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However, it manifests in Iranian women at least one 
decade earlier than women in developed countries and 
is diagnosed at more advanced stages.[2]

The presence of specific molecular markers such as 
estrogen receptor (ER), progesterone receptor (PR), and 
HER2 may have prognostic value and enable targeted 
therapy.[3]

INTRODUCTION

Breast cancer is the most common malignancy among 
women worldwide and has different characteristics. 
The incidence of breast cancer is growing, as well as 
its associated mortality. Therefore, this condition is a 
significant health issue.[1]

Breast cancer in Iran has a lower than international 
average incidence, similar to other Asian countries. 

Background: The aim of this study was to determine whether mammographic and sonographic features of malignant breast lesions 
are correlated with tumor histologic grade, hormonal receptor, human epidermal growth factor receptor 2 (HER2), and Ki‑67 status. 
Materials and Methods: In this retrospective study, imaging and histopathological findings of 187 biopsy‑proven breast cancer 
cases from November 2019 to February 2021 were reviewed. The Chi‑square test was used to examine the potential correlation 
between mammographic and sonographic characteristics with histopathological features such as hormonal receptor, HER2 status, 
Ki‑67 labeling index, and histological grade. Results: We observed that microlobulated margin as well as oval/round morphology in 
mammograms correlate with triple‑negative intrinsic subtype (P = 0.006 and P = 0.004). The presence of calcification in sonography 
was significantly higher in the luminal‑B subtype (P = 0.002). Furthermore, ill‑defined margins in mammography were significantly 
higher in amplified HER2 expression (P = 0.004) in the same manner as an oval/round shape in higher levels of Ki‑67 (P = 0.030). 
Conclusion: Mammography and sonography features may reflect the biological behavior of various subtypes of breast cancer and can 
detect more aggressive breast cancers that can mimic benign or less malignant appearing lesions. These findings may be an excellent 
predictor for some subtypes like triple‑negative breast cancer. Studying the range of these imaging characteristics may help in better 
understanding the prognosis, choosing a treatment strategy, and predicting response to treatment.
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Breast cancer is of heterogeneous pathology and molecular 
subtypes.[4] The St. Gallen International Expert Consensus 
defined a new biologic classification system based on ER, 
PR, human epidermal growth factor receptor 2 (HER2)–neu, 
and more recently, Ki‑67 which are evaluated routinely due 
to their importance in guiding clinical care and determined a 
surrogate to differentiate luminal‑A‑like breast cancer from 
luminal‑B like, HER2/neu, and triple‑negative disease.[5]

Imaging findings can gather valuable histopathological 
information and predict biological behavior to treatment, 
regarding the importance of breast cancer and the high rate 
of mortality. This study was performed to correlate imaging 
findings and intrinsic subtypes in a population of Iranian 
breast cancer patients.

MATERIALS AND METHODS

The study was conducted on malignant breast cancer 
patients after surgically proven diagnosis following 
histopathological data collection between November 
2019 and February 2021. This study was approved by our 
Institutional Review Board which granted a waiver of 
consent (Ethics code: IR.MUI.MED.REC.1400.036).

The inclusion criteria were female patients with the 
biopsy‑proven disease who had at least one screening/
diagnostic sonography or mammography within 2 years 
before diagnosis.

A total of 187 cases were enrolled in the study. The 
histopathological results and sonographic and mammographic 
reports were retrospectively analyzed. The imaging features 
were evaluated according to the Breast Imaging Reporting 
and Data System of the American College of Radiology.[6]

All bilateral standard view mammograms were obtained 
using a unit (Selenia Dimensions, 2010 Hologic, United 
States). We evaluated mammographic features, such as mass 
density (equivalent density or high density), shape (oval/
round or irregular), presence of microcalcifications, breast 
density, and margins.

Breast density was classified into four groups (almost 
fatty, scattered fibroglandular, heterogeneous dense, and 
extremely dense), and mammographic margins were 
divided into five categories (microlobulated, spiculated, 
circumscribed, obscured, and ill‑defined). Figure 1 
represents some mammographic findings.

Breast sonography was performed with 10–16 MHz 
transducers on a Logiq (9xd clear 2015 R5) ultrasound unit. 
Followed by mass descriptors evaluated and categorized 
in sonographic imaging: echogenicity (hypoechoic or 
nonhypoechoic), shape (oval‑to‑round or irregular), 

margins (microlobulated, spiculated, circumscribed, and 
indistinct), size in ultrasound, and presence of calcification 
and vascularity.

Imaging findings were retrospectively evaluated by two 
experienced radiologists independently.

Pathology
Samples were stained using H and E. Histochemical and 
immunohistochemical analyses for ER, PR, HER2, and Ki‑67 
were performed.

The presence of ER was determined by nuclear staining, 
and semiquantitative analysis was performed. ER and PR 
expression was considered positive when >10% positive 
cells were present in an evaluated area. Pathological 
evaluations were performed according to the World Health 
Organization classification standard.[7]

HER2 status was evaluated according to the American Society 
of Clinical Oncology/College of American Pathologists 
guidelines,[8] and staining was graded as 0, 1+, 2+, and 3+.

Grade 0 and 1+ were considered negative HER2 status, 
2+ was considered equivocal, and grade 3+ was considered 
positive. The equivocal specimens were subjected to FISH. 
A FISH ratio (HER2/neu gene signals to chromosome 17 
signals) of >2.2 is also considered HER2‑positive status.

Ki‑67 protein is a cellular marker for proliferation and is 
a nuclear protein expressed in mitotic cells. Quantitative 
ki67 was evaluated by the number of cells, which is the hot 
spot in 1000 tumor cells, by immunohistochemistry (IHC) 
in high‑power fields.

Tumor’s intrinsic subtypes were categorized by IHC according 
to St. Gallen subtypes as follows: luminal‑A (ER + and/or 
PR+, HER2‒ and Ki67<14%), luminal‑B HER2‒ (ER + and/or 
PR+, HER2‒ and Ki67≥14%), luminal‑B HER2+ (ER + and/or 
PR + and HER2+), HER2‑neu nonluminal (ER/PR ‒ and 
HER2+), and triple negative (ER/PR‒ and HER2‒).[5]

Histological grades were categorized according to Elston 
and Ellis.[9]

Statistical analysis
The imaging and histopathological data were collected and 
entered into SPSS version 26 for Windows, manufactured 
by IBM Corporation, headquartered in Armonk, New 
York, United States. Descriptive analysis was performed 
to provide a comprehensive overview of the collected data. 
Continuous variables with a normal distribution were 
reported using the mean and standard deviation (SD) and 
compared using a Student’s t‑test. Using the Mann–Whitney 
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U‑test, nonnormally distributed variables represented as the 
median were compared between the two aforementioned 
groups. As applicable, the Chi‑squared or Fisher’s exact test 
was used to compare categorical variables with absolute 
frequencies and percentages. P <0.05 was considered 
statistically significant.

RESULTS

A total of 187 patients were evaluated. The mean age of 
patients was 51.6 years with an SD of 10.9. The initial data 
for intrinsic subtype, biological factor, histological grade, 
and subtype are summarized in Table 1.

Cancer grade
A significant association between intrinsic subtype and 
histologic grade was observed. The luminal‑A subtype 
was significantly associated with grades 1 and 2 (mainly 
grade 2), whereas luminal‑B, HER2, and triple‑negative 
subtypes were associated with grade 3 (P < 0.001) [Table 2].

Figure 2 summarizes the results for the ratio of histological 
grade according to the different intrinsic subtypes.

Masses with a sonographic margin other than spiculated 
had a significant association with grade 3 tumors (P = 0.003).

Mammographic findings
Tables 3 and 4 summarize the mammographic findings and 
association with ER/PR and HER2 status. Mass morphology 
on mammograms differs significantly according to 
hormonal and molecular status. Mass irregularity was 
higher in PR‑positive status and Ki‑67 negative labeling 
index (P = 0.024 and P = 0.030, respectively). However, 
there was no significant correlation between HER2 level 
and morphology (P = 0.437).

ER‑positive masses were more likely to have a spiculated 
margin in contrast to ER‑negative ones, which tended to 
have a microlobulated margin (P = 0.002 for both). Although 
there was a positive association between PR‑positive 
status and spiculated margin, the difference did not reach 
statistical significance.

The ill‑defined margin was significantly higher in the HER2 
positive group (P = 0.004). Microcalcifications were more likely 
to be seen on Ki‑67 positive tumors’ mammograms and tumors 
with a size of more than 15 mm on ultrasound (P = 0.030 for 
both). Oval shape and microlobulated/lobulated margin 
were significantly higher in the triple‑negative intrinsic 
subtype (P = 0.004 and P = 0.006). Figure 3 summarizes results 
for the ratio of some mammographic findings according to 
different intrinsic subtypes.

Table 2: Intrinsic subtypes and grade
Grade Subtype 

Luminal A Luminal B HER2 Triple negative P
1 20 (95.2) 0 0 1 (4.8) <0.001
2 59 (88.1) 7 (10.4) 0 1 (1.5)
3 3 (5.3) 26 (45.6) 11 (19.3) 17 (29.8)
Data are n (%) of lesions. HER2=Human epidermal growth factor receptor 2

Table 1: Characteristics of breast cancer patients 
(n=187)
Data characteristics Frequency 

(%)
Histological grade

1 27 (15)
2 82 (46)
3 69 (39)

Histologic tumor type
Invasive ductal carcinoma 170 (91)
Invasive lobular carcinoma 11 (6)
Mucinous carcinoma 4 (2)
Adenoid cystic carcinoma 1 (0.5)
Sarcomatoid carcinoma 1 (0.5)

Biological factor
ER positive 117 (78.5)
PR positive 104 (69.8)
HER2 positive 29 (19.5)
Ki‑67 positive 59 (39.6)

Intrinsic subtype
Luminal‑A 85 (57)
Luminal‑B 33 (22)
HER2 type 12 (8)
Triple negative 19 (13)

Data are n (%) of lesions. ER=Estrogen receptor; PR=Progesterone receptor; 
HER2=Human epidermal growth factor receptor 2

Figure 1: Mammographic findings in breast carcinoma cases. (a) Oval mass shape, circumscribed margin, and equivalent density (b) irregular mass shape, 
microlobulated margin, and high density (c) irregular mass shape, spiculated margin, and high density (d) oval mass shape, obscured margin, and equivalent density
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Sonographic findings
Tables 4 and 5 summarize the sonographic findings and 
association with HER2 and ER/PR status. ER‑positive 
and PR‑positive status tumors were more likely to have a 
spiculated margin on ultrasound (P < 0.05 for both). There was 
a significant association between the presence of calcification 
on ultrasound and positive Ki‑67 level just as overexpressed 
HER2 status (P = 0.036 for both). Among different intrinsic 
subtypes, luminal‑B showed a significant correlation with 
the presence of sonographic calcification (P = 0.002). Figure 4 
summarizes results for the ratio of some sonographic findings 
according to different intrinsic subtypes.

DISCUSSION

Various types of breast cancer present with different features 
on mammography and sonography. Better knowledge 

of these features and their histopathological correlations 
would help predict tumor biological behavior and response 
under treatment.

Hormone receptor‑negative subtypes (HER2 and 
triple‑negative) correlated with poorer prognosis.[10] In 
our study, luminal‑B, HER2, and triple‑negative subtypes 
were more likely to have a higher grade. Furthermore, 
the luminal‑A subtype correlated with lower histological 
grades.

Several studies have shown that triple‑negative subtypes 
have more oval or round shapes and more of circumscribed 
margins; however, microlobulated and obscured margins 
were also frequent.[11,12] In the current study, triple‑negative 
subtypes were more likely to have microlobulated margins 
and oval shapes on mammography.

Spiculated margins have a significant association with 
positive hormone receptor status. Spiculated masses also 
tend to have HER2 negativity and a lower Ki‑67 label index 
in comparison to nonspiculated masses.[13] In our study, 
ER‑positive masses had a significant correlation with 
spiculated margin on mammograms, whereas ER‑negative 
status correlated with microlobulated margin. There was 
no statistically significant association between PR‑positive 
status and margin in mammography.

Park et al. demonstrated that there is a significant 
association between HER2‑positive tumors and higher 
breast density.[14]

Table 3: Mammographic features of estrogen receptor and progesterone receptor groups
Mammographic features ER negative ER positive P PR negative PR positive P
Mass margin

Microlobulated 7 (35.0) 7 (8.4) 0.002 8 (26.7) 6 (8.2) 0.008
Spiculated 5 (25.0) 52 (62.7) 11 (36.7) 46 (63.0)
Circumscribed 1 (5.0) 0 1 (3.3) 0
Obscured 1 (5.0) 2 (2.4) 2 (6.7) 1 (1.4)
Ill‑defined 6 (30.0) 22 (26.5) 8 (26.7) 20 (27.4)

Mass shape
Oval/round 2 (10.5) 1 (1.3) 0.095 3 (10.3) 0 0.024
Irregular 17 (89.5) 78 (98.7) 26 (89.7) 69 (100.0)

Calcification
Absent 12 (63.2) 53 (67.1) 0.790 20 (69.0) 45 (65.2) 0.817
Present 7 (36.8) 26 (32.9) 9 (31.0) 24 (34.8)

Mass density
Equivalent density 5 (26.3) 29 (34.9) 0.594 9 (31.0) 25 (34.2) 0.819
High density 14 (73.7) 54 (65.1) 20 (69.0) 48 (65.8)

Breast density
Almost fatty 0 4 (4.3) 0.661 0 4 (4.9) 0.620
Scattered fibroglandular 9 (40.9) 34 (36.6) 12 (36.4) 31 (37.8)
Heterogeneous dense 6 (27.3) 32 (34.4) 11 (33.3) 27 (32.9)
Extremely dense 7 (31.8) 23 (24.7) 10 (30.3) 20 (24.4)

Data are n (%) of lesions. ER=Estrogen receptor; PR=Progesterone receptor

Figure 2: Histological grade according to the different intrinsic subtypes
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Other literature has observed that women with the 
expression of hormonal receptors and any ki‑67 staining 
had a minimally higher breast density percentage, but these 
findings were not statistically significant.[15]

In this study, we also observed a positive relationship 
between heterogeneous dense breasts and HER2‑positive 
status. However, it did not demonstrate statistical 
significance.

Blaichman et al. reported that malignancy grade could 
be predicted by sonographic margin and grade 3 
invasive ductal breast carcinoma was more likely to 
exhibit microlobulated margin and abrupt interfaces.[16] 
Costantini et al. found that high‑grade tumors correlated 
with nonspiculated margins in sonography.[17] Conversely, 
Rotstein and Neerhut showed that grade 3 invasive 
ductal carcinoma exhibited spiculated, microlobulated, 
and angular margins.[18] However, Rotstein and Neerhut 
evaluated grade 3 invasive ductal breast carcinoma cases 

Table 4: Mammographic and sonographic features of human epidermal growth factor receptor groups
Mammographic features HER negative HER positive P Sonographic features HER negative HER positive P
Tumor margin Tumor margin

Microlobulated 11 (12.6) 3 (18.8) 0.031 Microlobulated 14 (15.6) 5 (25.0) 0.317
Spiculated 53 (60.9) 4 (25.0) Spiculated 64 (71.1) 10 (50.0)
Circumscribed 1 (1.1) 0 Circumscribed 1 (1.1) 0
Obscured 3 (3.4) 0 Ill‑defined 11 (12.2) 5 (25.0)
Ill‑defined 19 (21.8) 9 (56.3) Tumor shape

Tumor shape Oval 1 (1.3) 0 0.634
Oval 3 (3.7) 0 0.437 Irregular 75 (98.7) 17 (100.0)
Irregular 79 (96.3) 16 (100) Calcification

Calcification Absent 51 (56.0) 6 (30.0) 0.035
Absent 58 (69.9) 7 (46.7) 0.080 Present 40 (44.0) 14 (70.0)
Present 25 (30.1) 8 (53.3) Vascularity

Mass density Absent 68 (73.9) 17 (89.5) 0.233
Equivalent density 29 (33.7) 5 (31.3) 0.847 Present 24 (26.1) 2 (10.5)
High density 57 (66.3) 11 (68.8) Tumor size

Breast density 0–15 mm 25 (30.9) 4 (22.2) 0.575
Almost fatty 4 (4.1) 0 0.073 15 mm< 56 (69.1) 14 (77.8)
Scattered fibroglandular 40 (40.8) 3 (17.6) Echogenicity
Heterogenous dense 28 (28.6) 10 (58.8) Hypoechoic 91 (98.9) 20 (100) 0.640
Extremely dense 26 (26.5) 4 (23.5) Other 1 (1.1) 0

Data are n (%) of lesions. HER=Human epidermal growth factor receptor

Figure 3: Mammographic findings according to intrinsic subtypes. (a) Calcification (b) breast density (c) mass density (d) mass border
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only. In our study, grade 3 correlated with nonspiculated 
sonographic margin.

Masses with ER‑positive/PR‑positive status were associated 
with spiculated sonographic margins.[17] We reached the 
same conclusion in the present study.

HER2‑positive cancers correlated with exhibiting calcifications 
on sonography,[19] In our study, there was a significant 
correlation between HER2 overexpression/higher Ki‑67 levels 

and calcification on sonography. Among various intrinsic 
subtypes, luminal‑B showed a strong association with the 
presence of calcification. Therefore, the presence of calcification 
can potentially predict the prognosis of breast malignancies.

Previous studies indicated that ki‑67 high tumors were more 
likely to have a poor outcome, ER‑negative receptors, and high 
HER2 levels.[20] The results of the current study demonstrated 
that Ki‑67‑positive masses are of higher histological grade and 
HER2 levels and lower hormonal receptors. Furthermore, 

Table 5: Sonographic features of estrogen receptor and progesterone receptor groups
Sonographic features ER negative ER positive P PR negative PR positive P
Tumor margin

Microlobulated 6 (37.5) 13 (13.8) 0.010 7 (31.8) 12 (13.8) 0.003
Spiculated 5 (31.3) 69 (73.4) 8 (36.4) 65 (74.7)
Circumscribed 0 1 (1.1) 0 1 (1.1)
Ill‑defined 5 (31.3) 11 (11.7) 7 (31.8) 9 (10.3)

Tumor shape
Oval 0 1 (1.3) 0.659 0 1 (1.4) 0.596
Irregular 15 (100) 77 (98.7) 20 (100) 71 (98.6)

Calcification
Absent 11 (61.1) 46 (49.5) 0.585 15 (62.5) 42 (48.8) 0.489
Present 7 (38.9) 47 (50.5) 9 (37.5) 44 (51.2)

Vascularity
Absent 14 (82.4) 71 (75.5) 0.758 18 (78.3) 66 (75.9) 0.810
Present 3 (17.6) 23 (24.5) 5 (21.7) 21 (24.1)

Tumor size
0–15 mm 5 (29.4) 24 (29.3) 0.991 6 (27.3) 23 (30.3) 0.801
15 mm< 12 (70.6) 58 (70.7) 16 (72.7) 53 (69.7)

Echogenicity
Hypoechoic 17 (100) 94 (98.9) 0.671 23 (100) 87 (98.9) 0.608
Other 0 1 (1.1) 0 1 (1.1)

Data are n (%) of lesions. ER=Estrogen receptor; PR=Progesterone receptor

Figure 4: Percentage of sonographic findings according to intrinsic subtype. (a) Mass border (b) vascularity (c) tumor size (d) calcification
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masses with microcalcifications on mammography were more 
often described as having a positive Ki‑67 level.

Several studies found the presence of mammographic 
calcification associated with poor prognostic factors such 
as higher histological grade, HER2 positive, ER negative, 
or PR negative.[21,22]

Our results revealed that tumoral grade, hormonal receptor, 
HER2 status, and Ki‑67 levels correlated with the imaging 
findings. These biological markers have prognostic and 
therapeutic values in breast cancer.

Radiologists should consider that some malignant breast lesions 
could have benign imaging features such as round‑to‑oval 
shapes and well‑defined margins. Triple‑negative phenotype 
is often associated with benign‑appearing masses and lacks 
classical suspicious imaging findings.

The limitations of this study included conducting the survey 
in a single imaging center. However, we enrolled a large 
number of patients; further studies and a larger sample 
size are warranted to confirm our results and to be able to 
apply the conclusions to the general population. The fact 
of being retrospective was another limitation of our study.

CONCLUSION

We believe that mammography and sonography features 
may reflect the biological behavior of various subtypes of 
breast cancer. These findings may be an excellent predictor 
for some subtypes like triple‑negative breast cancer. 
ER, PR, HER2, and Ki‑67 expression have prognostic 
and therapeutic values in breast cancer. Studying the 
range of these imaging characteristics may help in better 
understanding the prognosis, choosing a treatment strategy, 
and predicting response to treatment.
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