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Objective: To review the imaging features of invasive

lobular carcinoma (ILC) seen on digital breast tomosyn-

thesis (DBT) in comparison with invasive ductal carci-

noma (IDC), and to evaluate whether DBT could improve

conspicuity and tumour size assessment of ILC in

comparison with digital mammography (DM).

Methods: Institutional review board with waiver of in-

formed consent was obtained for this retrospective study.

Patients with ILC or IDC who underwent DBT and DM at

the time of diagnosis were included. DM and DBT images

were reviewed in consensus by two breast radiologists in

order to assess imaging features, conspicuity and maxi-

mum tumour diameter of ILC and IDC. Pathology on the

surgical specimen was considered the standard of

reference for assessment of tumour size.

Results: 43 patients (20 patients with ILC and 23 patients

with IDC) were included. On DBT, compared with IDC, ILC

presented less frequently as masses (40% vs 78%)

(p50.01) and more frequently as isolated distortion

(20% vs 0%) (p50.03). ILC presented more often as

asymmetries (60%) than masses (20%) on DM (p50.02)

but not on DBT (35% vs 40%; p5 1.00). Conspicuity of ILC

was significantly higher on DBT than on DM (p50.002),

while the difference between the two techniques was not

significant for IDC (p50.2). Regarding ILC, concordance

in tumour size measurement between DBT and pathology

was fair (intraclass correlation coefficient50.24).

Conclusion: ILC rarely presented as dense masses but

frequently demonstrated architectural distortion on DBT.

DBT increased lesion conspicuity but failed to accurately

assess tumour size of ILC.

Advances in knowledge: (1) This study describes specific

features of ILC on DBT. (2) It shows that DBT can improve

conspicuity of ILC.

INTRODUCTION
Invasive lobular carcinoma (ILC) is the second most fre-
quent type of invasive breast cancer, accounting for 5–15%
of all breast cancers.1 Pathologically, ILC consists of non-
cohesive cells, infiltrating the adjacent breast tissue in
a single line. Infiltration typically does not destroy ana-
tomic structures or induce a substantial desmoplastic re-
action. Because of these particular pathological features,
ILC frequently fails to form a palpable lesion, and clinical
detection may be difficult.2 ILC may also present particular
characteristics on imaging and is known to be less visible
on conventional imaging (mammography and ultrasound)
than other types of breast cancer.3,4 As a result, mammo-
grams are less sensitive for the detection of ILC than for
invasive ductal carcinoma (IDC): up to 30% of ILCs are
not visualized at mammography.5 Therefore, ILC tends to
present with a larger size and at a later tumour stage at the
time of diagnosis.6 In addition, mammography frequently
underestimates tumour size of ILC.7

Digital breast tomosynthesis (DBT) is a recent three-
dimensional technique based on digital mammography
(DM) that is known to improve breast cancer detection
rates and to reduce recall rates.8 On DBT, partial three-
dimensional reconstruction of the breast is obtained from
a finite number of two-dimensional projections, which are
acquired as the X-ray tube moves along an arc. This
technology reduces the summation of overlapping breast
tissues and may increase detection of architectural
distortion.9,10 Since ILC has a higher risk to be hidden by
overlapping glandular breast tissue and is often associated
with architectural distortion on two-dimensional mam-
mography,11 it has recently been suggested that DBTmight
be of particular interest for the detection and character-
ization of ILC.12 Appearance of ILC on DBT has also been
described recently.14 However, in this study, features of ILC
on DBT have not been assessed in comparison with DM
nor compared with those of IDC. Moreover, although ac-
curacy of DBT for tumour size assessment has been
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previously investigated, it was not been evaluated specifically
for ILC.15

In this context, the objectives of our study were (a) to review the
imaging features of ILC on DBT in comparison with those of
IDC and in comparison with those of ILC on DM according to
the Breast Imaging Reporting and Data System (BI-RADS)
lexicon, (b) to evaluate whether DBT could improve conspicuity
of ILC in comparison with DM and (c) to assess accuracy of
DBT for estimation of tumour size of ILC.

METHODS AND MATERIALS
Study population
Patients with ILC diagnosed between March 2013 and October
2015 and who underwent DBT of the affected breast, on at least
one view [mediolateral oblique (MLO) or craniocaudal (CC)],
and a recent (less than 3 months) digital mammogram at the
time of diagnosis were eligible for this retrospective study. Ex-
clusion criteria were as follows: the presence of a post-biopsy
marker clip on DM or DBT images and personal history of prior
surgery of the ispsilateral breast. In order to compare features of
ILC with those of IDC, we aimed to build a case/control study
comprising a comparable number of patients with IDC. For that
purpose, patients with IDC who underwent DBT within the
same time period were identified. From this population, patients
were randomly selected among those who met the inclusions
criteria, and the same exclusion criteria as described above were
applied.

Imaging acquisition
In our institution, DBT is performed as a complementary im-
aging examination in a diagnostic setting. Therefore, DBT is
usually performed in one view (the view showing the abnor-
mality on mammogram). All DBTs of our study were performed
in our institution using the Selenia dimensions system (Hologic,
Bedford, Mass). Bilateral digital mammograms were performed
in two views (CC and MLO) either within or outside our in-
stitution. In cases where DM had been performed outside our
institution, images were imported into our local picture ar-
chiving and communication system (IntelePACS, Intelerad®
v. 4.2.4 P443, Canada).

Image analysis
Images were reviewed on dedicated picture archiving and
communication system workstations. Two breast radiologists
(Ellen Kao and Ann Aldis) with more than 20 years’ experience
in breast imaging and 3 years’ experience in DBT, who were not
the investigator, blinded to pathological results (IDC vs ILC)
read the examinations in consensus. DM and DBT were read in
two separate sessions. In order to reduce potential recall bias,
DM was interpreted during a first round and DBT alone was
interpreted during a second round 4 weeks later as previously
reported. For DM, four views (CC and MLO of both breasts)
were displayed. If .1 DBT view was available, the one on which
the tumour appeared the most conspicuous was selected be-
forehand by the investigator. In situations where multiple lesions
were present, instructions were given to the readers to assess the
most prominent one (index tumour). For DM, lesion features
were assessed according to the 2013 edition of the BI-RADS

lexicon.16 Description of abnormalities on DBT is not defined
in the BI-RADS lexicon. However, as routinely performed in
our institution, readers were asked to describe lesions on DBT
according to terms used in the fifth edition of the BI-RADS
lexicon, as previously reported.17 In particular, the term “mass”
was assigned to lesions clearly identified and occupying a vol-
ume, whereas “asymmetry” was assigned to lesions that had
concave borders, contained fat or demonstrated low conspi-
cuity. Since only one view was available and no previous ex-
amination was available for the readers, the terms “focal”,
“global” and “developing” were not used for characterization of
“asymmetries”.

Readers also assessed lesion conspicuity. Conspicuity was de-
fined as the combination of the confidence in the presence of
a lesion with the confidence in decision making based on le-
sion detectability.18 Conspicuity was assessed with the fol-
lowing four point scale, previously used by Andersson et al17

in a study comparing visibility of breast cancers on DBT and
DM—0: no visible findings, 1: low conspicuity, 2: medium
conspicuity and 3: high conspicuity. With each technique,
readers were instructed to measure the maximum diameter of
the index tumour.

Pathology and assessment of tumour size
A breast pathologist with more than 20 years’ experience (Atilla
Omeroglu) performed all histopathological examinations in our
institution. When available, tumour subtype was determined
from pathology reports of the final surgical specimen. In
patients who underwent neoadjuvant chemotherapy (NAC) or
had no surgery in our institution, tumour subtype was de-
termined from reports of the ultrasound-guided 14-G core
needle or 9-G stereotactic-guided vacuum-assisted biopsies. For
assessment of tumour size, tumour maximum diameter on pa-
thology of the surgical specimen was considered the gold stan-
dard. Therefore, patients who received NAC and those who did
not undergo surgery were not included in this part of the study.
In cases of multifocal breast cancer, the maximum diameter of
the largest invasive tumour (index tumour) was assessed.

Statistical analysis
The relative frequency of features of ILC and IDC detected on
both DBT and DM was evaluated. Proportions of features were
compared between groups using the Fisher exact test. Lesion
conspicuity was compared between ILC and IDC using
a Mann–Whitney U test and between DM and DBT for each
type of cancer using a Wilcoxon matched pairs test.

In order to assess accuracy of DM and DBT for estimation of index
tumour size, the maximum diameter of the lesion detected by the
readers as measured with each technique was compared with index
tumour size on pathology using Wilcoxon matched pairs test. An
intraclass correlation coefficient (ICC) was calculated to evaluate
concordance in size measurement between imaging and pathology.
The ICC is interpreted in the following way: 0–0.20, slight
agreement; 0.21–0.40, fair agreement; 0.41–0.60, moderate agree-
ment; 0.61–0.80, substantial agreement; and 0.81–1.00, almost
perfect agreement.19 In cases where tumours were not visible on
imaging, tumour maximum size was reported as 0.
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p-values #0.05 was considered as statistically significant. Sta-
tistical analysis was performed using GraphPad® software v. 5.04
(San Diego, CA).

RESULTS
Study population
Between 21 March 2013 and 15 October 2015, 108 patients with
ILC were identified, among whom 27 patients had both DM and
at least 1 DBT view at the time of diagnosis. Six patients were
excluded because of the presence of a post-biopsy clip on DBT
and one because of a history of ipsilateral conservative breast
surgery. Within the same time period, 709 patients with IDC
were identified. 190 of these patients had both DM and at least
one DBT view at the time of diagnosis. Among them, 37 patients
were randomly selected using the random function of Excel®
(Microsoft, Redmond, WA). Of these, 13 patients had a post-
biopsy clip on DBT images and 1 patient had a personal history
of ispsilateral conservative surgery and were excluded. There-
fore, 43 patients (20 patients with ILC and 23 patients with IDC)
comprised the final study group. According to our protocol, one

index lesion per patient was evaluated. In our study population,
there was no significant difference in age (p5 0.12) between
patients with ILC and patients with IDC. 40% (8/20) of ILC and
22% (5/23) of IDC were palpable.

Among these 43 patients, the surgical specimen was not
suitable for final pathology assessment in 12 patients
(3 patients received NAC and 9 patients did not have surgery
in our institution). Accuracy of tumour size assessment on
DM and DBT was therefore evaluated in a subgroup of the
remaining 31 patients (14 patients with ILC and 17 patients
with IDC).

Imaging features
ILC and DBT features on DM and DBT are summarized
in Table 1.

Figure 1 shows comparative proportions of asymmetries, masses,
distortions, calcifications and associated features of ILC and IDC
on DM (Figure 1a) and DBT (Figure 1b).

Table 1. Tumour features of invasive lobular carcinoma (ILC) and invasive ductal carcinoma (IDC) on digital mammography (DM)
and digital breast tomosynthesis (DBT)

DM DBT

Imaging features ILC (n5 20) IDC (n5 23) ILC (n5 20) IDC (n5 23)

Asymmetry 12 (60) 5 (22) 7 (35) 3 (13)

Mass 4 (20) 16 (70) 8 (40; 8/20) 18 (78)

Shape

Round 0 2 (13) 0 1 (6)

Oval 0 2 (13) 0 1 (6)

Irregular 4 (100) 12 (75) 8 (100, 8/8) 16 (88)

Margins

Circumscribed 0 0 0 1 (6)

Microlobulated 0 0 0 1 (6)

Masked 0 0 0 0

Indistinct 0 8 (50) 2 (25) 8 (44)

Spiculated 4 (100) 8 (50) 6 (75) 8 (44)

Density

Fatty 0 0 0 0

Not dense 0 4 (25) 5 (62) 6 (33)

Dense 4 (100) 12 (75) 3 (38) 12 (67)

Distortion 13 (65) 10 (43) 16 (80) 12 (52)

Presence of calcifications 3 (15) 6 (26) 3 (15) 3 (13)

Associated features 4 (20) 3 (13) 4 (20) 3 (13)

Skin retraction 0 1 (33) 1 (25) 0

Skin thickening 0 0 0 1 (33)

Nipple retraction 4 (100) 2 (67) 3 (75) 2 (67)

Values are given as absolute numbers and percentages (in brackets).
It can be noted that distortion could be described as associated with a mass or asymmetry or as an isolated finding.
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On DM, ILC presented more often as asymmetries (60%, 12/20)
than masses (20%, 4/20) (p5 0.02), whereas on DBT, ILC pre-
sented a comparable proportion of masses (40%, 8/20) and
asymmetries (35%, 7/20) (p5 1.00). On DBT, ILC presented
significantly less often as masses than IDC (78%, 18/23)
(p5 0.01). When described as a mass on DBT, ILC was rarely
described as dense (38%, 3/8) but demonstrated significantly
more often spiculated margins (75%, 6/8) than IDC (44%, 8/18)
(p5 0.04). ILC also demonstrated a higher proportion of distor-
tion (80%, 16/20) than IDC (52%, 12/23), although this difference
did not reach statistical significance (p5 0.1). Moreover, ILC
presented significantly more frequently as isolated distortion on
DBT (20%, 4/20) than IDC (0%, 0/23) (p5 0.03). In three
patients with IDC, calcifications were described on DM but not on
DBT. Yet, the rates of calcifications demonstrated no significant
difference between tumour types on DBT (p5 1) and between
DM and DBT (p5 1 and p5 0.46 for ILC and IDC, respectively).

Conspicuity
Conspicuity of lesions was rated higher on DBT than on DM in
8/20 (40%) ILCs and 6/23 (26%) IDCs and lower in 1/20 (5%)
ILC and 3/23 (13%) IDCs.

Conspicuity of ILC was lower than IDC on both DM (p5 0.002)
and DBT (p5 0.02).

In comparison with DM, DBT increased significantly conspi-
cuity of ILC (p5 0.002), while this difference was not significant
for IDC (p5 0.2).

One case of ILC in which conspicuity was rated higher on DBT
than on DM is presented in Figure 2.

2 (10%) cases of ILC showed no visible findings on DM. On DBT,
these two ILCs were visualized, one case described as an asymmetry
with “low visibility” and the other as a dense mass with “medium
visibility”. Regarding IDC, all cases were described as visible on DM,
while two cases were not visualized on DBT. These two cases were
a 27-mm non-dense mass and a 10-mm asymmetry on DM.

Assessment of tumour size
This analysis was performed in a subgroup of 14 patients with
ILC and 17 patients with IDC.

Mean maximum tumour diameter on DM, DBT and pathology
were 12mm (9.5–20mm), 13mm (9.8–34.8mm) and 22mm
(15.8–53.8mm) for ILC and 10mm (6–26mm), 13mm
(6–19.5mm) and 15mm (8–22mm) for IDC, respectively.

Size of ILC on pathology was significantly higher than that of
IDC (p5 0.028).

Agreement between size as measured on imaging and final pa-
thology was slight with DM (ICC5 0.17) and fair with DBT
(ICC5 0.24) for ILC. Both DM and DBT significantly under-
estimated tumour size of ILC (p5 0.004 and p5 0.017,
respectively).

Agreement between size as measured on imaging and final pa-
thology was almost perfect with both techniques for IDC
(ICC5 0.89 and ICC5 0.92, respectively).

DISCUSSION
In our study, we reviewed imaging characteristics of ILC on
DBT, showing a higher rate of isolated distortion and a lower

Figure 1. Tumour features: comparative proportions of tumour features are presented for invasive lobular carcinoma (ILC) and

invasive ductal carcinoma (IDC) on digital mammography (DM) (a) and digital breast tomosynthesis (DBT) (b). On DBT, compared

with IDC, ILC presented less frequently as masses (p50.01) and demonstrated a higher proportion of distortion, although this

difference did not reach statistical significance (p50.1). On DM, ILC presented more often as asymmetries than masses (p50.02),

whereas on DBT ILC presented a comparable proportion of masses and asymmetries (p5 1.00).
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rate of masses in comparison with IDC. We showed that, in
comparison with DM, DBT could increase conspicuity of ILC.
Even if not statistically significant, this could be explained at
least in part by a lower rate of asymmetries on DBT than on
DM. This result supports the hypothesis that DBT has the po-
tential to improve detection of ILC. However, conspicuity of ILC
remained lower than that of IDC, which may be explained by
the fact that ILC presented rarely as a dense masse on DBT (15%
of cases, 3/20). In clinical practice, readers should therefore keep
in mind that ILC would still frequently present as a subtle
finding on DBT. In addition, considering IDC, two cases were
not visualized on DBT, although they were visible on DM. Al-
though DBTwas performed only in one view, which could have
been the reason, it should be kept in mind that when facing an
abnormal DM, negative DBT does not always definitely elimi-
nate breast cancer.

The fact that ILC presented in many cases as distortions,
asymmetries or masses of low density could explain our result
showing that DBT failed to estimate accurately index tumour
size of ILC. We conclude that DBT would not be a good alter-
native to breast MRI, which is currently the best examination for
assessment of tumour size of ILC in the pretreatment work-up.20

Because of its particular histopathological characteristics, it was
expected that ILC would present specific features on DBT,12,13 as
previously described on mammography and ultrasound.21,22 In
particular, our results are in line with previous studies showing
that architectural distortion was frequently associated with ILC
on mammography11,21 and that DBT has unique strength in
detecting distortion.9 They are also supported by the results of
the recent study of Grubstein et al,14 showing that DBT could
improve detection of ILC by more clearly depicting architectural
distortion. In comparison with this work, the interest of our
study is to show that features of ILC on DBT are significantly
different than those of IDC. Unlike in our study, where the
proportion of masses in ILC was lower than in IDC, several
articles reported that ILC frequently presented as a mass on
mammography.3,11,23 This discrepancy could be explained by the
fact that, in our study, findings were described as asymmetries
rather than masses as soon as they had concave borders,

contained fat or demonstrated low conspicuity, as proposed in
the fifth edition of the BI-RADS lexicon.16 This approach is
consistent with other studies reporting that the majority of ILCs
presented as asymmetries or masses that are of relatively low
radiographic opacity.12,24

Our results are consistent with previous studies showing that one-
view DBT, alone or in association with DM, could improve visi-
bility of breast cancers.17,25,26 Mariscotti et al13 recently showed
that DBT could also improve detection and characterization of
ILC. However, in their study, they did not compare ILC with IDC.
On the contrary, our results suggest that DBT could improve
more conspicuity of ILC than IDC, which confirms what was
hypothesized in their review by Johnson et al.12 This observation
also correlates with a large multicentre study showing that in-
crease of detection rate by addition of DBT to DM was higher for
ILC (1107%) than for IDC (133%).27 On the contrary, we did
not observe a significant increase in conspicuity of IDC in our
study. This discrepancy is most likely owing to the facts that
conspicuity of IDC was already high on DM and that our pop-
ulation was too small to detect a significant difference.

Few studies have investigated DBT for the estimation of tumour
size of breast cancers.15,28,29 They showed that this technique
could achieve good performance for this indication, which is
consistent with the results we obtained regarding IDC. Yet,
unlike these studies, our work investigated this issue according
to tumour subtype, showing that as DM, DBTmight be accurate
for estimation of tumour size for IDC but not for ILC.

There are some limitations to this preliminary study. First, our
population is relatively small and, as stated above, the number of
cases is probably not sufficient to be able to show a significant
increase in conspicuity of IDC with DBT. Moreover, final pa-
thology on surgical specimen could not be evaluated in several
patients and performance of DBT for tumour size assessment
was only performed in a subpopulation. Second, our population
only consists of patients with breast cancer, which may influence
the interpretation of the examinations and does not allow as-
sessment of the specificity of the technique. Third, we only
interpreted unilateral one-view DBT, which could have limited

Figure 2. (a) Digital mammography (DM) and (b) digital breast tomosynthesis (DBT) in a 58-year-old female with invasive lobular

carcinoma of the right breast: conspicuity was rated lower on DM (medium conspicuity) than on DBT (high conspicuity). In

particular, architectural distortion was more conspicuous on DBT than on DM.
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the performance of the technique and might have had an in-
fluence in description of findings, in particular asymmetries.
However, it is in line with what has been performed in several
recent publications.26,30,31 Moreover, it has recently been shown
that two-view DBT might be not necessary for assessment of
screen-detected abnormalities.32 The appearance of ILCs or size
correlation with pathology might also be different depending on
the view acquired. However, the sample in the present study was
too small to study any effects with regard to this in more detail.
In the future, it would, however, be of great interest to conduct
a similar study on bilateral two-view DBT, in larger populations
comprising both breast cancers and normal cases.

In conclusion, we showed that ILC rarely presents as a dense
mass but frequently demonstrates architectural distortion on
DBT. DBT can particularly increase conspicuity of ILC
and might therefore be useful in improving detection of this
type of cancer. However, DBT failed to estimate accurately
index tumour size of ILC, suggesting that it would not be
an effective tool for this purpose in the pre-therapeutic
work-up.
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