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Abstract

Introduction: Breast cancer is the most common malignant tumours in women, with over one million cases diagnosed
globally each year, resulting in approximately 410,000 deaths. Early detection and treatment significantly reduce the
risk of mortality. Ultrasound and mammography are widely used non-invasive, cost-effective imaging techniques
for early breast cancer diagnosis. This study aims to identify the characteristics of breast lesions on ultrasound and
mammography and correlate them with histological findings.

Method: This was a retrospective study conducted in Patan Hospital, with the data set from January 2019 to December
2022. All patient’s data were collected regarding findings of ultrasound, mammography, BIRADS from radiological
department and correlated withhistopathologicaldiagnosis. All findings were compared for the sensitivity and specificity
of mammography with ultrasonography indiagnosing breast lesions.

Result: A total of 137 cases were found to havehistopathology diagnosed benign and malignant breast lesions.
Ultrasonography showed 91.58% sensitivity, 57.14% specificity, 82.86% positive predictive value, 75.00% negative
predictive value, and 81.02% diagnostic accuracy. Mammography exhibited 92.63% sensitivity, 61.90% specificity,
84.62% positive predictive value, 78.79% negative predictive value, and 83.62% diagnostic accuracy. When combining
mammography and ultrasonography, the results showed 93.63% sensitivity, 42.86% specificity, 78.76% positive predictive
value, 75% negative predictive value, and 78.10% diagnostic accuracy.

Conclusion: Ultrasound and mammography are both highly sensitive in detecting benign and malignant breast lesions.
While mammography has a slightly higher overall accuracy in diagnosis, it is recommended to complement ultrasonography

with mammography for a more comprehensive detection of breast lesions.
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Introduction

Breast cancer is the most common malignant
tumour in women.Globally there are more than
one million cases of breast cancer diagnosed each
yearland approximately 410,000 of them died from
breast cancer.? Early diagnosis and early treatment
cause low risk of mortality. Most people seek for
medical treatment at late stage of disease due to
lack of knowledge and awareness-causing increased
risk of mortality and morbidity.® Ultrasound and
mammography are the most common cost effective
and feasible modalities for early diagnosis of breast
cancer. Breast cancer is the most common cancer in
Nepal with age standardized incidence rate of 15.24
per 100,000 and thecommonest in urban women
aged 41-50 accounting for 15% of cancer in Nepal,
many (60-70%) being diagnosed at advanced stage.*
In India it is the secondmost common cause of
cancer related mortality. Breast masses range from
inflammatory, benign to malignant lesion.®

Ultrasonography and mammography are the most
common non-invasive imaging modalities used in
characterization of breast lesion. Mammography is
cost effective and widely accepted to evaluate the
clinically suspicious andfor screening of breast cancer.
Ultrasonography is a useful adjunctive modality
and helps characterizing a mammographically non-
detected palpable abnormality, especially in dense
breast. With the use of ultrasound, mammography
andFine needle aspiration cytology (FNAC) can
diagnoseboth benign and malignant lesion without
surgery. Sensitivity and specificity of ultrasonography
or mammography is higher if ultrasonography and
mammography are both combined in diagnosis
of breast lesion.®” The aim of this study wasto
determine the characteristics of breast lesions on
ultrasonography and mammography and correlate
them with histology findings.

Method

This cross-sectional study was done in Radiology and
Imaging Department and Department of Pathology
of Patan Hospital, with the data setof 4 years (from
January 2019 to December 2022). All patients
were referred for breast lesions from concerned
departments and theirultrasound was performed
using 7.5 to 10 MHz linear array transducer of Philips
SD 40 machine. Mammography was done using a
digital mammography with a Kilovoltage Peak (kVp)
setting of 25-35 for average size and density breasts
with focal spot of 0.3mm using a target and filter of
Molybdenum. Cranio-caudal (CC) and Medio-lateral
(ML) views of both the breasts were done after

adequate compression.All patients had BIRADS score
data fromthe mentioned imaging findings.’

Approval of the study were obtained from the
Institutional Review Committee (IRC) of PAHS (Ref.
drs2401121831). This study included breast lesions
who had ultrasound scan, mammography scan and
histopathological report available and excluded the
cases that had ultrasound scan only or mammography
only.Based on specificity from a study from India
2020, the sample size calculated which were 129 for
this study.®

FNAC of the lesion and the histopathological
report assessment were classified as “Benign” and
“Malignant” lesions by the pathology department.
Breast lesions were categorized as “Benign” and
“Malignant” using pre-determined Breast Imaging
Reporting and Data System (BIRADS) score for
ultrasonography and mammography findings
by the study team members. These categorical
variables were used to find association between
ultrasonography and FNAC, mammography and FNAC
and ultrasonography + mammography and FNAC using
chi-square test.Finally, sensitivity and specificity along
with positive predicted value and negative predicted
value of each cross-tabulations were calculated. Data
were enteredin Microsoft Excel 2016 software and
analysed using Statistical Package of Social Sciences
(SPSS 20) software.

Result

Total number of 278 cases who had both ultrasound
and mammography studies in last four years
were included in our study. Out of 278 cases,
only 137(49.28%) had histopathological diagnosis
of either benignor malignant lesion. Out of 137,
majority were benign cases 95(69.34%) and rest were
malignant 42(30.66%). In this study, in ultrasound,
out of 137 cases, 132(96.35%) cases were diagnosed
by ultrasound and 5(3.64%) cases were normal or
negative for lesion which were benign lesion whereas
in mammography 119(86.86%) cases were diagnosed
by mammography and 18(13.14%) cases were
normal or negative for lesion. Among these 18 cases,
17(94.4%) were benign and 1(5.56%) was malignant.
Out of 42 malignant lesions, 4(9.52%) cases were of
women below 40 years and 38(90.48%) cases were of
women above and equal 40 years, Tablel.

The histogram shows that the age was not normally
distributed, which was also confirmed by the
Kolmogorov-Smirnov test of normality (Test value =
0.122, p-value < 0.001). Thus, median ageof women in
this study was 44 years with IQR (interquartile range)
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able 1. Table showing age group distribution and

histopathologic examination findings (N=137)

Age group HPE Findings Total
in years Benign Malignant N
29-39 34(89.47%) 4(10.52%) 38
40-49 35(66.04%) 18(33.96%) 53
50-59 16(61.54%) 10(38.46%) 26
60-69 6(42.85%) 8(57.14%) 14
70+ 4(66.67%) 2(33.33%) 6
Total 95(69.34%) 42(30.66%) 137

was 13 years (44+13). For benign lesion, median age
was 43 years and IQR was 14 years and for malignant
lesion median age was 48 years and IQR was 16 years.
Minimum age was 29 years and maximum age was
75 years with most of the patients at 40 to 49 years
that is 53(38.88%); 117(85.40%) of cases were below
60 years and only 20(14.60%)patients were above 60
years.
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Age Distribution (N=137)
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Figure 1. Age distribution ()N=137)

able 2. Distribution of ultrasonography findings

Natures of lesions N (%) Benign Malignant N Chi square test
Shape:
Round 108(67.08%) 77 7 84
Oval 15(9.32%) 4 6 10 <.0001
Irregular 38(23.60%) 10 28 38
Orientation:
Parallel 119(73.91%) 79 13 92 <.0001
Non Parallel 42(26.09%) 12 28 40
Margin:
Circumscribed 138(85.71%) 89 22 111 <.0001
Not circumscribed 23%(14.29%) 2 19 21
Boundary:
Halo 129(80.12%) 83 18 101 <.0001
Abrupt 32(19.88%) 8 23 31
Echo pattern
Hypoechoic 144(89.44%) 86 32 118 <.001
Isoechoic 7(4.35%) 2 3 5
Hyperechoic 4(2.48%) 3 0 3
Complex 6(3.73%) 0 6 6
Posterior Acoustic:
Enhancement 119(73.91%) 78 15 93 <.0001
Shadowing 42(26.09%) 13 26 39
Calcification:
Present 36(22.3%) 12 20 32 <.0001
Absent 126(77.8%) 80 21 101
BIRADS categories:
1 117(42.09%) 6 0 6 <.0001
2 79(28.42%) 54 1 55
3 30(10.49%) 20 6 26
4a 19(6.83%) 7 11 18
4b 8(2.88%) 3 5 8
4c 12(4.32%) 3 8 11
5 13(4.68%) 2 11 13
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able 3. Distribution of mammography findings

Natures of lesion N(%) Benign Malignant N Chi-square test
Composition 278
A 42(15.1%) 10 7 17
B 180(50.4%) 44 19 63 0.350*
C 84(30.2%) 35 16 51
D 12(4.3%) 6 0 6
Shape:
Round 22(20%) 12 3 15 <.0001
Oval 23(57.3%) 42 14 56
Lobulated 20(18.2%) 4 15 19
Irregular 5(4.5%) 1 4 5
Margin:
Indistinct 21(18.9%) 5 15 20 <.0001
Spiculated 13(11.7%) 4 8 12
Microlobulated 73(65.8%) 49 11 60
Circumscribed 4(3.6%) 2 22 24
Calcification:
Absent 183(65.8%) 65 17 82 <.0001
Micro 71(25.5%) 26 8 34
Macro 24(8.6%) 4 17 21
Skin/Nipple retraction:
Present 31(11.2%) 7 14 21 <.0001
Absent 247(88.8%) 88 28 116
Axillary Lymphadenopathy:
Present 69(24.8%) 14 16 30 0.002
Absent 209(75.5%) 81 26 107
Architectural distortion:
Present 21(7.6%) 4 10 14 <.0001
Absent 257(92.4%) 91 32 123
BIRADS categories:
0 1(0.4%) 0 0 0 <.0001
1 76(27.3%) 17 1 18
2 110(39.6%) 43 1 44
3 41(14.7%) 25 3 28
4a 15(5.4%) 3 11 14
4ab 12(4.3%) 3 9 12
4c 6(2.2%) 2 4 6
5 17(6.1%) 2 13 15

Note: * = Fisher’s exact test

able 4. Comparison of ultrasound and mammogram findings of breast lesions with FNAC findings

Histopathology Results
Diagnosis Benign Malignant Sensitivity Specificity pre dI:::i:ZVSalue precli\liifi?/:‘:/zlue D'Aai':j::‘:;
Ultrasound
Benign 87 18 91.58%  57.14% 82.86% 75% 81.02%
Malignant 8 24
Mammography
Benign 88 16 92.63%  61.90% 84.62% 78.79% 83.21%
Malignant 7 26
USG+Mammography
Benign 89 24 93.68%  42.86% 78.76% 75% 78.10%
Malignant 6 18
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There were no malignant lesions below 35 years.
Out of 137 cases that underwent both ultrasound
and histopathologic examination, 132(96.35%) were
diagnosed by ultrasound and 5(4.81%) were normal
or negative for lesion that was BIRADS 1 score. All 6
cases were benign lesion. In comparison, 119(86.86%)
were diagnosed by mammography and 18(13.14%)
was normal or negative for lesion that was BIRADS 1
score. Among these 18 cases, 17(94.44%) was benign
and 1(5.56%) was malignant, Table 2.

Ultrasound findings revealed that a considerable
number of malignant lesions displayed irregular
shape, non-parallel orientation, non-circumscribed
margins, abrupt margins, calcification, posterior
acoustic shadow, and complex echotexture, with a
statistically significant p-value of <0.0001. Conversely,
a notable number of benign lesions exhibited round
shape, parallel orientation, well-circumscribed
margins, hypoechoic halo, hypoechoic features,
and posterior acoustic enhancement, also with a
statistically significant p-value of <0.0001.

The correlation between Ultrasound BIRADS
score and histopathological findings of patients is
presented in Table 2, showing a statistically significant
relationship with a p-value of <0.0001. As the BIRADS
score increases, the likelihood of malignant lesions
also increases. Among the cases, one out of 55 cases
with a BIRADS 2 score and six out of 26 cases with a
BIRADS 3 score were found to have malignant lesions.
The majority of cases with BIRADS 4 and 5 scores
were associated with malignant lesions. Specifically,
out of 37 cases with a BIRADS 4 score, 13(35.14%)
cases were benign lesions and 24(64.86%) cases were
malignant lesions. For the 13 cases with a BIRADS 5
score, only 2(15.38%) were benign lesions while
11(84.62%) were malignant lesions.

On mammography, breast composition was not
found to be statistically significant (p=0.350). A
considerable number of malignant lesions exhibited
lobulated and irregular shapes, while benign lesions
displayed round and oval shapes. The majority of
malignant lesions showed indistinct, speculated, and
circumscribed margins, whereas benign lesions had
microlobulation which wasstatistically significant
(p<0.0001). Benign lesions mostly lacked calcification
or microcalcification, whereas malignant lesions had
macrocalcification with a statistically significant p
value of <0.0001. Malignant cases presented with
skin/nipple retraction and architecture destruction,
which were absent in benign cases, showing statistical
significance of <0.0001. The majority of benign
lesions did not have axillary lymphadenopathy, while
malignant lesions did, with a statistically significant p
value of 0.002(<0.05), Table 3.

The correlation between Mammography BIRADS
score and histopathological findings was found to be
statistically significant (p<0.0001). Among the cases,
oneout of 44 BIRADS 2 scores and three out of 28
BIRADS 3 scores were identified as malignant lesions.
The majority of BIRADS 4 and 5 scores were associated
with malignant lesions. Specifically, out of 32 BIRADS
4 cases, 8(25%) were benign lesions and 24(87.5%)
were malignant. For BIRADS 5 cases, only two out of
15 were benign, while the rest were malignant.

The diagnostic accuracy of mammography and
ultrasound in detecting breast lesions, particularly
BIRADS 4 and 5 scores, was found to be very good
in our study. Out of 42 cases of malignant lesions,
mammography detected 37(88.09%) and ultrasound
detected 35(83.33%). For BIRADS 1 to 3 scores, out of
95 cases, mammography detected 85(89.47%) benign
cases and ultrasound detected 80(84.21%).

Ultrasonography demonstrated a sensitivity of
91.58% and a specificity of 57.14%, with a positive
predictive value of 82.86% and a negative predictive
value of 75.00%. The diagnostic accuracy of
ultrasonography was 81.02%. Mammography showed
a sensitivity of 92.63% and a specificity of 61.9%, with
a positive predictive value of 84.62% and a negative
predictive value of 78.79%. The diagnostic accuracy
of mammography was 83.21%. When combining
mammography and ultrasonography, the sensitivity
and specificity were 93.63% and 42.86% respectively,
with a positive predictive value of 78.76% and a
negative predictive value of 75.00%, and a diagnostic
accuracy of 78.10%, Table 4.

Out of 42 cases of malignant lesions ultrasound
had correctly diagnosed 24(57.14%) cases and
mammography had correctly diagnosed 26(61.90%)
cases. On combining both ultrasound and
mammography only 18(42.85%) cases had diagnosed
malignant lesions. Out of 95 cases of benign lesions
ultrasound had correctly diagnosed 87(91.57%) cases
and mammography had diagnosed 88(92.63%) cases.
On combining both 89(93.68%) cases had correctly
diagnosed for benign lesion.

Discussion

This study was conducted on 278 cases for 4 years who
had both ultrasound and mammographyinvestigations
and out of 278, only 137 cases had histopathology
diagnosis of benign, 95(69.34%), and malignant lesion,
42(30.65%). Final assessment was done with BIRADS
score which were correlated with histopathology
findings. In this study, in ultrasound, out of 137 cases,
131 cases were diagnosed by ultrasound and 6 cases
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were normal or negative for lesion which were benign
lesion on histopathology whereas in mammography
119 cases were diagnosed by mammography and 18
cases were normal or negative for lesion. Among 18
cases, 17 were benign and 1 was malignant lesions
on histopathology. In this study ultrasound can
diagnosed most of the cases than mammography, in
which 132 cases were diagnosed by ultrasound where
as only 119 cases were diagnosed by mammography
among diagnosed cases most of the lesions were
benign lesions that is 95 (69.37%) cases and only
42 (30.65%) cases were malignant lesion. which is
similar to study done at India (2020)® Benign lesions
like cystic lesions which appears as radiolucent and
are difficult to diagnosed by mammography whereas
ultrasound can differentiate solid from cystic lesion
which is similar to our study where ultrasound can
detected more lesions than mammography and also
ultrasound is superior to mammography for detecting
breast lesion especially in dense breast.?° Fibrocystic
disease with predominant cystic component appears
as dense breast in mammography which might read
as normal whichas in ultrasound appears as multiple
small cystic lesions.®

The average age of female participants in this study
was 46.51 years, with the youngest being 29 and the
oldest 75 years. The majority of patients belong to
age group of 40 to 49 years, accounting for 53(42.3%)
individuals. A total of 117(85.4%) cases were under
60 years old, while only 20(14.5%) patients were 60
years or older. Notably, no malignant growths were
found in individuals under 35 years old, and most
cases of breast cancer occurred in patients over 40
years old, aligning with findings from previous studies
done in 2020 and 2004.5°

Significantnumber of malignant lesions displayed
irregular shape, non-parallel orientation, non-
circumscribed, abrupt margins, calcification, posterior
acoustic shadow, and complex echotexture, with a
statistically significant p-value of <0.0001. Conversely,
a significant number of benign lesions exhibited
round shape, parallel orientation, well-circumscribed,
hypoechoic halo, hypoechoic, and posterior acoustic
enhancement, which was also statistically significant.
This finding aligns with a study conducted in Nigeria,
which highlighted that hypoechoic mass with irregular
margin, diffuse skin thickening, and posterior acoustic
shadowing are common characteristics of malignant
lesions.!! In several studies done on 2000, 2007
and 2008 also found similar findings for benign and
malignant lesion.'>**!* Some studies stated that
hypoechoic or mixed hyper-hypoechoic mass with
calcification and posterior acoustic enhancement
were features of malignant lesions; however, in our

study, posterior acoustic enhancement are seen
more in benign lesion.® Some studies showed ill-
defined masses with calcification are associated with
malignant lesion.®*’

The breast composition on mammography showed
statistically insignificant findings in this study likely
due to breast composition were varies with age of
the patients. Malignant lesions exhibited lobulated,
irregular shape, indistinct, spiculated margins,
macrocalcification, skin thickening, nipple retraction,
axillary  lymphadenopathy, and  architecture
destruction. On the other hand, benign lesions
displayed round and oval shape, circumscribed
margins, microlobulation, and absence of calcification
or microcalcification, which is statically significant and
consistent with previous studies.®*> In this study,
microcalcification were present more in benign lesion
and macrocalcification in malignant lesion which is
similar to study done on 2019, whereas, previous
study done on 1994 showed microcalcifications, linear
branching or pleomorphic microcalcifications have
a higher predictive of value of malignant lesion.?® In
this study, there are only 42 number of sample size to
study for malignant lesion which might cause contrary
to above mentioned study.

The diagnostic accuracy of mammograms and
ultrasounds in detecting breast lesions, particularly
BIRADS 4 and 5 scores, was found to be very high
in this study. Out of 42 cases of malignant lesions,
mammography detected 37 (88%) cases, while
ultrasound detected 35 83%) cases. For BIRADS 1 to
3 scores, out of 95 cases, mammography identified
85(89%) cases as benign, and ultrasound identified
80(84%) cases, consistent with previous studies on
2021 and 2022 India.>® In terms of calcifications,
mammography (n=95) showed better detection
compared to ultrasound (n=36), aligning with findings
from China.?

In this study, ultrasonography had sensitivity of 91.58%
and specificity of 57.14% with positive predictive
value of 82.86% and negative predictive value of 75%
with diagnostic accuracy of 81.02% which is similar to
study done by Kan, et al., found sensitivity of 91.67%,
the specificity of 83.93%, positive predictive value
89.53%, negative predictive value 87.04%, and the
diagnostic accuracy 88.57%.2! Similar study done
in 2011 study had reported sensitivity 92.1% and
specificity 80% by ultrasound.??In 2009 another study
reported that sensitivity of 72.6% and specificity
73.9%.2% Another study done on 2018, stated that
sensitivity 80.57%, specificity 88.43% and diagnostic
accuracy 93.55%.2
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In this study, on mammography, sensitivity of 92.63%
and specificity of 61.90% , positive predictive value of
84.62% and negative predictive value of 78.79% with
diagnostic accuracy of 83.21% .2019 study stated that
sensitivity 83.2%, specificity 92.3% and diagnostic
accuracy 91.24%.2 In study done on 2022 found
sensitivity of 87.88% which is similar to our study and
specificity of 95% which is slightly different than our
study.® Jahen, et al., found sensitivity of 80% which is
similar to our study and specificity of 96.97 % which is
also slightly different than this study by ultrasound.?*

Combining the mammography and ultrasonography,
sensitivity of 93.69% and specificity of 42.86%,
positive predictive value of 78.76% and negative
predictive value of 75% which were similar to study
done by Mujagi¢ S, et al., stated sensitivity 96.8%,
specificity 55.3% and Negeri, et al., which stated
sensitivity 88.9% and specificity 46%.2*% Overall
diagnostic accuracy was 78.1% which is slightly
less than ultrasound and mammography alone;
however, sensitivity is slightly more by combining
both ultrasound and mammography in this study.
Zhang, et al., stated that combining ultrasound and
mammography had sensitivity 97.45%, specificity
97.15% and diagnostic accuracy 97.22%.3 This study
shows overall sensitivity of ultrasound, mammography
and ultrasound combined with mammography were
higher in detecting breast lesions which was almost
similar to other several studies.>?%2¢

The study has several potential limitations. Histological
subtypes of benign and malignant lesions were not
characterized in our study. Axillary lymph nodes were
not included in the ultrasound examination. Benign
and malignant calcification appearances were not
defined in mammography, and asymmetry of the
breast was also not included. A large sample size could
not be included in this study due to the COVID-19 crisis
period. We hope to include a larger population group
in the future to evaluate each subtype characteristics.

Conclusion

Ultrasound and mammography are both highly
sensitive in detecting benign and malignant breast
lesions, assigning them BIRADS scores. While
mammography has slightly higher overall diagnostic
accuracy, ultrasound should be used in conjunction
with mammography to effectively detect these lesions.
In young patients with dense breasts, mammography
may not be performed, in which case ultrasound
can aid in lesion characterization. Mammography is
particularly useful in characterizing calcifications,
which are less visible on ultrasound.
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