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INTRODUCTION

Breast cancer is a significant health issue affecting women 
worldwide, including Malaysia, where the incidence of  
breast cancer is increasing.1 According to the Malaysia 
National approximately 1 in 19 Malaysian women are 
diagnosed with breast cancer.2 Early detection of  breast 
cancer plays a crucial role in improving treatment outcomes 

and reducing mortality rates.3 Mammography has been 
widely used as the primary screening tool for breast cancer, 
enabling the detection of  abnormalities such as tumors at 
an early stage.4 However, its effectiveness may be limited 
in women with dense breast tissue.

Dense breast tissue is characterized by a higher proportion 
of  fibrous and glandular tissue, which appears white on 
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mammograms, making it challenging to differentiate between 
normal breast tissue and potential tumors, which also appear 
white.5 This density can obscure small lesions and decrease 
the sensitivity of  mammography, leading to a higher rate of  
false-negative result.6 Women with dense breasts are at an 
increased risk of  developing breast cancer, and the limitations 
of  mammography in this population have prompted the 
exploration of  adjunctive screening techniques.

Breast ultrasound (BUS) has emerged as a promising 
adjunctive screening modality for breast cancer, particularly 
in women with dense breast tissue.7 BUS uses sound 
waves to create images of  the breast tissue, providing 
a complementary approach to mammography. It offers 
several advantages, including the ability to visualize breast 
abnormalities in detail, distinguish between solid masses 
and fluid-filled cysts, and assess the vascularity of  lesions.8

The use of  BUS as an adjunct to mammography has 
been proposed to improve the detection of  breast 
cancer in women with dense breasts. By combining the 
two modalities, it is possible to enhance the sensitivity 
of  screening and identify abnormalities that may have 
been missed by mammography alone.9 However, the 
effectiveness of  adjunctive BUS after mammography in 
improving breast cancer screening outcomes, particularly 
in the context of  Malaysian women, requires investigation.

Aims and objectives
Therefore, the data were collected at Beacon Hospital in 
Selangor, Malaysia, aimed to evaluate the effectiveness of  
adjunctive BUS following mammography in improving 
breast cancer screening outcomes, with a specific focus 
on the population of  Malaysian women. By assessing the 
benefits of  combining mammography and BUS, the study 
aimed to identify optimal screening strategies that could be 
applicable not only to Malaysian women but also to women 
worldwide, ultimately reducing false-negative results and 
improving early detection of  breast cancer.

MATERIALS AND METHODS

Study design
The retrospective study was conducted over a 1-year period, 
specifically from January 1, 2022, to December 31, 2022. 
During this time, a comprehensive investigation was carried 
out at Beacon Hospital involving a total of  5807 eligible 
women aged 40 years old and above who presented for 
breast screening.

To assess the effectiveness of  adjunctive BUS in 
improving breast cancer screening outcomes, a subset of  
cases (n=1690) underwent BUS screening in addition to 

mammography. The sample size was determined based on 
factors such as the desired margin of  error, the population 
size, and the confidence level within the population. 
These factors were considered to ensure that the sample 
size was sufficient to detect meaningful differences and 
provide reliable results. This subset represented a portion 
of  the overall study population and was specifically 
chosen to investigate the potential benefits and impact of  
incorporating BUS into the screening protocol, with the 
findings informing future screening strategies and protocols 
for Malaysian women and potentially women worldwide.

Data collection
Data collection for the study involved obtaining and 
recording information from imaging examinations, 
specifically mammography and BUS. Detailed observations 
were made, including the assessment of  mammography 
density. The diagnostic results from BUS were categorized 
into five groups: (1) Normal, (2) benign, (3) probably 
benign, (4) suspicious malignancy, and (5) highly suspicious. 
Similarly, the mammogram results were evaluated 
according to the breast imaging reporting and data system 
(BI-RADS) categories established by the American College 
of  Radiology. These BI-RADS categories included: 
(0) Additional imaging needed, (1) negative, (2) benign, 
(3) probably benign, (4) suspiciously malignant, and 
(5) highly suggestive of  malignancy. For the purposes 
of  the study, BI-RADS categories 4–5 were considered 
positive findings, while all other diagnostic results were 
considered negative. Ethics approval was obtained from the 
Medical Research Ethics Committee (MREC ID: NMRR 
ID-23-02627-0RJ).

For participants who had suspicious findings on both 
mammography and BUS, a histopathology examination 
(HPE) of  breast tissue was conducted. The HPE reports 
were then used to confirm the presence of  breast cancer 
in cases where malignancy was identified. This step served 
as the definitive method to validate the diagnosis of  breast 
cancer based on histopathological evidence.

Statistical analysis
Data analysis was performed to examine the distribution 
of  BI-RADS categories for both mammography and BUS. 
Descriptive statistics, including counts and percentages, 
were calculated to summarize the data and identify patterns. 
Detection rates were calculated for each screening modality 
group.

To investigate associations between variables, statistical 
tests such as the t-test, Chi-square test, or Fisher’s exact 
test were employed. These tests were used to determine 
if  there were significant relationships or differences 
in the distribution of  BI-RADS categories between 
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mammography and BUS, as well as to explore associations 
between other relevant variables.

The SPSS statistic version 23.0 software (IBM SPSS Inc., 
USA) was used for data processing and analysis. A two-
sided P<0.05 was considered statistically significant, 
indicating a significant association or difference between 
variables.

RESULTS

A total of  5807 eligible women were included in the study, 
with a mean age falling within the range of  40–50 years. The 
study revealed that the majority of  mammography, 94.69% 
(5499 cases), were categorized as BI-RADS Category 0, 
1, 2, and 3, indicating a low suspicion for malignancy, 
while 5.3% (308 cases) were classified as BI-RADS 4 and 
5 suggesting a moderate to high suspicion for malignancy. 
In the subset of  cases (n=1690) that underwent BUS 
screening in addition to mammography, 23.43% (n=396) 
were classified as BI-RADS 4–5, indicating a moderate to 
high suspicion for malignancy (Table 1).

Incorporating BUS alongside mammography led to a 
33.48% rise in the number of  cases classified as BI-RADS 
4–5. This resulted in a total of  460 cases being identified 
with adjunct BUS, in contrast to the 307 cases detected by 
mammography only (Figure 1).

In our study, the addition of  BUS to the screening 
process led to a significant increase in the detection rate 
of  suspicious cases with BI-RADS 4–5. Specifically, we 
observed that 153 cases initially classified as negative 
on mammogram, BI-RADS 0–3 were later identified as 
BI-RADS 4–5 on BUS. In addition, among these 153 cases, 
62.74% (n=96) had breast density categorized as C and D, 
indicating mammographic breast density >50% (Table 2).

Among the 1690 incidence, 190 women were diagnosed with 
cancer. For incidence screening, the sensitivity of  combined 
mammography and BUS was 116 of  190 (0.61; 95% CI, 
0.53–0.70), higher than mammography alone, which was 
74 of  190 (0.39; 95% CI, 0.31–0.47; P<0.01). The 74 cases 
initially classified as false-negative, where results in breast 
cancer screening occur when a mammogram fails to detect 
a breast cancer that is actually present on BUS (Table 3).

In addition, our study also looked at women age below 50 
which patients may be pre- or perimenopause. Thirty-five 
(19.4%) patients under the age of  50 were classified as BI-
RAD 4–5 based solely on mammogram results, whereas 
180 patients received the same classification based on both 
mammogram and ultrasound findings. Among these, there 

were 141 patients had breast density categorized as C and 
D. For the age above 50, 30 (13.9%) patients were classified 
as BI-RAD 4–5 based solely on mammogram results, 
whereas 216 patients received the same classification based 

Table 1: Number of cases of BI-RADS 
assessment using mammography and 
mammography with BUS
BI-RADS 
category

Mammography (%) 
(n=5806)

Mammography with 
BUS (%) (n=1690)

0 1302 (22.4)
1 1253 (21.6) 373 (22.1)
2 2504 (43.1) 608 (36)
3 440 (7.6) 313 (18.5)
4 140 (2.4) 156 (9.2)
5 168 (2.9) 240 (14.2)

BI‑RADS: Breast imaging reporting and data system, BUS: Breast ultrasound

Table 2: Distribution of cases based on breast 
density categories that identified as BI‑RADS 
0‑3 on mammogram were later identified as 
BI-RADS 4 and 5 on adjunct BUS
Breast density Cases identified as BI‑RADS 

4–5 in adjunct BUS
A 3
B 39
C 58
D 38
Unknown 15

BI‑RADS: Breast imaging reporting and data system, BUS: Breast ultrasound

Table 3: Sensitivity of mammography and 
adjunct BUS compared with mammography 
alone in women diagnosed with cancer
Test Sensitivity (95% CI)
Mammography 0.39 (0.31, 0.47)
Mammography+BUS 0.61 (0.53, 0.70)
P P<0.01

BUS: Breast ultrasound

Figure 1: Number of cases with breast imaging reporting and data 
system 4 and 5 between mammogram only and mammogram adjunct 
with ultrasound. The asterisk (*) shows a significant difference (P<0.05) 
between patients (breast imaging reporting and data system 4 and 5) 
that took mammogram only and ultrasound in addition to mammogram
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on both mammogram and ultrasound findings. There were 
120 patients who had breast density categorized as C and D.

DISCUSSION

Mammography has long been considered the gold standard 
for breast cancer screening, contributing to the early 
detection of  breast cancers and saving lives. However, 
it is important to acknowledge that mammography has 
limitations. Our study addresses these limitations and 
provides compelling evidence for the integration of  BUS 
as a complementary screening modality to improve the 
detection of  suspicious breast lesions. In our study, we 
observed an increase in the number of  cases in the detection 
of  cases categorized as BI-RADS 4–5 when BUS was added 
to mammography (Table 1). These findings are consistent 
with previous research that has highlighted the limitations 
of  mammography as a standalone screening tool.10,11

Furthermore, our study demonstrates the valuable role 
of  BUS in improving the detection of  suspicious breast 
lesions beyond what mammography can achieve alone. By 
incorporating adjunctive BUS following mammography, 
we identified 9% (n=153 out of  1688) of  cases initially 
classified as negative BI-RADS (BI-RADS 0–3) on 
mammography that were later reclassified as positive BI-
RADS (BI-RADS 4–5) on BUS, indicating the presence 
of  suspicious lesions (Table 4). This highlights the 

additional diagnostic value provided by BUS, enabling the 
identification of  lesions that might have been missed by 
mammography alone.

The integration of  BUS as an additional screening tool helps 
overcome the limitations of  mammography, especially in 
cases where mammography exhibits lower sensitivity. 
By utilizing both modalities, radiologists can improve 
the detection of  suspicious lesions, leading to earlier 
diagnoses and potentially improved patient outcomes. 
The previous studies have also supported the use of  BUS 
in combination with mammography, highlighting its role 
in enhancing detection.12,13 Our study provides strong 
evidence supporting the significant improvement in breast 
cancer detection sensitivity achieved by incorporating 
BUS as an adjunctive screening modality. Consistent with 
previous research conducted by.13,14 and15 found a notable 
increase in sensitivity ranging from approximately 16% to 
41% when BUS is used in conjunction with mammography 
compared to mammography alone (Table 5).

In our specific study, we observed a clear and consistent 
trend of  improved detection rates of  breast cancer with 
the addition of  BUS. When mammography was used as 
the sole screening method, it detected 12.7 cases of  breast 
cancer per 1000 women screened. However, when BUS 
was incorporated as an adjunctive tool to mammography, 
the detection rate significantly increased to 19.9 cases 
per 1000 women screened (P<0.05). This stark contrast 
highlights the substantial impact of  integrating BUS into 
the screening process and underscores its crucial role in 
achieving more accurate and comprehensive detection of  
breast cancer.

In addition, mammography faces a significant challenge in 
effectively detecting breast lesions in women with dense 
breast tissue. Dense breast tissue can mask abnormalities 
on mammogram, making them difficult to accurately 
discern. This masking effect poses a considerable problem 
for breast cancer detection as it can result in false-negative 
results, where a mammography fails to detect a breast 
cancer that is actually present. Our study findings align 
with this challenge, as we observed a high percentage 
of  false-negative results in patients with dense breasts. 
Approximately 73% of  the false-negative cases in our 
study were attributed to the presence of  dense breast 
tissue. This further emphasizes the need for additional 
screening approaches for women with dense breasts. In 
women with dense breasts, tumors or suspicious lesions 
may be obscured by the overlapping glandular tissue, 
reducing their visibility on mammographic images. 
Consequently, there is an increased risk of  breast cancer 
going undetected, potentially leading to delays in diagnosis 
and treatment.6

Table 4: Distribution of participants based on 
adjunctive BUS and mammography results
MAM BUS (-ve) BUS (+ve)

Number of participant Number of participant
MAM (-ve)

BI-RADS 0 450 129
BI-RADS 1 155 2
BI-RADS 2 504 14
BI-RADS 3 185 8

MAM (+ve)
BI-RADS 4 105
BI-RADS 5 138

BI‑RADS: Breast imaging reporting and data system, BUS: Breast ultrasound

Table 5: The sensitivity of detecting breast 
cancer when adjunctive breast ultrasound is 
combined with mammography compared to 
mammography alone, based on different studies
References Mammography 

(%)
Adjunctive BUS with 
Mammography (%)

13 32.6 48.8
14 50 77.5
15 40 81
Current study 39 61

BUS: Breast ultrasound
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Numerous studies evaluating the effectiveness of  
combining BUS with mammography consistently 
demonstrate that BUS enhances the detection of  suspicious 
breast lesions, particularly in women with dense breast 
tissue.14,13 BUS provides valuable additional information 
beyond what is captured by mammography alone. It offers 
visualizations of  additional features such as lesion shape, 
size, vascularity, and internal architecture, allowing for a 
more comprehensive evaluation of  breast abnormalities 
that may have been missed on mammogram, thereby 
increasing the detection rate of  suspicious lesions.14,13 
This additional information aids in differentiating between 
benign and malignant lesions, thereby improving diagnostic 
accuracy. Our own investigation confirmed these findings, 
as we observed an increased susceptibility to false-negative 
results on mammogram in the presence of  dense breast 
tissue (Table 2). Recent research by10 aligns with our study, 
demonstrating the limitations of  mammography in dense 
breast tissue and highlighting the potential consequences 
of  false-negative results. There are research indicates that 
Asian women have been consistently reported to have 
denser breast compared to Caucasian women.16 These 
findings further support the need for improved screening 
approaches for women with dense breasts.

The integration of  BUS into breast cancer screening 
protocols addresses the limitations of  mammography 
in individuals with dense breast tissue. By providing 
additional imaging information, BUS offers a non-invasive 
and complementary approach to detect abnormalities 
that may be obscured by dense tissue on mammogram. 
This combination improves the accuracy of  breast 
cancer diagnosis and enhances the likelihood of  timely 
detection, ultimately leading to more effective treatment 
and improved patient outcomes. Nevertheless, it is crucial 
to acknowledge that the integration of  BUS as a routine 
screening tool requires further evaluation, including 
considerations of  long-term outcomes, cost-effectiveness, 
and feasibility.

CONCLUSION

Our study provides strong evidence supporting the 
integration of  BUS as an adjunctive screening modality 
to improve breast cancer detection, particularly in 
women with dense breast tissue. By combining BUS 
with mammography, we observed a significant increase 
in the detection rate of  suspicious cases beyond what 
mammography alone can achieve. This finding highlights 
the limitations of  mammography in effectively detecting 
breast lesions in women with dense breasts and emphasizes 
the need for additional screening approaches.

The addition of  BUS to the screening process offers several 
advantages, including enhanced sensitivity in detecting 
suspicious lesions and improved diagnostic accuracy. Our 
study demonstrated a clear and consistent trend of  improved 
detection rates when BUS was incorporated, further 
corroborating previous research that has advocated for the 
use of  BUS as a complementary tool to mammography.

Limitations of the study
Breast cancer is a condition that may take years to 
manifest and a 1-year study duration might not capture 
the long-term effectiveness and outcomes associated with 
adjunctive BUS. The cost-effectiveness of  incorporating 
BUS into routine screening protocols was not evaluated in 
this study. Considering the potential impact on healthcare 
costs and resource utilization is crucial for the practical 
implementation of  new screening technologies.

While our study provides valuable insights into the 
effectiveness of  adjunctive BUS, further research is needed 
to evaluate long-term outcomes, cost-effectiveness, and the 
feasibility of  integrating BUS into routine breast cancer 
screening protocols. In addition, future studies should 
explore the potential impact of  BUS on reducing mortality 
rates and improving overall survival.

In conclusion, the integration of  BUS as an adjunctive 
screening modality shows promise in improving breast 
cancer detection, particularly in women with dense breast 
tissue. By enhancing the sensitivity of  screening and 
reducing false-negative results, BUS has the potential to 
contribute significantly to early detection and improved 
treatment outcomes. Further research and evaluation are 
necessary to fully understand the benefits and challenges 
associated with incorporating BUS into routine breast 
cancer screening practices.

ACKNOWLEDGMENT

This research is supported by Beacon Hospital breast 
clinic and clinical research department. This study was 
approved by the Medical Research and Ethics Committee 
(MREC), Malaysia. The authors express their appreciation 
to all involved specialists and breast clinic staff  in Beacon 
Hospital for their support during this study.

REFERENCES

1. Bellanger M, Zeinomar N, Tehranifar P and Terry MB. Are global 
breast cancer incidence and mortality patterns related to country-
specific economic development and prevention strategies? J 
Glob Oncol. 2018;4:1-16.

 https://doi.org/10.1200/JGO.17.00207 
2. Azizah A, Hashimah B, Nirmal K, Siti Zubaidah A, Puteri N, 



Wahid, et al.: Ultrasound boosts breast cancer screening in Malaysian women

Asian Journal of Medical Sciences | Jun 2024 | Vol 15 | Issue 6 75

Nabihah A, et al. Malaysia National Cancer Registry Report 
(MNCR). Putrajaya, Malaysia: National Cancer Institute, Ministry 
of Health; 2019.

3. Pace LE and Keating NL. A systematic assessment of benefits 
and risks to guide breast cancer screening decisions. JAMA. 
2014;311(13):1327-1335.

 https://doi.org/10.1001/jama.2014.1398 
4. Saslow D, Boetes C, Burke W, Harms S, Leach MO, Lehman CD, 

et al. American cancer society guidelines for breast screening 
with MRI as an adjunct to mammography. CA Cancer J Clin. 
2007;57(2):75-89.

 https://doi.org/10.3322/canjclin.57.2.75 
5. Acciavatti RJ, Lee SH, Reig B, Moy L, Conant EF, Kontos D, 

et al. Beyond breast density: Risk measures for breast cancer in 
multiple imaging modalities. Radiology. 2023;306(3):e222575.

 https://doi.org/10.1148/radiol.222575 
6. Boyd NF, Martin LJ, Bronskill M, Yaffe MJ, Duric N and Minkin S. 

Breast tissue composition and susceptibility to breast cancer. 
J Natl Cancer Inst. 2010;102(16):1224-1237.

 https://doi.org/10.1093/jnci/djq239 
7. Burkett BJ and Hanemann CW. A review of supplemental 

screening ultrasound for breast cancer: Certain populations of 
women with dense breast tissue may benefit. Academic Radiol. 
2016;23(12):1604-1609.

 https://doi.org/10.1016/j.acra.2016.05.017 
8. Liberman L, Morris EA, Kim CM, Kaplan JB, Abramson AF, 

Menell JH, et al. MR imaging findings in the contralateral 
breast of women with recently diagnosed breast cancer. Am J 
Roentgenol. 2003;180(2):333-341.

 https://doi.org/10.2214/ajr.180.2.1800333 
9. Brem RF, Tabár L, Duffy SW, Inciardi MF, Guingrich JA, 

Hashimoto BE, et al. Assessing improvement in detection of 
breast cancer with three-dimensional automated breast US 
in women with dense breast tissue: The SomoInsight study. 
Radiology. 2015;274(3):663-673.

 https://doi.org/10.1148/radiol.14132832 
10. Smith BL, Lanahan CR, Specht MC, Kelly BN, Brown C, 

Strasfeld DB, et al. Feasibility study of a novel protease-
activated fluorescent imaging system for real-time, intraoperative 
detection of residual breast cancer in breast conserving surgery. 
Ann Surg Oncol. 2020;27(6):1854-1861.

 https://doi.org/10.1245/s10434-019-08158-1 
11. Yaghjyan L, Colditz G, Rosner B, Rich S, Egan K and Tamimi RM. 

Adolescent caffeine consumption and mammographic breast density 
in premenopausal women. Eur J Nutr. 2020;59(4):1633-1639.

 https://doi.org/10.1007/s00394-019-02018-0 
12. Houssami N, Turner R and Morrow M. Preoperative magnetic 

resonance imaging in breast cancer: Meta-analysis of surgical 
outcomes. Ann Surg. 2013;257(2):249-255.

 https://doi.org/10.1097/SLA.0b013e31827a8d17 
13. Kuhl CK, Schrading S, Leutner CC, Morakkabati-Spitz N, 

Wardelmann E, Fimmers R, et al. Mammography, breast 
ultrasound, and magnetic resonance imaging for surveillance 
of women at high familial risk for breast cancer. J Clin Oncol. 
2005;23(33):8469-8476.

 https://doi.org/10.1200/JCO.2004.00.4960 
14. Berg WA, Blume JD, Cormack JB, Mendelson EB, Lehrer D, 

Böhm-Vélez M, et al. 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 
15. Kelly KM, Dean J, Comulada WS and Lee SJ. Breast cancer 

detection using automated whole breast ultrasound and 
mammography in radiographically dense breasts. Eur Radiol. 
2010;20(3):734-742.

 https://doi.org/10.1007/s00330-009-1588-y 
16. Yan H, Ren W, Jia M, Xue F, Li Z, Zhang S, et al. Breast cancer 

risk factors and mammographic density among 12518 average-
risk women in rural China. BMC Cancer. 2023;23:952.

 https://doi.org/10.1186/s12885-023-11444-7 

Authors Contributions:
DMIW- Conceptualization, supervision and final approval; NAA- Prepared first draft of manuscript, implementation of study protocol, data collection, data 
analysis; PYT- Manuscript preparation, editing, manuscript revision, statistical analysis and interpretation and submission of article; BJC- Review Manuscript.

Work attributed to:
Beacon Hospital Breast Clinic and Clinical Research Department.

Orcid ID:
Mohamed Ibrahim Wahid -  https://orcid.org/0009-0003-1199-2308
Nurul Alia Azmi -  https://orcid.org/0009-0008-5959-3935
Pei Yun Tan -  https://orcid.org/0009-0007-7017-8137
Bao Jing Chen -  https://orcid.org/0009-0000-8697-4663

Source of Support: Nil, Conflicts of Interest: None declared.

https://orcid.org/0009-0003-1199-2308
https://orcid.org/0009-0008-5959-3935
https://orcid.org/0009-0007-7017-8137
https://orcid.org/0009-0000-8697-4663

