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ABSTRACT

Accurate morphological assessment and measurement of the residual disease following neoadjuvant chem-
otherapy are vital for the effective surgical treatment in patients with breast cancer. Neoadjuvant chemo-
therapy response is measured by RECIST 1.1 criteria (Response Evaluation Criteria in Solid Tumors), and the
classification of the specific therapeutic responses is based on the difference in the tumour size prior to
and after chemotherapy. There are currently a few methods of imaging used in the assessment of the neo-
adjuvant chemotherapy response. Conventional mammography remains the most popular method, where-
as magnetic resonance imaging is considered the most effective ones. Nonetheless, the available meth-
ods tend to be imperfect and limited, and therefore, new methods are constantly investigated. Contrast-en-
hanced spectral mammography is a relatively new method used in breast cancer diagnosis, which involves
the phenomenon of neoangiogenesis of cancerous tumours, allowing contrast enhancement in the areas of
vessel proliferation in the background of the surrounding breast tissue. Contrast-enhanced spectral mam-
mography presents sensitivity similar to magnetic resonance imaging in breast cancer detection, and can be
an efficient method used in monitoring neoadjuvant chemotherapy response.
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Introduction
Breast cancer is the most commonly found can-

cer in women. It affects almost 1.7M patients
each year and constitutes one of the most fre-
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quent causes of death in this patient group. In
Poland alone, breast cancer accounts for 22.5%
of all cancers diagnosed in women, as well as for
15% of deaths [1,2]. Multidisciplinary treatment of
patients with operable breast cancer combines



surgical therapy, radiotherapy, and systemic
treatment which includes a wide range of medi-
cations. Drugs administered as systemic thera-
pies comprise hormone therapy, chemotherapy,
as well as targeted molecular therapy, which can
be administered alone or used in multi-drug regi-
mens. Depending on the timing of the therapy, it
is possible to distinguish adjuvant therapy fol-
lowing the surgery, and neoadjuvant therapy pre-
ceding a surgical procedure. In terms of adjuvant
therapy, it aims to remove latent micrometastas-
es, whereas hormone therapy, chemotherapy, and
anti-HER2 therapy based on different anti-cancer
mechanisms can improve both disease-free and
overall survival rates [3,4].

Neoadjuvant chemotherapy (NAC) is intended
to cases where the aim is to decrease the tumour
and to remove the micrometastases prior to the
radical breast surgery. An accurate morphologi-
cal assessment and measurement of the residual
disease following NAC are crucial for the effec-
tive surgical treatment [5,6]. In addition to reduc-
ing a tumor and, thus offering better conditions
for breast-conserving therapy, NAC provides pro-
fessionals with unique opportunities to assess
the sensitivity of tumour cells to chemotherapy
in vivo, as well as to search for new biomarkers of
therapeutic response. Furthermore, in the event of
poor response and progression of the disease —
it offers a chance to alter the treatment plan, or
refer a patient for surgical treatment [7,8]. In fact,
achieving full response following neoadjuvant
therapy and surgical resection is associated with
a better prognosis and an increase in the 5-year
survival rate. NAC response assessment is based
on RECIST 1.1 criteria (Response Evaluation Cri-
teria in Solid Tumors), which are effective in the
assessment of the therapeutic response based
on a radiological examination. The classification
of the individual therapeutic responses is based
on the difference between tumour size before and
after NAC. The abovementioned criteria include:
complete response (CR), partial response (PR),
stable disease (SD) and progressive disease (PD)
[9,10].

RECIST methods in breast cancer

Currently, a few imaging techniques are avail-
able for the prediction of NAC response in breast

cancer patients. Nevertheless, the most com-
monly used diagnostic modalities involve physi-
cal examination, ultrasonography (US), full-field
digital mammography (FFDM), and magnetic
resonance imaging (MRI). According to RECIST
1.1 guidelines, the US should not be used to mea-
sure tumour regression or progression of lesions
due to its subjectivity, dependence on the oper-
ator, and no means of standardization [11,12].
Similarly, physical examination which is not only
subjective, but it is also characterized by a sig-
nificant inadequacy compared to other methods.
In fact, it only has a 57% effective rate in com-
parison with FFDM (74%) and US (79%). Moreover,
the limited effectiveness of physical examination
stems from the lack of differentiation between
irregularly-shaped tumours, poorly separated
lesions, lesions with fibrous components, or ones
with central necrosis [13].

Conversely, according to RECIST, FFDM
remains an incomplete method, in spite of its fre-
quent use. In fact, accuracy evaluation of FFDM
depends on breast structure and infiltration mor-
phology (tumour or architectural distortion). Fur-
thermore, similarly to physical examination, the
effectiveness of FFDM is reduced in cases where
the tumour possesses spiculated or blurred mar-
gins, with dense breast tissue, and residual infil-
tration masked by glandular tissue. Additionally,
fibrous lesions which are complications of previ-
ous diagnostic biopsies, as well as the presence
of microcalcifications also constitute a chal-
lenge. Interestingly, studies show that up to 44%
of microcalcifications following the treatment do
not correlate with the presence of malignant pro-
cesses [13-16].

MRI is the method considered to be the most
effective according to the RECIST evaluation. Its
main advantage is the ability to form high-qual-
ity images and assessing additional functional
parameters, such as vascularization and perme-
ability of tumour vessels. Breast MRI has evolved
from a primarily contrast-enhanced technique to
a multiparametric method in which T2-weight-
ed, and diffusion-weighted imaging (DWI) are
routinely performed. This, in turn, allows for
obtaining information regarding the tumour dif-
fusion restriction and its biochemical status.
[17]. Moreover, MRI is also particularly useful in
the high-quality assessment of multifocal and
multicentric lesions, with specificity amount-
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ing to 90%. However, some studies suggest that
MRI may underestimate or overestimate the size
of residual lesions in as much as 18% of cases
[18]. It is worth bearing in mind that an individ-
ual response to NAC can vary significantly with
the molecular subtype of breast cancer. Previous
studies have shown that regression occurs sig-
nificantly more often as concentric shrinkage (as
opposed to tumour fragmentation, or 'crumbling’
into scattered foci) in the case of triple-negative
breast cancer (TNBC) than in the case of HER2-
positive tumours and ER-positive/HER2 negative.
This fact affects the assessment of the response
to NAC using imaging examinations. Neverthe-
less, MRI accuracy remains highest in TNBC and
HER2-positive breast cancer and lowest in hor-
mone receptor-positive cancer [16,19].

Taking into account the disadvantages of the
currently used diagnostic methods, new, effective
modalities are constantly explored.

Contrast-enhanced spectral
mammography

Contrast-enhanced spectral mammography
(CESM) is arelatively new tool in the field of breast
cancer imaging. CESM is a mammography tech-
nigue involving double exposure of energy during
a single compression of a single breast, following
the administration of an iodinated contrast agent.
Two minutes after injecting 1.5 mL/kg of con-
trast, classic mammography images are taken in
the mediolateral oblique (MLO) and craniocaudal
(CC) projections. Low-energy exposure uses the
same X-ray energy spectrum as standard mam-
mography, and the images obtained correspond
to those of mammography. On the other hand,

high-energy exposure is not suitable for diagnos-
tic purposes, although it is used in post-process-
ing in order to generate a recombined or iodine
image showing areas of contrast enhancement.
The images are created using the dual-energy
weighted log subtraction technique, producing
two sets of images. The combination of low-en-
ergy and high-energy images allows for the cre-
ation of a single image showing the impression of
the contrast agent distribution within the breast,
emphasizing the vascularity of the lesion [20,21].

CESM is a useful tool in the examination of
high-risk patients, which is also employed in the
assessment of a very dense glandular tissue, in
the diagnostic assessment of suspicious lesions,
as well as in determining the pathological stage
of breast cancer and in designing the treatment
[22]. In a study comprising 547 patients with 593
breast cancer lesions, Steinhof-Radwanska [23]
has shown that the sensitivity of CESM in malig-
nant tumour detection amounts to 97.86%. This
result is similar to that obtained for MRI, which
indicates that these are the most sensitive meth-
ods used in breast cancer. However, as pointed
out by tuczynska [24], the specificity of CESM
is significantly reduced, with 59.4% and 60%.
Despite its low specificity, CESM presents a high
negative predictive value (NPV, 95.76%) which,
possibly, allows to exclude cancer in the absence
of pathological contrast enhancement [23].

Contrast-enhanced spectral
mammography in RECIST

In recent years, only a few authors have engaged
in investigating the effectiveness of CESM in
RECIST criteria. Two authors compared the

Table 1. A comparison of sensitivity, specificity, PPV and NPV of individual diagnostic meth-

ods in the detection of Complete Response (CR).

Author Diagnostic method  Sensitivity [%]  Specificity [%] PPV [%] NPV [%]

Patel [18] CESM 95 66.7% 55.8 96.7
MRI 95 68.9 57.6 96.9

lotti [19] CESM 100 84 57 100
MRI 100 60 32 92

Barra [20] CESM 76 62.5 86. 45.4
MRI 92 875 95 53.8
FFDM 76 75 92 75

Abbreviations: PPV - positive predictive value, NPV — negative predictive value, CESM — contrast-
enhanced spectral mammography, MRl - magnetic resonance, FFDM — mammography
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potential of CESM and MRI in detecting the
residual disease and CR with regard to the gold-
en standard, i.e. a histopathological evaluation
[25,26,27]. In the study of 65 patients, Patel [25]
has shown that CESM is as effective as MRl in the
assessment of residual tumour following NAC.
Individual data concerning sensitivity, specificity,
positive and negative predictive values are pre-
sented in Table 1.

However, as studies have shown, when corre-
lating the sizes following NAC with the histopatho-
logical evaluation, MRI showed a higher compat-
ibility with histopathology than CESM (Lin's con-
cordance coefficient 0.75 (95% CI 0.62-0.83) for
CESM, and 0.76 (95% CI 0.65—0.84) for MRI; Pear-
son correlation was 0.77 for CESM and 0.80 for
MRI). Moreover, compared with the results of the
histopathological examination, CESM decreased
tumour size by 5 mm, whereas MRI reduced it
by 5.4 mm. In the study by lotti et al. [26] involv-
ing 46 patients, in the comparison of the tumour
size following NAC with the histopathological
examination, CESM showed greater consistency
with histopathology than MRI (Lin's coefficient
0.81 and 0.59, respectively; CESM-MRI concord-
ance difference 0.22, Cl 0.07-0.58; PCC 0.85 and
0.67, respectively). Similarly, according to Patel et
al. [26], both methods tend to underestimate the
actual extent of a residual tumour (mean under-
estimation of 41 mm in CESM and 7.5 mm in
MRI). The study of Barra et al. [27], comprising
33 patients, evaluated the CESM accuracy in the
assessment of the residual disease following NAC
as compared to MRl and FFDM. The concordance
coefficient between the measurements of all the
imaging methods and the size of the tumour was
the highest for CESM (0.7 for CESM, 0.3 do FFDM,
0.4 for MRI). Furthermore, the Pearson correla-
tion coefficient was also the lowest for CESM (0.8
for CESM, 0.3 for FFDM, and 0.5 for MRI). In com-
parison with the measurements performed using
MRI, CESM, in 31.8% of the cases overstated the
results by more than 1 cm with respect to the his-
topathological assessment.

Additionally, Tang et al. [28] in their meta-anal-
ysis demonstrated that the total sensitivity, spe-
cificity, positive likelihood ratio (PLR), nega-
tive odds ratio (NLR) and diagnostic odds ratio
(DOR) of the pathological breast cancer response
to NAC assessed by CESM were: 0.83 (95% Cl,
0.66-0.93, 0.82 (95% Cl, 0.68-0.91), 4.66 (95% Cl,

2.59-8.41), 0.20 (95% CI, 0.10-0.43), 22.91 (95%
Cl, 8.66—60.62), respectively.

Underestimation of a residual lesion may
result in an incomplete removal of the tumour
and, thus, in the risk of re-operation. In contrast,
overestimation may lead to an overly exten-
sive surgery, and may result in poorer cosmet-
ic results of a surgical procedure, as well as in
the surrounding tissue damage. Therefore, in
order to address this issue in the evaluation of
NAC response, Xing et al. [29] suggested not
to rely only on RECIST 1.1 criteria, but to create
a mathematical model. This method is based on
the combination of the largest tumour diameter
measurements in the region of interest (ROI) and
the subjective identification of the difference
in the intensity of contrast uptake before and
after neoadjuvant chemotherapy. Subsequently,
a combination of the total number of pixels and
their intensity within the area of interest before
and after NAC is included. It should be noted that
the implementation of this approach increases
the sensitivity and specificity of CESM in the pre-
diction and assessment of response to NAC, and
reduces the frequency of inaccurate measure-
ment of residual lesions.

Discussion

The aforementioned studies have demonstrat-
ed that CESM is equally effective as MRI in the
assessment of residual lesions following NAC,
which is currently considered the most effective
examination method. CESM has been suggested
as a primary tool for potential use instead of MRI,
asitisless expensive, more accessible, and better
tolerated by patients than breast MRI [30,31,32].
In fact, MRI lasts about 20—30 minutes in the
prone position, and it is generally regarded as an
unpleasant examination related to a forced body
position, which additionally excludes patients
suffering from such disorders as claustrophobia,
or possessing older types of pacemakers. On the
other hand, CESM lasts only about 7-10 minutes
and the abovementioned inconveniences do not
occur [33]. Moreover, CESM seems to be a bet-
ter alternative for patients who are psychologi-
cally distressed by chemotherapy and face sev-
eral repeated MRI examinations over the period
of several months. Additionally, the possibility

Journal of Medical Science 2021,90(3)

171



172

of significant cost reductions compared to MRI
renders CESM an appealing option in the econo-
my of the health system [31]. Furthermore, CESM
allows for the assessment of microcalcifications
which is not possible with MRI [34,35]. Never-
theless, CESM has certain limitations, such as
exposure to iodine contrast media which lim-
its its use in patients allergic to iodine contrast
media and with severe renal failure. Additionally,
CESM exposes patients to a higher dose of radi-
ation which is not desirable in patients receiv-
ing radiotherapy. It is also essential to take into
consideration that both MRI and CESM tend to
underestimate [25,26] or overestimate [27] the
size of a residual tumour.

At present, apart from the previously men-
tioned methods (US, FFDM, CESM, MRI), nucle-
ar imaging techniques are more frequently
used, such as 2-deoxy-2[F-18]fluoro-D-glu-
cose positron emission tomography (FDG-PET,
assessment of glucose metabolism), fluorine
18 fluorothymidine positron emission tomogra-
phy (FLT-PET, assessment of tumour prolifera-
tion), anti-1-amino-3-18F-fluorocyclobutane-
1-carboxcylic acid positron emission tomog-
raphy (FACBC-PET, assessment of amino acid
metabolism) and C-choline positron emission
tomography (assessment of choline metabo-
lism). Although each of the available modali-
ties has its limitations with regard to sensitivity
and specificity, multiparameter (e.g. FTV / BPE
/ ADC) and multimodal (e.g. MRI / PET) meth-
ods should be implemented in order to improve
the characteristics of the residual disease and
to predict responses to NAC [16]. In addition,
recent studies on radiomics-based analysis in
predicting responses to NAC have produced very
promising results. In terms of CESM, radiomics
model achieved a significantly better discrimi-
native ability compared to the standard clini-
cal model (AUC, 0.81 vs. 0.55, p <0.01) [36,37].
Moreover, the development of deep-learning
and machine-learning methods is also vital. The
above-mentioned new techniques are expected
to be employed in other breast imaging modali-
ties and may play a crucial role in the detection,
diagnosis and prediction of breast cancer out-
comes. Therefore, additional studies are nec-
essary, as well as exploring new methods for
the most accurate assessment and a potential
increase in the survival rate of patients.
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