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Abstract 
The study aim was to evaluate the ultrasound (US) signs of the mammary lesions classified in the Breast Imaging-Reporting and Data 
System (BI-RADS) score category 3, 4, and 5, corresponding to US BI-RADS. It also followed the correlation between US changes of 
lesions suggestive for malignancy with the histopathological results and evaluated the proper management of those lesions. There were 
correlations of breast cancer (BC) subtypes with the receptors [estrogen receptor (ER), progesterone receptor (PR), human epidermal 
growth factor receptor 2 (HER2)], and Ki67 index, and the signs of conventional ultrasonography and US elastography. We selected 108 
female patients examined with US, mammography and fine-needle biopsy who presented suspicions for malignancy lesions. Following the 
immunohistochemical analysis, they were classified in one of the BC subtypes. According to chi-squared analysis of molecular cancer 
subtypes correlation to receptors and Ki67 index, we found significant associations between both luminal A and luminal B HER2-negative 
subtypes and hormone receptors (ER, PR). These have an inverse relationship with Ki67 index elevated values; luminal B HER2-positive 
subtype has a direct association with HER2 presence; HER2-enriched subtype was statistically significant associated to HER2 presence and 
elevated Ki67 index values but had an inverse relationship to hormone receptors (ER, PR); triple-negative subtype was strongly associated 
to Ki67 index values and inversely correlated to ER and PR. We found luminal A subtype as being the most common and luminal B HER2-
positive subtype as having the fewer cases. 
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 Introduction 
One of the most frequent diseases in women is breast 

cancer (BC), with a significant contribution to all-cause 
mortality [1, 2]. 

Several ultrasound (US) characteristics of malignant 
breast lesions, such as hypoechogenicity, irregular shape, 
vertical orientation, presence of spicules, posterior acoustic 
shadowing, absence of calcifications, and increased vascular 
signal can be associated with BC subtypes, improving both 
the diagnosis and case management [3]. 

Breast elastography is a complementary imaging 
technique, utilized only in association with B-mode US, 
which improves BC diagnosis. The Tsukuba score is used 
to differentiate between benign and malignant breast 
lesions. 

Breast elastography is a rapid and simple method 
that can improve the sensitivity and specificity of US, 
especially when we have focal lesions categorized as Breast 
Imaging-Reporting and Data System (BI-RADS) 3 and 4. 
This technique improves patient management and reduces 
unnecessary biopsies but requires follow-up [4–7]. 

The need for a more accurate understanding of BC, 
including the need for appropriate treatment, led to research 
concluded in the introduction of new information regarding 
the molecular characterization of breast tumors. This data 
is meant to complete the existing histopathology and 
imagistic information defining a breast tumor. 

Their definition is based on the presence of four 
different tumor cells compounds: estrogen receptor (ER), 
progesterone receptor (PR), human epidermal growth factor 
receptor 2 (HER2), and Ki67. 

The therapeutic decision must be based on understanding 
the disease and also on the use of different types of 
investigation and treatment, which need to respect the 
ethical rules, to obtain a right informed consent [8] and 
analyze the different types of cancer not only in a public 
health context [9] but also like an individual major health 
problem in any stage of detection and treatment, including 
palliative care period [10]. 

Immunohistochemistry plays an important role in 
detecting biomarker expression concerning breast pathology 
and it has demonstrated a strong correlation between 
receptor expression and patient’s response to therapy. Gene 
profile analysis is important but expensive and difficult 
to perform routinely. ER, PR, HER2, and Ki67 are the 
most common immunomarkers used in determining the 
prognostic of BC and for deciding the therapeutic strategy 
[11]. 

According to St. Gallen Consensus 2013 Classification, 
there are five molecular subtypes of BC (Table 1) [12, 13]. 

The grouped calcifications evident on the US exam at 
the level of a lesion and confirmed mammography and 
histopathological (HP) examination, more than five per 
1 cm, raise suspicion of malignancy [14]. 
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Table 1 – Characterization of BC molecular subtypes 

Molecular BC subtype 
Receptor 

Ki67 index Prognosis Responds to therapy 
ER PR HER2 

Luminal A + + – Low (<14%) Good Hormonal therapy 

Luminal B HER2-negative + + – Low (≥14%) Worse Hormonal therapy 

Luminal B HER2-positive + + + – Worse 
HER2-targeted therapy (Trastuzumab)  

+ hormonal therapy 
HER2-enriched – – + – Worse HER2-targeted therapy (Trastuzumab) 

Triple-negative (basal-like) – – – Possible high Bad Chemotherapy 

BC: Breast cancer; ER: Estrogen receptor; HER2: Human epidermal growth factor receptor 2; PR: Progesterone receptor. 

 
Aim 

The study analyzed the correlation of US changes of 
lesions suggestive of malignancy with the HP results. There 
were correlations of BC subtypes with the ER, PR, and 
HER2 receptors, and Ki67 index, and the US aspect of the 
mammary tumor formations. 

 Patients, Materials and Methods 
The study was prospective for a period of six months, 

in 2019, as part of a screening conducted in a private 
Hospital in Braşov, Romania, within the Department of 
Radiology and Medical Imaging. Out of 2502 patients, 
108 were selected who were US-framed in one of the 
lesions categorized as BI-RADS 3, 4, and 5 scores, and 
on whom biopsy was performed [immunohistochemical 
(IHC) detection] at the level of the suspected US lesion. 

The distribution of patients by age groups was as 
follows: five patients in the 21–30 years group, nine patients 
in the 31–40 years group, 20 in the 41–50 years group, 
27 patients in the 51–60 years group, 31 in the 61–70 years 
group, 10 patients in the 71–80 age group and six patients 
over 81 years (Figure 1). 

 
Figure 1 – Distribution of cases by age categories. 

The devices used in the study were:  
▪ for mammograms: Senographe Crystal Nova (General 

Electric), Mammomat 3000 Nova (Siemens);  
▪ for ultrasonography: Logiq S7 (General Electric) US 

machine, RS80 with Prestige (Samsung) US machine. 
Statistical Package for the Social Sciences (SPSS) 

20.0 software was used to analyze all the patients selected. 
Count data were expressed and compared using χ2 (chi-
squared) test, p<0.05 (considered statistically significant), 
and Cramér’s V test interpretation (>0.25 – very strong; 
>0.15 – strong; >0.10 – moderate; >0.05 – weak; >0 – no 
or very weak). Cramér’s V statistic is frequent used as 
measure of association between two categorical variables. 
Cramér’s V test is the most widely used of the nominal-
based measures of chi-squared test, offering a good 
standardization from 0 to 1, regardless of the size of the 
table [15]. 

 Results 
Out of 2502 patients evaluated in the screening, we 

selected 108 patients examined by US, mammography, 
and fine-needle biopsy, who presented suspicions for 
malignancy lesions, having BI-RADS score of 4 or 5. 
Following the IHC analysis, they were classified in one 
of the BC subtypes. 

The highest incidence of US lesions was more frequent 
between 51 and 70 years old, with an average of 27.9%, 
and the lowest incidence was observed under the age of 
30, 4.9% respectively. 

Lesions to the right breast were more common, with 
a difference of 4% as compared to the left breast. Unique 
breast lesions were observed in 57.8% of cases; multiple 
lesions either in one breast or bilaterally were noted in 
42.2% of cases. In 60.78% of the cases, the lesion was 
present in the external upper quadrant, followed by 
18.62% in the internal upper quadrant, and with a lower 
percentage in the lower quadrants (11.76% inferior external 
and 8.82% in the lower medial quadrant). 

Over half (51%) of the mammary tumors suspected of 
malignancy found on US examination had dimensions 
over 2 cm and have been easily emphasized; in 29% of 
the cases, dimensions situated between 1–2 cm and 20% 
lesions measure less than 1 cm and were more present in 
younger patients. 

We considered the following characteristics as being 
malignant lesions on the US examination: hypoechoic, 
inhomogeneous structure, microlobulations, including 
microcalcifications vascular signal, and hypervasculari-
zation inside the tumor. Eighty-three (76.85%) cases were 
confirmed for BC, 23 (21.3%) cases were classified as 
benign lesions and two (1.85%) cases were inconclusive 
and were due to repeat the examination. 

Analyzing the distribution of BC patients by subtype 
(immunohistopathologically), we found the highest incidence 
of the luminal A subtype – 53.57% of the cases, most 
frequently evidenced in the 51–60 years age group. The 
luminal B subtype was present in 22.61% of the cases, 
most frequently evidenced in the 41–50 years age group. 
The triple-negative subtype was present in 10.71% of the 
cases, most frequently evidenced in the 61–70 years age 
group. Less than 10% were HER2-positive enriched-subtype 
– 7.14%, and luminal B HER2-positive subtype – 5.95%. 
We found luminal A subtype to be the most common and 
luminal B HER2-positive subtype as having fewer cases 
(Figure 2). 

The US characteristics of the mammary lesions were 
analyzed and correlated to all molecular receptors (ER, 
PR, HER2) significant for this type of cancer, and Ki67 
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index, and with HP subtypes according to St. Gallen 
Consensus 2013 Classification (Table 2). 

The following aspects were noted: 
▪ ER and PR were positively correlated with luminal A 

(p<0.001) and luminal B HER2-negative subtypes (p<0.001 
for ER and p=0.007 for PR), and inversely correlated with 
HER2-enriched (p=0.001 for ER and p=0.004 for PR) 
and triple-negative subtypes (p<0.001); 

▪ HER2 was correlated with luminal B HER2-positive 
(p=0.04) and HER2-enriched (score 3) (p<0.001) subtypes; 

▪ 14% of Ki67 was positively correlated with HER2-
enriched (p=0.003) and triple-negative (p<0.001) subtypes, 
and inversely correlated with luminal A (p<0.001) and 
luminal B HER2-negative (p<0.001) subtypes. 

 
Figure 2 – Distribution of breast cancer patients by 
immunohistopathological subtype. 

Table 2 – Correlation between breast cancer molecular subtypes and ER, PR, HER2 molecular receptors, and Ki67 
index 

Molecular  
receptors 

p / OR 
Subtype 

Luminal A 
Luminal B  

HER2-negative 
Luminal B  

HER2-positive 
HER2-enriched Triple-negative 

ER-positive 
p <0.0001 0.0002 0.0790 0.0010 <0.0001 

OR >1 >1 >1 <1 <1 

PR-positive 
p <0.0001 0.0072 0.2774 0.0040 0.0003 

OR >1 >1 >1 <1 <1 

HER2-positive 
p 0.0910 0.3463 0.0481 <0.0001 0.5388 

OR <1 <1 >1 >1 >1 

Ki67 index >14% 
p <0.0001 <0.0001 0.0938 0.0033 <0.0001 

OR >1 >1 >1 >1 >1 

ER: Estrogen receptor; HER2: Human epidermal growth factor receptor 2; OR: Odds ratio; PR: Progesterone receptor. 
 

Multiple US findings were correlated with ER presence 
(p=0.045) and HER2-positive (p=0.012) immunoexpression. 

According to the data analysis using Cramér’s V test, 
the following HP subtypes were correlated with the presence 
of vascularization at the level of US-examined lesions: the 
luminal B HER2-negative and triple-negative subtypes were 
moderately correlated (values >0.10), and the luminal B 
HER2-positive and luminal B HER2-positive subtypes 
were poorly correlated (values >0.05) (Table 3). The 
increased vascularization present in US was correlated 
with the absence of PR (p=0.014). 

Table 3 – Correlations between breast cancer subtypes 
and ultrasound signs – lesion vascularization and the 
presence of adenopathy (Phi / Cramér’s V test) 

Subtype 
Phi / Cramér’s V test values 

Vascularization Adenopathy 

Luminal A 0.004359 0.116868 

Luminal B HER2-negative 0.108289 0.123667 

Luminal B HER2-positive 0.073902 0.038259 

HER2-enriched 0.098183 0.150414 

Triple-negative 0.127273 0.112194 

HER2: Human epidermal growth factor receptor 2. 

In our study, 70.58% of the evaluated patients have 
adenopathy; the majority being axillary and less parasternal 
in the case of lesions in the internal quadrants, adenopathy was 
anatomopathologically confirmed, but sometimes without 
describing their HP characteristics by the examining doctor, 
respectively partially or totally increase of the thickness 
of the cortex, reduction, or disappearance of the sinus. 
29.41% of the patients did not have axillary pathological 
adenopathy at the first evaluation; the observed cases 
had lesions with dimensions less than 1 cm compared to 

those who had adenopathy, in which the tumor formation 
was frequently over 2 cm. 

According to the data analysis performed using Cramér’s 
V test, the following HP subtypes were correlated with the 
presence of adenopathy in the US-examined lesions: the 
luminal A subtype, the luminal B HER2-negative subtype, 
the non-luminal HER2-positive subtype, and the triple-
negative subtype correlated moderately (values >0.10) with 
US appearance of adenopathy (Table 4). 

Table 4 – Correlations between breast cancer subtypes 
and ultrasound signs – contour (Phi / Cramér’s V test) 

Subtype 

Phi / Cramér’s V test values 
Well- 

defined 
contour 

Inaccurate  
contour delimited / 

speculated 
Luminal A 0.203144 0.201165 

Luminal B HER2-negative 0.066156 0.121548 

Luminal B HER2-positive 0.095229 0.114610 

HER2-enriched 0.117161 0.071309 

Triple-negative 0.130319 0.075011 

HER2: Human epidermal growth factor receptor 2. 

The US presence of adenopathy was associated with 
the absence of PR (p=0.007), with equivocal score 
(score 2) of HER2 (p=0.038), and with increased score 
(>14%) of Ki67 index (p=0.005). In addition, adenopathy 
correlated with the onset of invasive ductal carcinoma 
(p=0.018) of mucinous carcinoma (p=0.013) and with 
grade 3 malignancy of BC (p=0.007). 

Regarding the correlations between BC subtype and 
US signs (contour, lobulation), we found the following: 
(i) US-examined malignant lesions showed an irregular 
contour in 83.33% of cases, compared to the lesions 
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highlighted mammographically in the same cases; (ii) US 
was able to correctly describe the contour, especially if the 
breast tissue was dense, compared to mammography, where 
the inaccurate contour was described in 53.16% of the 
lesions. 

A percentage of 16.67% of the US-detected tumors 
presented well-defined contour; these patients were mostly 
less than 50 years of age. 

Concerning lobulation, the most frequent US charac-
teristic was microlobulation in 44% cases, followed by 
macrolobulation in 19% cases, and absence of lobulation 
in 37% of cases. This statement demonstrates the necessity 
of lesions revaluation, especially when first they were 
considered benign and if the age of the patient is young. 
The US revaluation of these lesions after six months showed 
their evolution towards a suspected US malignant lesion, 
which leads to biopsy and determination of the BC subtype. 

According to the data analysis using Cramér’s V test, 
the following HP subtypes correlated with well-defined 
margins of the US-examined lesions: luminal A subtype was 
strongly correlated (values >0.15), luminal B HER2-negative 
and luminal B HER2-positive subtypes were weakly 
correlated (values >0.05), and non-luminal HER2-positive 
and triple-negative subtypes were moderately correlated 
(values >0.10). 

The following HP subtypes were correlated with 
indefinitely delimited margins of the US-examined lesions: 
luminal A subtype strongly correlated (values >0.15), 
luminal B HER2-negative and luminal B HER2-positive 
subtypes moderately correlated (values >0.10), and HER2-
enriched and triple-negative subtypes poorly correlated 
(values >0.05) (Table 5). The malignant characters of the 
breast tumor formation are highlighted in Figure 3. 

Table 5 – Correlations between breast cancer subtypes 
and ultrasound signs – lobulation (Phi / Cramér’s V test) 

Subtype 
Phi / Cramér’s V test values 

No 
lobulation 

Macro-
lobulation 

Micro-
lobulation 

Luminal A 0.097921 0.062323 0.063706 
Luminal B HER2-

negative 
0.187659 0.021881 0.250740 

Luminal B HER2-
positive 

0.114488 0.101800 0.007448 

HER2-enriched 0.075241 0.005898 0.040996 

Triple-negative 0.011692 0.036661 0.050965 

HER2: Human epidermal growth factor receptor 2. 

Inaccurate or spiked margins were correlated with the 
presence of ER (p<0.001), the presence of PR (p=0.001), 
HER2-negative (p<0.001), and low values (<14%) of Ki67 
index (p=0.018). In addition, luminal A, invasive ductal 
carcinoma, grade 2 malignancy HP subtype was correlated 
with the US character of imprecise or spiculate margins. 

The data analyzed by means of the Cramér’s V test 
revealed that the following HP subtypes were correlated 
with the presence of microlobulations in the US-examined 
lesions: the luminal A subtype and the triple-negative 
subtype were weakly correlated (values >0.05), and the 
luminal B HER2-negative subtype was strongly correlated 
(values >0.15). 

Microlobulations were correlated with the presence of 
ER (p=0.007), the presence of PR (p=0.003), the absence 
of HER2 (p=0.008), and the luminal B HER2-negative 
subtype (p=0.009). 

 
Figure 3 – Ultrasound examination of a 78-year-old 
patient, right breast, upper and external quadrant: 
hypoechoic lesion, irregular, with microlobulations (A), 
and increased vascular signal (B), increased elasto-
graphic value – strain ratio 5.8 (C), axillary pathological 
adenopathy (D). Anatomopathological characteristics: 
invasive breast carcinoma; ER-positive 80%; PR-
positive 60–70%; HER2-negative (score 0); Ki67 
index 10%; luminal A subtype. ER: Estrogen receptor; 
HER2: Human epidermal growth factor receptor 2; 
PR: Progesterone receptor. 

The following HP subtypes were correlated with the 
presence of macrolobulation in the US-examined lesions: 
the luminal A subtype weakly correlated (values >0.05) and 
the luminal B HER2 subtype was moderately positively 
correlated (values >0.10) (Table 6). 

Table 6 – Correlations between breast cancer subtypes 
and ultrasound signs – structure (Phi / Cramér’s V test) 

Subtype 
Phi / Cramér’s V test values 

Homogeneous 
Non-homogeneous  

± halo 
Luminal A 0.134840 0.133598 

Luminal B HER2-
negative 

0.020197 0.055777 

Luminal B HER2-
positive 

0.070381 0.091882 

HER2-enriched 0.061980 0.012643 

Triple-negative 0.019263 0.062869 

HER2: Human epidermal growth factor receptor 2. 

According to the data analysis using Cramér’s V test, 
the following HP subtypes were correlated with the 
homogeneous structure of the US-examined lesions: the 
luminal A subtype was moderately correlated (values >0.10), 
and the luminal B HER2-positive and HER2-enriched 
subtypes were weakly correlated (values >0.05). 

The following HP subtypes were correlated with the 
non-homogeneous structure of the US-examined lesions: 
the luminal A subtype was moderately correlated (values 
>0.10), and the luminal B HER2-negative, luminal B HER2-
positive, and triple-negative subtypes were weakly correlated 
(values >0.05). 

The non-homogeneous structure or presence of the 
peripheral wall was correlated with the presence of ER 
(p=0.022) and the presence of PR (p=0.006). In addition, 
invasive ductal breast carcinoma was correlated with the 
presence of the non-homogeneous character of the tumor 
(p=0.045) (Table 7). 
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Table 7 – Correlations between breast cancer subtypes and ultrasound signs – calcifications (Phi / Cramér’s V test) 

Subtype 
Phi / Cramér’s V test values 

Without  
calcifications 

Macrocalcification 
Isolated  

microcalcifications 
Focal  

microcalcifications 
Luminal A 0.057085 0.025885 0.039479 0.053300 

Luminal B HER2-negative 0.078145 0.116912 0.038880 0.037830 

Luminal B HER2-positive 0.139798 0.030264 0.085029 0.062318 

HER2-enriched 0.024821 0.033315 0.026743 0.085749 

Triple-negative 0.030857 0.041416 0.016623 0.042640 

HER2: Human epidermal growth factor receptor 2. 
 

It is important to differentiate benign (with increase 
with age) from suspected malignant microcalcifications, 
as more than half of non-palpable cancers are ductal 
carcinoma in situ. 

According to the data analysis based on the Cramér’s V 
test, the following HP subtypes were correlated with the 
absence of calcifications in the US-examined lesions: the 
luminal A and luminal B HER2-negative subtypes weakly 
correlated (values >0.05), and luminal B HER2-positive 
subtype moderately correlated (values >0.10). 

The luminal B HER2 subtype was positively correlated 

(values >0.05) with the presence of isolated microcalci-
fications in the US-examined lesions. 

The analysis of the data performed by means of the 
Cramér’s V test revealed that the HP subtypes were 
correlated with the presence of focal microcalcifications in 
the US-examined lesions: luminal A, luminal B HER2-
positive, and HER2-enriched subtypes poorly correlated 
(values >0.05). 

The luminal B HER2-negative subtype was moderately 
correlated (values >0.10) with the presence of macro-
calcifications in the US-examined lesions (Table 8). 

Table 8 – Correlations between breast cancer subtypes and ultrasound signs – posterior acoustic changes (Phi / 
Cramér’s V test) 

Subtype 
Phi / Cramér’s V test values 

Posterior 
amplification 

Without  
attenuation 

Total  
attenuation 

Total bilateral symmetrical 
marginal shadow 

Bilateral asymmetric 
marginal shadow 

Luminal A 0.080158 0.222727 0.075011 0.159091 0.093275 

Luminal B HER2-negative 0.044667 0.010265 0.056649 0.051325 0.034391 

Luminal B HER2-positive 0.021300 0.050487 0.100657 0.066431 0.031159 

HER2-enriched 0.023447 0.190131 0.027427 0.073127 0.085749 

Triple-negative 0.029148 0.018182 0.075011 0.030303 0.000000 

HER2: Human epidermal growth factor receptor 2. 
 

US analysis of the attenuation created by the suspicious 
mammary lesion revealed that most lesions presented 
asymmetric bilateral shadow (35.29% of cases); in 32.35% 
of cases, no posterior acoustic changes were noted. The 
total attenuation was found in 22.54% of cases and the 
bilateral symmetrical marginal shadow in 8.82% of cases. 
In less than 1% of cases, the lesions were described as 
presenting acoustic amplification. The malignant characters 
of the breast tumor formation, especially details of the 
contour and structure, were highlighted in Figure 4. 

The Cramér’s V test-based data analysis showed that 
the following HP subtypes were correlated with the presence 
of US-examined lesions without posterior acoustic changes: 
the non-luminal positive, luminal A and HER2 subtypes 
strongly correlated (values >0.15), and the luminal B 
HER2-positive subtype poorly correlated (values >0.05). 
The luminal A subtype was weakly correlated (values 
>0.05) with the US character of the posterior acoustic 
amplification of the examined lesions. 

The following HP subtypes were correlated with the 
total posterior acoustic attenuation of the US-examined 
lesions: luminal A, luminal B HER2-negative and triple-
negative subtypes were poorly correlated (values >0.05), 
and luminal B HER2-positive subtype was moderately 
correlated (values >0.10). 

Regarding the correlation of the BC subtypes with the 
bilateral symmetric marginal shadow character of the US-
examined lesions, it was found that luminal A subtype was 
strongly correlated (values >0.15), and luminal B HER2-
negative, luminal B HER2-positive and HER2-enriched 
subtypes were weakly correlated (values >0.05). 

 
Figure 4 – Ultrasound examination of a 65-year-old 
patient, left breast, upper and outer quadrant: hypo-
echoic lesion, irregular mass, echogenic rim (A), 
increased vascular signal, focal microcalcifications (B), 
increased elastography value – strain ratio 2.70 (C). 
Anatomopathological characteristics: ER-negative; PR-
negative; HER2-positive (score 2+); Ki67 index 60–
70%; HER2-enriched subtype. ER: Estrogen receptor; 
HER2: Human epidermal growth factor receptor 2; 
PR: Progesterone receptor. 
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The luminal A and HER2-enriched subtypes were 
weakly correlated (values >0.05) with the bilateral asymmetric 
marginal shadow character of the US-examined lesions. 

Asymmetrical bilateral acoustic attenuation on US 
examination was correlated with the presence of PR 
(p=0.02) and grade 2 malignant BC (p=0.04). 

The statistics obtained by means of the Cramér’s V 
test showed the following results: 

▪ Tumors’ vascularization has a direct relationship with 
luminal B HER2-negative and triple-negative subtypes 
with moderate correlation (values >0.10), and with the 
absence of PR (p=0.014);  

▪ Pathological lymph nodes were positively correlated 
with luminal A, luminal B HER2-negative, HER2-enriched, 
and triple-negative subtypes, and with the absence of PR 
(p=0.007), with HER2 equivocal score (score 2) (p=0.038), 
with increased score (>14%) of Ki67 index (p=0.005), with 
the onset of invasive ductal carcinoma (p=0.018), mucinous 
carcinoma (p=0.013), and with grade 3 malignancy of BC 
(p=0.007); 

▪ Ill-defined margins had a positive relationship with 
luminal A, luminal B HER2-negative, luminal B HER2-
positive subtypes, and with the presence of ER (p<0.001), 
the presence of PR (p=0.001), HER2-negative (score 1) 
(p<0.001), low values (<14%) of Ki67 index (p=0.018), 
invasive ductal carcinoma, and grade 2 malignancy;  

▪ The luminal B HER2-negative subtype was correlated 
with the presence of microlobulations in the US-examined 
lesions; microlobulations were correlated with ER-positive 
(p=0.007), PR-positive (p=0.003), the absence (score 1) 
of HER2 (p=0.008), and the luminal B HER2-negative 
subtype (p=0.009), as well;  

▪ The luminal B HER2-positive subtype was positively 
correlated with the presence of macrolobulation in the US-
examined lesions;  

▪ The luminal A subtype was positively correlated with 
the inhomogeneous internal structure of the US-examined 
lesions; this ultrasonography characteristic was correlated 
with ER-positive (p=0.022), PR-positive (p=0.006), and 
invasive ductal breast carcinoma (p=0.045), as well;  

▪ The luminal B HER2-negative subtype was moderately 
correlated (values >0.10) with the presence of macro-
calcifications in the US-examined lesions;  

▪ The luminal B HER2-positive subtype was correlated 
with the total posterior acoustic attenuation of the US-
examined lesions;  

▪ The luminal A subtype was correlated with the 
bilateral symmetrical marginal shadowing character of the 
US-examined lesions; asymmetrical bilateral acoustic 
attenuation on US was correlated with the presence of PR 
(p=0.02) and grade 2 malignant BC (p=0.04). 

 Discussions 
According to St. Gallen Consensus 2013, breast tumors 

were classified into five categories based on their molecular 
characteristics [12]: three non-basal subtypes (luminal A, 
luminal B HER2-negative and luminal B HER2-positive) 
and two basal-like subtypes (HER2-enriched and triple-
negative) [16]. Luminal A and luminal B subtypes were 

considered those which were positive for ER and PR, 
and which form the luminal-like group [17–19]. 

By analyzing the distribution of BC patients depending 
on IHC subtype, we found the highest incidence of the 
luminal A subtype in 53.57% of the cases, which aligns 
with Naeem et al. findings, most frequently evidenced in 
the 51–60 years old age group [20]. Patients diagnosed 
with BC luminal A subtype were among the youngest ones, 
while patients presenting HER2 immunoexpression were 
found to be older of age (p = 0.01), as Wen et al. postulate 
in their study [3]. 

The luminal B HER2-negative subtype was present 
in 22.61% of the cases, which is different from the study 
conducted by Su et al., most frequently evidenced in the 
41–50 years age groups [21]. 

The triple-negative subtype was present in 10.71% 
of the cases, as resulted in other studies, most frequently 
evidenced in the 61–70 years age groups [22]. 

Less than 10% of BCs were HER2-enhanced (7.14%) 
and luminal B HER2-positive (5.95%) subtypes. 

Kondov et al. determined the incidence of different 
BC subtypes, as follows: luminal A was the most frequent 
one, followed by luminal B HER2-negative, luminal B 
HER2-positive, HER2-enriched, and the least frequent 
one was triple-negative; in the present study, we found 
HER2-enriched patients to be more numerous than the 
luminal B HER2-positive ones [23]. 

Determining BC subtype has a major impact on 
therapeutic decisions, as well as on disease prognosis [23]. 
The necessity for BC molecular subtyping is emphasized 
by the need for individualized, more targeted therapy, as 
several studies have shown [24–27]. 

The luminal A subtype was associated in our study 
with posterior acoustic attenuation, as mentioned by 
Irshad et al. [28], with inhomogeneous internal structure 
and presence of pathological lymph nodes. Wen et al. study 
suggested that the basal-like subtype had no posterior 
features (p = 0.041), compared to the present study where 
HER2 and basal-like subtypes presented acoustic shadowing 
(p = 0.03) [3]. 

The luminal B HER2-negative subtype was especially 
correlated with microlobulations, macrocalcifications, 
pathological lymph nodes, and increased vascular signal. 
Zhang et al. found that luminal B subtypes could be 
associated with increased vascularity [29].  

According to Wen et al., US characteristics, such as 
microlobulated margins, are more frequently found in BC 
HER2 subtypes (p = 0.002), while the spiculated contour 
seems to be characteristic of the luminal (A and B) subtypes 
[3]. 

The luminal B HER2-positive subtype had a positive 
correlation with ill-defined margins, macrolobulation, and 
posterior acoustic attenuation [30, 31]. 

Çelebi et al. mentioned the association of ill-defined 
margins and posterior acoustic shadowing with luminal A 
and luminal B subtypes [32]. 

The HER2-enriched subtype had a strong correlation 
with the presence of pathological lymph nodes and well-
defined margins, whiles the triple-negative subtype was 
associated with pathological lymph nodes, enhanced 
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vascularization, and well-defined margins [30, 33, 34]. 
Imagistic investigations, such as computed tomography 
(CT), magnetic resonance imaging (MRI), positron emission 
tomography (PET) or US, represent important tools for 
detecting lymph node metastases. 

Imaging investigation is a mandatory step in determining 
the staging of tumor, node, and metastasis (TNM) and 
focuses on the management of the patient’s disease. 
Furthermore, the prognosis is influenced by the presence 
or absence of metastases [35]. 

US and mammography were the two imagistic methods 
used in our study to assess breast tumors. US is considered 
a tool that can be used regardless of age, especially on 
women less than 40, both as a screening method and as 
a complementary investigation when a woman presents 
a palpable tumor [36, 37]. It is recommended to be 
performed as a routine for breast control, as it helps to 
evaluate false positive results [38–40]. 

In our study, we used US-guided biopsy, as referred 
in studies underlying its utility [37]. 

An attempt in identifying US features correlated to the 
risk of malignancy was conducted by Nam et al. They did 
not manage to draw a consistent conclusion regarding 
this topic because of the insignificant number of patients 
diagnosed by US investigation with a BI-RADS 3 formation; 
these patients developed histopathologically confirmed BC 
during the follow-up. Both Nam et al. study and ours 
revealed a high incidence of bilateral implication on patients 
receiving a BI-RADS 3 score, while BC detected on these 
patients was infrequent. Based on these remarks, we 
recommend routine breast US evaluation for patients on 
average risk for malignancy diagnosed with a BI-RADS 3 
lesion [41]. 

Ultrasonography brought important information and 
adjusted the diagnosis when the dense breast was examined 
on mammography, as in other studies of Houssami et al. 
[42] and Tagliafico et al. [43]. 

An additional useful US imaging method for breast 
examination is elastography, a non-invasive technique 
based on determining tissue stiffness. Small dimension 
tumors, cystic formations, or tumors possessing a corpus-
cular core represents the lesions most frequently evaluated 
using this tool. It has been concluded that breast elasto-
graphy can both reduce the number of unnecessary biopsies 
and postpone reappraisal for BI-RADS 3 US lesions [44]. 

It is recommended that breast elastography only be 
used as a complementary method to the traditional US 
technique, when assessing suspected malignancy breast 
lesions. It would adjust the US BI-RADS score according 
to tissue stiffness [45]. 

Mammography was used both for asymptomatic and 
symptomatic patients, as it has a higher sensitivity than 
US for non-invasive BCs, correlated with breast calcifi-
cations presence detected only by mammography [46]. 
The dense breast tissue examined on women under 50 
represented a difficulty in detecting mammographic lesions 
but the US examination completed the diagnosis due to the 
hypoechogenic appearance of the tumors, which brought 
a significant contribution [47]. In women over 50 years, 
the occurrence of a predominantly adipose tissue allowed 

the correct highlighting of the mammary lesion [48]. 
Multiple suspicious mammographic lesions required comple-
mentary US examination for an appropriate characterization. 
Therefore, we must mention that both mammography and 
US brought an important contribution in detecting and 
characterizing breast lesions. 

Pathological lymph nodes were present in 70.58% of 
the examined patients, a finding similar to that in a study 
conducted by Zhang et al. [49]. Most of them had an 
axillary localization and fewer parasternal (in case of 
internal quadrants lesions). Pathological lymph nodes were 
also histopathologically confirmed but on US examination, 
some of them were not characterized as presenting 
increased thickness of the cortex (partially or totally) and 
reduction or disappearance of the sinus. These false-
negative results on an US could be a consequence of small 
dimensions of the lymph nodes [50]. 29.41% of the 
patients did not have axillary pathological lymph nodes 
on the first evaluation. Those without pathological lymph 
nodes most frequently had tumors less than 1 cm in 
diameter; in comparison, those who had pathological 
lymph nodes had tumors over 2 cm. 

On US evaluation, suspicious mammary tumors were 
described as presenting an ill-defined contour or spiculate 
margins on 83.33% of cases, compared to only 53.16% 
on mammography examination of the same patients, 
emphasizing the fact that ultrasonography has a higher 
sensitivity, especially when describing fibro-glandular 
tissue [51]. The rest of them (16.67%) presented well-
defined margins and this characteristic was most often 
present in patients under 50. 

Regarding lobulation of mammary tumors, micro-
lobulations were present in 44% of cases, macrolobulations 
in 19% cases, and 37% of cases were without lobulations; 
this highlights the necessity for follow-up when describing 
benign lesions on the first examination, especially if the 
patient is very young [52]. The six months US reevaluation 
of these lesions demonstrated their evolution towards a 
suspicion for malignant tumor, which implied biopsy 
and histopathological and IHC analysis. 

US examination of the posterior acoustic attenuation 
character related to suspicious mammary lesion emphasized 
the fact that most lesions presented asymmetric bilateral 
shadowing (35.29% of the cases); in 32.35% of the cases, 
no posterior acoustic changes were noticed. The total 
attenuation was highlighted in 22.54% of cases and the 
bilateral symmetrical marginal shadowing in 8.82% of 
cases. In less than 1% of the cases, the lesions were 
described as presenting posterior acoustic amplification. 
The posterior acoustic attenuation was rather associated 
with two subtypes (luminal A and B), a finding similar 
to other studies [31, 34, 28]. 

According to chi-squared analysis of molecular cancer 
subtypes correlation to receptors and Ki67, we found a 
significant association between both luminal A and luminal B 
HER2-negative subtypes and hormone receptors (ER, PR); 
these have an inverse relationship with Ki67 index elevated 
values; the luminal B HER2-positive subtype has a direct 
association with HER2 presence; the HER2-enriched 
subtype was statistically significant associated with HER2 
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presence and elevated Ki67 values but had an inverse 
relationship to hormone receptors (ER, PR); the triple-
negative subtype was strongly associated to Ki67 values 
and inversely correlated to ER and PR. Stolnicu et al. 
stated that the ER-/PR+ BC phenotype can be associated 
with small-size tumors, the HER2 presence, the absence 
of lymph node metastases, and younger patients; although 
it was found to be the most infrequent cancer subtype in 
their study, it had the best long-term prognosis probably 
correlated to PR targeted therapy [53]. 

 Conclusions 
In our study, luminal A subtype has the highest 

incidence, and luminal B HER2-positive subtype was the 
least common. Posterior acoustic shading, inhomogeneous 
internal structure, and poorly defined edges appear to be 
associated with both luminal A and luminal B subtypes, 
while the well-defined contour was characteristic of 
triple-negative BCs. On the other hand, the presence of 
pathological lymph nodes was accentuated on all subtypes: 
luminal A, luminal B, HER2-enriched and triple-negative 
subtypes. Improved vascularization was rather associated 
with luminal B and triple-negative subtypes, according 
to our findings. The study showed that the expression of the 
value of IHC receptors influences the therapeutic decision, 
and immunological therapy has an essential role in the 
patient’s evolution and in the prognosis of the disease. 
Moreover, different associations between the IHC subtypes 
of BC and molecular receptors could predict a certain 
genetic predisposition to develop specific BC and can be 
used in medical practice. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

References 
[1] Formenti SC, Arslan AA, Love SM. Global breast cancer: 

the lessons to bring home. Int J Breast Cancer, 2012, 2012: 
249501. https://doi.org/10.1155/2012/249501  PMID: 22295243  
PMCID: PMC3262607 

[2] Bangal VB, Shinde KK, Gavhane SP, Singh RK. Breast 
carcinoma in women – a rising threat. Int J Biomed Adv Res, 
2013, 4(2):73–76. https://doi.org/10.7439/ijbar.v4i2.902 

[3] Wen X, Yu Y, Yu X, Cheng W, Wang Z, Liu L, Zhang L, Qin L, 
Tian J. Correlations between ultrasonographic findings of 
invasive lobular carcinoma of the breast and intrinsic subtypes. 
Ultraschall Med, 2019, 40(6):764–770. https://doi.org/10.1055/ 
a-0715-1668  PMID: 30253431 

[4] Sigrist RMS, Liau J, El Kaffas A, Chammas MC, Willmann JK. 
Ultrasound elastography: review of techniques and clinical 
applications. Theranostics, 2017, 7(5):1303–1329. https://doi. 
org/10.7150/thno.18650  PMID: 28435467  PMCID: PMC5399595 

[5] Gheonea IA, Donoiu L, Camen D, Popescu FC, Bondari S. 
Sonoelastography of breast lesions: a prospective study of 
215 cases with histopathological correlation. Rom J Morphol 
Embryol, 2011, 52(4):1209–1214. PMID: 22203924 

[6] Rizzatto G. Real-time elastography of the breast in clinical 
practice – the Italian experience. Medix Hitachi Suppl, 2007, 
1:12–15. 

[7] Chiorean A, Duma MM, Dudea SM, Iancu A, Dumitriu D, 
Roman R, Sfrângeu S. Real-time ultrasound elastography of 
the breast: state of the art. Med Ultrason, 2008, 10(2):73–82. 
http://medultrason.ro/real-time-ultrasound-elastography-of-
the-breast-state-of-the-art/index.htm 

[8] Olimid AP, Rogozea LM, Olimid DA. Ethical approach to the 
genetic, biometric and health data protection and processing 

in the new EU General Data Protection Regulation (2018). 
Rom J Morphol Embryol, 2018, 59(2):631–636. PMID: 
30173275 

[9] Rogozea L, Purcaru D, Leaşu F, Nemet C. Biomedical research 
– opportunities and ethical challenges. Rom J Morphol Embryol, 
2014, 55(2 Suppl):719–722. PMID: 25178352 

[10] Constantin DA, Cioriceanu IH, Ţânţu MM, Popa D, Bădău D, 
Burtea V, Nemet GC, Rogozea LM. Ethical dilemmas in 
communicating bad news following histopathology examination. 
Rom J Morphol Embryol, 2017, 58(3):1121–1125. PMID: 
29250700 

[11] Zaha DC. Significance of immunohistochemistry in breast 
cancer. World J Clin Oncol, 2014, 5(3):382–392. https://doi. 
org/10.5306/wjco.v5.i3.382  PMID: 25114853  PMCID: PMC 
4127609 

[12] Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-
Gebhart M, Thürlimann B, Senn HJ; Panel members. 
Personalizing the treatment of women with early breast cancer: 
highlights of the St Gallen International Expert Consensus on 
the Primary Therapy of Early Breast Cancer 2013. Ann Oncol, 
2013, 24(9):2206–2223. https://doi.org/10.1093/annonc/mdt 
303  PMID: 23917950  PMCID: PMC3755334 

[13] Eniu A, Morar-Bolba G, Lisencu C, Martin D, Galatâr M, 
Fetica B, Rancea A. Protocolul Comisiei Multidisciplinare pentru 
Decizie Terapeutică (CDT) în Cancerul de Sân Institutul 
Oncologic „Prof. Dr. Ion Chiricuţă”. J Radiother Med Oncol, 
2013, 19(2):5–27. https://srrom.ro/revista/volum-19-numarul-
2-2013/  https://srrom.ro/wp-content/uploads/2018/04/V19_ 
N02_2013_pp005.pdf 

[14] Sechel G, Repanovici A, Manea R, Burtea V. The imaging 
evaluation of typical and atypical calcifications in different 
anatomical regions study in Brasov, Romania. Med Surg J 
Rev Med Chir Soc Med Nat Iaşi, 2020, 124(2):290–297. https:// 
www.revmedchir.ro/index.php/revmedchir/article/view/2121  
https://www.revmedchir.ro/index.php/revmedchir/article/dow
nload/2121/1622/ 

[15] Akoglu H. User’s guide to correlation coefficients. Turk J Emerg 
Med, 2018, 18(3):91–93. https://doi.org/10.1016/j.tjem.2018. 
08.001  PMID: 30191186  PMCID: PMC6107969 

[16] Gulzar R, Shahid R, Saleem O. Molecular subtypes of breast 
cancer by immunohistochemical profiling. Int J Pathol, 2018, 
16(2):129–134. https://www.researchgate.net/profile/Ruqaiya-
Shahid/publication/328744478_Molecular_Subtypes_of_Bre
ast_Cancer_by_Immunohistochemical_Profiling/links/5be06
97da6fdcc3a8dc115c1/Molecular-Subtypes-of-Breast-Cancer-
by-Immunohistochemical-Profiling.pdf 

[17] Hu Z, Fan C, Oh DS, Marron JS, He X, Qaqish BF, Livasy C, 
Carey LA, Reynolds E, Dressler L, Nobel A, Parker J, Ewend MG, 
Sawyer LR, Wu J, Liu Y, Nanda R, Tretiakova M, Ruiz Orrico A, 
Dreher D, Palazzo JP, Perreard L, Nelson E, Mone M, 
Hansen H, Mullins M, Quackenbush JF, Ellis MJ, Olopade OI, 
Bernard PS, Perou CM. The molecular portraits of breast 
tumors are conserved across microarray platforms. BMC 
Genomics, 2006, 7:96. https://doi.org/10.1186/1471-2164-7-
96  PMID: 16643655  PMCID: PMC1468408 

[18] Sotiriou C, Neo SY, McShane LM, Korn EL, Long PM, Jazaeri A, 
Martiat P, Fox SB, Harris AL, Liu ET. Breast cancer classification 
and prognosis based on gene expression profiles from a 
population-based study. Proc Natl Acad Sci U S A, 2003, 
100(18):10393–10398. https://doi.org/10.1073/pnas.173291 
2100  PMID: 12917485  PMCID: PMC193572 

[19] Habashy HO, Powe DG, Abdel-Fatah TM, Gee JMW, 
Nicholson RI, Green AR, Rakha EA, Ellis IO. A review of the 
biological and clinical characteristics of luminal-like oestrogen 
receptor-positive breast cancer. Histopathology, 2012, 60(6): 
854–863. https://doi.org/10.1111/j.1365-2559.2011.03912.x  
PMID: 21906125 

[20] Naeem S, Naz S, Riyaz A, Jehangir F, Afzal N. Immuno-
histochemical analysis of breast cancer subtypes and their 
correlation with Ki 67 index. J Ayub Med Coll Abbottabad, 
2018, 30(1):94–96. PMID: 29504340 

[21] Su Y, Zheng Y, Zheng W, Gu K, Chen Z, Li G, Cai Q, Lu W, 
Shu XO. Distinct distribution and prognostic significance of 
molecular subtypes of breast cancer in Chinese women: a 
population-based cohort study. BMC Cancer, 2011, 11:292. 
https://doi.org/10.1186/1471-2407-11-292  PMID: 21749714  
PMCID: PMC3157458 



Analysis of breast cancer subtypes and their correlations with receptors and ultrasound 

 

277 

[22] Badowska-Kozakiewicz AM, Budzik MP. Immunohistochemical 
characteristics of basal-like breast cancer. Contemp Oncol 
(Pozn), 2016, 20(6):436–443. https://doi.org/10.5114/wo.2016. 
56938  PMID: 28239279  PMCID: PMC5320452 

[23] Kondov B, Milenkovikj Z, Kondov G, Petrushevska G, 
Basheska N, Bogdanovska-Todorovska M, Tolevska N, 
Ivkovski L. Presentation of molecular subtypes of breast cancer 
detected by immunohistochemistry in surgically treated patients. 
Open Access Maced J Med Sci, 2018, 6(6):961–967. https:// 
doi.org/10.3889/oamjms.2018.231  PMID: 29983785  PMCID: 
PMC6026408 

[24] Goldhirsch A, Coates AS, Gelber RD, Glick JH, Thürlimann B, 
Senn HJ; St Gallen Expert Panel Members. First – select 
the target: better choice of adjuvant treatments for breast 
cancer patients. Ann Oncol, 2006, (12):1772–1776. https:// 
doi.org/10.1093/annonc/mdl398  PMID: 17071934 

[25] Goldhirsch A, Glick JH, Gelber RD, Coates AS, Thürlimann B, 
Senn HJ; Panel members. Meeting highlights: International 
Expert Consensus on the primary therapy of early breast cancer 
2005. Ann Oncol, 2005, 16(10):1569–83. https://doi.org/10. 
1093/annonc/mdi326  PMID: 16148022 

[26] Yeh IT, Mies C. Application of immunohistochemistry to breast 
lesions. Arch Pathol Lab Med, 2008, 132(3):349–358. https:// 
doi.org/10.5858/2008-132-349-AOITBL  PMID: 18318578 

[27] Yersal O, Barutca S. Biological subtypes of breast cancer: 
Prognostic and therapeutic implications. World J Clin Oncol, 
2014, 5(3):412–424. https://doi.org/10.5306/wjco.v5.i3.412  PMID: 
25114856  PMCID: PMC4127612 

[28] Irshad A, Leddy R, Pisano E, Baker N, Lewis M, Ackerman S, 
Campbell A. Assessing the role of ultrasound in predicting the 
biological behavior of breast cancer. AJR Am J Roentgenol, 
2013, 200(2):284–290. https://doi.org/10.2214/AJR.12.8781  
PMID: 23345347 

[29] Zhang L, Li J, Xiao Y, Cui H, Du G, Wang Y, Li Z, Wu T, Li X, 
Tian J. Identifying ultrasound and clinical features of breast 
cancer molecular subtypes by ensemble decision. Sci Rep, 
2015, 5:11085. https://doi.org/10.1038/srep11085  PMID: 
26046791  PMCID: PMC4457139 

[30] Rashmi S, Kamala S, Murthy SS, Kotha S, Rao YS, 
Chaudhary KV. Predicting the molecular subtype of breast 
cancer based on mammography and ultrasound findings. 
Indian J Radiol Imaging, 2018, 28(3):354–361. https://doi.org/ 
10.4103/ijri.IJRI_78_18  PMID: 30319215  PMCID: PMC6176670 

[31] Tandon A, Srivastava P, Manchada S, Wadhwa N, Gupta N, 
Kaur N, Pant CS, Pal R, Bhatt S. Role of sonography in 
predicting the hormone receptor status of breast cancer:  
a prospective study. J Diagn Med Sonogr, 2017, 34(1):3–14. 
https://doi.org/10.1177/8756479317721663 

[32] Çelebi F, Pilancı KN, Ordu Ç, Ağacayak F, Alço G, İlgün S, 
Sarsenov D, Erdoğan Z, Özmen V. The role of ultrasono-
graphic findings to predict molecular subtype, histologic grade, 
and hormone receptor status of breast cancer. Diagn Interv 
Radiol, 2015, 21(6):448–453. https://doi.org/10.5152/dir.2015. 
14515  PMID: 26359880  PMCID: PMC4622390 

[33] Cen D, Xu L, Li N, Chen Z, Wang L, Zhou S, Xu B, Liu CL, 
Liu Z, Luo T. BI-RADS 3–5 microcalcifications can preoperatively 
predict breast cancer HER2 and Luminal A molecular subtype. 
Oncotarget, 2017, 8(8):13855–13862. https://doi.org/10.18632/ 
oncotarget.14655  PMID: 28099938  PMCID: PMC5355144 

[34] Boisserie-Lacroix M, Mac Grogan G, Debled M, Ferron S, 
Asad-Syed M, Brouste V, Mathoulin-Pelissier S, Hurtevent-
Labrot G. Radiological features of triple negative breast cancers 
(73 cases). Diagn Interv Imaging, 2012, 93(3):183–190. https:// 
doi.org/10.1016/j.diii.2012.01.006  PMID: 22421282 

[35] Urano M, Denewar FA, Murai T, Mizutani M, Kitase M, 
Ohashi K, Shiraki N, Shibamoto Y. Internal mammary lymph 
node metastases in breast cancer: what should radiologists 
know? Jpn J Radiol, 2018, 36(11):629–640. https://doi.org/10. 
1007/s11604-018-0773-9  PMID: 30194586 

[36] Britton P, Warwick J, Wallis MG, O'Keeffe S, Taylor K, 
Sinnatamby R, Barter S, Gaskarth M, Duffy SW, Wishart GC. 
Measuring the accuracy of diagnostic imaging in symptomatic 
breast patients: team and individual performance. Br J Radiol, 
2012, 85(1012):415–422. https://doi.org/10.1259/bjr/32906819  
PMID: 21224304  PMCID: PMC3486650 

[37] Evans A, Trimboli RM, Athanasiou A, Balleyguier C, Baltzer PA, 
Bick U, Camps Herrero J, Clauser P, Colin C, Cornford E, 
Fallenberg EM, Fuchsjaeger MH, Gilbert FJ, Helbich TH, 

Kinkel K, Heywang-Köbrunner SH, Kuhl CK, Mann RM, 
Martincich L, Panizza P, Pediconi F, Pijnappel RM, Pinker K, 
Zackrisson S, Forrai G, Sardanelli F; European Society of 
Breast Imaging (EUSOBI), with language review by Europa 
Donna–The European Breast Cancer Coalition. Breast ultra-
sound: recommendations for information to women and referring 
physicians by the European Society of Breast Imaging. Insights 
Imaging, 2018, 9(4):449–461. https://doi.org/10.1007/s13244- 
018-0636-z  PMID: 30094592  PMCID: PMC6108964 

[38] Lee SH, Yi A, Jang MJ, Chang JM, Cho N, Moon WK. 
Supplemental screening breast US in women with negative 
mammographic findings: effect of routine axillary scanning. 
Radiology, 2018, 286(3):830–837. https://doi.org/10.1148/ 
radiol.2017171218  PMID: 29083988 

[39] Berg WA, Blume JD, Cormack JB, Mendelson EB, Lehrer D, 
Böhm-Vélez M, Pisano ED, Jong RA, Evans WP, Morton MJ, 
Mahoney MC, Larsen LH, Barr RG, Farria DM, Marques HS, 
Boparai K; ACRIN 6666 Investigators. Combined screening 
with ultrasound and mammography vs mammography alone 
in women at elevated risk of breast cancer. JAMA, 2008, 
299(18):2151–2163. https://doi.org/10.1001/jama.299.18.2151  
PMID: 18477782  PMCID: PMC2718688 

[40] Sardanelli F, Boetes C, Borisch B, Decker T, Federico M, 
Gilbert FJ, Helbich T, Heywang-Köbrunner SH, Kaiser WA, 
Kerin MJ, Mansel RE, Marotti L, Martincich L, Mauriac L, 
Meijers-Heijboer H, Orecchia R, Panizza P, Ponti A, 
Purushotham AD, Regitnig P, Del Turco MR, Thibault F, 
Wilson R. Magnetic resonance imaging of the breast: 
recommendations from the EUSOMA working group. Eur J 
Cancer, 2010, 46(8):1296–1316. https://doi.org/10.1016/j.ejca. 
2010.02.015  PMID: 20304629 

[41] Nam SY, Ko EY, Han BK, Shin JH, Ko ES, Hahn SY. Breast 
imaging reporting and data system category 3 lesions detected 
on whole-breast screening ultrasound. J Breast Cancer, 2016, 
19(3):301–307. https://doi.org/10.4048/jbc.2016.19.3.301  PMID: 
27721880  PMCID: PMC5053315 

[42] Houssami N, Lord SJ, Ciatto S. Breast cancer screening: 
emerging role of new imaging techniques as adjuncts to 
mammography. Med J Aust, 2009, 190(9):493–497. https:// 
doi.org/10.5694/j.1326-5377.2009.tb02526.x  PMID: 19413520 

[43] Tagliafico AS, Calabrese M, Mariscotti G, Durando M, Tosto S, 
Monetti F, Airaldi S, Bignotti B, Nori J, Bagni A, Signori A, 
Sormani MP, Houssami N. Adjunct screening with tomosynthesis 
or ultrasound in women with mammography-negative dense 
breast: interim report of a prospective comparative trial. J Clin 
Oncol, 2016, 34(16):1882–1888. https://doi.org/10.1200/JCO. 
2015.63.4147  PMID: 26962097 

[44] Goddi A, Bonardi M, Alessi S. Breast elastography: a literature 
review. J Ultrasound, 2012, 15(3):192–198. https://doi.org/10. 
1016/j.jus.2012.06.009  PMID: 23449849  PMCID: PMC3558110 

[45] Zahran MH, El-Shafei M, Emara DM, Eshiba SM. The role of 
ultrasound elastography in evaluation of breast masses. Acta 
Sci Med Sci, 2019, 3(9):140–151. https://www.actascientific. 
com/ASMS-3-9.php  https://www.actascientific.com/ASMS/pdf/ 
ASMS-03-0394.pdf 

[46] Kim MY, Kim HS, Choi N, Yang JH, Yoo YB, Park KS. 
Screening mammography-detected ductal carcinoma in situ: 
mammographic features based on breast cancer subtypes. 
Clin Imaging, 2015, 39(6):983–986. https://doi.org/10.1016/ 
j.clinimag.2015.06.006  PMID: 26259866 

[47] Melnikow J, Fenton JJ, Whitlock EP, Miglioretti DL, Weyrich MS, 
Thompson JH, Shah K. Supplemental screening for breast 
cancer in women with dense breasts: a systematic review for 
the U.S. Preventive Services Task Force. Ann Intern Med, 
2016, 164(4):268–278. https://doi.org/10.7326/M15-1789  PMID: 
26757021  PMCID: PMC5100826 

[48] Ali MA, Czene K, Eriksson L, Hall P, Humphreys K. Breast 
tissue organisation and its association with breast cancer risk. 
Breast Cancer Res, 2017, 19(1):103. https://doi.org/10.1186/ 
s13058-017-0894-6  PMID: 28877713  PMCID: PMC5586066 

[49] Zhang YN, Wang CJ, Xu Y, Zhu QL, Zhou YD, Zhang J, 
Mao F, Jiang YX, Sun Q. Sensitivity, specificity and accuracy 
of ultrasound in diagnosis of breast cancer metastasis to the 
axillary lymph nodes in Chinese patients. Ultrasound Med Biol, 
2015, 41(7):1835–1841. https://doi.org/10.1016/j.ultrasmedbio. 
2015.03.024  PMID: 25933712 

[50] Ewing DE, Layfield LJ, Joshi CL, Travis MD. Determinants of 
false-negative fine-needle aspirates of axillary lymph nodes in 



Gabriela Sechel et al. 

 

278 

women with breast cancer: lymph node size, cortical thickness 
and hilar fat retention. Acta Cytol, 2015, 59(4):311–314. https:// 
doi.org/10.1159/000440797  PMID: 26422248 

[51] Burkett BJ, Hanemann CW. A review of supplemental screening 
ultrasound for breast cancer: certain populations of women 
with dense breast tissue may benefit. Acad Radiol, 2016, 
23(12):1604–1609. https://doi.org/10.1016/j.acra.2016.05.017  
PMID: 27374700 

[52] McDonald ES, McCarthy AM, Weinstein SP, Schnall MD, 
Conant EF. BI–RADS category 3 comparison: probably benign 

category after recall from screening before and after imple-
mentation of digital breast tomosynthesis. Radiology, 2017, 
285(3):778–787. https://doi.org/10.1148/radiol.2017162837  
PMID: 28715278  PMCID: PMC5708302 

[53] Stolnicu S, Bauer O, Naznean A, Podoleanu C, Georgescu R. 
ER-/PR+ subset of invasive breast carcinoma (IBC): a distinct 
phenotype with good prognosis. Pol J Pathol, 2018, 69(3):311–
313. https://doi.org/10.5114/pjp.2018.79551  PMID: 30509058 

 

 
 
 
 
 
 
Corresponding author 
Maria Elena Cocuz, Lecturer, MD, PhD, Department of Basic, Preventive and Clinical Sciences, Faculty of Medicine, 
Transilvania University of Braşov, 56 Nicolae Bălcescu Street, 500019 Braşov, Romania; Phone +40268–412185, 
e-mail: maria_elenacocuz@yahoo.com 
 
 
 
 
 
 
Received: April 8, 2021 

Accepted: October 1, 2021 
 
 


