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Abstract

The aim of our study was to assess the performance of contrast-enhanced digital mammography (CEDM) in the preopera-
tive loco-regional staging of invasive lobular carcinoma (ILC) patients, about the valuation of the extension of disease and
in measurement of lesions. Then, we selected retrospectively, among the 1500 patients underwent to CEDM at the Breast
Diagnostics Department of the Careggi University Hospital of Florence and the National Cancer Institute of Milan from
September 2016 to November 2018, 31 women (mean age 57.1 aa; range 41-78 aa) with a definitive histological diagnosis
of ILC. CEDM has proved to be a promising imaging technique, being characterized by a sensitivity of 100% in the detec-
tion of the index lesion, and of 84.2% in identifying any adjunctive lesions: It was the presence of a non-mass enhancement
(NME) to lower the sensitivity of the technique (25% vs. 100% for mass-like enhancements or a mass closely associated with
a NME). Specificity in the characterization of additional lesions was 66.7%, and the diagnosis of the extension of disease
was correct in 77.4% of cases: NME also led to a decrease in diagnostic accuracy in the evaluation of disease extension up
to 40% versus 85% for masses and 80% for masses associated with NME (M/NME). Moreover, in 12/31 (38.7%), CEDM
allowed to correctly identify lesions not shown by mammography + ultrasonography + tomosynthesis: In the half of these
(6/12), there was a multicentricity, thus allowing an adequate surgical planning change. CEDM was also very accurate in
analyzing the maximum diameter of the masses, while it was much less reliable in the case of the M/NME and pure NME.
In conclusion, CEDM is a new promising imaging technique in the loco-regional preoperative staging and in the evaluation
of disease extension for ILC, especially in case of mass enhancement lesions.

Keywords Breast - Contrast-enhanced digital mammography - Contrast-enhanced spectral mammography - Invasive
lobular breast cancer - Breast cancer staging

Introduction

Invasive lobular carcinoma (ILC) is the second most fre-
quent invasive breast cancer (5-15%) after ductal histotype
(IDC) (70-90%), compared to which is more difficult to
diagnose by mammography and ultrasonography and has
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a greater tendency to multifocality, multicentricity or bilat-
erality [1-4]. Then, magnetic resonance imaging (MRI) is
recommended from international guidelines in the preopera-
tive work-up for all ILC patients, thanks to its high sensitiv-
ity (95-98%), also in detecting of adjunctive lesions in the
ipsilateral or contralateral breast, not previously identified
with mammography or US, not even with the most recent
advances in these diagnostic techniques [5—14]. Recently,
contrast-enhanced digital mammography (CEDM) has
shown a similar sensitivity and an even greater specificity
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compared to MRI, in the detection of breast lesions, both for
index lesions and for possible additional lesions, with lower
costs, greater rapidity, greater patient compliance, espe-
cially in the claustrophobic, greater availability, and with
the possibility to verify if microcalcifications have contrast
enhancement, thanks to the perfect correspondence between
full-field digital mammography (FFDM) and CEDM images
[15-21]. The aim of our study was to assess the performance
of CEDM in the preoperative loco-regional staging of ILC
patients, about the valuation of the extension of disease and
in measurement of lesions. We also calculated the distribu-
tion of frequencies of various histological parameters (i.e.,
positivity to the receptor for estrogens, positivity to the
receptor for the progesterone, ki67, Her-2 positivity) in our
sample. Then, we verified if it changed significantly with the
different types of contrast enhancement of lesions in CEDM
(Table 1).

Materials and methods
Study design
Retrospectively, among the 1500 patients underwent CEDM

at the Breast Diagnostics Department of the Careggi Uni-
versity Hospital of Florence and at the National Cancer

Table 1 Enhancement of lesions and their features with kinetics valuation

Institute of Milan from September 2016 to November 2018,
we selected 31 women (mean age 57.1 aa; range 41-78 aa)
with a definitive histological diagnosis of ILC, with these
inclusion criteria: 1) written informed consensus to undergo
CEDM; 2) definitive histological diagnosis of ILC, after
surgical excision 3) patients underwent ultrasonography,
mammography and tomosynthesis examinations previ-
ously than CEDM study. We excluded: 1) patients without a
definitive histological result (n =8); 2) patients undergoing
CEDM before 2-3 weeks from the biopsy (n=9), as shown
in Figure 1.

CEDM technique

CEDM was performed using a Selenia Dimensions mam-
mography system (Hologic, Marlborough, MA) capable
of performing full-field 2D digital mammography, 3D
tomosynthesis and CEDM (high and low energy). An intra-
venous injection of 1.5 ml/kg body weight of an iodine-
based contrast agent (Ultravist 370, Bayer HealthCare LLC,
Whippany, NJ) was administered with an automated bolus
injection with a flow of 3 ml/s, followed by 20 ml of saline
solution. The scan started about 2 min after the contrast
medium injection, and all 4 standard mammography projec-
tions (cranio-caudal and mediolateral oblique images of each
breast) were obtained sequentially within 5 min. For each

Enhancement n  Mean of FOR MASSES

sizes (in -

mm) Shape Margins Internal enhancement character-

istics
Round Oval Irregular Circum- Spiculated Irregular Hetero- Homogeneous Others
scribed geneous
Masses 20 155 3 10 7 0 3 17 18 2 0
Non-mass enhancements 6  46.5 na na na na na na na na na
Masses associated with 5 20.4 0 3 2 0 2 3 5 0 0
non-mass enhance-
ments
Enhancement n  Mean of FOR NME Kinetics of enhancement
sizes (in —
mm) Distribution Internal enhancement patterns
Focal Linear Segmental Regional Others Het- Clustered Others Persistent Plateau Wash-out
eroge- ring
neous

Masses 20 15.5 na na na na na na na 5 8 4
Non-mass 6 465 3 0 1 2 6 0 0 3 0
enhance-
ments
Masses asso- 5 204 3 1 1 0 5 1 0 3 2 0
ciated with
non-mass
enhance-
ments
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Fig. 1 Flow chart of patient

Selection of patients

enrollment

1500 CEDMs performed from September 2016 to November 2018, at the Breast Diagnostics Department of

the Careggi University Hospital of Florence and at the National Cancer Institute of Milan, for loco-regional

preoperative staging, inconclusive findings in conventional imaging, unknown primary (cup-syndrome), or
evaluation of therapy response in the neoadjuvant chemotherapy setting

805 CEDMs performed for loco-regional preoperative staging of breast cancer

48 CEDMs performed for loco-regional preoperative staging of invasive lobular breast cancer biopsy

9 patients excluded because undergoing CEDM before 2-3 weeks from the biopsy.
8 patients excluded because without a definitive histological result (patients undergoing surgery at other

!
|

proven

|

hospitals, or other)

|

31 patients included in the study

CEDM image, 2 acquisitions were performed at 26-31 kVp
with rhodium and silver filters (Rh and Ag) for low-energy
acquisition, and at 45—-49 kVp with a copper filter for high
acquisition power. A recombination algorithm was used to
subtract the non-enhanced breast tissue, and then to provide
a subtracted image in which only the areas of post-contras-
tographic enhancement were highlighted: This will allow
to evaluate the neoangiogenesis of the tumor, as in MRIL.
All 4 mammography projections were used for our analysis.
Acquisitions in both standard projections (CC and MLO),
carried out also 8 min after the administration of the con-
trast medium, also make it possible to carry out a qualitative
assessment of the enhancement’s kinetics. [22, 23]

Imaging interpretation and histological parameters

Two different radiologists, with more than 30 years of expe-
rience in breast imaging in the two different hospitals, per-
formed ultrasonography and analyzed mammograms and
tomosynthesis of the 31 patients of our study (of which they
knew the medical history), according to BI-RADS criteria
established by the American College of Radiology (ACR).
Then, they analyzed CEDM images of these patients using
the same lexicon used to characterize the lesions in MRI

Table 2 Contrast-enhanced digital mammography and size of lesions

according to BI-RADS [24-27]. “Radiologist A” analyzed
images of 24 patients, while 7 cases were analyzed by
“Radiologist B”. As in MRI, CEDM classifies all 31 index
lesions detected in the subtracted images into three main
groups: focus, mass and non-mass enhancement (NME); we
also included a further category, called M/NME, when the
index lesion is composed by a mass closely associated with
a NME component. According to the BI-RADS, they ana-
lyzed morphological and kinetics findings of the enhance-
ment of lesions and valuated the number of lesions and then
the extension of the disease. The two radiologists measured
the maximum diameter of index lesions at CEDM: In case
of M/NME, they measure the maximum diameter of the sum
of the two components. At the moment of the valuation, the
two radiologists know bioptic-histological result, if avail-
able (Table 2).

CEDM, additional lesions, extension of disease
and histological parameters

We correlated masses, NME and M/NME, identified by the
two radiologists with the histological data relating to the
extension of the disease, the type of surgery performed, the
results of sentinel-node analysis, the histological type of

Enhancement n Mean of sizes Correct measurements Non correct measure- Overestimations Underestimations
(in mm) at the CEDM study ments at the CEDM study
Masses 20 15.5 15 (75.0%) 5 (25.0%) 4 (20.0%) 1(5.0%)
Non-mass enhancements 6 46.5 0 6 (100%) 5(83.3%) 1(16.7%)
Masses associated with 5 20.4 2 (40.0%) 3 (60.0%) 5(83.3%) 1 (20.0%)
non-mass enhancements
TOT 31 22.3 17 (54.8%) 14 (45.2%) 11 (35.5%) 3(9.7%)
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tumor, the grading, a peritumoral/perivascular invasion and 9 —_ —
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like a M/NME, in 0/31 (0%) like focus, and the distribution
of their enhancement features is described in Tab.1.

CEDM, additional lesions, extension of disease
and histological parameters

In 12/31 (38.7%), CEDM allowed to correctly identify
lesions not shown by mammography + ultrasonogra-
phy + tomosynthesis: In the half of these (6/12), there was a
multicentricity, thus allowing an adequate surgical planning
change [33-38]. In 4/31 (12.9%), CEDM led to an overstag-
ing (3 masses and 1 M/NME), in 3/31 (9.7%) to a downstag-
ing (all NME), in 24/31 (77.4%), the extension diagnosis
was correct (95% CI 58.90-90.41). The sensitivity in identi-
fying additional lesions was of 84.2% (95% CI 60.42-96.62);
the specificity of 66.7% (95% CI 34.89-90.08). [2, 40-42].
CEDM accuracy in identifying the correct extension of dis-
ease was: 85% (95% CI 62.11-96.79) for masses (Fig. 2),
with a sensitivity of 100.00% (95% CI 71.51-100.00) and
a specificity of 66.67% (95% CI 29.93-92.51%); 40% (95%

CI 5.27-85.34) for NME, with a sensitivity of 25.00% (95%
CI 0.63-80.59) and a specificity of the 100.00% (95% CI
2.50-100.00); 80% (95% CI 28.36-99.49) for M/NME,
with a sensitivity of 100.00% (95% CI 39.76-100.00) and
a specificity of 0.00% (95% CI 0.00-97.50). Other histo-
logical features are shown in Tab.3: They were correlated
with the three main categories (masses, NME, M/NME),
and no significant variations were found between the various
groups [39]. 31/31 (100.0%) lesions had a receptor positiv-
ity to estrogens, 24/31 (77.4%) also to progesterone. NME
is associated, although without statistical significance (p:
0.20), with a higher risk of a progesterone receptor negativ-
ity (3/6, 50.0%), and with statistical significance (p: 0.03)
to a moderate (2+4) or high (3 +) HER2 positivity: This
significance is further greater (p: 0.021) if we consider the
sum of NME and M/NME rather than masses only. FISH
analysis in moderate (2+4) HER2 positivity cases showed
no gene amplification for all, and then the real and relevant
positivity to Her2 was detected in only 1/31 (mass-like
lesion). The correlation of the various subgroups with the

Fig.2 Low-energy, early and delayed CC- and MLO-views of a
patient with a single ILC lesion before CEDM. CEDM images show
the index lesion in central outer quadrant and an adjunctive lesion in

the central inferior quadrant of the left breast. Lesions have a progres-
sive enhancement
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rate of replication (ki67 <20%: 67.7%; ki67 >20%: 32.3%)
and with the classification of lesions in the various intrinsic
molecular subtypes (according to St. Gallen’s conference in
2013) were evaluated, without statistically significant dif-
ferences [43].

CEDM and dimension of index lesion

The mean of the maximum diameters, correct measure-
ments, overestimations and underestimations for various
enhancement groups is shown in Tab.2. A Bland—Altman
plot was performed (Fig. 3) to analyze the differences
between the dimension of tumors at CEDM and at histology.
Even if the sample size is very small, we applied this also
into the various subgroups [44]. Then, we have calculated
the Intraclass Correlation Coefficient (ICC) for the entire
sample and its result (0.858; 95% IC 0.706-0.932) suggests
a good performance of the CEDM in the valuation of the
maximum diameter of the lesion. Although the sample size
is very small, and therefore requires a multicenter study with
a significantly larger sample, we have calculated preliminary
data to study the performance of the CEDM in the vari-
ous contrast enhancement groups: In case of masses (ICC:
0.851; 95% IC 0.623-0.941) and NME (ICC: 0.819; 95%
IC — 0.296 to 0.975), CEDM showed a good performance

Bland-Altman Plot — Masses, Non-mass Enhancements and Masses associated with Non-mass
Enhancements

14,97

Bland-Altman Plot — Non-mass Enhancements

15,55

* ®  Difference inNME
-10 =Nean Difference

41,9650

46,55

in the dimensional evaluation, while it was worse in case of
M/NME (ICC: 0.507; 95% IC — 3.735 to0 0.949) [31, 32].

Discussion

In our study, ILC has a significant tendency to multifocal-
ity (35.5%), multicentricity (25.8%) or bilaterality (3.2%),
rather than unifocality (35.5%), in accordance with the pre-
existing literature which shows a multifocality or a multicen-
tricity in 40-60% of cases, greater than the other histotypes
and in particular than IDC [4, 10, 12, 35, 39]. Then, a correct
loco-regional staging with an evaluation of the extent of the
disease is fundamental, even more than in other histological
variants, to allow the most appropriate treatment and avoid
any complications [45-48]. For this purpose in our study,
CEDM has proved to be a promising imaging technique,
thanks to its sensitivity of 100% (vs. 96% reported in the
literature for MRI) in the detection of the index lesion, and
of 84.2% in identifying any additional lesions (vs. 90%).
On the other hand, specificity in the characterization of
additional lesions was 66.7% for CEDM (vs. 85% reported
in the literature for MRI), and the accuracy for the disease
extension evaluation was 77.4% for CEDM (vs. 88%): These
data can be caused by the small number of the examined
sample (31) and by the lack experience of radiologists with

Bland-Altman Plot — Masses

* Ditroncein masses

0 ——Maan Diforonce
. . g D, £ 1.9650

-1023

Bland-Altman Plot —Masses associated with Non-mass Enhancements

10,45

©  Difference in NME
s ——Mean Difference

e—ifoan D £1,0650

26,50

Fig.3 Bland-Altman plots
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CEDM, which is more recent than MRI [11, 35, 39]. Fur-
thermore, in our study, unlike what was done in previous
ones, we analyzed the differences in the various categories
of enhancements such as M, NME and M/NME: The pres-
ence of a NME led to a lowering of CEDM sensitivity in
detecting any additional lesions up to 25%, versus 100%
demonstrated in presence of a mass-like enhancement or a
M/NME. Specificity was very variable, maximum for NME
(100%), intermediate (66.7%) for masses and minimum (0%)
for M/NME. All these data need a larger sample to be cor-
rectly evaluated. NME led to a decrease in diagnostic accu-
racy in the evaluation of disease extension up to 40%, unlike
what happens for masses (85%) and for M/NME (80%): For
the latter categories, data are absolutely similar to the per-
formance of the MRI reported in the literature [35]. NME is
associated with a higher risk of downstaging, while masses
and M/NME with a higher risk of overstaging, but all not
significantly. Our study is the second in the literature about
the role of CEDM in the loco-regional staging of ILC. In
accordance with the recent study by Patel BK. et al, CEDM
proves to be accurate in assessing the maximum diameter
of the index lesion, being in agreement with its dimensions
at the definitive histology [41]. Even if the sample size is
very small, and therefore requires a multicenter study with a
significantly larger sample, the performance seems to be bet-
ter in case of masses or NME, and worse in case of masses
closely associated with a non-mass enhancement. As well
as in Patel’s study and in other studies, the literature about
ILC is described that almost all of lesions present expres-
sion of the estrogen receptor, in the ours the 100% of lesions
shows a positivity to ER. NME is associated, although not
significantly, with a higher risk of a progesterone receptor
negativity, while is correlated significantly with an increased
expression of Her2 (24 or 3+), compared to the presence of
a mass enhancement: The necessary additional study with
FISH technique on moderate positivity to Her2, however,
showed that all were not amplified, and then the real positiv-
ity was present only in 1/31 (mass-like lesion). In accord-
ance with the literature, most of the lesions in our study are
classified, according to the St. Gallen criteria, as Luminal A
(54.8%) while 41.9% are Luminal B/Her2 negative and 3.3%
Luminal B / Her2 positive: there aren’t basal-like lesions
(1.8% in the literature), and Her2-enriched lesions (0.4%
in the literature) [49, 50]. The differences between the vari-
ous enhancement subgroups of our study, in this case, were
not statistically significant. Our study has some important
limitations: First, the design is retrospective, a prospective
study is needed to confirm or deny our results. Because this
is a bi-centric study, the evaluation of the images was per-
formed by different radiologists, as were different the sur-
geons who managed the patients, planning and performing
surgical interventions and the pathologists. Every CEDM
examination was analyzed by a single radiologist, and it

was impossible to study an interoperating variability. Being
a relatively recent diagnostic technique, the lack of expe-
rience of radiologists may have been a limitation for the
study, especially in the early stages of it, even if as in case
of introduction of each new diagnostic technique, it is to be
considered a learning curve of the operators; we believe that
the experience of over 30 years in breast imaging of our two
radiologists of the study has reduced, although only partially,
the influence of this limitation. The assessment of the inten-
sity of the enhancement of lesions moreover was qualitative,
in the absence, to date, of a validated quantitative system for
its measurement in CEDM, and thus also the evaluation of
its kinetics. Furthermore, the sample size is small, making
definitive results more difficult; therefore, a larger prospec-
tive study is needed to confirm our conclusions.

Conclusions

CEDM has proved to be a new promising imaging technique
in case of loco-regional preoperative staging for ILC, espe-
cially in case of mass enhancement lesions. Anyway, we
need a larger prospective and multicentric study to confirm
or deny our results.
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