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Abstract

Background: Neoadjuvant chemotherapy (NAC) is currently one of the most commonly utilized treatment options
for patients with breast cancer. Evaluating residual disease following NAC is vital in post-chemotherapy treatment
planning. Underestimation or overestimation of the residual disease may result in incomplete surgical resection or
unnecessary aggressive surgical treatment which can compromise patient survival or result in unwanted morbidity.
Contrast-enhanced spectral mammography (CESM) is a new imaging modality that can provide both morphological
and anatomical characterization of neoplastic breast lesions when MRI is unavailable or contraindicated. The aim of
this prospective observational study was to evaluate the value of CESM in assessing the extent of residual disease fol-
lowing NAC and predicting complete response (CR) with histopathology as the gold standard.

Results: A total of 142 patients were included in our study with invasive duct carcinoma the most prevalent histo-
pathological type seen in 81.7% of cases. The average tumor reduction in size was 40.8% by CESM and 35.8% by histo-
pathology. Comparison between maximum tumor diameter after NAC by CESM and histopathology revealed a high
degree of correlation (R=0.918, p<0.01). In 45.1% of cases, CESM underestimated the residual tumor size by an aver-
age of 1.1 cm. Comparison between CESM and histopathology in predicting CR yielded CESM sensitivity, specificity,
positive predictive value (PPV), and negative predictive values (NPV) of 96.7%, 84.6%, 97.2%, and 100%, respectively.

Conclusions: CESM is a new effective imaging modality in assessing residual disease in breast cancer patients receiv-
ing NAC. Post-NAC CESM correlated well with residual tumor size by histopathology with a tendency for underes-
timation. Careful assessment of CESM images should be made to accurately measure the exact tumor size to avoid
overestimation or underestimation potentially increasing the extent of the operation. Proper assessment of the true
extent of residual disease can help the surgeon to select the optimal surgical technique ensuring radical treatment of
the disease improving patient survival and reducing morbidity.
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Background
Neoadjuvant chemotherapy (NAC) is currently consid-
ered one of the most commonly prescribed therapeutic

*Correspondence: samarmaadawy@gmail.com options for patients with locally advanced as well as oper-
! Department of Radiology, National Cancer Institute, Cairo University, Cairo, able breast cancer [1]. NAC enables surgical intervention
Egypt by decreasing the tumor size of previously inoperable

Full list of author information is available at the end of the article

. ©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://orcid.org/0000-0001-5234-2078
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43055-022-00935-5&domain=pdf

Elkassas et al. Egypt J Radiol Nucl Med ~ (2022) 53:249

breast cancer lesions [2]. In patients with extensive yet
operable breast neoplastic lesions who are candidates for
modified radical mastectomy (MRM), NAC allows for
conservative breast surgery (CBS) by reducing the tumor
extent resulting in less postoperative morbidity as well as
enhancing cosmetic and psychological yield [3-5]. Addi-
tionally, NAC offers an unrivaled opportunity for in vivo
chemotherapeutic evaluation of cancer cell sensitivity
and the development of novel biomarkers of treatment
response which in turn can give an indication to patient
prognosis [2, 6, 7]. NAC response differs among patients
due to several factors including the stage of the disease,
human epidermal growth factor 2 (HER2) status, recep-
tor status as well as tumor heterogeneity resulting from
varying molecular characteristics [8]. Consequently,
10-35 out of 100 breast cancer patients are resistant to
chemotherapy and 5 out of 10 are completely nonrespon-
sive to treatment with subsequent disease progression
[9]. As a result, in the event of poor response or disease
progression, NAC provides an opportunity to change the
treatment plan or recommend some patients for surgical
intervention [8].

Evaluation of residual disease following NAC is cru-
cial for post-chemotherapy treatment planning. Under-
estimating residual disease following NAC may result in
an inadequate surgical resection with a subsequent high
rate of recurrence or the need for revision surgery. Over-
estimation, on the other hand, can result in unnecessary
aggressive radical surgical treatment. Histopathological
assessment remains the gold standard for assessing the
response of NAC. However, histological assessment only
occurs postoperatively which necessitates the need for a
reliable preoperative imaging diagnostic tool [10].

Currently, mammography, ultrasound, contrast-
enhanced magnetic resonance imaging (CE-MRI) as
well as positron emission tomography (PET) are the
most commonly utilized imaging tools to evaluate the
response to NAC with CE-MRI considered the most
accurate [11, 12]. Several studies have demonstrated that
dynamic CE-MRI is the ideal imaging method to assess
the response to NAC in patients with breast cancer with
sensitivity, specificity, and accuracy up to 90%, 60—100%,
and 91%, respectively. Cost, limited availability, long pro-
cedure duration, and the inability to examine claustro-
phobic patients and patients with cardiac pacemakers
are all drawbacks to CE-MRI [13-17]. Additionally, some
studies have shown that MRI may lead to under as well as
overestimation of residual post-NAC disease in 18 out of
100 cases [18].

Contrast-enhanced spectral mammography (CESM) is
a new imaging technique that was developed in recent
years which uses contrast agents to generate low energy
and subtraction images using digital mammography
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providing morphological and anatomical features of neo-
plastic breast lesions [19, 20]. The contrast enhancement
in the subtraction images reflects the vascularity of the
breast lesions. CESM has been reported to have a diag-
nostic accuracy that is comparable to CE-MRI [21, 22].
Other advantages of CESM include shorter procedure
time, lower cost, and the ability to visualize microcalcifi-
cations [23-26]. The use of CESM to assess the response
of NAC is therefore justifiable considering its efficiency.
The European Society of Breast Imaging (EUSOBI) rec-
ommendations published in 2017 stated that CESM can
be considered as an alternative imaging technique to CE-
MRI when MRI is contraindicated or not available [26].
The aim of this study was to evaluate the value of CESM
in assessing the extent of residual disease following NAC
in patients with breast cancer as well as predicting com-
plete response (CR) with histopathology as the gold
standard.

Methods

This prospective double-institution observational study
included all consecutive female patients with patho-
logically proven breast cancer with a decision to start
NAC after being reviewed by each institution’s Breast
Unit multidisciplinary team. All patients were initially
diagnosed with baseline mammography and breast
ultrasound followed by a core needle biopsy under sono-
graphic guidance from the radiologically suspicious
masses for histopathological confirmation. Data were
collected from January 2017 to February 2021. The study
was approved by the institutions’ Ethics Committees.
Written informed consent was obtained from all patients
who agreed to take part in this study. Inclusion criteria
included female patients’ ages more than 18 years, breast
cancer diagnosis based on core needle biopsy, comple-
tion of institutional NAC treatment protocol followed
by surgery and histopathology as well as completion of
pre- and post-NAC CESM examinations. Exclusion cri-
teria included contrast media reaction, renal impairment,
pregnancy, incomplete NAC treatment or CESM exami-
nations, and lack of informed consent.

CESM examination

All mammographic examinations were performed at
the institutions’ Radiology Departments using the GE
Healthcare machine (Chalfont St. Giles, UK) allowing
dual-energy CESM acquisitions with some specific hard-
ware and software enhancements for image processing
and acquisition.

Unlike conventional mammography, the X-ray spec-
trum was tailored to produce energies just above the
K-edge of iodine (33.2 keV) to increase the sensitiv-
ity to low concentrations of iodine to optimize the
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visualization of iodine. Typically, for a 50% glandular
and 5-cm-thick breast, exposure times were around 1 s
and 3 s for low and high-energy images, respectively.

An intravenous injection of 1.5 ml/kg body weight of
a non-ionic contrast medium (Omnipaque) was done
manually at one shot with a flow rate of 3 ml/s followed
by a flush of saline. After 2 min of contrast medium
injection, the patient was positioned, and the exposure
was done in the four standard mammographic views:
two mediolateral oblique (MLO) and two craniocaudal
(CC) views. In each view, the breast was subjected to
a combination of low and high-energy exposures, while
the breast was still compressed to minimize motion
blur keeping the image details seen with the standard
mammography. The subtracted images were automati-
cally generated after each low- and high-energy expo-
sure for each view. The average examination time was
10 min. After the examination, the patients were moni-
tored for around 30 min for any potential contrast
medium adverse reactions.

Image interpretation

Two sets of CESM were evaluated: one before the start
of the NAC treatment and the second after the last dose
of chemotherapy with a maximum interval of 14 days
from the elective surgery. In our institutions, CESM is
displayed paired to allow for comparison. The MLO is
assessed followed by CC views with the patient’s right
breast on the left side of the screen and the left breast
on the left side of the screen. In the CC views, the outer
aspect of the breasts is displayed superiorly.

Interpretation of CESM studies was performed via one
of the participating radiologists, and in cases of interob-
server disagreement, the case was discussed, and a joint
consensus was reached. CESM images were evaluated in
accordance with the Breast Imaging Reporting and Data
System (BI-RADS). The largest dimension of the lesion
was recorded from the two consecutive CESMs taken
before the start and at the end of NAC.

The Response Evaluation Criteria in Solid Tumors
(RECIST) 1.1 criteria were used in our study to evaluate
the response to NAC where the response was classified as
follows:

+ “Complete response (CR, disappearance of all
lesion/s)

« DPartial response (PR,>30% reduction in longest
diameter)

» Stable disease (SD, < 30% reduction/ <20% increase in
longest diameter)

+ Progressive disease (PD,>20% increase in longest
diameter)” [11, 27]
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We compared the largest diameter of the residual lesion
taken from the CESM, 2 weeks before surgery to that in
the postoperative histopathological study. The efficacy of
CESM in assessing residual disease after NAC was com-
pared to the histological analysis, which was considered
the gold standard.

Histopathological examination

Following surgery, all surgical specimens were sent to
the institutions’ laboratories for histopathological confir-
mation. Apart from the macroscopic measurement, the
tumor’s longest diameter, which is required for identify-
ing the T stage in the TNM classification, was confirmed
histopathologically.

Statistical analysis

Data were statistically described in terms of
mean £ standard deviation (+SD), range, or frequencies
(number of cases), and percentages when appropriate.
A comparison of tumor size between CESM and histo-
pathology was done using Wilcoxon signed rank test for
paired (matched) samples. For comparing the response
between the different pathological types, chi-square ((x?)
test was performed. Correlation between various vari-
ables was done using Pearson moment correlation equa-
tion for linear relation of normally distributed variables
and Spearman rank correlation equation for non-normal
variables/nonlinear monotonic relation. Accuracy was
represented using the terms sensitivity, specificity,+ve
predictive value, and — ve predictive value. Two-sided p
values less than 0.05 were considered statistically signifi-
cant. The diagnostic performance index of CESM for CR
was tested using the Clopper—Pearson test with 95% con-
fidence intervals. All statistical calculations were done
using the computer program IBM SPSS (Statistical Pack-
age for the Social Science; IBM Corp, Armonk, NY, USA)
release 22 for Microsoft Windows.

Results

One hundred and fifty-six women were initially enrolled.
Three patients were excluded due to major contrast
media reactions. Six patients lost to follow-up, and five
patients had incomplete CESM examinations. Following
exclusion criteria, a total of 142 patients were enrolled in
our prospective study. The age ranged from 29 to 77 years
with a mean of 46.7 years.

All the patients in our series underwent surgery after
the end of chemotherapy. Sixty-two patients (43.7%)
underwent CBS, whereas 80 patients (56.3%) underwent
MRM. Invasive duct carcinoma (IDC) was the most
common histopathological type detected in our patient
population seen in 116 cases (81.7%) followed by invasive
lobular carcinoma (ILC) in 14 cases (9.9%), mixed IDC
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and ILC in six cases (4.2%), invasive medullary carci-
noma (IMC) in four cases (2.8%) and two cases (1.4%) of
invasive papillary carcinoma (IPC).

The enhancement pattern on CESM was assessed
qualitatively before and after NAC. Strong heterogene-
ous enhancement was the most common pattern before
chemotherapy seen in 82 cases (57.8%). After NAC, weak
heterogeneous enhancement was the most common pat-
tern seen in 114 cases (80.3%). There was no residual
enhancement in 26 cases (18.3%) and intense heteroge-
neous enhancement in only two cases (1.4%). The average
tumor size before and after NAC by CESM was 6.0 cm
and 3.6 cm, respectively, whereas the average tumor size
in the histological examination was 3.7 cm (Table 1).
Based on CESM, the average tumor reduction in size was
40.8% compared to the original tumor mass size, whereas
it was 35.8% according to histopathology.

Comparison between maximum tumor diameter after
NAC by CESM and histopathology revealed a high degree
of correlation (R=0.918, p<0.01). CESM overestimated

Table 1 Diameter of the lesions before and after NAC by CESM
and after NAC by histopathology

Minimal Maximal Mean +SD
diameter  diameter
CESM pre-NAC (cm) 13 15.0 60£36
CESM post-NAC (cm) 0.0 11.0 363431
Histopathology post-NAC (cm) 0.0 11.0 37429

CESM contrast-enhanced spectral mammography, NAC neoadjuvant
chemotherapy, SD standard deviation
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the actual pathology size of the residual tumor in 54 out
of 142 cases (38.0%) by 0.1-3.0 cm (average 1.1 cm),
underestimated the pathology size in 64 cases (45.1%) by
0.1-3.0 cm (average 1.0 cm), and gave the exact measure-
ment in 24 cases (16.9%). Figure 1 shows the correlation
between CESM size and histopathology size in our series.

Morphological assessment of the tumors’ response
to NAC using CESM is shown in Table 2 where CR was
observed in 26 cases (18.3%).

Assessment of the tumors’ response to NAC by histo-
pathology is shown in Table 3 where CR was observed in
22 cases (15.5%).

Histopathological assessment of IDC revealed CR in 16
out of 116 cases (13.8%), while CR was achieved in four
out of 14 cases of ILC (28.6%) and two out of six cases of
mixed IDC+ILC (33.3%). CR was not achieved in any of
the six cases of IMC or IPC. Table 4 demonstrates NAC
response by CESM and histopathology according to the

Table 2 Treatment response to NAC by CESM

CESM
n %
CR 26 183
Non-CR
PR 58 40.8
SD 54 380
PD 4 2.8

CESM contrast-enhanced spectral mammography, CR complete response, PR
partial response, SD stable disease, PD progressive disease, n number

12

Histopathology size (cm)

CESM size (cm)
Fig. 1 Correlation between CESM size and histopathology size in our series

6 8 10 12
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Table 3 Treatment response to NAC by histopathology

Histopathology

n %
CR 22 15.5
Non-CR
PR 58 40.8
SD 48 338
PD 14 9.9

CR complete response, PR partial response, SD stable disease, PD progressive
disease, n number

histopathological type. Figures 2, 3, 4 demonstrate exam-
ples of cases encountered in our series.

Comparison between CESM and histopathology to
predict CR in patients receiving NAC yielded a CESM
sensitivity, specificity, positive predictive value (PPV),
and negative predictive values (NPV) of 96.7% (95% CI
88.5-99.6%), 84.6% (95% CI 58.5-95.6%), 97.2% (95% CI
90.2-99.7%), and 100% (95% CI 71.5-100%), respectively.

Discussion

Evaluation of NAC response in breast cancer patients is
crucial for treatment planning and future clinical out-
comes. Patients who do not respond to NAC with disease
progression during treatment generally have a poor prog-
nosis. Conversely, patients with a complete pathological
response (pCR) have favorable event-free survival (EFS)
and overall survival (OS) rates [28, 29]. In this study, we
demonstrated high sensitivity and specificity of CESM
in predicting CR in breast cancer patients receiving neo-
adjuvant chemotherapy. We also reported a high degree
of correlation between CESM and histopathology in
assessing the extent of residual disease with a tendency of
underestimation.

In the current study, we found high sensitivity, specific-
ity, PPV, and NPV of CESM in predicting CR in patients
receiving NAC similar to previously published results [2,
30-32]. All the forementioned studies, ours included,
showed a high sensitivity and a lower specificity of CESM
in the assessment of CR which reflects the inability of
contrast-enhanced imaging techniques in distinguish-
ing between residual neoplastic disease and associated
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inflammation and reactive changes. A similar problem
has been reported in contrast-enhanced MRI which
tends to overestimate as well as underestimate residual
disease [18]. A meta-analysis study published by Tang
and colleagues [33] concluded that CESM has a higher
sensitivity and a similar specificity compared to contrast-
enhanced MRI in the depiction of evaluation of residual
disease in patients with breast cancer receiving neoadju-
vant chemotherapy.

We found a high degree of correlation between maxi-
mum tumor diameter after NAC by CESM and histo-
pathology similar to a previously published study [2]. A
study by Lotti and colleagues [31] reported that CESM
showed a better correlation with histopathology com-
pared to MRI with Lin’s coefficient of 0.81 and 0.59 for
CESM and contrast-enhanced MRI, respectively. Our
findings were contrasted by the study published by Patel
et al. [32], who reported a lower degree of correlation of
CESM compared to contrast-enhanced MRI with Lin’s
coefficient of 0.75 and 0.76 and R values of 0.77 and
0.80 for CESM and MRI, respectively. The contradictory
results between different studies could be attributed to
a small number of cases and call for a larger multicenter
study with a larger group of patients.

In the current study, study, CESM tended to underes-
timate the actual pathology size of the residual tumor
in 45.1% of cases which was consistent with previous
studies [2, 31]. Our findings were contrasted by previ-
ous investigators who reported a tendency of CESM
to overestimate the tumor size by more than 1 cm in
31.8% of cases in their series [30]. Other investigators
concluded that the overestimation can be attributed to
the fact that NAC induces eradication of tumoral can-
cer cells before the actual reduction in tumor size can
be appreciated on imaging in addition to fibrotic and
edematous changes in the tumor bed [34, 35]. Because
CESM is a diagnostic modality that involves tumor foci
vascularization enhancement, the reduction of tumor
vascularization around the tumor during NAC could
explain the progressive reduction in the enhancement
of the residual tumoral masses on follow-up studies,
perhaps underestimating the true size and extent of
residual lesions. A similar problem has been reported
with contrast-enhanced MRI with a tendency to

Table 4 Treatment response to NAC by CESM and histopathology according to pathological type

Pathological IDC(n=116) ILC (n=14) Mixed IDC/ILC (n=6) IMC (n=4) IPC (n=2)
response to NAC T — S
CESM HP CESM HP CESM HP CESM HP CESM HP
CR 22 16 4 4 2 2 0 0 0 0
Non-CR 94 100 10 10 4 4 4 4 2 2

NAC neoadjuvant chemotherapy, IDC, invasive duct carcinoma, ILC invasive lobular carcinoma, IMC invasive medullary carcinoma, IPS invasive papillary carcinoma, n
number, CESM contrast-enhanced spectral mammography, HP histopathology, CR complete response
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Fig. 2 a Full-field digital mammography in MLO and CC views and b CESM in MLO and CC views in a 45-year-old woman with pathologically
proven invasive duct carcinoma showing a heterogeneously enhancing malignant infiltration with speculated outline occupying the UOQ of
the right breast and to a lesser extent to UIQ measuring 11.7 cm in longest diameter. ¢ Follow-up full-field digital mammography in MLO and CC
views and CESM in MLO and CC of the right breast after neoadjuvant chemotherapy. The tumor now measures about 8.2 cm in longest diameter
indicating a PR with a 30% reduction in tumor size which was confirmed on histopathology examination following a right modified radical
mastectomy
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Fig. 3 a Full-field digital mammography in MLO and CC views and b CESM in MLO and CC views in a 42-year-old woman with pathologically
proven invasive duct carcinoma showing a right breast UOQ dense mass lesion with obscured outlines showing intense enhancement at the
post-contrast study measuring 2.5 cm in longest diameter. ¢ Follow-up full-field digital mammography in MLO and CC views and CESM in MLO
and CC after neoadjuvant chemotherapy showing almost total resolution of the previously seen mass lesion with faint residual enhancing nodule
measuring 1.5 cm indicating PR. The patient underwent wide local excision of the right breast lesion. Histopathology assessment revealed CR with
no viable tumor cells, free resection margin, and free axillary lymph nodes 0/16
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Fig. 4 a Full-field digital mammography in MLO and CC views and b CESM in MLO and CC views in a 38-year-old woman with pathologically
proven invasive duct carcinoma grade Il showing a left breast dense mass lesion with obscured outlines at the retro-areolar region showing intense
enhancement at the post-contrast study measuring about 4.1 cm in longest diameter. ¢ Follow-up full-field digital mammography in MLO and

CC views and CESM in MLO and CC after neoadjuvant chemotherapy showing total resolution of the previously seen mass lesion with no sizable
residual enhancing nodule indicating CR. The patient underwent a left modified radical mastectomy. Histopathology assessment revealed CR with
no viable tumor cells, free resection margin, and free axillary lymph nodes 0/16
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underestimate residual tumor size following NAC [31,
32]. Studies by Xing et al. [10] and Moustafa et al. [36]
tried to overcome this problem through creation of a
specialized mathematical model which involves meas-
uring the target lesion’s largest diameter after contrast
enhancement and summation of the number of pixels
and their intensities within the region of interest before
and after NAC. The use of such mathematical models in
their studies has resulted in high sensitivity and speci-
ficity of CESM in evaluating NAC response [34, 35].

The limitation of our study is the relatively small sam-
ple size due to the limited number of patients recruited
to NAC, particularly during the COVID pandemic.
More multi-institution studies with larger sample sizes
using different CESM vendors are needed in the future
to confirm and further document our results.

Conclusions

The need for assessing post-NAC residual disease in
breast cancer patients is crucial to help the surgeon
select the most appropriate surgical technique to
enhance the patient survival and quality of life as well
as avoid unnecessary radical mastectomies with their
associated morbidities. Although considered a rela-
tively new diagnostic imaging tool, CESM has become
an important diagnostic tool in the assessment of
breast cancer patients. We demonstrated in our study
that CESM is an effective imaging modality in the
assessment of residual disease in breast cancer patients
receiving NAC. Post-NAC CESM correlated well with
residual tumor size by histopathology with a tendency
for underestimation. Still, careful assessment of CESM
images should be made to accurately measure the exact
tumor size to avoid overestimation or underestimation
potentially increasing the extent of the operation.
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