Med. J. Cairo Univ., Vol. 87, No. 8, December: 5187-5192, 2019

www.medicaljour nal ofcair ouniver sity.net

Equivocal and Suspicious Breast Lesions. Can Contrast Enhanced
Spectral Mammography Alter their BIRADS Categorization?
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Abstract

Background: Contrast Enhanced Spectral Mammography
(CESM) is an advanced technique to detect the tumor neoan-
giogenesis by using the dual energy technique with acquisition
of apair of low and high-energy images only after contrast
medium injection. The potentia clinical applications are the
clarification of mammographically equivocal lesions, the
detection of occult lesions on standard mammaography, partic-
ularly in dense breast, the determination of the extent of
disease, the assessment of recurrent disease and the monitoring
of the response to chemotherapy.

Aimof Study: To assess the potential of Contrast Enhanced
Spectral Mammography (CESM) to upstage/downdstage the
BIRADS category of equivocal and suspicious breast lesions.

Patients and Methods: Thirty female patients with 44
equivocal and suspicious breast lesions, were enrolled in the
study, age ranged from 20 to 76 years. All patients underwent
conventional mammography and ultrasound then CESM.

Results: Mammography + Ultrasound categorized 40/44
lesions (90.9%) lesions to be malignant (BIRADS 4,5) and
4/44 |esions (9.1%) to be benign (BIRADS 1,3). CESM cate-
gorized 35/44 lesions (79.5%) to be malignant (BIRADS 4,5)
and 9/44 lesions (20.5%) to be benign (BIRADSL,3). Disa-
greement about BIRADS category was observed in 25% of
the examined lesions including upgraded and downgraded
lesionsin 11.36% and 13.6% respectively. 100% of up/down
graded lesions also proved CESM to be correct in reference
to the final diagnosis.

Conclusion: CESM has better diagnostic performance
than mammography plus Ultrasound and provides a valuable
tool to accurately evaluate equivocal and suspicious breast
lesions.

Key Words: Contrast Enhanced Spectral Mammography
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Introduction

CONTRAST Enhanced Digital Mammography
(CEDM) is an advanced technique to detect the
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tumor neoangiogenesis by using two techniques
either the temporal subtraction technique with
acquisition of high-energy images before and after
contrast medium injection or the dual energy tech-
nigque with acquisition of a pair of low and high-
energy images only after contrast medium injection.
The temporal subtraction technique is beneficial
in analyzing the kinetic curve of enhancement of
breast lesions, in away similar to breast MRI.
Although the dual energy technique lacks informa-
tion about the kinetics of tumor enhancement, it
allows the acquisition of multiple views of the
same breast and bilateral examination, being less
sensitive to patient motion than temporal CEDM

1.

Initial clinical experience has shown the ability
of CEDM to map the distribution of neovascul ature
induced by cancer using mammography. Moreover,
previous studies have shown a superiority of Mx
(mammography) + CEDM, either for the assess-
ment of the probability of malignancy or for BI-
RADS assessment comparing to Mx alone. The
potential clinical applications are the clarification
of mammographically equivocal lesions, the detec-
tion of occult lesions on standard mammaography,
particularly in dense breast, the determination of
the extent of disease, the assessment of recurrent
disease and the monitoring of the response to
chemotherapy [2].

Retrospective reading studies comparing CESM
(contrast-enhanced spectral mammography) with
standard two-dimensional (2D) mammography
have shown a significant improvement in the sen-
sitivity and specificity of CESM for detecting
breast carcinomas. The improvement in sensitivity
is due to the ability of CESM to identify tumors
that would ordinarily be masked by the denser
breast parenchyma on a conventional mammogram

3.


http://www.medicaljournalofcairouniversity.net
mailto:nivine.chalabi@gmail.com

5188

Lobbes et a., demonstrated accurate sizing of
the index tumor with CESM, reporting strong
correlations between tumour size measurement on
CESM, MRI, and histopathological size as deter-
mined by surgical resection. The average difference
between the tumour size as determined by CESM
and histopathology was 0.03mm: MRI tended to
dlightly overestimate tumour size with a mean
difference of 2.12mm [4].

Local staging of breast cancer not only depends
on the identification of multifocal, multicentric,
or contralateral disease, but also requiresreliable
tumour sizing to aid surgical planning. MRI is
more accurate than conventional mammaography
and ultrasound for sizing primary breast cancer,
but still not perfect with over and underestimation
of tumour size reported [3].

In their pilot study, Jochelson et al., found out
that both CEDM and MRI detected additional
cancers not seen on conventional mammography,
primarily invasive cancers and concluded that
CEDM could be valuable as a supplemental imag-
ing exam for women at increased risk for breast
cancer who do not meet the criteriafor MRI or for
who have limited accessto MRI [5].

Inastudy by Elsaied et al., of 21 women un-
dergoing neoadjuvant chemotherapy, CESM had
100% sensitivity in detecting a compl ete pathol og-
ical response, but alower specificity at 67%, with
six false negatives [6].

The pitfalls and limitations of Contrast-En-
hanced Digital Mammography (CEDM), based on
clinical experience and the current literature, in-
clude: Radiation exposure, contrast-related factors
(possibility of allergic reactions, absolute or relative
contraindications in the case of underlying me-
dical illness, fasting required), false negatives,
false positives, background parenchymal enhance-
ment [7].

Patients and M ethods

In the university hospital of Ain Shams, Demer-
dash breast imaging outpatient clinic, between
April 2018 and January 2019, thirty female patients
with forty-four breast lesions were enrolled in this
study. It is a prospective observational study, ap-
proved by our institutional ethics committee. The
patients age ranges from 20-76 years old. They
were all referred from the breast surgery clinic to
the Demerdash breast imaging outpatient clinic
for conventional digital mammography (GE Se-
nographe pristina machine) and high resolution
superficial ultrasound (standard examination on a
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GE Logic P9 machine using a superficial matrix
linear 12-15 frequency probe).

Inclusion criteria:

BIRADS 3 lesions particularly in patients >3
years old or with positive family history, BIRADS
4 lesions, and BIRADS 5 lesions with the need to
exclude multifocality or multicentricity.

Our exclusion criteriawere renal impairment
(serum creatinine >2mg/dl) and allergy to contrast
medium.

All patients were subjected to clinical exami-
nation and conventional imaging (conventional
mammography and ultrasound). The procedure,
possible associated risks and complications were
verbally explained to all the included patients. In
addition, awritten informed consent was obtained
from each patient before the examination.

Contrast enhanced mammography studies were
performed using Senographe Pristina, GE health-
care contrast enhanced mammography device. A
single shot of 1.5ml/kg body weight, iodinated
non-ionic contrast agent (ultravist 300), was ad-
ministered using manual intravenous injection.
Maximum allowed dosage was 100mL.

Two minutes after the initiation of contrast
agent administration; a pair of LE (low energy)
and HE (high energy) exposures were performed,
the breast of concern was compressed in aCC
position then the other breast. Then view of breast
of concernin MLO position and last view of other
breast in MLO position, in order to generate two
subtracted images with contrast agent uptake in-
formation (one in the MLO and one in the CC
view). The mean examination duration was approx-
imately 10min (ranging from 6 to 12min).

Imaging analysis and inter pretation:

As regards mammography and ultrasonography
examination, the lesions were evaluated according
to the Breast Imaging Reporting and Data System
(BI-RADS) lexicon designed by the American
College of Radiology (ACR), site of the lesions,
type (mass, architectural distortion, focal asymme-
try), margin, definition and * calcifications, then
each lesion was assigned a BIRADS category
accordingly.

In post contrast mammography examination,
CESM MLO and CC views were assessed for the
presence or absence of enhancement that was
described as follows:

1- Mass enhancement: Indicating a mass lesion
measuring 5mm or larger in its greatest dimen-
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sion, seen in both mammography views. The
following parameters were evaluated in enhanc-
ing mass lesions:

Shape: Oval, rounded or irregular.

Margins: Circumscribed (smooth or well de-
fined), or ill-circumscribed including irregular/
irregular and speculated margins.

Pattern of enhancement: Homogenous, hetero-
geneous or ring pattern.

Degree of enhancement: Mild, moderate or
intense.

2- Non mass enhancement: Denoting an area of
contrast enhancement with no actual space-
occupying lesion. NME was described according
to:

Distribution: Focal, linear, segmental or re-
gional.

Pattern of enhancement: Homogenous or het-
erogeneous.

Intensity of enhancement: Mild, moderate or
intense.

3- Non enhancing lesion.

Each lesion was assigned a BIRADS category
according to its enhancement criteria and morphol-
ogy descriptors, based on the (BI-RADS) lexicon
designed by the American College of Radiology
(ACR) for breast MR imaging.

Final diagnosis of malignant lesions was made
according to the histopathological assessment of
the lesion, obtained by core biopsy, surgical exci-
sion or radical surgery. Benign lesions were diag-
nosed by histopathology as well, however three
patients refused undergoing core biopsy and there-
fore we relied on resol ution/stability of the lesion
on follow-up after >.6 months to rule out underlying
malignancy.

Results

Mammography and ultrasound examination of
the 44 breast lesions included in this study revealed
4/44 (9.1%) benign lesions (i.e. BI-RADS 1 or 3)
and 40/44 (90.9%) malignant lesions (i.e. BIRADS
4,5) (Table 1). Correlation with the final diagnoses
revealed that 3/4 (75%) lesions were truly benign,
while 1/4 (25%) lesion turned out to be histopatho-
logically malignant. 22/40 (55%) were truly ma-
lignant, and 18/40 lesions (45%) were said to be
malignant by FFDM + US (full-field digital mam-
mography) but proved to be benign by histopa-
thology.
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Table (1): Demonstrating the results by FFDM + USin
comparison to the final diagnoses.

Final diagnosis
FFDM Tot
B M

1,2 3:

Count 3 1 4

% 14.3% 4.3% 9.1%
4,5:

Count 18 22 40

% 85.7% 95.7% 90.9%
Total:

Count 21 23 44

% 100.0% 100.0% 100.0%

Based on these findings, FFDM + US had a
sensitivity of 95.7%, a specificity of 14.3%, a
positive predictive value of 55% (PPV), anegative
predictive value of 75% (NPV) and efficacy 56.8%.

Contrast Enhanced Spectral Mammography
(CESM) was then performed to evaluated these 44
breast lesions. 9/44 (20.5%) lesions were catego-
rized by CESM as benign lesions (i.e. BI-RADS
1 or 3) and 35/44 (79.5%) were categorized as
malignant lesions (BIRADS 4,5). Correlation with
the final diagnoses (Table 2) revealed that all 9
lesions were truly benign and 23/35 (65.7%) were
truly malignant, while 12/35 (34.3%) turned out
to be benign.

Table (2): Demonstrating the results of CESM in comparison
to thefinal diagnoses.

Final diagnosis
CESM Total
B M

1,2 3:

Count 9 0 9

% 42.9% 0.0% 20.5%
4,5:

Count 12 23 35

% 57.1% 100.0% 79.5%
Total:

Count 21 23 44

% 100.0% 100.0% 100.0%
p-value <0.001.

Therefore, in our study CESM had a sensitivity
of 100%, a specificity of 42.9%, a Positive Predic-
tive Value of 65.7% (PPV), aNegative Predictive
Value of 100% (NPV) and efficacy 72.7%.

7 lesions out of the total 44 lesions demonstrated
contradiction between the conventional imaging
(FFDM + US) and CESM regarding the benign/
malignant nature of lesions and therefore essentially
their BIRADS category. These lesions were up-
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graded/downgraded after performing CESM as
follows:

6/7 lesions were said to be malignant by FFDM
+ US but were said to be free of malignancy by
CESM; where 5 lesions were categorized as Bl -
RADS 4 and 1 was categorized as BIRADS 5 by
FFDM + US, but all 6/7 lesions revealed no corre-
sponding enhancement (i.e. BIRADS 1) and were
diagnosed as benign or normal tissue by histopa-
thology.

1/7 lesions was considered probably benign
(BIRADS 3) by FFDM + US but probably malig-
nant (BIRADS 4) by CESM, and turned out to be
invasive ductal carcinoma by post-operative his-
topathological assessment.

4 out of 44 |lesions showed different BIRADS
categorization by conventional imaging and CESM,
however both modalities still agreed about their
nature; 3/4 were probably malignant by FFDM +
US (BIRADS 4) and typically malignant by CESM
(BIRADSY5), al three proved to be malignant by
histopatholology Fig. (1).

1/4 lesion was not detected by FFDM + US
(BIRADS 1) and was seen as a small oval shaped
ring enhancing lesion for follow-up (BIRADS 3),
which resolved on follow-up CESM after 6 months.

In other words, 11/44 |esions demonstrated
disagreement between the conventional imaging
and CESM, about either BIRADS categorization
only or both BIRADS category and histopathol og-
ical nature of the lesion (7/44 and 4/44 respectively)
as emphasi zed above.

The remaining 33/44 |esions, represented agree-
ment between FFDM + US and CESM about BI-
RADS categorization and essentially the nature of
lesions; 15/44 lesions were considered BIRADS
5 by both FFDM + US and CESM and turned out
to be malignant on histopathol ogy.

2/44 |esions were considered BIRADS 3 lesions
by both FFDM + US and CESM and both proved
to be benign lesions Fig. (2).

On the other hand, 15/44 |lesions were catego-
rized as BIRADS 4 by both CESM and FFDM +
US; 4 lesions only out of 15 turned out to be
malignant on histopathological assessment, while
11 leisons were diagnosed as benign lesions.

The remaining 1/44 lesion was assigned Bl -
RADS 5 category by both FFDM + US and CESM
and proved to be benign by histopathological as-
sessment.

Equivocal & Suspicious Breast Lesions

Among the 30 patients enrolled in our study, 6
cases had multifocal/multicentric disease; 3/6 (50%)
were detected by FFDM, 5/6 (83.3%) were detected
by US, while 6/6 (100%) were detected by CESM.

According to the above mentioned results, when
comparing diagnostic indices for CESM and FFDM
+ US (Table 3), CESM showed higher sensitivity
than FFDM + US (100% and 95.7% respectively)
for the detection of breast cancer with specificity
of 42.9% and 14.3% in favor of CESM. The PPV
and the NPV for CESM was 65.7% and 100%
respectively compared to FFDM + US which was
55% and 95.7% respectively. CESM achieved
efficacy of 72.7% in comparison to FFDM + US:
56.8%. Besides, Area Under the Curve (AUC)
demonstrated that the diagnostic performance of
the CESM was higher than FFDM + USin our
study (AUC: FFDM + US=0.870 and CESM=
0.946).

Fig. (1): 68 year old patient complaining of left breast
lump, Mammography images (A, B) Craniocaudal CC and
mediolateral oblique MLO): Revealed a suspicious left breast
architectural distortion, (C, D) Recombined images RI, CC
and MLO, after contrast administration a suspicious breast
mass was revealed with irregular shape, spiculated margins
with moderate heterogenous contrast enhancement and multiple
satellite foci around, histopathol ogical assessment revealed
invasive ductal carcinomaGlI.



Nivine A. Chalabi, et al.

Fig. (2): 51 year old patient presented with left breast
lump, (A, B) Craniocaudal CC and mediolateral obliqgue MLO
Mammography images showed an oval shaped radio-opaque
mass with well circumscribed margins, (B, C) after IV contrast
administration, the recombined images Rl (CC and MLO) the
lesion showed peripheral thin, regular, faint ring enhancement
suggestive of benign lesion by CESM criteria. FNAC reveded
pus cellsi.e. complicated cyst.

Table (3): Demonstrating the diagnostic performance of both
CESM and FFDM + US.

Sensitivity Specificity NPV PPV Efficacy
(%) (%) (%) (%) (%)

CESM 100 429 100 657 727
FFDM +US 957 14.3 95.7 55 56.8
Discussion

CESM has been widely researched over the last
few years. Initial studies done by Dromain et al.,
concluded that the adjunctive use of temporal
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CESM improved the sensitivity and specificity of
detection and characterization of breast masses
than conventional mammography alone [2].

Dual-energy CESM provides the functional
information, besides the advantage of bilateral
breast exams with potentially only one contrast
agent injection. It isafast imaging technique that
provides adirect correlation with conventional
mammograms [6] .

In the meta-analysis by Tagliafico et al., 2016,
the estimated sensitivity from 8 eligible studies
(all were published in 2013-2105) was: 98% (95%
Cl: 0.96-1.00). Specificity was estimated from 6
studies reporting raw data: 58% (95% CI: 0.38-
0.77), concluding that CESM has a high sensitivity
but very low specificity [10].

These results correlated with our study; CESM
achieved sensitivity 100%, specificity 42.9%, NPV
100% and PPV 65.7%. Our results were also com-
parableto Hela et al., in their study in 2017 which
included 30 female patients with 35 breast lesions,
they reported that the sensitivity of dual energy
CESM 95.2% and NPV 90%, which proved to be
higher than those of FFDM and US [9].

Sarayaet a., 2017 also stated that the sensitivity
and NPV of CESM were 93.75% and 95.4% re-
spectively, significantly higher than FFDM, in
agreement with our results [1]. However both stud-
ies reported specificity and PPV considerably
higher than those in our study (sp.: 91.3% and
PPV: 88.2% by Sarayaet a. 2017-sp.: 64.3% and
PPV: 80% by Kamal et al., in 2017).

Moustafa et a., in their study in 2018, concerned
with detection of multiplicity of lesionsin dense
breasts, reported that 100% of multifocal/multi-
centric disease were detected by CESM in compar-
ison to 81.8% by sonomammaography [g] . Thiswas
also observed by Hela et a., in 2017, where 100%
of multifocal/multicenteric disease cases were
diagnosed by CESM, 6/7 (85.7%) by US and 2/7
(28.6%) by FFDM [9].

CESM proved to be reliable in detection of
multifocal/multicenteric disease in our study as
well; all cases were detected by CESM 6/6 (100%),
5/6 (83.3%) by US and 3/6 (50%) by FFDM.

In the study by Sarayaet al., in 2017, they
included 34 female patients with 39 BIRADS 3
and 4 breast lesions. These patients were subjected
to FFDM and CESM examinations, comparing
BIRADS categorization by both modalitiesin
reference to histopathological diagnosis. They
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