
Abstract. Background/Aim: Little is known about the
correlation between contrast-enhanced ultrasound (CEUS)
characteristics and pathological prognostic factors in breast
cancer. The aim of this study was to explore the correlation
between CEUS characteristics and pathological prognostic
factors. Patients and Methods: A retrospective study with 34
malignant breast lesions was conducted. CEUS characteristics
included qualitative characteristics (e.g. lesion’s enhancement
degree and order, internal lesion homogeneity etc.) and
quantitative characteristics (e.g. peak intensity, time to peak
etc.). Also, pathological prognostic factors were included (e.g.
tumor grade, estrogen receptor status etc.). Results: Blurred
lesion margins were observed more often in tumors of high
histological grade (p=0.01) and in estrogen receptor-negative
tumors (p=0.049). Furthermore, perilesional enhancement was
associated with positive Ki-67 expression (p=0.049), while
heterogeneous internal sentinel lymph node enhancement was
associated with malignant infiltration of the node (p=0.002).

Conclusion: CEUS has the potential to provide a prevision of
pathological prognostic factors in malignant breast lesions,
helping in the better early patient management.

Breast cancer is a major public health problem, since worldwide
it is the most common cancer in females, with an increased risk
of the disease and related mortality (1, 2). Furthermore, it is a
highly heterogeneous disease and the major risk factors include
genetic, life style and environmental factors (2, 3).

Tumor size, histologic grade and axillary lymph node status
are classic pathological prognostic factors of breast cancer and
have been used to predict recurrence and overall survival (4).
However, introduction of new treatment managements has
revealed an emerging need for preoperative information, so as
to achieve the optimal outcome with treatment along with
minimum side effects. It is well known that expression of
hormone receptors, such as estrogen receptors (ER) and
progesterone receptors (PR) guide hormonal therapy
administration and predict its outcome, with ER-positive and
PR-positive patients having better prognosis (5-7). While ER
negative tumors do not respond well to this therapy, they are
sensitive to chemotherapy (8). In the same way, biomarkers,
such as p53, c-erb-B2 and Ki-67 are useful in patients’
prognosis and personalization of neo-adjuvant treatment (6, 9-
11). Namely, Ki-67 is a nuclear antigen of all proliferating cells
and its expression reflects active tumor cell proliferation, while
it is correlated with tumor’s higher histologic grade and the
possibility of lymph nodes’ metastatic disease (10, 12). All the
same, c-erb-B2 proto-oncogene’s overexpression and
amplification is strongly related to tumor’s neoplastic
transformation, progression and potential to metastasize (6),
while anti-oncogene p53 is subject to mutations in tumors (10). 
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Unfortunately, for the present, histological specimens are
necessary in order to diagnose these pathological prognostic
factors and biomarkers. Therefore, a non-invasive examination
tool, which would provide information highly correlated with
these factors and performed prior to surgery, would be very
helpful in early management of patients with breast cancer.
This can be a new potential application of contrast enhanced
ultrasound (CEUS), as developments in the domain of medical
equipment and new generations of micro-bubble contrast agent
augmented the method’s accuracy and its role in indicating
angiogenesis on the microcirculation level.

There are few studies in literature exploring correlation
between CEUS characteristics and pathological prognostic
factors in breast cancer patients during the last six years,
indicating a novel research area (13-19). Also, these studies
have shown mixed results and have had differences in patients’
populations, study design, statistical analysis etc. Indicatively,
three studies have investigated only qualitative CEUS
characteristics’ correlation to pathological prognostic factors
(14, 15, 18), two studies have investigated only quantitative
CEUS characteristics’ (13, 16), and only two studies have
investigated both quantitative and qualitative CEUS
characteristics’ (17, 19). 

Consequently, this study was performed to further explore
the correlation between qualitative and quantitative CEUS
characteristics and pathological prognostic factors in breast
cancer patients.

Patients and Methods

Patients. A retrospective study was conducted and 40 consecutive
patients with suspicious malignant breast lesions in mammography
and/or conventional ultrasound examination were initially recruited
(BI-RADS 4-5). No one of them met any of the exclusion criteria
concerning contrast agent administration, namely severe cardio-
pulmonary disease or respiratory syndrome, pregnancy and lactation,
as well as hypersensitivity. 

Firstly, a contrast enhanced ultrasound examination was
performed in all patients and then they underwent breast surgery.
Afterwards, a pathological and immunohistochemical analysis of all
removed tumors took place.  Finally, 32 patients were enrolled in
this study, because of lack of available histological correlation after
surgery (in one case), benignity of resected lesions (in two cases) or
poor image quality in received video clips (due to excessive
respiratory movement or patient’s movement artifacts) in five cases.
A total of 34 malignant breast lesions were studied in these 32
patients. 

Patients’ age ranged from 37 to 85 years old, the mean age was
60.6 years (standard deviation; 13) and the median age was 61 years.

Ultrasound examination procedure. The ultrasound images were
obtained by a Logiq 9 Ultrasound System, using the Coded Contrast
Imaging Technique and by a 10 l linear probe, with a frequency
range of 5-12MHz. Low mechanical index (MI 011-017), PO 4%
(Power output) and TAD (TruAgent Detection) Imaging Techniques
were applied. The contrast agent used was SonoVue (Bracco,

Courcouronnes, France), which was reconstituted by 25 mg of
lyophilized powder added in 5 ml sterile solution. All ultrasound
examinations with contrast agent were performed by the same
physician, with 10 years of experience in breast ultrasound.

In the beginning of the images’ achieving procedure, high
resolution gray scale ultrasound examination was performed, in order
to identify the breast lesion and the sentinel lymph node in each
patient. The selection of the lesion’s section which was going to be
studied after contrast agent infusion was done during the color
Doppler examination and it was the one better depicting the presence
of vessels in the lesion. The selected image also included lesion’s
surrounding tissue, where possible. 

The lymph node considered as sentinel was selected by its nearest
place to the breast lesion, along with possible suspicious
morphologic criteria, including (a) increased thickening and/or
lobulation of the cortex, compared to other ipsilateral or contralateral
nodes, (b) eccentric lobulation of the hypoechoic cortex, with
compression of hilar fat, (c) complete replacement of hilar fat by the
hypoechoic cortex and (d) round lymph node shape (20). 

A recording of 90 sec followed the bolus intravenous injection of
2.4 ml ultrasound contrast media and of 10 ml sterile solution
through a 21G catheter in antecubital vein. This procedure took place
twice, in order to obtain one video clip for the breast lesion and
another one for the sentinel lymph node. Recordings started just after
intravenous contrast agent administration. In the end, all patients
remained under inspection for about 30 minutes after intravenous
contrast agent injection, according to the guidelines (21), in order to
ensure that no side effects would appear.

Contrast enhanced ultrasound image evaluation procedure. Acquired
video clips were analyzed on a qualitative and quantitative basis, a
procedure performed by two radiologists of equal experience and
good knowledge of the previous literature, while both were blinded
to the patients’ clinical data. In case of discordance, consensus was
achieved after image review by a third radiologist. 

Evaluated qualitative characteristics included the following: (a)
lesion’s enhancement degree compared to the surrounding breast
tissue, the moment of peak enhancement, demonstrating hypo-
enhancement, iso-enhancement or no enhancement (b) internal
lesion’s homogeneity, characterized homogenous when enhancement
was visible and equal to the whole lesion’s extent and heterogeneous
when unenhanced areas or areas of different enhancement degree
appeared after contrast medium administration; (c) presence or
absence of perfusion defects in the lesion, after contrast agent
administration; (d) lesion’s enhancement order. Centripetal
enhancement was defined as enhancement originating from the
lesion’s periphery towards its center, while centrifugal enhancement
begins from the lesion’s center, developing towards its periphery; (e)
presence or absence of radial-penetrating vessels from surrounding
tissue towards the lesion; (f) blurring lesion margins. Lesion margins
were characterized as clear when most of its circumference was clearly
visible (>50%) and blurred when >50% of its circumference was
poorly visible after contrast agent administration; (g) presence or
absence of perilesional enhancement; (h) internal sentinel lymph node
homogeneity, characterized as homogenous when enhancement was
visible and equal to whole lymph node cortex and heterogeneous when
unenhanced areas or areas of different enhancement degree appeared
after contrast medium administration.  

On the other hand, quantitative parameters, resulted from the time-
intensity curve (TIC), included the following: (a) peak intensity (%)
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(PEAK), defined as maximum intensity value in time-intensity curve,
calculated by the fraction 
[(post-contrast intensity - pre-contrast intensity)/pre-contrast intensity]
×100%; 
(b) time to peak (sec) (TTP), defined as the time elapsed between the
moment when contrast medium first reaches the lesion and the time
of maximum signal intensity after contrast medium administration; (c)
mean transit time (sec) (MTT), defined as the lesion’s enhancement
duration; (d) regional blood volume (ml) (RBV), which is the area
under time-intensity curve, reflecting total volume of contrast medium
(or blood) traversing the region of interest; (e) regional blood flow
(ml/sec) (RBF), calculated by the fraction area under the curve/mean
transit time, which reflects relative blood flow in the selected lesion’s
area. All these quantitative parameters are schematically presented in
Figure 1.

The time-intensity curve was a result of the kinetic evaluation of a
lesion’s vascularization. All video recordings were analyzed offline in
Matlab® R2013a (The MathWorks Inc., Natick, MA, USA).
Specifically, a region of interest was manually positioned in the area
most perfused within each lesion and median signal intensity (SI) was
calculated over time on the frame-by-frame basis. Selected regions of
interest size were about 16 mm2, depending on the lesion’s extent. In
cases where respiratory motion was high, several consecutive regions
of interest were selected, in order to follow the initially selected area
and thus improve the accuracy of quantification in perfusion
evaluation. Videos where this correction was not possible were
excluded from the study, as already referred to in the exclusion criteria.
On the resulting TIC, a corrected gamma-variate model (22) was fitted
as defined in quantitative perfusion analysis software Qontrast®
(Bracco, Milan, Italy) such as

SI(t)=SIBL+PEAK×(t/TTP)(β×TTP)×exp–β×(t–TTP)

where SI is signal intensity extracted from the image during contrast
agent bolus passage, SIBL is signal intensity baseline, which allows
brightness correction when darkness is not complete at time zero,
PEAK is maximum SI reached during the bolus transit of the contrast
agent, at time t equals to TTP and β is the steepness of bolus transit.
An indicative example is depicted in Figure 2.

Pathological and immunohistochemical analysis. All patients
underwent surgical resection of their lesions, 1-2 days after contrast
enhanced ultrasound examination. A pathological verification of
excised specimens with immunohistochemical analysis was performed
by two pathologists, experienced in breast pathological analysis.
Pathological diagnosis was considered as gold standard.

Tumors’ histological typing was based on WHO classification (23).
Tumor grade was assessed according to Elston-Ellis grading system
(24). Axillary lymph nodes were assessed histologically on routinely
stained sections and metastatic involvement of any size gave them a
positive diagnosis, concerning their infiltration.

Immunohistochemical analysis includes the following pathological
prognostic factors: (a) estrogen receptor (ER). Cut-off point for ER
positivity was ≥10% (25, 26); (b) progesterone receptor (PR). Cut-off
point for PR positivity was ≥10%; (c) Ki-67 gene expression, assessed
by determining the percentage of positively stained tumor nuclei out
of all tumor cells, with positivity threshold of >20% of stained cells
(17, 27); (d) p53 gene expression, considered positive in cases where
well-defined nuclear staining was observed in more than 10% of tumor
cells; (e) c-erb-B2 gene expression, defined as positive by revealing

moderate to high distinctive membranous staining in almost all tumor
cells, while negativity was expressed by negative to low membrane
straining in more than 10% of tumor cells (17). 

Ethical issues. The present study was conducted in accordance to the
declaration of Helsinki and it was approved by our institution’s
research ethics committee. All patients were informed of the study’s
purpose and methods and they gave their written informed consent. At
the same time, the ultrasound department, where procedure took place,
was adequately equipped, in order to encounter any side effects that
may have appeared during intravenous contrast agent injection. Νo
side effects were noted during the entire study.

Statistical analysis. Categorical variables are expressed as numbers
(percentages), while continuous variables are expressed as mean,
standard deviation, median, range, minimum value and maximum
value. The Shapiro-Wilk criterion (p>0.05 for all variables) and graphs
(histograms and normal Q-Q plots) were used to test the normality of
distribution of continuous variables. PEAK, TTP and RBF followed
normal distribution, while RBV and MTT did not follow normal
distribution.

Presence of ER and PR was transformed into dichotomous
variables according to the following way: absence of receptors and
low positive receptors categorized as absence of receptors, while
intermediate and highly positive receptors categorized as presence of
receptors. Similarly, c-erb-B2 and p53 genes’ expression were
transformed into dichotomous variables according to the following
way: no c-erb-B2 or p53 genes’ expression and low c-erb-B2 and p53
genes’ expression identified as negative c-erb-B2 or p53 genes’
expression, while intermediate and highly positive c-erb-B2 and p53
genes’ expression identified as positive c-erb-B2 and p53 genes’
expression. Furthermore, Ki-67 proliferation index transformed into
dichotomous variable according to the following model: low and
intermediate Ki-67 proliferation index considered as negative Ki-67
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Figure 1. Graphic representation of time-intensity curve (TIC) and
resulting CEUS quantitative parameters. PEAK: Peak intensity (%);
TTP: time to peak; MTT: mean transit time; RBV: regional blood
volume; ta: time elapsed between the contrast agent injection and its
arrival into the lesion.



proliferation index, while high Ki-67 proliferation index considered as
positive Ki-67 proliferation index. Likewise, cut-off point of 2 cm was
used in order to dichotomize lesions’ diameter. Two qualitative
characteristics, heterogeneous enhancement and enhancement order,
have not been used for correlations, due to limited variability in some
categories (n≤1).  

Pathological prognostic factors were dependent variables, while
CEUS characteristics were independent variables. Bivariate analyses
between CEUS characteristics and pathological prognostic factors
included chi-square test and Fisher’s exact test for categorical variables
and student’s t-test and Mann-Whitney test for continuous variables.
The independent variables which were significantly different (p<0.2)
in bivariate analyses were entered into the backward stepwise
multivariate logistic regression analysis with pathological prognostic
factors as dependent variables. Adjusted odds ratios (OR) with 95%
confidence intervals (CI) and p-values were estimated for the
independent variables included in final models. 

Bonferroni correction was not applied due to the exploratory nature
of the study and to the relatively small sample size. All tests of
statistical significance were two-tailed and p-values <0.05 were
considered significant. Statistical analysis was performed with the IBM
SPSS 21.0 (IBM Corp. IBM SPSS Statistics, Version 21.0. Armonk,
NY: IBM Corp.).

Results
Histopathological and immunohistochemical analysis. All
malignant breast lesions (n=34) were primary breast cancers and
included invasive carcinoma of no special type (n=21, 61.7%),
invasive carcinoma of no special type and invasive lobular
carcinoma (n=4, 11.8%), invasive carcinoma of no special type
and invasive mucinous carcinoma (n=3, 8.8%), invasive
carcinoma of no special type and cribriform carcinoma (n=1,
2.9%), invasive lobular carcinoma (n=1, 2.9%), invasive
papillary carcinoma (n=1, 2.9%), invasive micropapillary
carcinoma (n=1, 2.9%), invasive papillary and mucinous
carcinoma (n=1, 2.9%), and invasive carcinoma with medullary
features (n=1, 2.9%). Tumor’s size ranged from 0.7 to 8 cm,
mean size was 2.4 cm (standard deviation; 1.4) and median size

was 2.2 cm. Of all 34 malignant breast lesions, 22 lesions
(64.7%) were ≥2 cm in diameter, 13 lesions (38.2%) were poorly
differentiated (grade III), 19 lesions (55.9%) were intermediately
differentiated (grade II) and two lesions (5.9%) were highly
differentiated (grade I). Sentinel lymph node infiltration was
present in 13 cases (38.2%), while lesion necrosis was present
in 8 cases (23.5%). Among 33 malignant breast lesions, there
were 24 (72.8%) ER-positive lesions, 13 (39.4%) PR-positive
lesions, 17 (51.5%) c-erb-B2 positive lesions and 15 (45.5%) Ki-
67 positive lesions, while among 31 malignant breast lesions,
there were 7 (22.6%) p53-positive lesions. 

CEUS analysis. Of the 34 malignant breast lesions, 16 (47.1%)
were characterized as hypoenhanced compared to surrounding
tissue, 11 (32.3%) were characterized as isoenhanced compared
to surrounding tissue and 7 (20.6%) did not show any
enhancement. All 27 enhancing malignant breast lesions
showed centripetal enhancement (100%), while enhancement
was heterogeneous in 26 of them (96.3%). Radial vessels were
imaged in 25 lesions (73.5%) and at least one perfusion defect
was observed in 26 lesions (76.5%), while perilesional
enhancement was demonstrated in 26 lesions (76.5%). Among

in vivo 32: 945-954 (2018)
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Figure 2. Characteristic images of invasive breast carcinoma from CEUS video and resulting graphic representation of time-intensity curve (TIC) of the
lesion. (I) Four characteristic images from CEUS video in an invasive breast carcinoma, the moment (a) prior to contrast agent arrival (t=0 sec), (b) of
wash-in (t=25 sec), (c) of contrast agent PEAK intensity (t=31 sec), (d) of wash-out (t=48 sec). (II) The resulting TIC, corresponding to the lesion.

Table I. Quantitative CEUS characteristics of the 34 malignant lesions. 

Parameter            Mean      Standard    Median    Minimum   Maximum 
                                           deviation                         value            value

PEAK (%)           55.12        22.21          50.25         21.00            92.64
TTP (sec)             15.27          7.09          13.84           5.90            38.59
MTT (sec)            21.89        11.56          19.22           8.18            57.74
RBV (ml)         1336.71      991.03        934.96       270.04        4040.44
RBF (ml/sec)       58.89        23.44          54.44         22.53          101.80

PEAK: Peak intensity (%); TTP: time to peak; MTT: mean transit time;
RBV: regional blood volume; RBF: regional blood flow.



31 malignant breast lesions, blurred lesion margins were
observed in 20 lesions (64.5%). Last, heterogeneous sentinel
lymph node enhancement was depicted in 15 lesions (44.1%). 

Descriptive statistics of CEUS quantitative characteristics
(PEAK, TTP, MTT, RBV and RBF) of 34 malignant lesions
are shown in Table I.

Association between CEUS characteristics and pathological
prognostic factors. Bivariate analyses between qualitative and
quantitative CEUS characteristics and pathological prognostic
factors are shown in Tables II and III. 

Referring to qualitative CEUS characteristics, lesion’s
isoenhancement to surrounding tissue and internal sentinel
lymph node heterogeneity were seen in tumors with sentinel
lymph node infiltration (p=0.006 and p<0.001 respectively).
Blurred lesion margins and perilesional enhancement were
common in lesions with higher histologic grade (p=0.001 and
p=0.03 respectively). In addition, blurred lesion margins were
observed in ER-negative tumors (p=0.01), while perilesional
enhancement was seen in Ki-67-positive tumors (p=0.049). 

With regards to quantitative CEUS characteristics, median
MTT was lower in larger tumors (diameter ≥2 cm) (p=0.04).

Logistic regression analysis. Logistic regression models with
statistically significant relationships are summarized in Table
IV. Βlurred lesion margins were found more often in tumors
with higher histologic grade and negative ER expression. In
addition, perilesional enhancement was associated with
positive Ki-67 expression, while heterogeneous sentinel
lymph node enhancement was associated with sentinel lymph
node infiltration.

Discussion

Angiogenesis is a fundamental process in neoplastic tumor
growth. Therefore, identifying key pathways involved in this
process could lead to more effective and targeted therapeutic
managements of oncology patients (28, 29). Modern imaging
methods, like CEUS, could provide a non-invasive method of
evaluation of a tumor’s angiogenesis. CEUS reflects
angiogenesis better than contrast-enhanced magnetic resonance
imaging (MRI), since contrast agent used in CEUS is a real
blood-pool agent, without diffusion (17, 30). Moreover, there
are studies which have already shown that CEUS can
discriminate malignant from benign breast lesions (31-34),
since malignant breast lesions more often demonstrate
heterogeneous and centripetal enhancement, while benign
lesions demonstrate homogeneous and centrifugal
enhancement. Concerning quantitative CEUS characteristics,
malignant lesions show faster and higher enhancement than
benign ones. Therefore, this sophisticated ultrasound imaging
technique, could probably contribute enough in breast cancer
diagnosis and prognosis.

In our study, multivariate analyses were performed and
statistically significant relations were found between some of
the qualitative CEUS characteristics (blurring lesion margins,
perilesional enhancement and heterogeneous enhancement of
the sentinel lymph node) and pathological prognostic factors,
which indicate tumor aggressiveness (ER expression, histologic
grade, Ki-67 expression and sentinel lymph node infiltration).
These relations suggest that CEUS could play a significant role
in breast cancer prognosis. Our results revealed that blurred
lesion margins were the most important CEUS characteristic
in prognosis of breast cancer, since it was the only
characteristic related to two pathological prognostic factors; ER
expression and histologic grade.

Blurred lesion margins after the contrast agent
administration are a characteristic indicating malignancy in all
imaging methods (35). In CEUS, blurring lesion margins after
contrast agent administration is attributed to an ongoing
angiogenic procedure, corresponding to tumor’s malignant
activity and expansion in the area. This imaging finding is
compatible to a higher histologic grade, which is one of the
best-established independent pathological prognostic factors in
breast cancer, with higher grade indicating worse prognosis
(36). This was the first correlation found in this study, in which
blurred lesion margins appeared more often in lesions with a
higher histologic grade (grade III). All the same, histologic
grade has already been correlated with other qualitative CEUS
characteristics in literature. To illustrate, Colpaert et al. (37)
found that tumors of higher histologic grade are more
susceptible to central necrosis than tumors of lower histologic
grade, while other researchers correlated penetrating vessels
and perfusion defects with grade III tumors (14, 15, 17).  

In our study, blurring lesion margins were also more often
observed in ER negative tumors. It is probable that angiogenic
factors produced by more aggressive ER negative tumors, along
with rapid growth of these tumors, result in blurred lesion
margins in CEUS. Absence of ER expression has already been
related to other qualitative and quantitative CEUS characteristics
in literature, like more common perfusion defects (14, 15, 17) or
centripetal enhancement (15), as well as higher PEAK intensity
(13). To illustrate, perfusion defects are the result of rapid growth
and active metabolism of malignant tumors, leading to
insufficient vascular formation and nutrition supply and finally
to central hypoxia and necrosis (38). Moreover, Liu et al. attribute
perfusion defects to low cellularity, desmoplastic stroma, dilated
duct, degeneration, fibrosis or necrosis (18). According to the
literature, central necrosis and fibrosis are common in ER
negative tumors (39, 40), while regional hypoxia is associated
with reduced ER expression in breast cancer patients (41). On the
other hand, ER positive patients have a better prognosis (42),
unlike breast cancers characterized by centripetal enhancement,
which do not respond well to neo-adjuvant chemotherapy (43).
Therefore, centripetal enhancement and perfusion defects should
be more common in ER negative tumors. 
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As already mentioned, Ki-67 is an independent prognostic
molecular biomarker in breast cancer, with well-established
reliability. Positive Ki-67 expression corresponds to increased
proliferation activity and poor prognosis (9, 44). Zhao et al.
(14) and Cao et al. (15) found that positive Ki-67 expression
was correlated with perfusion defects in tumors, while Wan et
al. (17) argued that the ratio of the number of lesions with high
microvessel density to the number of lesions with low
microvessel density was higher in tumors with positive Ki-67
expression. In our study, positive Ki-67 expression correlated
with perilesional enhancement. This finding implies that
angiogenic factors produced by tumors with high proliferative
activity, may exert significant effects on the surrounding tissue,
provoking local angiogenesis and thus perilesional
enhancement (45, 46). 

Finally, in the present study, heterogeneous sentinel lymph
node enhancement was correlated with its pathologically
proven infiltration. This finding is supported by previous
research, suggesting that heterogeneous enhancement reflects
differences in microvessel density and distribution of
vasculature (47). All the same, heterogeneity has already been
correlated to malignant potential of breast lesions (14, 31, 33)
and some markers of poor prognosis, such as tumor diameter
>2 cm and positive c-erb-B2 expression (14, 15, 17).
Furthermore, rapid growth and active metabolism of malignant
tumors lead to insufficient vascular formation and nutrition
supply and then to local ischemic necrosis (38). These findings
could explain and support our observation. 

As opposed to qualitative CEUS characteristics, no
correlation between quantitative CEUS characteristics and
pathological prognostic factors was observed. Further
investigation in this area could provide an objective tool for the
evaluation of breast tumors, which would be, free from the
subjectivity characterizing the qualitative study with CEUS. It
is probable that in qualitative CEUS parameters, interpreter’s
experience corrects possible methodological faults, a correction
which cannot be done in quantitative parameters. Namely,

small patient’s movements, due to respiration or not, during
video recording, do not significantly affect the qualitative
evaluation, while being important for the placement of the
region of interest on the received images, during the
quantitative evaluation. In our study, we were obliged to
separate some patients’ video in two or more parts during the
quantitative study, each one of which had a different place of
the region of interest on the received images, in an effort to
make our measures at the very same region of the lesion,
limiting in this way the resulting methodological fault, which
apparently affects the quantitative study’s results. In addition,
present quantitative CEUS parameters are based on quantitative
MRI parameters, even though CEUS and MRI contrast agents
reflect different tissue distribution, as already mentioned.
Moreover, MRI gives the interpreter the option to select the
region of interest from the whole area of a lesion, whereas
CEUS provides only a preselected area by the CEUS
performer. A potential answer to this methodological restriction
could be the receipt of two different measurements on two
different regions of interest, in two different sections of the
lesion, after the administration of the contrast agent twice.
Alternatively, we could have two or more measurements of
different places on the same image. Thus, further studies on
this domain are truly reasonable, taking into account and trying
to overcome all these restrictions, as CEUS have the potential
to provide an objective preoperative diagnostic tool. The
strengths of our study are worth mentioning and include (a)
investigation both of qualitative and quantitative CEUS
characteristics, (b) investigation of a great number of
pathological prognostic factors in breast cancer patients and (c)
use of multivariate analysis, in order to eliminate confounding.
To our knowledge, only Wan et al. (17) investigated both
qualitative and quantitative CEUS characteristics, performing
multivariate analysis.

Besides, an advantage worth mentioning is that no allergic
reactions were noted in any of our patients and this is a known
advantage of microbubble contrast agents, according to the
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Table IV. Logistic regression analyses with pathological prognostic factors as dependent variables and CEUS characteristics as independent
variables.

Dependent variable                                                                                                                  Odds ratio            95% confidence interval             p-Value
   Independent variable

Histologic grade (III vs. I and II)                                                                                                                                                                                  
   Blurred lesion margins compared to clear                                                                               8.08                        1.64 to 39.75                         0.01
Sentinel lymph node infiltration (yes vs. no)                                                                                                                                                               
   Heterogeneous internal enhancement of sentinel lymph node 
   compared to homogeneous internal enhancement                                                                  45.76                        3.91 to 535.07                       0.002
ER (positive vs. negative)                                                                                                                                                                                             
   Clear lesion margins compared to blurred lesion margins                                                     9.00                        1.00 to 82.49                         0.049
Ki-67 (positive vs. negative)                                                                                                                                                                                         
   Perilesional enhancement compared to absence of perilesional enhancement                       8.91                        1.00 to 83.61                         0.049



literature (48). On the other hand, gadolinium-based contrast
agents used in MRI examinations have a small, but well-
documented risk for hypersensitivity reactions, as well as the
recent reports of gadolinium deposition in the brain, after
repeated administration of the contrast agent (49). 

However, our study had also some limitations. Firstly,
sample size was relatively small and consequently random
error was high, as indicated by wide confidence intervals for
odds ratios in regression models. Therefore, further studies,
with larger sample size are needed. Secondly, enhancement
pattern classification for the qualitative lesions’ study and
region of interest selection for the quantitative study were
subjective. Thirdly, the study included only malignant tumors.
Thus, comparison between malignant and benign breast lesions
was not carried out, as it was beyond the purpose of our study.
Future studies should evaluate differences in terms of
qualitative and the quantitative CEUS characteristics between
malignant and benign breast lesions. Finally, we performed a
single-center study and selection bias was unavoidable. Future
multi-center studies could also overcome this limitation. 

In conclusion, the present study confirmed that some CEUS
characteristics are related with established pathological
prognostic factors in breast cancer, indicating that CEUS has
the potential to be a useful, non-invasive and inexpensive
method compared to the established diagnostic procedures in
the domain of breast cancer. Finally, our results could be
beneficial in the future, in the effort to find clinical applications
of CEUS in breast cancer prognosis. 
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