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ULTRASONOGRAPHY EVALUATION OF HORMONE
RECEPTOR STATUS AND MOLECULAR SUBTYPES
OF MALIGNANT BREAST MASSES

ABSTRACT

Objectives: The purpose of the study is to inquire the possibility of predicting tumour subtypes of
breast cancer based on imaging features of breast lesions on ultrasonography.

Methodology: This cross-sectional study was conducted on 55 patients who were referred to the
department of Radiodiagnosis of K.S.Hegde Medical Academy who were diagnosed or ‘suspected to
have breast cancer. USG features of breast lesions were characterised based on:BIRADS lexicon.
After histopathological confirmation and IHC analysis, lesions were classified into molecular subtypes.
Association of the USG features of lesions with molecular subtypes:and hormone receptor status
were assessed statistically.

Results: Majority of the tumours belonged to LB subtype followed by TNBC, Her 2 Neu enriched and
LA subtypes in descending order. Majority of LA subtype showed non parallel orientation, posterior
acoustic shadowing, calcifications and vascularity. Most of:the Her 2 neu enriched subtype showed
non-parallel orientation, lesion calcifications and nonée showed ‘posterior acoustic features. Non
parallel orientation and increased vascularity were also observed:in TNBC lesions. Posterior acoustic
enhancement was seen in only TNBC subtype lesion: Lesions showing posterior acoustic shadowing
were associated more with HR positive status.

Conclusion: Though most of the subtypes of malignant breast tumours showed similar features on
USG , the combination of features would-help in predicting the molecular subtype to some extent.
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1. INTRODUCTION

Breast cancer is the most'common malighant tumour and the major cause of death from cancer
among women worldwide. It ‘constitutes a diverse group of diseases with variable natural history,
histopathological subtypes, biological and molecular characteristics [1]. The risk factors of breast
cancer include genetic (BRCA 1 /BRCA 2 mutations), family history (especially in first degree
relatives), reproductive (early menarche, early age of first pregnancy, late menopause and low parity),
modern lifestyles and extremely dense breast [2].

The traditional classification of breast cancer was based on their histopathological features which
determines the treatment type and prognosis of breast cancer. However, this classification is not
sufficient to demonstrate the tumour heterogeneity.

A detailed molecular classification is the requirement for appropriate treatment and management as
the latest anticancer drugs are based on these biological mechanisms. The St. Gallen International
Expert Consensus recent classification on breast cancer was based on tumour markers like: estrogen
receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2/neu (HER2
neu) and Ki-67. This classification system categorizes breast cancer into 5 molecular subtypes-
Luminal A (LA), Luminal B (LB) with HER2/neu negative, Luminal B with HER2/neu positive,
HER2/neu-enriched and Basal-like (Triple negative). Immunohistochemistry (IHC) is used as the gold
standard for detecting ER/PR, HER2 neu status and Ki-67 levels [3].

Mammography and ultrasonography (USG) of the breast are used as common imaging techniques in
the diagnosis of breast cancer throughout the world [4]. Various imaging characteristics of breast
cancer were being studied on different modalities since long time with differentiation of tumours based
on BIRADS (Breast Imaging Reporting And Database System). An effective method for the reduction
of breast cancer mortality rates is to diagnose the disease at an early stage. With the knowledge of
the effect of various biologic factors on breast cancer management and prognosis, more attention is
needed towards diagnosis of molecular subtypes of breast cancer in addition to imaging diagnosis of



benign vs malignant lesions. If imaging modalities can predict certain tumour subtypes it would help
the clinicians and the patients for the management of disease accordingly with the resources
available.

2. MATERIAL AND METHODS

Thisprospectivecross-sectional study was conducted from April 2021 to September 2022 on 55
patients referred to the department of Radiodiagnosis ofK.S.Hegde Medical Academy who were either
diagnosed or suspected to have breast cancer. Patients who received neoadjuvant chemotherapy,
who were on treatment during the study and who came for follow-up were excluded from the study.
Informed consent of the patients were obtained prior to imaging.

Ultrasound was performed on all patients using Philips Affinity 70 ultrasound machine with linear array
probe (7-12 MHz frequency). On USG, the breast mass features like echopattern, size, shape,
orientation, margins, calcifications, posterior acoustic features and vascularity were assessed. The
final assessment was made according to the BIRADS score, biopsy. and histopathological
examination of the breast masses. Following this, patients were evaluated-for hormonal status of the
breast lesions by IHC- ER, PR, HER2/neu and Ki67 levels and the lesions were classified following St
Gallen classification into molecular subtypes of LA, LB, HER2/neu-enriched and Triple negative.
Tumours positive for either ER or PR or both were considered HR" (Hormone, receptor) positive
tumours. The imaging features were then compared with hormonal'status and molecular subtypes of
breast cancer. The data was analysed using SPSS version 22.0. Tests of significance between
variables and within variables were tested with Chi-square tests: A P-value less than 0.05 was
considered statistically significant.

3. RESULTS

The mean age of the participants in the study was 56.2 years with age range of 40-78 years.
Scattered fatty and fibroglandular pattern (heterogenous echotexture) of breast parenchyma was the
most common type observed in 58.2% of the: participants followed by 27% of participants with
fibroglandular pattern and 15% with fatty parenchyma, Invasive lobular carcinoma was the highest
and was seen in 40% of the patients, followed by 36% of patients with invasive ductal carcinoma and
23% had invasive carcinoma of no special type. 60% of the patients showed HR positive status and
the remaining 40% patients had HR negative status. 60% of the breast tumours showed Estrogen
receptor positivity, while 38% showed Progesterone receptor positivity and 32% showed the presence
of Her 2 Neu receptors.. Majority of the tumours (52%) in the study were Luminal B subtype, 27%
were TNBC, 13% were Her 2 Neu enriched type and 7% were Luminal A subtype (Figure 1).
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Figure 1. Distribution based on the Molecular subtype

Among HR positive and HR negative tumours, the features observed in similar frequency (60%) were
microlobulations and spiculated margins either in combination or alone, lesions with non-parallel



orientation (>80%) and hypervascularity of the lesions (>70%). Lesions with calcifications within were
also seen in similar frequency in HR positive and HR negative tumours. Statistically significant
association was seen between posterior acoustic features of the lesion and HR status. Lesions
showing posterior acoustic shadowing (42.4%) were associated more with HR positive status
compared to HR negative status. (Table 1)

Table 1. Association between USG features and HR status

HR status USG features Total | P value
1. Lesion Orientation
Non parallel [N (%0)] Parallel [N (%)]
Negative 18 (81.8%) 4 (18.2%) 22 .53
Positive 29 (87.9%) 4 (12.1%) 33
Total 47 (85.5%) 8 (14.5%) 55
HR status 2. Lesion- Posterior features
Enhancement No features | Shadowing
Negative 1 (4.5%) 19 (86.4%) 2 (9.1%) 22 .017*
Positive 0 (0.0%) 19 (57.6%) |14 (42.4%) 33
Total 1(1.8%) 38 (69.1%).. | 16 (29.1%) 55
HR status 3. Lesion calcifications
Nil [N (%)] Present:[N (%)]
Negative 10 (45.5%) 12 (54.5%) 22 .82
Positive 14 (42.4%) 19 (57.6%) 33
Total 24 (43.6%) 31 (56.4%) 55
HR status 4. Lesion vascularity
Absent [N (%)] Present [N (%)]
Negative 5.(22.7%) 17 (77.3%) 22 .70
Positive 9 (27.3%) 24 (72.7%) 33
Total 14 (25.5%) 41 (74.5%) 55

In our study, all of the Luminal A subtype tumours and 50-60% of Luminal B and TNBC subtype

tumours were observed

in patients with scattered fatty and fibroglandular

parenchyma



(heterogenousechotexture). More than 50% of the lesions of all the subtypes showed spiculated
margins or a combination of microlobulations and spiculated margins.

All of the Luminal A and Her 2 neu enriched tumour subtypes, 86% of Luminal B and 73% TNBC
tumour subtypes showed non parallel orientation of the lesions. Posterior acoustic shadowing was
observed in 75% of Luminal A subtype. Among all, TNBC subtype lesion alone showed posterior
acoustic enhancement. All of the Her 2 neu enriched (100%) subtypes and 80% of the TNBC subtype
showed no specific posterior acoustic features. Calcification within the lesion was observed in 71% of
Her 2 neu enriched and 75% of Luminal A subtypes. All of the Luminal A subtype lesions and most of
the TNBC (86%) and Luminal B (69%) subtypes showed hypervascularity. (Table 2)

Table 2. Association between USG features and molecular subtypes

Molecular USG features Total | Pvalue
subtypes 1.Lesion Orientation

Non parallel [N (%)] Parallel [N (%)]
Her 2 neu 7 (100.0%) 0 (0%) 7 .30
LA 4 (100%) 0 (0%) 4
LB 25 (86.2%) 4 (13.8%) 29
TNBC 11 (73.3%) 4 (26.7%) 15
Total 47 (85.5%) 8 (14.5%) 55
Molecular 2. Lesion- Posterior features
subtypes

Enhancement No features Shadowing
Her 2 neu 0 (0%) 7 (100.0%) 0 (0%) 7 .05
LA 0 (0%) 1 (25%) 3 (75%) 4
LB 0 (0%) 18 (62.1%) 11 (37.9%) | 29
TNBC 1(6.7%) 12 (80%) 2 (13.3%) 15
Total 1(1.8%) 38 (69.1%) 16 (29.1%) | 55
Molecular 3. Lesion calcifications
subtypes i

Nil [N (%0)] Present [N (%)]
Her 2 neu 2 (28.6%) 5 (71.4%) 7 .61
LA 1 (25%) 3 (75%) 4
LB 13 (44.8%) 16 (55.2%) 29
TNBC 8 (53.3%) 7 (46.7%) 15
Total 24 (43.6%) 31 (56.4%) 55
Molecular 4. Lesion vascularity




subtypes Absent [N (%)] Present [N (%)]

Her 2 neu 3 (42.9%) 4 (57.1%) 7 .24
LA 0 (0.0%) 4 (100%) 4

LB 9 (31%) 20 (69%) 29

TNBC 2 (13.3%) 13 (86.7%) 15

Total 14 (25.5%) 41 (74.5%) 55
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Figure 3.44 year old female with lump in left breast. USG image
hypoechoic lesion with extension into muscular plane posteriorly”

the skin anteriorly.
Histopathologicallyproven as Invasive carcinoma No special type and

mlﬁﬁal B subtype.
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- year_old female- USG image shows an irregular hypoechoic lesion with spiculated
: Icific foci within with posterior acoustic shadowing. Histopathologically proven to be

carcinoma. Molecular subtype was Luminal A subtype.
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Figure 5.53 year old female with right breast lump. USG images shi¢ ypoechoic
lesion with posterior extension into muscular plane and.  enl ‘ axﬁl@@ lymphnodes.
Histopathologically proven as Invasive ductal carcinoma and b %@1 ‘f% Trlﬁe ative biological
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subtype.

e
ale with lump in the right breast. USG images shows an irregular
) ' lesion with extension into skin, nipple areolar complex and underlying
muscu@; ne. opathologically proven as Infiltrating ductal carcinoma and belonged to TNBC

Even though the diagnostic features of malignant breast lesions on various imaging modalities were
studied in the past with expanding knowledge of various biological factors implicated in breast cancer
it is required to understand the possible role of imaging in differentiating the biological subtypes.

The grey scale ultrasonography features favouring malignancy in our study were irregular hypoechoic
lesions(100%) in non-parallel orientation (86% of the lesions) with non-circumscribed margins and
increased vascularity (75% of the lesions) which were similar to many other published studies, like
Stavros et al [5] who described in their study that marked hypoechogenicity in malignant masses and
another study by Choi et al's[6] who mentioned that non parallel orientation could be considered as an
independent factor for malignant lesions. In a study conducted by Okello et al [7] , it was mentioned
that irregular shape of the lesion pointed towards inconsistent growth with advancement of lesion



edge which was predictive of malignant outcome. 69% of the lesions in our study showed no
characteristic posterior acoustic features. Posterior acoustic shadowing was observed in 29% of the
lesions and only <2% showed posterior acoustic enhancement. Similar features were observed by
Barman et al [8] in their study in which majority of the lesions (58%) showed no posterior features
while posterior shadowing was seen in 34% and enhancement in 7.41%.It is mentioned in the
literature that posterior attenuation of malignant breast masses is due to collagen fibres within or
necrotic bleeding or calcification. Majority (75%) of the lesions in our study were hypervascular.
Hypervascularity of the lesions was also reported by Kanika Gupta et al [9] in their study where in
77% of malignant breast masses showed hypervascularity. Tumour angiogenesis in malignant lesions
is responsible for the increased vascularity [10].

Majority of LA subtype tumours in our study showed non parallel orientation (100%), posterior
acoustic shadowing (75%), calcifications (75%) and vascularity (100%). Our findings are partly
supported by a study conducted by Gopal R Vijayaraghavan et al [11]who mentioned that ER positive
tumours were associated with nonparallel orientation, spiculated margins and posterior acoustic
shadowing. Similarly, most of the Her 2 neu enriched subtype showed non-parallel orientation (100%)
and tumour calcifications (71%). However, none of the lesions of Her 2 neu enriched subtype showed
any posterior acoustic features and no association was observed with vascularity of the lesions.
These features were also partly supported by a study conducted by Algazzar MAA et al [12] in which
HER2/neu subtype lesions were significantly associated with calcifications and no' significant
association was seen with regard to posterior features.

Non parallel orientation and increased vascularity were also observed in.most.of the TNBC subtype
lesions in our study. But compared to the other subtypes the-association was relatively less. Even
though the majority (80%) of TNBC subtype showed no posterior acoustic features, 6.7% of them
showed posterior acoustic enhancement which was not ebserved«in any other subtype. This was in
concordance with Tandon et al’'s[13] study in which TNBC were associated with posterior acoustic
enhancement, high vascularity and large size.

None of the HR positive lesions showed posterior: acoustic. enhancement in our study. Lesions
showing posterior acoustic shadowing were more associated:with HR positive status than HR
negative status in our study and this association was statistically significant. This was concordant with
the studies conducted by Irshad A et al [14] and Algazzar MAA et al [12] . Even though our study
could not establish statistically significant association between molecular subtypes and grey scale
USG features except HR status and posterior acoustic features of the lesions, most of our study
results were matching with previous studies.

Limitations of our study:
Major limitations of our study were the small sample size and lack of inclusion of all the imaging
features of BIRADS lexicon of USG.

5. CONCLUSION

Evaluation of the USG features of breast lesions can help the radiologist to identify the malignant
potential of the lesions. In eur study, posterior acoustic shadowing is seen to be more associated with
HR positive status. Features of non-parallel orientation, posterior acoustic shadowing, calcifications
and hypervascularity of the lesion in combination can favour LA subtype lesion whereas lesions with
non-parallel “orientation, posterior enhancement or no posterior acoustic features and increased
vascularity could suggest a TNBC subtype lesion. In addition, none of the subtypes other than TNBC
showed posterior enhancement. Her 2 neu enriched subtype showed presence of calcification and no
posterior, features. Even though the grey-scale and Doppler features of the malignant lesions
appeared to be common to all subtypes, based on the combination of the features it is possible to
predict the subtypes.

CONSENT

Written informed consent was obtained from the patient (or other approved parties) for publication of
this case report and accompanying images.
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The study was approved by the Local Ethics Committee.

REFERENCES

1.

10.

11

12.

13.

14.

Ferlay J, Soerjomataram |, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer incidence and
mortality worldwide: Sources, methods and major patterns in GLOBOCAN 2012. International
Journal of Cancer. 2015;136(5):E359-86.

Sun YS, Zhao Z, Yang ZN, Xu F, Lu HJ, Zhu ZY, et al. Risk Factors and Preventions of Breast
Cancer. International Journal of Biological Sciences. 2017;13(11):1387.

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—61.

Elsaeid YM, Elmetwally D, Eteba SM. Association between ultrasound findings,:tumor type,
grade, and biological markers in patients with breast cancer. Egyptian Journal of Radiology and
Nuclear Medicine. 2019 Nov 21;50(1):53.

Stavros AT, Thickman D, Rapp CL, Dennis MA, Parker SH, Sisney GA. Solid breast nodules: use
of sonography to distinguish between benign and <malignanti lesions. Radiology. 1995
Jul;196(1):123-34.

Choi EJ, Choi H, Park EH, Song JS, Youk JH. Evaluation of an automated breast volume scanner
according to the fifth edition of BI-RADS for. breast ultrasound compared with hand-held
ultrasound. European Journal of Radiology. 2018 Feb 1;99:138-45.

Okello J, Kisembo H, Bugeza S, Galukande M. Breast.cancer detection using sonography in
women with mammographically dense breasts. BMC Medical Imaging. 2014 Dec 30;14(1):41.

Barman G, Bujarbaruah K, Choudhury: BK, Kataki AC. Ultrasound evaluation of biopsy proven
malignant breast mass. International Journal of Research in Medical Sciences. 2020 Jan
27;8(2):706-13.

Gupta K, Chandra.T, Kumaresan M, Venkatesan B, Patil AB. Role of Colour Doppler for
Assessment of Malignancy:in Solid Breast Masses: A Prospective Study. 2017;6:7.

Davoudi Y, Borhani B, Rad MP, Matin N. The Role of Doppler Sonography in Distinguishing
Malignant from Benign Breast Lesions. Journal of Medical Ultrasound. 2014 Jun 1;22(2):92-5.

Vijayaraghavan GR, Kona M, Maheswaran A, Kandil DH, Toke MK, Vedantham S. Ultrasound
Imaging Morphology is Associated with Biological Behavior in Invasive Ductal Carcinoma of the
Breast. J Clin Imaging Sci. 2021 Sep 2;11:48.

Algazzar MAA, Elsayed EEM, Alhanafy AM, Mousa WA. Breast cancer imaging features as a
predictor.of the hormonal receptor status, HER2neu expression and molecular subtype. Egypt J
Radiol Nucl Med. 2020 Jun 9;51(1):93.

Tandon A, Srivastava P, Manchanda S, Wadhwa N, Gupta N, Kaur N, et al. Role of Sonography
in Predicting the Hormone Receptor Status of Breast Cancer: A Prospective Study. Journal of
Diagnostic Medical Sonography. 2018 Jan 1;34(1):3-14.

Irshad A, Leddy R, Pisano E, Baker N, Lewis M, Ackerman S, et al. Assessing the Role of
Ultrasound in Predicting the Biological Behavior of Breast Cancer. American Journal of
Roentgenology. 2013 Feb 1;200(2):284—90.



