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Abstract 

Introduction: Accurate local staging is crucial for breast cancer treatment planning. This 

study aimed to compare the measurements of tumour size and distance from the nipple using 

Automated Breast Ultrasound (ABUS) and Magnetic Resonance Imaging (MRI) in a 

Malaysian cohort. 

Materials and Methods: A retrospective study was conducted on 36 women (49 breast 

lesions) who underwent both MRI and ABUS. Two breast radiologists independently 

assessed the anonymized images. Tumour size and distance from the nipple were measured 

and compared between modalities. Statistical analysis was performed using SPSS version 

25.0, by employing Student's t-test and kappa analysis, with a significance level of P<0.001. 

Results: The mean tumour size was 27.2mm on ABUS and 28.3mm on MRI, with a 

statistically significant difference (P<0.001). MRI also measured a significantly greater 

distance from the nipple (P<0.001). Inter-reader agreement was excellent for breast density 

assessment but not for lesion description. 

Conclusion: ABUS and MRI demonstrate comparable performance in preoperative breast 

cancer staging, although MRI tends to give a larger tumour size and distance measurement 

from the nipple. Both modalities can contribute to local staging, aiding treatment decisions. 
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Introduction 

Breast cancer remains the most commonly 

diagnosed malignancy and the leading 

cause of cancer-related mortality among 

women worldwide, including in Malaysia. 
1, 2 Early detection and accurate staging are 

crucial for optimizing treatment strategies 

and improving patient outcomes. The 



American Joint Committee on Cancer 

tumour-node-metastasis staging system 

provides a standardized framework for 

breast cancer staging, influencing surgical 

decisions, systemic therapy selection, and 

prognosis assessment Malaysia .3, 4 

Mammography remains the cornerstone of 

breast cancer screening, but its sensitivity 

is significantly reduced in women with 

dense breasts, leading to an increased 

reliance on supplementary imaging 

techniques such as ultrasound and 

magnetic resonance imaging (MRI). MRI 

is widely regarded as the most sensitive 

imaging modality for detecting and staging 

breast cancer, particularly for assessing 

multifocal, multicentric and contralateral 

disease.5-8 However, its high cost, limited 

accessibility and contraindications in 

certain patient populations necessitate the 

evaluation of alternative imaging 

modalities. 

Automated breast ultrasound (ABUS) has 

emerged as a promising adjunct imaging 

technique that overcomes many limitations 

of handheld ultrasound, offering operator-

independent, standardized, and 

reproducible imaging.9-12 Previous studies 

suggest that ABUS can improve cancer 

detection in women with dense breasts and 

may have a role in preoperative tumour 

assessment.13-15 However, limited data 

exist regarding its comparative accuracy 

against MRI in tumour size measurement 

and distance from the nipple, both of 

which are critical parameters in surgical 

planning and oncological decision-making. 

This study aimed to evaluate the 

comparative performance of ABUS and 

MRI in local breast cancer staging within a 

Malaysian cohort. By analysing tumour 

size and lesion distance from the nipple, 

this study sought to determine whether 

ABUS can serve as a reliable alternative or 

complementary modality to MRI in breast 

cancer staging. A better understanding of 

comparative strengths and limitations of 

these modalities will contribute to more 

informed imaging selection in clinical 

practice, particularly in resource-limited 

settings. 

 

Methodology 

Study Design 

 

This study was performed in line with the 

principles of the Declaration of Helsinki. 

Approval was granted by the Ethics 

Committee of University Malaya Medical 

Centre (Medical Research Ethics ID 

2021927-10610) and the requirement for 

obtaining informed consent was waived 

due to the retrospective nature of the study. 

 

This single-center retrospective study 

included treatment-naive breast cancer 

patients who underwent both MRI and 

ABUS between January 2020 till 

December 2021. Patient demographics, 

menopausal status, breast density, and 

histopathological findings were extracted 

from electronic medical records. The 

inclusion criteria were: female patients 

between 18-60 years with biopsy proven 

diagnosis of breast cancer. The exclusion 

criteria were: male patients, pregnant or 

lactating women, and those with breast 

implants.  

 

Imaging Protocols 

Imaging protocols for ABUS and MRI 

were standardized across all study 

participants to ensure consistency and 

reproducibility. ABUS examinations were 

performed on the same day as digital 

breast tomosynthesis and handheld 

ultrasound, with the patient lying supine. 

The General Electric Invenia system was 

used to acquire axial and coronal 

reconstruction images. 

 

MRI was typically conducted within two 

weeks of ABUS to minimize interval 

changes in lesion characteristics. MRI was 

performed with the patient in the prone 

position on a 3T Siemens Magnetom 

Prisma scanner (Siemens Healthcare, 

Erlangen, Germany) using a dedicated 8-

channel breast coil. The imaging protocol 



included T2-weighted, STIR, diffusion-

weighted imaging (DWI/ADC), and 

dynamic contrast-enhanced sequences. 

Intravenous administration of 0.1 mg/kg 

gadoterate meglumine (Dotarem, Guerbet, 

Roissy CdG Cedex, France) at a rate of 2 

ml/s, followed by 20 ml of saline, was 

used. 

 

Biopsies were generally performed after 

MRI to ensure that imaging findings were 

not influenced by procedural artefacts. 

However, in cases where an urgent biopsy 

was necessary due to clinical concerns or 

long MRI scheduling delays, MRI was 

performed more than two weeks post-

biopsy. This timing variation was 

considered in the interpretation of lesion 

characteristics and measurement 

comparisons. 

 

Image analysis  

The MRI and ABUS images were 

independently anonymised and read by 

two board-certified breast radiologists of 5 

and 10 years of experience in a research 

setting from 1st February 2023 to 31st 

October 2023. The readers were blinded to 

the diagnosis, history, and prior 

examination results and findings. All cases 

were read in two stages, MRI followed by 

ABUS, with least 4 weeks apart between 

the two readings to reduce recall bias. Any 

disagreements were resolved by a third, 

most senior radiologist with 20 years of 

experience.  Lesion characteristics, 

including location, tumour size, 

morphology, and distance from nipple, 

were documented in a study proforma for 

comparative analysis. Readers were also 

asked to note the primary cancer site, size 

and characters, and any other suspicious 

and non-suspicious lesions noted in the 

ipsilateral and contralateral breast. 

 

Data collection and analysis  

Data collection was done in an Excel 

spreadsheet. Statistical analysis was 

performed using SPSS version 25.0. 

Descriptive analysis was performed, where 

the numerical variables expressed either as 

mean with standard deviation or median 

with interquartile range based on 

normality of the data. Kappa analysis was 

performed to measure inter-rater 

agreement. In all tests, P-values < 0.001 

were considered statistically significant. 

Student's t-test was used to compare 

tumour size and distance from the nipple 

measurements between ABUS and MRI.  

 

Results 

Patient Characteristics 

The cohort comprised 36 women with a 

mean age of 51.4 years, including 36.11% 

(n=13) Chinese, 44.45% (n=16) Malay, 

and 19.44% (n=7) Indian. The majority 

(55.56%) were premenopausal with 

59.25% exhibiting heterogeneously dense 

or dense breast parenchyma on MRI. 

Overall, 49 malignant breast lesions were 

assessed. 

 

Histopathological Results 

Histopathological analysis showed 83.3% 

(n=30) of the lesions were invasive 

carcinomas, predominantly invasive ductal 

carcinoma. The remaining 16.7% (n=6) 

were ductal carcinoma in situ (DCIS). 

Table 1 summarizes patient demographics 

and histopathological findings of the 

lesions. 

 

 

 

 

 

 

 

 

 



General Characteristics n=36 (%) 

Age, years   

Mean Age. SD  51.43  12.51 

Commonest Age Range 40 - 49 

Ethnicity   

Malay  16 (44.45) 

Chinese  13 (36.11) 

Indian 7 (19.44) 

Menopausal status   

Pre-menopause  20 (55.56) 

Post-menopause  16 (44.44) 

HPE for malignant lesions n=49 (%) 

Invasive carcinoma 41  (83.67) 

Invasive ductal carcinoma 

NST 

29 

Invasive lobular carcinoma 7 

Invasive mucinous carcinoma 4 

Invasive papillary carcinoma 1 

Ductal carcinoma in- situ 

(DCIS) 

8 (16.33) 

Low grade 3 

Intermediate grade  4 

High grade  1 

Table 1. Patient demographics and histopathological findings of 49 malignant breast lesions. 

The table summarizes the mean age, ethnicity distribution, menopausal status and HPE 

results, including invasive carcinoma subtypes and ductal carcinoma in situ grades. 

 

Imaging (MRI and ABUS) Findings 

Tumour Size 

The mean tumour size measured 27.2mm 

(SD: 19.6) on ABUS and 28.3 mm (SD: 

17.3) on MRI, indicating a statistically 

significant larger size on MRI (P<0.001). 

The distribution of these measurements is 

depicted in Figure 1. 

 

Distance from the Nipple 
Measurements from Reader 1 indicated an 

average distance from the nipple of 2.8 

mm (SD: 0.28) for ABUS and 4.1 mm 

(SD: 0.37) for MRI. Reader 2 found 

similar trends, with means of 2.9 mm (SD: 

0.26) for ABUS and 3.8 mm (SD: 0.35) for 

MRI. Despite MRI measurements 

generally being greater, the differences 

were not statistically significant 

(P=0.158). Figure 2 illustrates these 

distribution patterns. 

 

Inter-reader and Inter-modality 

Agreement 

Breast Density  

There was perfect agreement between the 

readers for breast composition assessment 

in ABUS (kappa = 1.0) and almost perfect 

agreement of breast density in MRI (kappa 

= 0.91). 

 

Tumour Location 
The kappa values for the agreement on 

tumour location were moderate (kappa = 

0.53) for Reader 1 and substantial (kappa 

= 0.62) for Reader 2 between MRI and 

ABUS. 

 

Lesion Description  
There was no significant agreement 

between readers or modalities in 

describing lesion characteristics such as 

shape (oval, round, irregular) and margins 



(well-defined, irregular, spiculated). The results are outline in Table 2. 

 

SHAPE_MRI Frequency Percent Valid Percent Cumulative 

Percent 

Valid  R1 R2 R1 R2 R1 R2 R1 R2 

Oval  1 1 2.00 2.00 2.10 2.10 2.10 2.10 

Round  1 3 2.00 6.10 2.10 6.30 4.20 8.30 

Irregular 46 44 93.90 89.80 95.10 91.70 100.00 100.00 

Total  48 48 98.00 98.00 100.00 100.00   

Missing  1 1 2.00 2.00     

Total  49 49 100.00 100.00     

SHAPE_ABUS Frequency Percent Valid Percent Cumulative 

Percent 

Valid  R1 R2 R1 R2 R1 R2 R1 R2 

Oval  7 2 14.30 4.10 14.30 4.10 14.30 4.10 

Round  1 6 2.00 12.20 2.10 12.20 16.30 16.30 

Irregular 41 41 83.70 83.70 83.70 83.70 100.00 100.00 

Total  49 49 100.00 100.00 100.00 100.00   

Table 2. Lesion descriptors on ABUS and MRI, as assessed by Readers 1 and 2. The table 

includes frequency and percentage distributions for lesion shape (oval, round, irregular) 

based on each imaging modality, illustrating variations in reader interpretation and modality-

specific characteristics 

Figure 3 shows example cases from the study population. 

 

Discussion 

Our study found that MRI consistently 

measured larger tumour sizes than ABUS, 

and the distance from the nipple was also 

greater on MRI compared with ABUS. 

These differences were statistically 

significant, emphasizing that MRI tends to 

provide larger tumour size estimations. 

Additionally, inter-reader agreement for 

breast density was excellent, reinforcing 

the reliability of both modalities in breast 

composition assessment. However, there 

was moderate to substantial agreement 

regarding tumour location, and significant 

discrepancies were noted in lesion 

characterization across both imaging 

techniques. 

 

Breast MRI remains the gold standard for 

local staging due to its superior soft tissue 

contrast and high sensitivity in detecting 

both invasive and in situ malignancies.5-7, 

16-18 However, its high cost, limited 

accessibility, and longer examination times 

often restrict its use in resource-

constrained settings. ABUS has emerged 

as a promising solution in this context.15,19 

As a standardized and operator-

independent imaging modality, it serves as 

an effective alternative, particularly for 

preoperative staging in women with dense 

breasts. Our study reinforces its efficacy, 

demonstrating that ABUS successfully 

detected all lesions identified by MRI. 

These findings contribute to the growing 

body of evidence supporting its clinical 

viability in tumour assessment and surgical 

planning.20,21 Notably, ABUS proves to be 

a reliable staging tool, with the potential 

for integration into standard diagnostic 

protocols, especially in scenarios where 

MRI is impractical or contraindicated.  

 

Our study showed discrepancies in tumour 

size measurements between ABUS and 

MRI, with MRI consistently reporting 

larger sizes which is consistent with prior 

findings.22-24  The discrepancy in tumour 

size measurements may be attributed to the 

ability of MRI to capture peritumoral 

oedema and infiltrative tumour borders, 

resulting in a larger perceived tumour size. 



This finding has critical surgical 

implications, as the underestimation of 

tumour size on ABUS could lead to 

insufficient surgical margins, potentially 

increasing the risk of local recurrence. 

Thus, in borderline cases where tumour 

size is crucial for breast-conserving 

surgery eligibility, MRI remains the 

preferred modality for precise tumour 

delineation. 

 

Another key finding was the difference in 

lesion-to-nipple distance measurements 

between ABUS and MRI, with MRI 

reporting greater distances. This 

discrepancy can be explained by the 

different patient positioning during 

imaging—prone positioning in MRI 

stretches the breast tissue, leading to an 

increased distance measurement compared 

with supine positioning in ABUS.21,25 

While these differences may not always 

impact surgical planning, they highlight 

the importance of considering patient 

positioning when interpreting imaging 

findings and planning procedures such as 

nipple-sparing mastectomy. 

 

Our study also demonstrated excellent 

inter-reader agreement for breast density 

assessment on both ABUS and MRI, 

confirming the reliability of these 

modalities in evaluating this crucial breast 

cancer risk factor. This finding is 

consistent with findings by Moon et al. 

where there was high correlation in whole 

breast volume and breast percentage 

density between MRI and ABUS.26,27  This 

consistency is vital, as breast density has 

been strongly linked to the risk of 

developing breast cancer and can influence 

the choice of imaging strategies. 

 

Inter-reader agreement for tumour location 

was moderate to substantial, reinforcing 

the reliability of ABUS for spatial tumour 

assessment. However, there was notable 

variability in lesion descriptors such as 

shape and margins between ABUS and 

MRI, reflecting inherent modality-based 

differences in lesion characterization. This 

variability underscores the need for 

improved standardization in ABUS 

interpretation and reporting, which could 

be facilitated by AI-assisted image 

analysis and structured reporting 

templates. 

 

Our study supports the potential of ABUS 

as an adjunctive imaging tool in breast 

cancer staging, particularly in settings 

where MRI is not readily available. 

However, its limitations in tumour size 

estimation and lesion morphology 

assessment suggest that it should not 

replace MRI in complex or high-risk 

cases. Future research should focus on 

refining ABUS technology, integrating it 

with AI-based image analysis, and 

exploring its role in longitudinal 

monitoring of treatment response. 

 

Overall, while MRI remains the preferred 

modality for comprehensive breast cancer 

staging, ABUS presents a viable 

alternative in specific clinical scenarios. Its 

accessibility, cost-effectiveness, and 

operator independence make it an 

attractive option, particularly in resource-

limited settings. Clinicians should consider 

a multimodal approach, using both ABUS 

and MRI judiciously to optimize patient 

outcomes in breast cancer management 

 

The retrospective design and relatively 

small sample size of our study may limit 

the generalizability of the findings, as the 

sample volume was insufficient to allow 

broad applicability of the results. 

Additionally, the single-center setting may 

introduce institutional biases, and the 

absence of long-term follow-up data 

further restricts the scope of our 

conclusions. Future prospective, multi-

center studies with larger cohorts are 

necessary to validate our findings, enhance 

statistical power, and assess the long-term 

impact of imaging modality on treatment 

outcomes and disease recurrence. 

 



Conclusion 
In summary, our findings highlight the 

potential of ABUS as a useful tool for 

breast cancer staging while also 

underscoring its limitations in tumour size 

measurement and lesion characterization. 

Although MRI remains the gold standard 

for preoperative staging, particularly in 

complex cases requiring precise tumour 

delineation for surgical planning, ABUS 

can serve as a valuable adjunct tool, 

especially in settings where MRI is not 

readily accessible or feasible. The 

integration of ABUS into clinical practice 

could enhance early detection and staging 

strategies, particularly for patients with 

dense breast tissue. Further research is 

warranted to explore the optimal 

integration of ABUS and MRI in breast 

cancer staging and to develop standardized 

reporting criteria for ABUS to enhance its 

diagnostic accuracy and clinical utility. 
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Figures & Legends 

 

Figure 1. Comparison of tumour size measurements in ABUS and MRI as assessed by 

Readers 1 and 2. The figure illustrates the differences in tumour size measurements between 

the two modalities, showing that MRI consistently reported larger tumour sizes compared 

with ABUS. 

 



 

Figure 2. Comparison of the distance of the lesion from the nipple (DFN) in ABUS and MRI 

as assessed by Readers 1 and 2. The figure highlights the differences in measurements, with 

MRI generally measuring greater distances from the lesion to the nipple than ABUS. 

 

 

 

 

 

 

 

 

 



 
Figure 3. Representative cases demonstrating discrepancies between ABUS and MRI in 

lesion characterization and measurements.  

(a) A 45-year-old female with a palpable lump in the left periareolar region. The lesion, 

confirmed as invasive lobular carcinoma on HPE, appears irregular on MRI but is more well-

defined and oval on ABUS. 

(b and c) A 56-year-old female with a palpable left breast lump. HPE confirmed invasive 

ductal carcinoma. Image (b) shows the widest lesion diameter measured as 3.3cm on MRI 

and 2.2cm on ABUS. Image (c) illustrates the distance of the lesion edge from the nipple, 

measured as 6.0cm on MRI and 4.0cm on ABUS. 


