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Abstract

Background: Accurate staging of breast cancer isvital in
establishing a correct treatment plan. Contrast enhanced Spec-
tral mammography (CESM), an established technique that can
provide more information regarding the number and size of le-
sions, can help in deciding the surgical outcome.

Aim of Sudy: Examine the effectiveness of (CESM) in
identifying multiple breast cancer lesion, whether multifocal
or multicentric and assessing tumor size prior to treatment
planning.

Patients and Methods: Prospective study donein both the
National Cancer Ingtitute and Al-Azahraa University from 2021
to 2024 involving 200 female patientswith solid breast masses
classified as BI-RADS IV or V using conventional mammogra-
phy and ultrasound. All patients underwent standard 2D mam-
mography and CESM, with results compared to post-operative
pathology reports which served as the gold standard.

Results: CESM demonstrated a higher accuracy than dig-
ital mammography in detecting other lesions with a respective
value of 96.5% and 72.5%. it demonstrated.

* Multiplicity Detection: CESM identified multifocal lesionsin
86 patients and multicentric lesionsin 97, while pathology
confirmed multifocal lesionsin 87 and multicentric lesionsin
93. CEM demonstrated higher accuracy (96.5%) compared
to digital mammography (72.5%).

» Tumor Sze Assessment: CESM showed 63% concordance
with pathology, while digital mammography had only 34%
concordance. CEM tended to slightly overestimate tumor
size, whereas digital mammography often underestimated it.

» T Staging: CESM accurately staged 94% of cases, compared
to 84% with digital mammography.
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Conclusion: CESM significantly improves the detection
of lesion multiplicity and provides more accurate tumor size
measurements, making it a valuable tool for pre-operative eval-
uation and treatment planning in breast cancer.

Key Words: Contrast-enhanced spectral mammography —
Breast cancer — Staging — Multifocality — Mul-
ticentricity.

Introduction

BREAST cancer isthe most frequently diagnosed
canceramong women worldwide, with closeto 2
million new cases and 685,000 deaths reported in
2020 [1]. In Egypt, breast cancer represents 38.8%
of female cancers and 19.6% of all cancers, accord-
ing to the National Cancer Institute (NCI) registry

[2].

Contrast-enhanced mammography (CEM) isan
advanced imaging technique that enhances the vis-
ualization of breast lesions by utilizing a contrast
agent to highlight tumor neo-angiogenesis[3]. Stud-
ies have shown that CEM has a sensitivity ranging
from 93% to 100% and a specificity of 63% to 88%
in detecting malignant lesions [4]. It is particularly
useful in evaluating dense breast tissue [5] and at
present it is used as an adjunct tool to digital mam-
mography in the work up of both breast symptoms
and inconclusive findings, screening, being an alter-
native to MRI in high risk patients, and in bothstag-
ing newly diagnosed breast cancer aswell as assess-
ing response to neoadjuvant chemotherapy [6].

This study focuses on the role of CEM in detect-
ing multifocal and multicentric breast cancers and
accurately measuring tumor sizefindings essential
in formul ating the suitable treatment strategy.
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Patients and M ethods

Sudy design: This prospective study included
200 femal e patients aged 30—75 years with suspi-
cious breast masses (BI-RADS 1V and V) referred
to the National Cancer Institute and Al-Azhar Uni-
versity Hospital. Ethical Approval was granted
(IRB#2018122001).

Inclusion criteria: Patients with solid breast
masses showing indistinct or spiculated margins, ir-
regular shape, or suspicious microcalcifications on
mammography or ultrasound.

Exclusion criteria: Patients with contraindica-
tions to mammography (pregnant patients) or con-
trast agents (e.g., rena insufficieny, contrast allergy).

Imaging protocol:

1- Digital Mammography (DM): Standard 2D mam-
mography was performed using a Senographe
2000 D system.

2- Contrast-Enhanced Spectral Mammaography
(CESM): Patients received an intravenous injec-
tion of iohexol (1.5ml/kg), followed by low-en-
ergy and high-energy imaging. Recombined
images were generated to highlight areas of con-
trast uptake.

3- All images were revised by two radiologists. A
junior with athree year experience and a senior
radiologist with more than 10 years experience.

Pathological assessment: Post-operative pathol -
ogy reports served as the gold standard for tumor
size and multiplicity.

Satistical analysis: Data were analyzed using
SPSS version 26. Diagnostic accuracy, sensitivity,
specificity, and correlation coefficients were calcu-
lated [7.8].

Results

This study included 200 patients; all of them
had breast lesions on basic examination including
digital mammogram followed by the 2D B maode ul-
trasound with further CESM imaging (contrast-en-
hanced spectral mammogram) done. Median age
was 54.5 years with an age range from 35-75 years
and a mean age of 54.8 years (SD=10).

Histopathology Results:

0 180 patients had malignant IDC pathology (90%).
0 13/200 lesions were mixed IDC and ILC (6.5%).
0 7/200 were ILC (3.5%).

« Surgical Procedures:

0 The mgjority of patients underwent MRM:
1507200 (75%).

0 43/200 (21.5%) underwent CBS.
0 7/200 (3.5%) underwent lumpectomy.

Detection of multiplicity:

To be defined as multifocal, two or more sep-
arate foci had to be in the same breast quadrant.
M ulticentric disease on the other hand was defined
as the presence of two or more separate foci in the
different quadrant of the same breast. When differ-
entiation was difficult, tumors were considered mul-
tifocal if the distance was <5cm and multicentric if
the distance was >5cm.

Accuracy, Sensitivity, and Specificity:
The following values were cal culated to assess

accuracy, sensitivity, and specificity:

* True positive (TP): Cases correctly depicting mul-
tiplicity

* False positive (FP): Cases incorrectly depicting
multiplicity.

* True negative (TN): Cases correctly depicting sin-
glelesions.

* False negative (FN): Cases incorrectly depicting
singlelesions.

CESM was able to show a higher sensitivity
and specificity of 98.18% and 80% respectively,
with overall accuracy of 96.7% when compared to
post-operative pathology. Thisisin comparison to
the 73.3% sensitivity, 66% specificity and 74% ac-
curacy results achieved by digital mammography.

The CESM false positive cases were enhancing
lesions of a benign pathology while positive nega-
tive results were attributed to bad positioning and
posterior location.

Lesion size:

The largest dimension of the lesion was meas-
ured in mm by each modality and compared to the
largest dimension of the pathology specimen. When
more than one lesions were present, the largest le-
sion was measured.

* CESM:
0 62% concordant (n=124).
0 30% overestimated (n=60).
0 8% underestimated (n=16).

* DM:
0 37% underestimated (n=74).
0 5% not detected (n=10).
0 25% overestimated (n=50).
0 33% concordant (n=66).

Staging according to main lesion size:

The"T” staging was applied according to the
UICC criteria (AJCC Cancer Staging Manual,
2017).

e CESM: Correct “T” staging was determined in
186 cases (93%) with a sensitivity of 91% and a
specificity of 83%.
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* DM: Correct “T" staging was determined in 170
cases (85%) with sensitivity 79% and specificity
62%.

Conclusion:

* CESM demonstrated superior accuracy (96.7%),
sensitivity (98.18%), and specificity (80%) com-

(A)

©
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pared to DM (73.3%, 74%, and 66.6%, respec-
tively).

« CESM showed better correlation with pathology
in terms of lesion size and staging.

* DM tended to underestimate lesion size and had a
higher false-negative rate.

(B)

(D)

Fig. (1): A 40 years old female patient presented with right breast lump. ACR (B).

A: CC and MLO views of DM; showed a Right lower ill-defined lesion (right single mass) (BIRADS4) with maximum

size 42x33mm

B: CC and MLO views of CESM; showed intense heterogeneously enhancing mass area occupying 63x55 mm at lower
half & central retromammary region (right multi-centric) (BIRADSS).

Right MRM was done revealing (multi-centric) invasive ductal carcinomawith T3 staging.

Comment: CESM shows underlying lesions not seen on DM. CESM was accurate in diagnosisand “T” staging compared

to post-operative pathology.
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Fig. (2): A 55 years old femal e patient
presented with bilateral lumps.
ACR (D).

A: CC and MLO views of DM; showed:
- Right scattered central and inner
clusters of pleomorphic microcalcifi-
cation.
- Left Upper outer benign microcalci-
fications.
- Bilateral dilated duct system.

B: CC and MLO views of CESM; showed:

- Right scattered multiple lesions of

heterogeneous enhancement; largest
measured 55x45mm.

- Left upper outer irregular heterogene-
ous enhancement lesion measuring
15x12mm and lower inner non-mass
enhancement.

- Bilateral multi-centric lesions (BI-
RADSAc).

It was diagnosed as invasive ductal
carcinoma.

Comment: CESM shows underly-
ing lesions not seen on DM. CESM was
accurate in diagnosis regarding size and
multiplicity compared to post-operative
pathol ogy.

(A) B © (D)

Fig. (3): A 49-year-old female patient presented with left breast lump. ACR (C).
A: CC and MLO views of DM; showed aleft breast dense upper outer suspicious looking mass measuring 11x9mm (BIRADS 4C).

B: CC and MLO views of CESM; show left multicentric malignant looking enhancing mass lesion measuring 12x10mm. (BIRADSS).
Two smaller enhancing lesions are detected.

Comment: CESM showed underlying lesions not seen on mammography. CESM was accurate diagnosis compared to post-operative
pathology revealing “T1" multicentric invasive ductal carcinoma.
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Table (1): Showing percentage of detection of multiplicity by
mammography, CESM and post excision.
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Table (2): Showing DM & CESM accuracy, sensitivity and
specificity for the detection of the tumor multiplici-

Modality Patient Count Percentage
DM:
Single mass 33 16.7
Cluster of calcifications 17 8.3
Multifocal 73 36.7
Multicentric 67 333
Not detected 10 5
CESM:
Single 17 8.4
Multifocal 87 43.3
Multicentricity 96 48.3
Pathology:
Single 20 10
Multifocal 87 43.33
Multicentricity 93 46.67

ty as compared to pathology.
Value DM CESM
True-positive 133 180
True-negative 13 13
False-positive 7 3
False-negative 47 3
Accuracy 73% 96.7%
Sensitivity 74% 98.1%
Specificity 66.6% 80%
Positive-predictive value 95% 98%
Negative-predictive value 22% 80%
False-positive rate 25.9% 1.8%
False-negative rate 33% 20%

Table (3): Breast cancer size (max. dimension) as detected by
DM, CESM & post-operative pathology.

Table (4): T staging of the casesby CESM & DM compared to
post-operative pathology.

Modaity Mean Median SD p-value r

DM 17.2mm 15mm 11.2mm 0.034 0.6
CESM 23.6mm 25mm 9.3mm 0O.006 0.9
Pathology 21.3mm 20mm 8.1mm - -

Tumor Not

T Stage Detocted TL T2 T3 T4b
DM 10 67 97 10 16
CESM 0 33 123 27 17
Pathol ogy 0 47 117 20 16

Discussion

This study aimed to evaluate the diagnostic
capabilities of contrast-enhanced spectral mam-
mography (CESM) in comparison to digital mam-
mography (DM) for identifying multiplicity and
assessing tumor size. The results demonstrated that
CESM achieved an accuracy of 96.7% in identify-
ing multifocal and multicentric lesions, significant-
ly surpassing the 73.3% accuracy of DM. Further-
more, CESM exhibited superior sensitivity (98%)
and specificity (80%) compared to DM (74% and
66%, respectively). These findings are consistent
with prior studies, such as Fallenberg et al. [9], who
reported a 100% sensitivity for CESM in detecting
multiple breast lesions, compared to 82.5% for DM.
Similarly, Moustafa et al. [10] observed that CESM
identified multifocal and multicentric lesions with
asensitivity of 100%, albeit with adightly lower
specificity of 97.3%.

A systemic review and a metanalysis of eight
studies compromising 920 patients with 944 lesions,
has also established the high ranking of CESM sen-
sitivity [11]. Similarly, Sumkin et al. [12] and Xiang
et al. [13] state that CESM is capable of providing
physiological information that with similar diagnos-
tic performance to that of MRI. Goudaet a., in their
study found out that CESM can identify additional
cancer cases with low-grade cancer or DCIS [14] .

However, not al studies have reported such high
detection rates for CESM. Jochelson et al. [15] found
that CESM detected additional cancer foci in only
56% of cases, compared to 88% for MRI. Thisdis-
crepancy might be attributed to disparitiesin study
design, patient selection, or imaging procedures.
Nevertheless, CESM remains a valuabl e substitute
to MRI, particularly in areas with restricted resourc-
esor for patients with contraindicationsto MRI.

Accurate pre-operative assessment of tumor size
isequally critical, asit directly influences surgical
planning and the likelihood of achieving clear re-
section margins. Incomplete or marginal tumor
resections often necessitate re-excision, under-
scoring the importance of precise imaging. In this
study, CESM provided a more accurate prediction
of tumor size, with 62% of cases concordant with
pathological measurements, compared to only 33%
for DM. CESM exhibited a tendency toward dlight
overestimation of tumor size (30% of cases), while
DM frequently underestimated it (37% of cases).
These results align with those of Bozzini et al. [16],
Fallenberg et al. [17], and Lobbes et al. [18] ,who aso
reported strong correlations between CESM and
pathological tumor size, nevertheless with a tenden-
cy toward slight overestimation.

In contrast, Helal et al. [19] noted that CESM oc-
casionally underestimated tumor size, particularly
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in cases of invasive lobular carcinoma (ILC), which
often presents with diffuse growth patterns. Con-
versely, Luczynska et al. [20] reported that both DM
and CESM tended to overestimate lesion sizes com-
pared to histopathology. These variations highlight
the necessity of integrating imaging findings with
clinical and pathological datato optimize treatment
planning.

The study also evaluated the accuracy of CESM
and DM in T staging, utilizing the UICC criteria
(AJCC Cancer Staging Manual, 2017). CESM cor-
rectly staged 93% of cases, with a sensitivity of 91%
and specificity of 83%, compared to 85% accuracy
for DM (sensitivity 79%, specificity 62%). These
findings are corroborated by Helal et al. [19], who
reported that CESM accurately staged 79.6% of car-
cinomas, compared to 66.3% for DM. CESM'’ s abil-
ity to assess tumor size, margins spiculations, and
detect skin or deep muscular involvement renders
it areliable tool for T staging, particularly in early
breast cancer (T1 and T2 stages).

Limitations of the Study:
Despiteits strengths, this study is subject to sev-

eral limitations:

1- Sample Size: The study included 200 patients,
which, while informative, remains relatively
small and impedes generalization of the findings.

2- Absence of MRI Comparison: The study did not
compare CESM with MRI, which iswidely re-
garded as the gold standard for preoperative
breast imaging.

3- Technical Challenges: Suboptimal patient posi-
tioning or dense breast tissue occasionally com-
promised the effectiveness of CESM.

4- Exclusive Use of CESM: The study did not ex-
plore the combined use of DM with 2D ultra-
sound or CESM, which may have further en-
hanced diagnostic accuracy.

Future Directions:

To manage these limitations, upcoming research
should focus on:

1- Larger Multicenter Studies: To verify the data
and establish standardized protocols for CESM.

2- Comparison with MRI: To e€lucidate the relative
strengths and weaknesses of CESM in diverse
clinical scenarios.

3- Integration with Other Modalities: Combining
CESM with tomosynthesis or ultrasound may
further improve diagnostic accuracy.

4- Long-Term Follow-Up: To judge the bearing of
CESM on surgical outcomes and long-term pa-
tient survival.

Conclusion:

Contrast-enhanced spectral mammography
(CESM) has demonstrated significant efficacy in
the pre-operative assessment of breast cancer, of-

fering superior accuracy in detecting multifocal and
multicentric lesions and measuring tumor size com-
pared to digital mammaography. While not without
limitations, CESM represents a valuable addition to
the breast imaging armamentarium, particularly in
settings where MRI is unavailable or contraindicat-
ed. Its ability to enhance T staging and guide treat-
ment decisions underscores its potential to improve
patient outcomes in breast cancer management.
Further large-scale studies are warranted to validate
these findings and optimize the clinical application
of CESM.
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