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Abstract

To compare features of clinically defined subtypes of breast cancer on mammography (MG) and ultrasonography (USG).
After obtaining approval from the institute ethics committee, a retrospective observational study was performed on biopsy-
proven breast cancer patients who underwent baseline MG from 2016 to 2020. MG and USG features were evaluated and the
patients were classified based on immunohistochemistry profile into luminal like (LL)-oestrogen receptor (ER)/progesterone
receptor (PR) +, Her2neu-; basal like (BL)-ER/PR-, Her2neu-; Her2 like (HL)-Her2neu+. A total of 479 patients (mean
age, 51.4 +£11.7 years; all females) were included: LL—198 (41.3%), BL—121 (25.2%) and HL—160 (33.3%). On MG,
round shape (21/115, 18.3%, p <0.001); circumscribed (16/115, 13.9%, p <0.001) and microlobulated margins (28/115,
24.4%) were associated with BL tumours. Associated suspicious calcifications (96/160, 60%, p <0.001) and skin thicken-
ing or retraction (75/149, 50.3%, p <0.001) were more common in HL. On USG, round shape (12/95, 12.8%, p=0.005);
circumscribed (8/94, 8.5%) and microlobulated margins (44/94, 46.8%) and posterior acoustic enhancement (7/95, 7.5%,
p=0.012) were associated with BL. The logistic regression analysis revealed that spiculated margins on MG favoured LL
(OR: 8.5, p=0.001); round shape (OR: 6.8), circumscribed (OR: 10.8) or microlobulated margins (OR: 3.5) (p <0.001 for
each) favoured BL; whereas associated features of calcifications (OR: 3.3) (p =0.019) and skin retraction or thickening (OR:
1.8) (p <0.001) favoured HL. On USG, circumscribed (OR: 5.9, p=0.005) or microlobulated margins (OR: 3, p <0.001)
and posterior acoustic enhancement (OR: 9.5, p=0.006) favoured BL. Clinically defined subtypes of breast cancer show
significant differences in the imaging appearances on mammography and USG. BL tumours may not show the typical imag-
ing features of malignancy, necessitating clinicopathological correlation for accurate diagnosis.
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Introduction

Breast cancer is the most common cancer of female pop-
ulation worldwide [1]. Evaluation of breast carcinoma
includes clinical, imaging and histopathological exami-
! Department of Radiodiagnosis and Interventional Radiology, nation. Imaging primarily includes mammography (MG)
Dr. BR Ambedkar Institute Rotary Cancer Hospital, All with adjunct modalities like tomosynthesis, ultrasonogra-
g])g:: Institute of Medical Sciences, New Delhi 110029, phy (USG) and MRI, aimed at detecting the cancer, fol-
lowed by cross-sectional imaging to ascertain the stage

of the disease. Histopathological examination forms the
mainstay for confirmation of the cancer and determina-
tion of receptor status which directs the type of treatment
the patient will be subjected to. However, histopathologic
examination may fail to diagnose carcinoma due to fac-
tors like sampling or observer errors [2]. Achievement of
radio-pathological concordance thus becomes essential to
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guide appropriate management. Breast Imaging Report-
ing and Data System (BI-RADS), which consists of stand-
ardised terminology for reporting in breast radiology, is
therefore used to determine the probability of malignancy
based upon the imaging findings [3].

Breast cancer is a heterogenous disease with multi-
ple molecular subtypes, each having varied features and
prognosis. Various intrinsic subtypes have been described
based on the gene expression pattern—Iluminal A, luminal
B, Her2neu enriched and triple negative breast cancers [4].
However, since gene expression profiling is not widely
available in low and middle countries, receptor status
on immunohistochemistry (IHC) is used to classify the
tumour into various clinically defined subtypes—Iluminal
like (LL), basal like (BL) and Her2 like (HL) subtypes [5].
This subclassification is crucial in deciding the chemo-
therapeutic agents to be used for the management. Hor-
mone receptor positive LL cancers benefit from hormonal
therapy that cannot be followed in BL cancers as the latter
lacks the expression of oestrogen receptor (ER), proges-
terone receptor (PR) and Her2neu. Although BL tumours
have high incidence of pathological complete response
after neoadjuvant chemotherapy, the chances of recurrence
remain high due to lack of targeted therapy [6, 7]. Overex-
pression of Her2neu is associated with a greater incidence
of axillary lymphadenopathy and a poorer prognosis [4, 8].
Monoclonal antibodies such as trastuzumab, which target
Her2neu, have been found to improve survival rates in
Her2neu positive breast cancers [9, 10].

The specific imaging features of malignancy are well
known and they form the basis of the BI-RADS lexicon
[3]. However, imaging appearances of each subtype would
vary from each other, owing to the differences in their
biologic behaviours. This study has been performed to
determine and compare the imaging features of various
clinically defined subtypes of breast cancer on mammog-
raphy and USG, in order to emphasise on the significance
of radio-pathological (rad-path) correlation and multidis-
ciplinary approach for treatment of the patients.

Methods

This study was conducted in department of radiology at
our cancer centre after obtaining approval from Institute
Ethics Committee. In view of the retrospective study
design, waiver for informed consent was obtained and
patients with biopsy-proven breast cancer who underwent
baseline MG between January 2016 and December 2020
in our department were included. The patients whose his-
topathological reports were not available were excluded
from the study.
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Imaging

Two-dimensional full-field digital MG with digital breast
tomosynthesis was performed on Selenia Dimensions digi-
tal mammography system (Hologic, Inc., Massachusetts,
USA) in mediolateral oblique and craniocaudal views. Only
the baseline imaging of each patient was included in this
study. As per BI-RADS lexicon, the descriptors of the mass
included number, size, shape, margins, presence of calcifi-
cations and associated features including architectural dis-
tortion, skin retraction or thickening, nipple retraction and
trabecular thickening. Presence of architectural distortion or
focal asymmetry was also recorded.

Masses detected on mammography were further evaluated
on USG using Acuson S2000 machine (Siemens Healthcare,
Erlangens, Germany) as per our institute’s protocol. The
features of the mass that were analysed were shape, mar-
gins, echogenicity, posterior features and associated features
including skin thickening, duct changes and oedema.

The mammographic and USG images of the patients were
reviewed by a radiologist having 10 years’ experience in
breast radiology. The imaging features that were recorded
were then compared with the IHC findings to ascertain the
differences between various clinically defined subtypes.

Immunohistochemistry

THC was performed on either the core biopsy specimen or
the surgical specimen to assess the hormone receptor status
(ER and PR) and Her2neu expression status. ER and PR sta-
tus were categorised as positive or negative depending upon
the Allred score. Her2neu receptor status was scored from O
to 3+, in which scores of 0 and 1 + were taken as negative,
while 3 4+ was considered positive. A score of 2 +implied
inconclusive results. In such patients, the results of fluores-
cent in situ hybridisation (FISH) for detection of Her2neu
overexpression were taken into consideration. Among them,
those who did not have FISH results were excluded from the
analysis. Further, patients were classified into three clini-
cally defined subtypes based upon the receptor status—LL
(ER/PR +, Her2neu-), BL (ER-, PR-, Her2neu-) and HL
(Her2neu positive cases, irrespective of ER/PR status) [5].
Patients whose IHC reports were not available were excluded
from the analysis. The study flowchart is depicted in Fig. 1.

Statistical Analysis

After tabulating the collected data, the analysis was per-
formed using Stata, v. 14.2 (StataCorp LP, Texas, USA).
The frequencies of individual variables were evaluated
and tabulated. The comparison of the imaging features and
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Fig. 1 Flowchart of the study
Biopsy proven breast cancer patients who
underwent baseline mammography at our centre
[
! ]
Mammography images Ultrasonography images
available available
n=520 n=381
Immunohistochemistry Immunohistochemistry
reports available reports available
n=479 n=357
Luminal like Basal like Her2 like Luminal like Basal like Her2 like
n=198 n=121 n=160 n=157 n=95 n= 105

histological subtype was performed using Pearson’s chi
square test or Fisher’s exact test for qualitative variables
and Kruskal-Wallis test for quantitative variables. Further,
logistic regression analysis was used to identify the imaging
features that favoured a particular subtype. All statistical
tests were two-sided and p value less than 0.05 was consid-
ered statistically significant.

Results

A total of 520 patients underwent baseline mammogram
during the study period, among whom IHC reports were
available for 479 patients (mean age, 51.4 +11.7 (SD) years;
all females) and were included in the study. Of these 479
patients, 198 (41.3%) were LL, 121 (25.2%) were BL and
160 (33.3%) were HL. The mean age and histological sub-
types within the three groups are summarised in Table 1.
The prevalence of each mammographic feature in the
three subtypes is summarised in Table 2. Among the total
479 patients, 449 (93.7%) had one or more masses on mam-
mography. The median size of the largest mass was low-
est in LL subtype [median (IQR): 3 (2.4-4) cm, p=0.009].
Although most of the masses had irregular shape (406/449,
90.4%); BL tumours had significantly high incidence of
round shape (21/115, 18.3%) (p <0.001). On the other hand,
HL tumours had lower incidence of round shape (1/149,
0.7%) as compared to others (p <0.001). In BL subtype,
circumscribed (16/115, 13.9%) and microlobulated margins
(28/115, 24.4%) were significantly more common, while
spiculated margins (41/115, 35.7%) were less common as
compared to the other groups (p <0.001) (Figs. 2a and b,
3a and b). LL subtype had significantly low incidence of
circumscribed margins (3/185, 1.6%) (p <0.001). Suspicious
calcifications were more common in HL tumours (96/160,
60%) and less common in BL tumours (30/121, 24.8%)
(p<0.001). While skin thickening and retraction were more

Table 1 Distribution of age and various histological subtypes in the
three clinically defined subtypes of breast carcinoma

Variable Clinically defined subtype
Luminal like Basal like Her2 like
(n=198) (n=121) (n=160)
Age (mean+SD in years) 51.7+12.1 502+114 519+11.3
Histological subtype
Invasive ductal 169 (85.4%) 107 (88.4%) 152 (95%)
carcinoma, no
special type
Invasive lobular 10 (5.1%) 1 (0.8%) 1 (0.6%)
Mucinous 9 (4.6%) 0 2 (1.3%)
Medullary 1(0.5%) 4 (3.3%) 0
Papillary 5(2.5%) 1 (0.8%) 0
Micropapillary 1 (0.5%) 1(0.8%) 1 (0.6%)
Apocrine 0 1(0.8%) 1 (0.6%)
Metaplastic 1 (0.5%) 6 (5%) 0
Tubular 1(0.5%) 0 0

SD, standard deviation

common in HL tumours (75/149, 50.3%) (p <0.001), nip-
ple retraction was significantly less common in BL tumours
(9/115, 7.8%) (p=0.001) (Fig. 4). The associated features
that did not show any significant difference between the
three groups were architectural distortion and trabecular
thickening (p=0.068 and 0.195, respectively).

USG data were available for 381 patients. Among them,
IHC results were available for 357 patients. There were
157 patients (44%) with LL, 95 (26.6%) with BL and 105
(29.4%) with HL tumours. USG features of the three sub-
types are summarised in Table 3. USG revealed mass in
349/357 (97.8%) patients. BL tumours more commonly
had round shape (9/94, 9.6%) (p =0.004), circumscribed
(8/94, 8.5%) and microlobulated margins (44/94, 46.8%)
with lower incidence of spiculated margins (30/94, 31.9%)
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Table 2 Imaging features

: S Imaging feature Clinically defined subtype p value
of various clinically defined
subtypes of breast carcinoma on Luminal like Basal like Her?2 like
mammography (n=479) (n=198) (n=121) (n=160)
Number of masses 0.241
0 13 (6.6%) 6 (5%) 11 (6.9%)
1 153 (77.3%) 106 (87.6%) 120 (75%)
2 20 (10.1%) 6 (5%) 18 (11.3%)
>2 12 (6.1%) 3 (2.5%) 11 (6.9%)
Suspicious calcifications 66 (33.3%) 30 (24.8%) 96 (60%) <0.001
Asymmetry 8 (4%) 4(3.3%) 7 (4.4%) 0.900
Architectural distortion 6 (3%) 3(2.5%) 4(2.5%) 1.000
Features of index mass n=185 n=115 n=149
Size of the largest mass in centimetres 3 (2.4-4) 3.5(2.3-5) 3.6 (2.6-4.6) 0.009
(median (interquartile range))
Shape <0.001
Oval 52.7%) 5 (4.4%) 1(0.7%)
Round 10 (5.4%) 21 (18.3%) 1(0.7%)
Irregular 170 (91.9%) 89 (77.4%) 147 (98.7%)
Margins <0.001
Circumscribed 3 (1.6%) 16 (13.9%) 5 (3.4%)
Obscured 9 (4.9%) 14 (12.2%) 5 (3.4%)
Indistinct 21 (11.4%) 16 (13.9%) 26 (17.5%)
Microlobulated 25 (13.5%) 28 (24.4%) 18 (12.1%)
Spiculated 127 (68.7%) 41 (35.7%) 95 (63.8%)
Associated features
Architectural distortion 70 (37.8%) 30 (26.1%) 57 (38.3%) 0.068
Skin retraction/thickening 63 (34.1%) 31 (27%) 75 (50.3%) <0.001
Nipple retraction 41 (22.2%) 9 (7.8%) 40 (26.8%) 0.001
Trabecular thickening 23 (12.4%) 9 (7.8%) 23 (15.4%) 0.195

(p<0.001) (Figs. 2c and 3c). Most of the tumours were
hypoechoic (301/349, 86.2%), with no significant differ-
ence in the echogenicity of the masses between the three
groups (p =0.480). Posterior acoustic enhancement was
more common in BL group (7/94, 7.5%) (p =0.024). No
significant difference in the frequency of associated fea-
tures including skin thickening and duct changes was seen
between the three groups (p =0.090).

On logistic regression analysis, spiculated margins on
mammography was a significant predictor of LL subtype
(odds ratio, OR: 8.5, p=0.001). Mammographic features
of round shape (OR: 6.8) and circumscribed (OR: 10.8)
or microlobulated margins (OR: 3.5) favoured BL subtype
as compared to irregular shape and spiculated margins,
respectively (p <0.001 for each). Mammographic features
that favoured HL subtype were presence of calcifications
(OR: 3.3) (p=0.019) and skin retraction or thickening
(OR: 1.8) (p<0.001). Similarly, on USG, circumscribed
(OR: 5.9) or microlobulated (OR: 3) margins favoured
BL subtype as compared to spiculated margins (p =0.005
and < 0.001, respectively). Posterior acoustic enhancement
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on USG was a significant predictor of BL subtype (OR:
9.5, p=0.006).

Discussion

The incidence of breast cancer has been increasing over the
past years and management approach includes clinical, radi-
ological and pathological assessment. Combination of the
three components has shown to produce a diagnostic accu-
racy of over 99% [11]. Identification of molecular subtype
using immunohistochemical markers has become a standard
practice due to its implications on the treatment strategies
of breast cancer. Our study showed that LL, BL and HL
tumours differ each other in terms of their appearance on
mammography and USG that plays a vital role in rad-path
correlation and subsequent treatment plan.

LL subtype was the most common among the three sub-
types with masses having spiculated margins. A study by
Lee et al. had also shown irregular shape and spiculated
margins to be the most characteristic MG findings in luminal
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Fig.2 Craniocaudal (a) and mediolateral oblique (b) views of right Ultrasonography (c) revealed this mass (asterisk) to be irregular and
breast mammogram of Her2 positive cancer shows an irregular high hypoechoic with spiculated margins, dense posterior shadowing and
density mass in posterior third of central quadrant. The mass (arrows) echogenic peripheral rim

show spiculated margins and surrounding architectural distortion.

Fig.3 Mediolateral oblique (a) and craniocaudal views (b) of left architectural distortion, skin thickening or retraction. Ultrasonogra-
breast mammogram of left breast show a high density mass (asterisk) phy image (c) shows the mass to be hypoechoic and irregular with
in lower inner quadrant which is a biopsy-proven basal like tumour. microlobulated margins, internal vascularity and posterior acoustic
The mass has circumscribed margins with no associated features of enhancement
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Fig.4 Craniocaudal (a) and
mediolateral oblique (b) views
of right breast mammogram
show an irregular, high density
mass (asterisk) in upper outer
quadrant with spiculated mar-
gins, surrounding architectural
distortion, trabecular thicken-
ing and coarse heterogeneous
calcifications within. There is
thickening of skin and subcuta-
neous tissue along the nipple-
areola complex as well (arrows).
This is a biopsy-proven Her2
like tumour. On the contrary,
biopsy-proven basal like tumour
is seen on right breast mam-
mogram (craniocaudal view)
as circumscribed equal density
mass in retroareolar location
(outlined in ¢) with no associ-
ated features

subtype [12]. Another study by Rashmi et al. found non-
circumscribed margins and posterior acoustic shadowing on
USG to be significant predictors of luminal subtype [13].
We also observed that round shape and circumscribed or
microlobulated margins on MG and USG as predominant
features of BL subtype. It also had lower incidence of suspi-
cious calcifications and nipple retraction on mammography
and higher incidence of posterior acoustic enhancement on
USG. Previous studies have also reported the predominance
of indistinct margins in triple negative cancers, in addition to
these findings [12-25]. Yang et al. compared the features of
triple negative and Her2neu positive cancers on mammogra-
phy and found that triple negative cancers had oval or round
shape in 48% of cases and circumscribed margins in 24%
of cases out of a total of 38 patients. They also concluded
that the incidence of calcifications and associated features
was less in triple negative cancers [19]. A similar study by
Lee et al. has shown round or oval shape and circumscribed
margins to be characteristic for triple negative tumours on
mammography [12]. The high incidence of round shape and
circumscribed margins in these tumours can lead to their
misinterpretation as benign lesions, which highlights the
importance of multidisciplinary approach and clinic-patho-
logical correlation while evaluating a patient with suspected
breast cancer. BL tumours often have higher pathological
grade and thus show rapid growth, which results in lesser
degree of desmoplastic reaction, leading to lower incidence
of spiculated margins. The high incidence of posterior
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Table 3 Imaging features of various clinically defined subtypes of
breast carcinoma on ultrasonography (n=357)

Imaging feature Clinically defined subtype p value
Luminal like Basal like Her?2 like
(n=157) (n=95) (n=105)

Mass present 151 (96.2) 94 (99%) 104 (99%) 0.270

Features of index mass n=151 n=94 n=104

Shape 0.004
Oval 1(0.7%) 3(3.2%) 0
Round 53.3%) 9 (9.6%) 1 (1%)

Irregular 145 (96%) 82 (87.2%) 103 (99%)

Margins <0.001

Circumscribed 2(1.3%) 8 (8.5%) 3(2.9%)
Indistinct 4(2.7%) 5(5.3%) 5(4.8%)
Angular 11(7.3%) 7(1.5%) 14 (13.5%)
Microlobulated 40 (26.5%) 44 (46.8%) 27 (26%)

Spiculated 94 (62.3%) 30 (31.9%) 55 (52.9%)

Echogenicity 0.480
Solid-cystic 53.3%) 6 (6.4%) 3(2.9%)

Hypoechoic 132 (87.4%) 76 (80.9%) 93 (89.4%)
Isoechoic 0 1(1.1%) 0
Heteroechoic 14 (9.3%) 11 (11.7%) 8(7.7%)

Posterior features 0.024
None 78 (51.7%) 50 (53.2%) 57 (54.8%)
Enhancement 2(1.3%) 7(7.5%) 0
Shadowing 54 (35.8%) 22 (23.4%) 32 (30.8%)

Combined 17 (11.3%) 15 (16%) 15 (14.4%)
Associated features 29 (19.2%) 14 (14.9%) 28 (26.9%) 0.090
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acoustic enhancement in BL tumours has been attributed to
their high cellularity [26].

The mammography features that favoured Her2neu pos-
itivity were spiculated margins, presence of calcifications
and skin thickening or retraction, in the present study.
This is in concordance with the previous studies that have
shown that Her2neu positive tumours tend to have irregu-
lar shape and spiculated margins, with higher incidence
of calcifications [12-17, 19, 22, 23, 27]. A few studies
have also shown posterior acoustic shadowing and mixed
posterior features to more common in Her2neu positive
tumours [13, 17]. LL and HL tumours are of lower grade
with slower growth rates and thus show higher degree of
desmoplastic reaction, which could explain the spiculated
margins and posterior acoustic shadowing compared to the
other subtypes [28].

This study highlights the vital role of imaging modalities
in characterising the breast cancer subtypes. These imaging
features can assist in rad-path correlation in indeterminate
settings. However, it is limited by its retrospective study
design and the use of IHC for determining the histological
subtype rather than gene expression analysis.

To conclude, the clinically defined subtypes of breast can-
cer show significant differences in the imaging appearances
on mammography and USG. BL tumours may not show the
typical morphological features of malignancy, thus requir-
ing clinicopathological correlation for accurate diagnosis.
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