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Abstract

Background:

Breast cancer is the most common malignancy in women. Early detection
improves survival. Mammography is the gold standard for women over
40, while ultrasonography is commonly used in younger women with
dense breasts. To compare the diagnostic accuracy of mammography
and ultrasonography in differentiating benign and malignant breast
lesions using histopathology as the Gold standard.

Methods:

This cross-sectional analytic study included 91 patients who underwent
mammography, ultrasonography, and histopathological confirmation at
MRCCC Siloam Semanggi Hospital. Diagnostic parameters including
sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), accuracy, and area under the curve (AUC) were calculated.
Statistical analysis used McNemar’s test and ROC curve analysis based
on Hanley & McNeil's method, with p < 0.05 considered significant.

Result:

Ultrasonography demonstrated higher sensitivity (98.4%) and NPV
(92.3%) than mammography (96.7% and 88.9%), indicating better ability
to rule out malignancy. Mammography showed higher specificity (53.3%
vs. 40.0%) and PPV (80.8% vs. 76.9%), reflecting better performance in
identifying benign lesions. Overall accuracy was slightly higher for
mammography (82.4%) compared to USG (79.1%). The AUC for
mammography was 0.750 (95% CI: 0.630-0.870), while USG had an
AUC of 0.692 (95% CI: 0.565-0.819). Overlapping confidence intervals
indicated no statistically significant difference in diagnostic accuracy
between the two modalities (p > 0.05).

Conclusions:

Mammography and ultrasonography both demonstrated high diagnostic
performance with complementary strengths. Mammography provided
higher specificity and PPV, while USG offered superior sensitivity and
NPV. Given the small difference in accuracy and overlapping AUC
confidence intervals, no significant difference was found between the two
modalities. Combined use of mammography and USG may improve
diagnostic accuracy in clinical practice.
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Introduction

Breast cancer is the most commonly
diagnosed malignancy among women
worldwide and remains the leading cause
of cancer-related mortality. According to
GLOBOCAN 2020 data, approximately 2.3
million new cases were reported globally,
making breast cancer one of the highest
incidence cancers and the fifth leading
cause of cancer death.”

The high mortality rate is largely
attributed to suboptimal early detection,
despite evidence that timely screening and
diagnosis improve patient survival. *
Although breast self-examination (BSE)
and clinical breast examination (CBE) raise
awareness, they are no longer
recommended as primary screening tools
by the World Health Organization (WHO).
In developing countries like Indonesia,
mass mammography screening programs
are challenging to implement due to high
costs, limited medical personnel, and
inadequate  healthcare infrastructure,
resulting in many cases being diagnosed at
advanced stages.®

Diagnostic ultrasonography (USG) is
the preferred imaging modality for women
under 30 years and is considered
equivalent to mammography for those aged
30 to 39. USG performs better in dense
breast tissue and is more accessible but is
highly operator-dependent and may yield
higher false-negative rates when used for
screening.>®

Mammography remains the gold
standard for screening women aged 40 and
older but has limitations, including false
positives, false negatives, overdiagnosis,
and reduced sensitivity in dense breasts.
Studies have shown that ultrasonography
generally has higher sensitivity but lower
specificity compared to mammography,
and combining both modalities improves
diagnostic accuracy.®"°

To date, no study at RS MRCCC
Siloam Semanggi has compared the
accuracy of mammography and USG in
differentiating benign from malignant breast
lesions based on histopathology. This study
aims to analyze and compare the
diagnostic accuracy of these two modalities

8 |University of Pelita Harapan

Haezer, et al.

to enhance early breast cancer detection in
Indonesia.

Material And Methods

This study is a retrospective cross-
sectional analytic study conducted at RS
MRCCC Siloam Semanggi from January
2022 to December 2024. The study
population comprised all patients with
breast tumors who underwent
mammography, ultrasonography (USG),
and histopathological confirmation.
Samples were consecutively selected from
patient medical records that met the
inclusion criteria, which required complete
breast lesion data and histopathological
confirmation. Exclusion criteria included
patients with incomplete data,
examinations performed outside RS
MRCCC, and pregnant or lactating women.
Mammography was performed using the
Siemens Mammomat Inspiration device,
while ultrasonography was conducted
using the GE Logiq S8 system.
Interpretation of mammography and USG
results was performed by trained radiology
residents and validated by two radiology
specialists using the 2013 BI-RADS
classification system, which categorizes
lesions from category 1 (normal) to
category 5 (highly suggestive of
malignancy). Imaging data were correlated
with histopathological findings classified as
benign or malignant by anatomic
pathologists.

Diagnostic  parameters  analyzed
included sensitivity, specificity, positive and
negative predictive values, accuracy, and
area under the receiver operating
characteristic curve (AUC). Comparative
performance between the two modalities
was assessed using McNemar’s test for
paired data and the Hanley-McNeil method
for AUC difference analysis with a
significance level of p < 0.05. Data were
processed with the latest SPSS software
following editing, coding, entry, and
cleaning to ensure validity and consistency.
This study was approved by the Ethics
Committee of the Faculty of Medicine,
Universitas Pelita Harapan (No. 247/K-
LKJ/ETIK/VII/2025). All  data were



anonymized, and the study complied with
the Declaration of Helsinki.

Result

This study included 91 patients with
breast tumors at RS MRCCC Siloam
Semanggi who underwent ultrasonography
(USG) and mammography, followed by
histopathological confirmation as the gold
standard. Among the total sample, 61
cases (67.0%) were diagnosed as
malignant tumors, while 30 cases (33.0%)
were benign. Patient characteristics were
described based on four major aspects.
Firstly, age distribution showed that the
maijority of subjects were aged 40-50 years
(41.7%), followed by those over 50 years
(37.4%), and under 40 years (20.9%),
reflecting a predominance of adult and
elderly patients in this study population.
Secondly, mammaographic breast
composition was predominantly type C
(heterogeneously dense breast tissue) at
71.4%, followed by type D (extremely
dense) at 14.3%, type B at 9.9%, and type
A (almost entirely fatty) at 4.4%. This
indicates a large proportion of patients with
high breast density, which can potentially
affect detection sensitivity (Table 1).

Table 1. Age Distribution and Breast Tissue
Composition on Mammography.

Age (years) Frequency Percentage
<40 19 20,9 %
40-50 38 41,7 %

>50 34 37,4 %
Total 91 100%
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Breast Frequency Percentage
Composition

A 4 4,4 %

B 9 9,9 %

C 65 71,4 %

D 13 14,3 %
Total 91 100%

The distribution of BI-RADS categories
on mammography revealed that categories
4 and 5, which are highly suggestive of
malignancy, predominated at 36.3% and
43.9%, respectively. Only 19.8% of patients
fell into categories 1-3, indicative of benign
or non-suspicious findings. Similarly,
ultrasonography showed predominance of
BI-RADS categories 4 and 5, comprising
35.2% and 50.5% of cases, respectively,
with no cases classified as category 1 and
small proportions in categories 2 (7.7%)
and 3 (6.6%). These data reflect a tendency
for detection of suspicious lesions by both
modalities, demonstrating consistency in
interpretation between mammography and
ultrasonography in identifying malignancy
risk characteristics in breast tumors (Table
2)

Table 2. Distribution of Ultrasonography Bl-
RADS Classification on Mammography and

Ultrasonography.

BIRADS on Frequency Percentage
Mammography

1 3 3,3%

2 8 8,8 %

3 7 7.7 %

4 33 36,3 %

5 40 43,9 %
Total 91 100%




BIRADS on Frequency Percentage
Ultrasonography

1 0 0%

2 7 7.7 %

3 6 6,6 %

4 32 35,2 %

5 46 50,5 %
Total 91 100%

The radiologic interpretation results
revealed a relatively high detection rate for
malignant lesions using both imaging
modalities. Ultrasonography (USG)
interpreted 78 cases (85.7%) as malignant
and 13 cases (14.3%) as benign.
Mammography (MG) showed 73 cases
(80.2%) interpreted as malignant and 18
cases (19.8%) as benign. These data
indicate a slightly higher tendency for
malignancy interpretation with USG
compared to mammography within this
study population (Table 3).

Table 3. Distribution of Radiological
Interpretation Results Based on Imaging
Modalities.

Modality Malignant Benign Total
Histopathology Histopathology
USG 78 (85,7%) 13 (14,3%) 91
MG 73 (80,2%) 18 (19,8%) 91

The contingency comparison between
ultrasonography (USG) and mammography
(MG) results against histopathology
illustrates the diagnostic performance of
both modalities in differentiating malignant
and benign breast tumors. For USG,
among 61 histopathologically confirmed
malignant cases, 60 (65.9%) were detected
as true positives and only 1 (1.1%) as false
negative. Eighteen cases (19.8%) were
false positives, while 12 cases (13.2%)
were true negatives from the total 30
benign cases. The overall positive and
negative accuracy of USG reached 85.7%
and 14.3%, respectively. In mammography,
among 61 breast cancer cases (PA
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malignant), 59 were true positives (64.8%)
and 2 false negatives (2.2%), while among
30 benign cases, 14 were classified as
false positives (15.4%) and 16 as true
negatives (17.6%). The total cases
detected as malignant by mammography
numbered 73 (80.2%), whereas 18 (19.8%)
were categorized as benign (Table 4).

Table 4. Comparison USG and
Mammaography toward Histopathology.

Benign % Total %

Modality Malignant

Histopathology Histopathology

USG 60 (TP) 65,9% 18 (FP) 19,8% 78 857%
(Malignant)

USG 1 (FN) 1,1% 12 (TN) 13,2% 13 143%
(Benign)

Total 61 67,0% 30 23,0% 91 100%

Modality Malignant % Benign % Total %

Histopathology Histopathology

MG 59 (TP) 64,8% 14 (FP) 154% 73 802%

(Malignant)

MG 2 (FN) 22% 16 (TN) 17,6% 18 182%

(Benign)

Total 78 67,0% 32 33,0% 91  100%

The ROC curve analysis demonstrated
the diagnostic performance of
ultrasonography (USG) and mammography
in differentiating between benign and
malignant breast lesions. The area under
the curve (AUC) for USG was 0.692 (95%
Cl: 0.565-0.819), while mammography had
an AUC of 0.750 (95% CI: 0.630-0.870).
The ROC curve depicted in Figure 1
indicates that mammography exhibited
slightly superior diagnostic accuracy
compared to USG, as reflected by its higher
AUC, which suggests better discriminatory
ability between benign and malignant
lesions. This finding supports the use of
mammography as the primary modality for
early breast cancer detection in the studied
population,  without diminishing the
important role of USG, particularly in cases
involving dense breast tissue.
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Figure 1. ROC Comparing USG and
Mamography

The diagnostic parameter table
comparing ultrasonography (USG) and
mammography reveals differences in
performance between the two modalities in
detecting breast malignancies. USG
demonstrated a very high sensitivity of
98.4%, slightly superior to mammography
at 96.7%. However, USG showed a lower
specificity of 40.0% compared to
mammography’s 53.3%, indicating a higher
rate of false-positive findings with USG.
Positive predictive value (PPV) was 76.9%
for USG and 80.8% for mammography,
while the negative predictive value (NPV)
slightly favored USG at 92.3% versus
88.9%. Overall accuracy was relatively high
for both, at 79.1% for USG and 82.4% for
mammography. The receiver operating
characteristic (ROC) curve analysis yielded
area under the curve (AUC) values of 0.692
for USG and 0.750 for mammography,
underscoring mammography’s superior
discriminatory ability between benign and
malignant lesions in this study population
(Table 5).

Table 5. Diagnostic Analysis on USG and
Mammography.

Parameter USG (%)

Mammography (%)

Sensitivity 98,4 96,7

Specificity 40,0 533

Positive Predictive Value 76,9 80,8

(PPV)

Negative Predictive Value 923 88,9

(NPV)

Accuracy 79,1 82,4

Area Under Curve (AUC) 0,692 0,750
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The McNemar test analysis between
mammography and ultrasonography (USG)
in differentiating benign and malignant
lesions shows in-depth results regarding
the accuracy of the two modalities. In the
contingency results, there were 13 cases
assessed as benign by both modalities,
while 73 cases were consistently identified
as malignant by both mammography and
USG. A total of 5 cases were assessed as
malignant by USG but benign by
mammography, and no cases were found
where mammography assessed a lesion as
benign while USG assessed it as
malignant.

The p-value from the McNemar test
was 0.063 (p > 0.05), indicating that there
is no statistically significant difference in
accuracy between mammography and
ultrasonography (USG) in differentiating
benign and malignant lesions in the study
population.

Table 6. Comparison Mammography with

Ultrasonography.
Modality MG MG Total
(Benign) (Malignant)
USG 13 0 13
(Malignant)
USG 5 73 78
(Benign)
Total 18 73 91
Discussion

This study directly compared the
accuracy, sensitivity, specificity, and
diagnostic value of two primary imaging
modalities within a cohort at RS MRCCC
Siloam Semanggi. The main findings
demonstrated that ultrasonography (USG)
exhibited a very high sensitivity of 98.4%,
slightly  surpassing mammography’s
96.7%, consistent with literature reporting
superior USG sensitivity in several Asian
populations. For instance, Wang et al.
(2022) and Tadesse et al. (2023) reported
USG sensitivities of 95.7% and 94% per
lesion, respectively, while mammography
sensitivities were lower at 78.9% and 76%
in their respective studies.®"

The high sensitivity observed for both
modalities in this study is influenced by the



large  proportion of patients  with
histopathologically confirmed malignant
lesions (67.0%), thereby reducing the
likelihood of false-negative results. This is
critical for screening and early detection, as
modalities with poor sensitivity risk missing
cancer cases and delaying treatment. On
the other hand, mammography exhibited
better specificity (53.3%) compared to USG
(40.0%), reflecting its superior accuracy in
correctly identifying benign cases and
reducing false-positive outcomes. When
compared to Pereira et al. (2020), who
reported very low USG specificity (18.8%),
and Wang et al. (2022), who noted higher
specificity (42.9%), this study underscores
the advantage of mammography in
detecting non-mass lesions such as
microcalcifications.'?

The cumulative overall accuracy data
demonstrated that mammography (82.4%)
slightly  outperformed ultrasonography
(USG) (79.1%), consistent with the
respective receiver operating characteristic
(ROC) curve area under the curve (AUC)
values of 0.750 and 0.692. The higher AUC
for mammography indicates a more optimal
discriminative  ability in distinguishing
benign from malignant lesions, although the
difference was relatively small with
overlapping confidence intervals. In
contrast, Wang et al. (2022) reported a
higher AUC for USG in their population,
while Tadesse et al. (2023) highlighted the
strength of per-lesion analysis favoring
USG, though per-patient results showed no
significant difference."

From a predictive standpoint,
ultrasonography (USG) demonstrated a
higher negative predictive value (NPV) of
92.3% compared to mammography's
88.9%, making it highly useful for
confidently ruling out malignancy and
avoiding unnecessary additional
procedures. The positive predictive value
(PPV) favored mammography at 80.8%
over USG's 76.9%, providing greater
certainty for positive cases. McNemar's test
yielded a p-value of 0.063, indicating no
statistically ~ significant  difference in
accuracy between mammography and
USG in differentiating benign and malignant
lesions.
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The BI-RADS distribution for both
modalities supported these findings, with
most cases classified as categories 4-5,
representing a high suspicion of
malignancy. Mammography categorized
80.2% of cases within BI-RADS 4-5,
consistent with its strength in detecting
microcalcifications and architectural
distortions; however, its limitations in dense
breasts were reflected by 19.8% of cases in
categories 1-3. USG showed an even
higher proportion of cases in categories 4—
5 (85.7%), highlighting its proficiency in
evaluating solid masses and lesion
margins, especially in dense breast tissue.
This pattern underscores the
complementary nature of both imaging
techniques, and their combined use can
enhance diagnostic accuracy.

The accuracy difference between
mammography and USG in this study was
relatively small (approximately 3.3%), with
overlapping confidence intervals for the
AUC, indicating no significant difference
based on statistical testing.

Several key factors influenced breast
imaging diagnostic outcomes in this study.
Firstly, breast density posed a significant
challenge, with over 85% of patients
classified as having dense breasts (BI-
RADS categories C and D), consistent with
characteristics of Asian and Indonesian
female populations. High density reduces
mammographic  sensitivity due to
fibroglandular tissue obscuring lesions,
lowering diagnostic accuracy. Conversely,
USG overcomes this limitation and remains
reliable for lesion detection in dense
breasts, as supported by Wang et al.
(2022), who affirmed that breast density
does not adversely impact USG
performance and is a principal reason for its
application in populations with dense breast
tissue.®

Secondly, Age is a critical factor
influencing the choice of imaging modality
for breast cancer screening.
Mammography is ideally recommended for
women aged over 40 years, as breast
tissue density typically decreases with age,
enhancing the sensitivity of this technique
for early cancer detection. Conversely,
ultrasonography (USG) is preferred for
women under 40, including pregnant



patients, due to its lack of ionizing radiation
and effectiveness in dense breast tissue.
This preference is supported by llirian et al.
(2023), who found mammography to be
most sensitive in older age groups,
whereas USG demonstrated higher
accuracy among younger patients. Given
that the majority of participants in this study
were over 40 years of age, mammography
remains relevant as the primary screening
tool.”®  Third, operator dependency
constitutes a significant inherent limitation
of ultrasonography (USG). The accuracy of
USG results is highly influenced by the skill
and experience of the radiologist or
sonographer, leading to considerable
variation in interpretation between different
operators or institutions. Such variability
increases heterogeneity in outcomes and
underscores the need for standardized
examination protocols and intensive
training of healthcare professionals to
maintain  consistent USG  quality.
Additionally, the detection of
microcalcifications remains an exclusive
advantage of mammography.
Microcalcifications often represent an early
manifestation of ductal carcinoma in situ
(DCIS) and are critical for the early
diagnosis of subclinical breast cancer.
Ultrasonography is inadequate in optimally
detecting microcalcification characteristics,
thereby necessitating the integration of
mammography into diagnostic workflows
when non-mass lesions or architectural
distortions without a distinct mass are
suspected.'®

The combination of these two imaging
modalities has been well established in
international literature. Chen et al. (2021)
and  several meta-analyses  have
demonstrated that using mammography
and ultrasonography (USG) together
increases sensitivity for breast cancer
screening and diagnosis, especially for
small lesions, populations with dense
breasts, or clinically challenging diagnostic
cases. 8"

This study has several limitations that
should be considered when interpreting the
findings. First, the limited sample size may
render effect estimates more susceptible to
the characteristics of the specific subjects
studied. Second, since the study was
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conducted at a dedicated cancer referral
hospital, the results may not fully represent
the general population, warranting caution
when generalizing these findings. Third, the
operator-dependent nature of
ultrasonography, combined with the
retrospective design, means that image
acquisition quality and interpretation may
vary based on operator skill and the
protocols used.

Conclusion

The study concluded that both
ultrasonography (USG) and mammography
exhibit high diagnostic accuracy in
differentiating benign and malignant breast
lesions, each with complementary
characteristics. USG demonstrated
superior sensitivity (98.4%) and negative
predictive value (92.3%), making it highly
effective for detecting malignant lesions,
though its specificity was relatively low
(40%), implying a higher false-positive rate.
Conversely, mammography offered higher
specificity (53.3%) and better positive
predictive value, with an overall greater

accuracy of 82.4%. Mammography
remains superior in detecting
microcalcifications and  demonstrates

higher specificity, making it the primary
modality for screening women aged 240
years. Conversely, ultrasonography shows
higher sensitivity and negative predictive
value, particularly in dense breasts and
younger patients (<40 vyears). The
combined use of both modalities provides
the most optimal outcome, as they
complement each other in detecting and
characterizing breast lesions, thereby
enhancing diagnostic accuracy and
improving clinical management efficiency.
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