 mm,
median 15 mm), as measured at the histopathological
examination.

Breast cancer visibility and breast density

In 12 out of 95 breast cancer cases the cancer was
considered neither visible in the MLO nor CC of the DM
views (Table 1). In another 21 cases the cancer was
considered subtle in one of both DM views and clearly
visible in 62 cases. The breast cancers are shown with
regard to visibility and histopathology group (Table 2).
The breast density of the diseased cases was classified as
BI-RADS 1 in 9 (10.1%) cases, BI-RADS 2 in 26 (29.2%)
cases, BI-RADS 3 in 50 (56.2%) cases and BI-RADS 4 in 4
(4.5%) cases. The breast cancers are listed according to
BI-RADS and histopathology group (Table 3). The breast

Table 1. The number of breast cancers by visibility on the
digital mammography mediolateral oblique (MLO) and
craniocaudal (CC) views

Visibility MLO CC MLO+CC

Not visible 24a 22b 12
Subtle 33 16 21
Visible 38 57 62
Total 95 95 95

CC, craniocaudal; MLO, mediolateral oblique.
aIn one case the breast cancer was not included in the MLO

view.
bIn five cases the breast cancer was not included in the CC

view.

Table 2. The numbers of breast cancers per histopathology
group by visibility (MLO+CC)

Histopathology
group Visible Subtle Not visible

IDC 39 (41.1) 11 (11.6) 7 (7.4)
ILC 8 (8.4) 7 (7.4) 4 (4.2)
Tub 3 (3.2) 2 (2.1) 1 (1.1)
DCIS 6 (6.3) 0 0
Other groups 6 (6.3) 1 (1.1) 0
Total 62 (65.3) 21 (22.1) 12 (12.6)

CC, craniocaudal; DCIS, ductal carcinoma in situ; IDC, invasive
ductal carcinoma; ILC, invasive lobular carcinoma; MLO,
mediolateral oblique; Tub, tubular carcinoma.

The percentages of the total numbers of breast cancers are
given in the parentheses.
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density of the healthy/benign cases was classified as BI-
RADS 1 in 19 (19.8%) cases, BI-RADS 2 in 27 (28.1%)
cases, BI-RADS 3 in 40 (41.7%) cases and BI-RADS 4 in 10
(10.4%) cases.

Observer performance

All five radiologists had higher h values (the non-
parametric area under the AFROC curve; Table 4) and
four of the five radiologists had higher ROC figure of
merits (AUC) for the BT than for the DM modality
(Table 5). For both methods the reader-averaged mod-
ality differences were statistically significant at the 5%
level—that is, the 95% confidence interval (95% CI) of the
difference did not include 0, 0.103 (95% CI: 0.039, 0.167)
and 0.094 (95% CI: 0.004, 0.183) for h and AUC,
respectively. The average AFROC curve plots of lesion
localisation fraction (LLF) vs false-positive fraction (FPF;
Figure 1a), and the average ROC curve plots of true-
positive fraction (TPF) vs FPF (Figure 1b) are shown for
all readers. Note that the x-axes of the AFROC curves are
identical to those of the ROC curves.

An average of 10.4 more breast cancer(s) were detected
per reader, with the correct malignant region localised,
on BT than on DM, as shown by the average LLFs (LLF 5

number of localised lesions divided by the total number
of lesions): 0.809 for BT and 0.706 for DM (Table 6). The
sensitivity (TPF) of BT was significantly higher than that
for DM (95% CI: 0.036, 0.108). The difference in FPF (1–
specificity) was not significantly different (95% CI:
20.117, 0.010) but varied substantially between readers;
Readers 1 and 3 had higher FPF values in both modalities
(between 60% and 72%) relative to the others (between
22% and 42%).

Breast cancer distribution and detection by
histopathology

The breast cancer distribution was dominated by the
IDC and ILC groups (Figure 2a). In general, more of
all lesion types, except for the DCIS, were detected
with BT (Figure 2b), which is reflected in the higher TPF
and narrower confidence intervals. Two examples of
cases are shown in Figures 3 and 4, representing the
histopathology group IDC (detected by more of the
readers on BT than on DM).

Discussion

This study showed a higher diagnostic accuracy of
one-view BT compared with two-view DM and was
demonstrated by JAFROC as well as ROC analyses. The
improved performance with BT in relation to DM is
consistent with the result of prior studies [11–13, 19, 20].
The sensitivity of BT was higher than that of DM
(average ,90% vs average ,79%), while the difference in
average FPF (1–specificity) values was not significantly
different. Out of 95 breast cancers, an average of 10.4
more cancers per reader were detected with BT than with
DM. The observed sensitivity of DM (average 79%) is in
the range of reported values (48–88%), but the FPF (45%)
was higher than reported values (2–18%) [4, 5]. There are
several possible explanations for the higher FPF. (i) The
cases were more difficult than the average case encoun-
tered in clinical practice. (ii) The case set was enriched
with diseased cases (study prevalence ,45% vs 0.5% in
the general population). (iii) In the clinic the radiologist
has access to clinical history including the reason for the
referral, the family history and so on. Images from
previous screening examinations are also available. In

Table 3. The numbers of breast cancers per histopathology group with a specific BI-RADS breast density value

Histopathology group BI-RADS 1 BI-RADS 2 BI-RADS 3 BI-RADS 4

IDC 7 (7.4) 18 (18.9) 31 (32.6) 1 (1.1)
ILC 1 (1.1) 4 (4.2) 14 (14.7) 0
Tub 0 2 (2.1) 2 (2.1) 2 (2.1)
DCIS 0 3 (3.2) 3 (3.2) 0
Other groups 2 (2.1) 2 (2.1) 2 (2.1) 1 (1.1)
Total 10 (10.5) 29 (30.5) 52 (54.7) 4 (4.2)

BI-RADS, Breast Imaging-Reporting and Data System; CC, craniocaudal; DCIS, ductal carcinoma in situ; IDC, invasive ductal
carcinoma; ILC, invasive lobular carcinomas; MLO, mediolateral oblique; Tub, tubular carcinoma.

The percentages of the total numbers of breast cancers are given in the parentheses.

Table 4. Jackknife alternative free response receiver operating characteristic (JAFROC) figures of merit (h ) by reader and
modality

Radiologist BT (h ) DM (h ) BT-DM (Dh )

1 0.759 (5) 0.641 (5) 0.118 (3)
2 0.838 (1) 0.704 (3) 0.134 (2)
3 0.813 (3) 0.736 (2) 0.077 (4)
4 0.807 (4) 0.769 (1) 0.038 (5)
5 0.828 (2) 0.681 (4) 0.147 (1)
Mean 0.809a (0.756, 0.862) 0.706a (0.638, 0.774) 0.103 (0.039, 0.167)

BT, one-view breast tomosynthesis; DM, two-view digital mammography.
The last row lists the averages and 95% confidence intervals in parentheses.
aThe p-value was 3.1610–3, Fisher F-statistic510.9, numerator and denominator degrees of freedom equal to 1 and 23.1,

respectively.
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this study images of only one breast were provided,
whereas in the clinical setting images of both breasts are
available. The additional information gives the radiolo-
gist more confidence in the diagnosis. These circum-
stances may cause the operating point to move towards
higher FPF [37, 40]. However, since other studies have
not found a significant effect of higher prevalence on the
diagnostic accuracy [37, 40], the shift in the operating
point is not expected to affect the overall conclusion of
this study (i.e. higher performance of one-view BT
relative to two-view DM).

Gur et al compared the performance of a combined
modality consisting of two-view BT and two-view DM
with two-view DM, and found significantly higher
specificity for the combined modality, but the difference
in sensitivity was not significant [16]. The current study
findings, namely a significantly higher sensitivity using
BT but a non-significant difference in specificity, are
inconsistent with the study of Gur et al [16], whose
findings can be explained by a shift in reporting
threshold. Had the readers in the prior study adopted
a laxer reporting criterion in BT, then the specificity
difference might have been smaller and the sensitivity
higher. Furthermore, our study demonstrated a signifi-
cantly higher overall performance, while the prior study
found a significant difference in specificity.

Another study [18] comparing one-view BT with
two-view DM found a non-significant advantage for

one-view BT (DAUC50.015). In that study the readers
had relatively limited experience with the BT modality
and the equipment was not fully optimised. It might
also be that our study population contained more
difficult cases. These factors might explain the different
outcome.

Recall bias due to the relatively short time interval of
1–3 weeks between sessions is expected to be minimal
since the cases were displayed in random order.
Moreover, it has been shown that memory washout
occurs within days [41]. Also, since the appearance of the
images by the different techniques was markedly
different (2D vs 3D), memory effects are expected to be
further attenuated.

It is encouraging that BT performed better than DM
even though the radiologists had much less experience in
the BT modality than in DM, and with only one view
available in BT compared with two views in DM. This
suggests that with increased experience, and perhaps
with the addition of the corresponding ipsilateral DM
view, BT would have performed even better, as shown in
a recent study [12]. As noted previously, for the currently
used exposure parameter settings, the system used in
this study delivered about the same dose as a two-view
DM [25]. The addition of the corresponding ipsilateral
DM view would increase the dose by about 50%.
Moreover, further improvements are to be expected in
the evolving BT technology.

(a) (b)

Figure 1. (a) The average alternative free-response receiver operating characteristic curves: breast tomosynthesis (BT)50.809;
digital mammography (DM)50.706; DBT–DM50.103. (b) The average receiver operating characteristic curves: BT50.860;
DM50.766; DBT–DM50.094. FPF, false-positive fraction; LLF, lesion localisation, fraction; TPF, true-positive fraction.

Table 5. The receiver operating characteristic (ROC) figures of merit (AUC) by reader and modality

Radiologist BT (AUC) DM (AUC) BT-DM (DAUC)

1 0.801 (5) 0.672 (5) 0.130 (3)
2 0.895 (1) 0.754 (3) 0.140 (2)
3 0.853 (4) 0.793 (2) 0.059 (4)
4 0.858 (3) 0.874 (1) –0.016 (5)
5 0.891 (2) 0.736 (4) 0.155 (1)
Mean 0.860a (0.804, 0.915) 0.766a (0.673, 0.859) 0.094 (0.004, 0.183)

BT, one-view breast tomosynthesis; DM, two-view digital mammography.
The last row lists the averages and 95% confidence intervals in parentheses.
aThe p-value was 0.0415; Fisher F-statistic55.54; numerator and denominator degrees of freedom were equal to 1 and 9.56,

respectively.
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The distribution of cancer types was dominated by
IDC (61.8%) and ILC (19.1%; Figure 2a). The proportion
of ILC (19.1%) was higher than in published materials
[42], probably owing to the case selection. It is promising
that the TPF for this histopathology group was higher for
BT than for DM (Figure 2b) since a proportion of the
ILCs are known to have a growth pattern making them
difficult to detect with even the best diagnostic techni-
ques [42–44]. The TPF was higher for BT than for DM
for all histopathology groups, except for the DCIS
group (Figure 2b). However, since the number of
lesions was limited for this group (Figure 2a) the
detectability of DCIS needs to be further investigated.
Microcalcifications are a dominant indicator for malig-
nancy for the DCIS group. Early impressions on
microcalcifications on BT in relation to DM have been
that they are equally visible, but the morphological
details of the individual calcification have not been as
well visualised on BT [19]. However, further develop-
ment in the processing may change this; in a recent study
BT has been shown to have equal or greater clarity
regarding microcalcifications than DM using iterative
reconstruction algorithms [45].

The readers had extensive experience with DM, but
limited experience with BT. This is a problem when
evaluating any new technology. The in-house developed
user interface is different from what the radiologists

would expect in a mature commercial product, which
could also cause BT performance to be non-optimal. It
would be highly desirable for equipment manufacturers
to implement a data collection tool in their products that
would allow performance to be measured under more
realistic conditions. Owing to the design of the study,
including the use of an enriched population, the results
cannot necessarily be extrapolated to a general female
population. It is therefore desirable to assess the impact
of BT and its cost–benefit aspects in routine clinical
conditions, as well as in the screening setting, but this
would require a large-scale clinical trial. Although
technically the results of this study were generalised to
the population of readers and cases, such generalisation
may not be valid. The cases were selected at a single
institution, which may not be typical of other centres.
Less variability is expected between readers from the
same institution than readers from different institutions.
A large population-based study is needed, using readers
and cases from different institutions, with readers who
are more experienced in BT.

Conclusions

In this study, BT in one view (MLO view) was
compared with DM in two views (MLO and CC views)
using a population enriched with difficult cases. The
results of the study showed superior diagnostic accuracy
in BT than in DM. This suggests that breast cancer
detection can be improved with BT, but the result needs
to be confirmed in large population-based studies. The
cost–benefit aspects of screening with BT compared with
DM also need to be assessed.
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Table 6. The lesion localisation fractions (LLFs), true-positive
fractions (TPFs; sensitivity) and false-positive fraction (FPF; 1–
specificity) by reader and modality

Radiologist LLF (BT/DM) TPF (BT/DM) FPF (BT/DM)

1 0.821/0.758 0.888/0.809 0.667/0.667
2 0.863/0.758 0.910/0.787 0.365/0.417
3 0.916/0.821 0.966/0.888 0.719/0.604
4 0.832/0.663 0.876/0.719 0.313/0.156
5 0.811/0.695 0.843/0.742 0.219/0.396
Mean 0.848/0.739 0.897/0.789 0.456/0.448

BT, one-view breast tomosynthesis; DM, two-view digital
mammography.

(a) (b)

Figure 2. (a) The distribution of breast cancers by histopathology of 89 diseased cases with a total of 95 breast cancers. (b) The
reader-averaged true-positive fraction (TPF; sensitivity) by histopathology with 95% confidence intervals for breast
tomosynthesis and digital mammography. DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular
carcinoma; Tub, tubular carcinoma.
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(a)

(d) (e)

(b) (c)

Figure 3. (a) Breast tomosynthesis
(BT) mediolateral oblique (MLO)
view (one-view BT), (b) digital mam-
mography (DM) MLO view and (c)
DM craniocaudal (CC) view (two-
view DM). (d, e) Close-ups of (a, b).
A 69-year-old female with a 15-mm
(diameter) spiculated tumour, inva-
sive ductal carcinoma grade 2.
Owing to its juxtathoracic position,
the tumour was not included in the
CC view (c). The tumour, indicated
by the arrow in (a, d), was detected
on one-view BT by all readers, while
on two-view DM (b, c) it was not
detected by any of the readers.

(a)

(d) (e) (f)

(b) (c) Figure 4. (a) Breast tomosynthesis
(BT) mediolateral oblique (MLO) view
(one-view BT), (b) digital mammogra-
phy (DM) MLO view and (c) DM
craniocaudal (CC) view (two-view DM).
(d–f) Close-ups of (a–c). A 79-year-old
female with a 10-mm (diameter) spicu-
lated tumour (arrow in a and d),
invasive ductal carcinoma grade 3.
The tumour was detected on one-view
BT by 4/5 readers, while on two-view
DM (b, c) the tumour was undetected
by all readers.
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