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Abstract

Background: Breast microcalcifications are one of the most difficult mammographic findings to assess. The
purpose of this study is to assess the ability of contrast-enhanced spectral mammography in the assessment of
suspicious microcalcification and in predicting the grade of DCIS.

Methods: Three hundred and forty cases with suspicious microcalcification were reviewed in this study. We
excluded 160 cases associated with masses. We enrolled 180 cases for analysis of suspicious microcalcification on
mammograms with no underlying masses. We reviewed the microcalcification for their morphology, distribution,
and associated pathological enhancement according to BI-RADS lexicon with pathology results reviewed and
classified into benign and malignant which subdivided into low, intermediate, or high-grade DCIS or invasive
carcinoma.

Results: Three hundred and forty cases with suspicious microcalcification were reviewed in this study. We excluded
160 cases associated with masses. Forty-five of 180 cases were benign, and 135/180 cases were malignant. Twenty-
five of 135 cases were diagnosed as invasive breast carcinomas while 110/135 were ductal carcinoma in situ. From
the latter, 110 patients with DCIS, 22/110 cases were low grade, 11/110 cases were intermediate grade, and 77/110
cases were high grade (44 with micro-invasion). A total of 25 invasive carcinomas showed pathological non-mass
enhancement, 76/77 cases of high-grade DCIS, and 6/11 cases of intermediate-grade DCIS. No abnormal
enhancement appeared with benign entities, low-grade DCIS, and 5/11 cases of intermediate DCIS. The diagnostic
performance of CESM in anticipation of high grade in DCIS patients was sensitivity of 98%, specificity of 81.8%, and
accuracy of 93.1%. CESM sensitivity, specificity, and accuracy in prediction of invasiveness or high-grade DCIS were
98.5%, 81.8%, and 87.5%, respectively.

Conclusion: CESM can provide a fundamental contribution in the evaluation of suspicious microcalcification as
high-grade DCIS or invasive component can present by non-mass enhancement, but enhancement paucity is
favorable to diagnose benign lesion or non-invasive/low-grade DCIS.
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Background
Breast calcifications are one of the common mammo-
graphic findings in screening and symptomatic popula-
tions. An approach to discriminate between benign and
malignant breast calcifications to image analysis includes
morphology, distribution, size, stability, and the number
of calcifications [1].
Most of them have a benign origin presenting with

characteristic benign morphology and need no further
workup. Nevertheless, suspicious grouped calcifications
can occur in ductal carcinoma in situ [1].
The American College of Radiology (ACR) Breast Im-

aging Reporting and Data System (BI-RADS) classifies
calcifications on mammograms into three categories:
typical benign, intermediate concern, and higher prob-
ability of malignancy [1–3].
Certain suspicious calcifications being micro <0.5 mm,

with amorphous, coarse heterogeneous, fine pleo-
morphic, and fine linear or fine linear branching morph-
ologies and grouped, segmental, or regional distribution
were found to be of significant concern [4].
Most high-grade DCIS and low- or intermediate-grade

invasive cancers can be observed by screening mammog-
raphy. The diagnosis of high-grade DCIS before develop-
ing into high-grade invasive carcinoma was one of the

added beneficial values of screening mammography pro-
grams [2].
CESM highlights the enhancement related to the

breast cancer neovascularity similarly to dynamic
contrast-enhanced breast MRI. This neovascularity is
rapidly formed and causing contrast agent leakage [5].

Fig. 1 A Bilateral breast MLO view mammogram showing bilateral upper outer quadrant segmental amorphous microcalcifications, more
delineated in zoomed images (B). C CESM shows right breast UOQ intense segmental non-mass enhancement with no pathological
enhancement on the left side. D Hx&E, Mag. 200× pathology images revealing right breast invasive duct carcinoma grade III. E Hx&E, Mag. 100×
pathology images showing left breast fibrocystic disease with calcifications

Table 1 Histopathological diagnosis of the microcalcifications in
this study

Pathology type No. of lesion

Invasive duct carcinoma 22 (12.2%)

Invasive lobular carcinoma 3 (1.67%)

High-grade DCIS with microinvasion 44 (24.44%)

High-grade DCIS without microinvasion 33 (18.3%)

Intermediate-grade DCIS 11 (6.1%)

Low-grade DCIS 22 (12.2%)

Benign precancerous with atypical ductal hyperplasia 24 (13.3%)

Sclerosing adenosis 4 (2.2%)

Inflammatory 3 (1.7%)

UDH (usual ductal hyperplasia) 5 (2.8%)

Adenosis and fibrocystic mastopathy 9 (5%)
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The iodine uptake within the calcification calls atten-
tion to the plausible underlying pathologies. Neverthe-
less, the added value is still vague [6].
CESM is offering an accessible substitute for suspi-

cious findings that may need CE-MRI with the benefit to
conceive microcalcifications in low-energy images and
accompanied enhancement [7–9].
CESM can be specifically indicated as annual screening

for women who underwent chest radiation therapy dur-
ing young age, who have a higher incidence of DCIS
with possible low neoangiogenesis that may be over-
looked at CE-MRI [10, 11].
This study aims to assess the ability of CESM in the

assessment of suspicious microcalcification and in pre-
dicting the grade of DCIS.

Methods
This study is a prospective analytical study. Three hun-
dred and thirty females were incorporated with 340 sus-
picious microcalcifications. The multidisciplinary “Breast
Cancer Hospital” ethical committee approved the study.
Enlightened written consent was taken from all
participants.

Patients
Patients included were females with suspicious microcal-
cifications. We excluded 160 cases associated with
masses. We enrolled 180 cases for analysis of suspicious
non-mass-associated microcalcification on mammo-
grams. CESM was requested aiming for both clarifica-
tions of its significance and prediction of related
malignancy.

Image evaluation
A thorough review of the low-energy mammography im-
ages and the post-processed contrast images was per-
formed. Two radiologists analyzed and interpreted
CESM in accordance with the latest MRI BI-RADS lexi-
con update (because of no contrast-enhanced mammo-
graphic ACR lexicon) [12]. All patients underwent
biopsy+/- surgery.
Calculation of diagnostic indices, i.e., sensitivity, speci-

ficity, positive predictive value (PPV), negative predictive
value (NPV), and diagnostic accuracy, was done.

Histopathologic examination
Histopathologic diagnosis of all cases and grading of DCIS
were carried out based on morphological examination of

Table 2 Distribution and morphology of microcalcifications

Microcalcification distribution Grouped Segmental Regional Linear Diffuse

73 (40.5%) 65 (31.1%) 12 (6.6%) 21 (11.6%) 9 (5%)

Microcalcification morphology Amorphous Fine linear +/-branching Rounded Coarse heterogeneous Fine pleomorphic

49 (27.2%) 25 (13.8%) 38 (21.1%) 33 (18.3 %) 34 (18.8%)

Fig. 2 A Left breast MLO view showing left upper outer quadrant segmental pleomorphic microcalcifications, more delineated in zoomed
images (C). B CESM shows left breast UOQ segmental non-mass enhancement reaching to retro-areolar region. D H&E, Mag. 100× pathology
images revealing high-grade DCIS, showing severe atypical cells, with comedo necrosis and microcalcifications. Associated microinvasive
carcinoma (≤1 mm) is also seen (the arrow)
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either tissue biopsies or surgical specimens according to the
WHO Classification of Breast Tumours, fifth Edition, 2019.
The final histopathologic result of malignant cases was based
on examination of the surgical specimen, while that of be-
nign/atypical cases was based on either tissue biopsies or sur-
gical specimen examination [13].

Results
Analysis of the CESM findings of 340 suspicious micro-
calcifications in 330 patients was done. Ten patients had

bilateral suspicious microcalcifications (Fig. 1). Their
ages ranged from 27 to 77 years (mean age 47 years).
According to histopathology results, 45/180 (25%) were

non-malignant lesions, and 135/180 (75%) were malig-
nant lesions (Table 1).
According to microcalcification distribution, 73

(40.5%) were classified as grouped, 65 (31.1%) as seg-
mental, 12 (6.6%) regional, 21 (11.6%) linear, and 9 (5%)
diffuse. Morphology analysis classified 49 (27.2%) as
amorphous, 25 (13.8%) fine linear+/-branching, 38

Fig. 3 A Left breast MLO view showing left upper outer quadrant segmental coarse heterogeneous microcalcifications, more delineated in
zoomed images (C). B CESM shows left breast UOQ segmental non-mass enhancement. D H&E, Mag. 200× pathology images revealing high-
grade DCIS, solid with comedo necrosis and calcifications

Fig. 4 A Left breast MLO view showing left lower inner quadrant grouped microcalcifications, more delineated in the zoomed image (C). B CESM
shows no related pathological enhancement. D Excisional biopsy: proliferative fibrocystic disease with papillary apocrine hyperplasia. Hx&E,
Mag. 100×
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Fig. 5 A Right breast CC view showing upper inner quadrant regional fine linear branching microcalcifications, more delineated in zoomed
images (C). B CESM shows no related pathological enhancement. Excisional biopsy showed fibrocystic mastopathy with atypia. No malignancy

Fig. 6 A Right breast CC view showing lower outer quadrant regional coarse heterogeneous microcalcifications, more delineated in zoomed
images (C). B CESM show related mild lower outer non-mass enhancement with a focal area of more intense enhancement at the retro-areolar
location. The patient underwent right simple mastectomy and pathology revealed invasive duct carcinoma grade II (0.8×0.3 cm). The intervening
stroma is markedly desmoplastic entangling mild lymphocytic cell infiltrate with scattered epithelial microcalcific foci. There are associated
scattered foci of intermediate grade DCIS component (solid pattern with comedo necrosis and calcifications), constituting 10% of the tumor area.
D Intermediate grade DCIS, showing mild to moderate atypical cells with luminal calcifications. H&E, ×200
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(21.1%) as round, 33 (18.3%) as coarse heterogeneous,
and 34 (18.8%) as fine pleomorphic (Table 2 and Figs. 2,
3, 4, 5, and 6).
Most of the microcalcifications (n=163, 90.5%) were

classified as BI-RADS 4 and 5, and only 17 (9.4%) were
classified as BI-RADS 3.
Pathological non-mass enhancement was associated

with all 25 invasive carcinomas, 76/77cases of high-
grade DCIS, and 6/11 cases of intermediate grade DCIS.
No pathological enhancement was elicited with benign
entities, all low-grade DCIS, and 5/11 cases of intermedi-
ate DCIS (Table 3).
We identified contrast enhancement in 109/180

microcalcifications. The presence of enhancing lesions
underlying microcalcifications was significantly higher in
malignant than in benign lesions (p-value 0.05).
Diagnostic performance of CESM in the prediction of

high grade in DCIS patients was sensitivity of 98%, spe-
cificity of 81.8%, and accuracy of 93.1%. CESM sensitiv-
ity, specificity, and accuracy in the prediction of
invasiveness or high-grade DCIS were 98.5%, 81.8%, and
87.5% respectively (Tables 4 and 5).

Discussion
Mammography remains the gold standard imaging mo-
dality in detecting breast microcalcifications. Discrimin-
ation between benign and malignant microcalcifications
according to the morphology and distribution has been
strengthened and gives a confident diagnosis if associ-
ated with pathological contrast enhancement in a rapid
CESM modality compared to breast MRI.

Studies have shown that CESM is superior to FFDM
in overall performance in cancer detection; the estimated
sensitivity of CESM was 98% (95% CI = 96–100), with a
reported estimated specificity of 58% (95% CI = 38–77)
[14]. However, most studies included all breast lesions,
not only specific entities as suspicious calcifications.
Houben et al. included 147 women in their study;

diagnostic performances of CESM in non-mass micro-
calcifications were sensitivity of 93.8%, specificity of
36.6%, PPV of 54%, and NPV of 88.2% [15].
Cheung et al. on the diagnostic performance of CESM

held two studies in calcifications; sensitivity was 89%,
specificity 87%, PPV 77%, and NPV 95% [6].
In the current study, pathological non-mass enhance-

ment was associated with all invasive carcinoma, almost
all cases of high-grade DCIS, and some cases of inter-
mediate grade DCIS. No pathological enhancement was
elicited with benign entities, all low-grade DCIS, and
some cases of intermediate DCIS. As compared to
Cheung et al., all IDC (100%) and some DCIS (84.21%)
showed enhancement, but the other 15.79% DCIS did
not show enhancement, while Houben et al. did not ob-
serve any differences between the amounts of enhance-
ment between invasive and in situ breast cancers, and
approximately 11% of the high-grade DCIS did not show
any enhancement [6, 15].
In the current study, the grouped amorphous and fine

pleomorphic microcalcifications associated with en-
hancement were associated with high-grade DCIS and
invasive carcinoma (46%) compared to the other mor-
phological entities, as compared to Cheung et al., who
found that the pleomorphous microcalcifications with
enhancement showed higher positive predictive value
(90.00% vs 46.15%, p = 0.013) and higher cancer prob-
ability than the amorphous microcalcifications (46.3% vs
15.1%) [6].

Conclusion
CESM can provide a fundamental contribution in the
evaluation of suspicious microcalcification as high-
grade DCIS or invasive component can present by
non-mass enhancement, but enhancement paucity is
favorable to diagnose benign lesion or non-invasive/
low-grade DCIS.

Table 3 CESM pathological enhancement related to
microcalcifications

Pathology Pathological non-
mass enhancement

No. pathological
enhancement

Invasive carcinoma 25/25 0/25

High-grade DCIS with
microinvasion

44/44 0/44

High-grade DCIS
without microinvasion

32/33 1/33

Intermediate grade
DCIS

6/11 5/11

Low-grade DCIS 0/22 22/22

Benign entity 0/45 45/45

Table 4 Diagnostic performance of CESM in the prediction of
high grade in DCIS patients

Value

Sensitivity 98%

Specificity 81.8%

Accuracy 93.1%

Table 5 CESM sensitivity, specificity, and accuracy in prediction
of invasiveness or high-grade DCIS

Value

Sensitivity 98.5%

Specificity 81.8%

Accuracy 87.5%
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