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fold increased risk.5,6,7 Furthermore, the appearance of 

dense breast tissue makes it harder to detect breast 

cancer due to the masking effect, thus limiting the 

sensitivity of mammography.7,8 

Several methods, either qualitative or quantitative, have 

been proposed to measure breast density, including 

classification systems detailed by Wolfe9, Boyd et al.10, 

Tabar11, and commercially available automated 

volumetric breast density software. Quantitative 

systems are more objective, reliable, and reproducible, 

compared with qualitative methods which are more 
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INTRODUCTION 

Breast cancer is the most commonly diagnosed cancer 

and the leading cause of cancer-related death among 

women worldwide.1 In Malaysia, a total of 3,766 new 

breast cancer cases were reported in 2011, with an 

overall Age-Standardised Incidence Rate (ASR) of 31.1 

per 100,000 population.2 Breast density is associated 

with an increased risk of developing breast cancer.3,4 

Increased mammographic breast density reflects a 

higher percentage of dense fibroglandular tissue 

compared to radiolucent fatty tissue. Several studies 

have shown that breast density is an independent risk 

factor for breast cancer, and is associated with up to six-
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subjective and reliant on individual judgement.12,24 

However, in many clinical settings, predominantly in 

developing countries, there is a lack of quantitative 

systems, which calls for improvement in the 

reproducibility of qualitative methods. The American 

College of Radiology (ACR) Breast Imaging Reporting 

and Data System (BI-RADS) lexicon was developed            

to standardise breast imaging reports, enhance 

communication with referring clinicians, and deliver a 

quality assurance tool,13 and is one of the widely used 

methods for assessing mammographic breast density. 

 

Published in 2013, the fifth edition of BI-RADS 

classified the mammographic density into categories A, 

B, C, and D (Figure 1).  A: the breasts are almost 

entirely fatty; B: there are scattered areas of 

fibroglandular density; C: the breasts are 

heterogeneously dense, which may obscure small 

masses; D: the breasts are extremely dense, which 

lowers the sensitivity of mammography.14 The present 

study aims to determine the distribution and 

interobserver variability of the mammographic density 

in patients with invasive breast carcinoma, using the 

fifth edition of BI-RADS guidelines. 

ranged from 32 – 82 years of age (mean: 47 years).  

 

The breast density was assessed from the mediolateral 

oblique (MLO) and craniocaudal (CC) images of the 

cancer-free breast, and assigned the density into 

categories A – D. Two general radiologists who were 

blinded to the original density reports independently 

evaluated the breast density of every case, and all 

disagreements were resolved with consensus. Both 

radiologists had more than 5 years of clinical experience 

in reporting mammograms, and specifically 2 years of 

experience using the fifth edition of BI-RADS 

guidelines. A consensus meeting was held at the 

beginning of this study between both radiologists to 

discuss the ACR guidelines and to ensure all 

uncertainties were addressed. For analysis purposes, BI-

RADS A and B categories were regarded as “non-dense 

breast” while BI-RADS C and D categories were 

regarded as “dense breast”. 

 

Statistical analysis 

 

The interobserver variability between the two 

radiologists was calculated using Fleiss-Cohen weighted 

kappa coefficient (k) and its 95% confidence interval 

(95% CI) since breast density was rated on an ordinal 

scale. The cells that were further from the agreement 

were weighted lower than those closer in agreement.15 

 

Based on the k values, the Landis and Koch guidelines 

were applied to determine the level of agreement. A 

kappa value of 1.0 was regarded as perfect agreement, 

while a kappa value of 0 was regarded as no agreement. 

The k value was further classified as follows: 0.01 was 

considered poor agreement; 0.02–0.20 was considered 

slight agreement; 0.21–0.40 was considered fair 

agreement; 0.41–0.60 was considered moderate 

agreement; 0.61–0.80 was considered substantial 

agreement; and 0.81–0.99 was considered almost perfect 

agreement.16 All analyses were carried out using 

statistical software (IBM SPSS, version 24.0). 

 

RESULTS 

 

Mammographic density distribution 

 

A total of 122 mammograms were assessed, and the 

distribution of breast density based on the final 

Figure 1: MLO views mammography of four different patients 
demonstrating the four categories of mammographic density based 
on the fifth edition of BI-RADS. A: the breast is almost entirely fat; 
B: there are scattered areas of fibroglandular density; C: the breast is 
heterogeneously dense; D: the breast is extremely dense. 

MATERIALS AND METHODS 

 

Study design 

 

This study is part of a larger study to determine the 

association between mammographic breast density and 

breast cancer characteristics. The Medical Research and 

Ethics Committee of Malaysia approved the study, and 

informed consent was waived as the study was of a 

retrospective nature. Within the study period of 2014 to 

2017, 168 histologically confirmed invasive breast 

carcinoma cases were collected from the hospital 

database. Out of these, 122 cases had digital 

mammogram images available.  The women’s ages 
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consensus is as follows: 68 patients (55.7%) were 

assigned to category B, followed by category C with 44 

patients (36.1%). Only 5 patients (4.1%) were assigned 

to categories A and D respectively. Seventy-three 

patients (59.8%) were assigned as non-dense breasts 

while 49 patients (40.2%) were assigned as dense 

breasts. Figure 2 shows the frequency distribution of 

the cases classified as BI-RADS categories A–D by each 

reader. 

Figure 2: Frequency of distribution of cases categorised as BI-
RADS A – D by the two readers. 

Table 1 showed the agreement between the two readers 

according to BI-RADS categories and types of breast 

density. For specific BI-RADS categories, the agree-

ment rate among readers was 100.0% for category A, 

69.0% for category B, 95.0% for category C, and 42.9% 

for category D. For non-dense and dense categories, 

the agreement rate among readers was 98.2%, and 

69.7% respectively. For specific BI-RADS categories (k 

= 0.610, p < 0.001) and types of breast density (k= 

0.610, p < 0.001) , there were a significant substantial 

agreement between the two readers respectively. 
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Variables Number of      
agreement 

% of 
agreement 

Kappa 
value 

p-value 

Reader B 

BI-RADS categories   

BI-RADS A  4 100.0   

0.612 

  

<0.001 

(CI: 0.523-
0.697) 

BI-RADS B 49 69.0 

BI-RADS C 38 95.0 

BI-RADS D 3 42.9 

Types of breast density                               Reader B 

Nondense  55 98.2 0.662 <0.001 

Dense  46 69.7  (CI: 0.537-
0.787) 
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Interobserver agreement 

Table 1: Agreement between the two readers according to BI-RADS        
categories (A-D) and types of breast density. 

DISCUSSION 

 

Breast density is an important component in 

mammogram evaluation, so it is vital to have a breast 

density assessment system that is not only accurate and 

reliable but also consistent and reproducible. The visual 

estimation of breast density may be affected by 

individual perceptual differences, as well as technical and 

positional factors as it is not a precise science.7 From our 

study, we calculated that the interobserver agreement for 

specific BI-RADS categories is substantial (k=0.610, 

95% CI, 0.523 – 0.697). This is comparable with other 

studies that evaluated the interobserver agreement using 

the fifth edition BI-RADS guideline, which reported k 

values ranging from 0.57 to 0.79.5,7,12 The summary of 

these studies is detailed in Table I. The studies differ in 

the number of radiologists and also the number of 

mammograms evaluated.  

 

Ekpo et al. studied the interobserver variability between 

5 radiologists who read a test set of 1000 mammograms 

and reported substantial interobserver agreement in the 

measurement of the mammographic breast density 

(k=0.79; 95% CI, 0.78-0.83) on a four-category scale 

(categories A-D).12   

 

Several studies have compared the interobserver 

agreement between the fifth and fourth editions of BI-

RADS to determine its consistency and reliability in 

clinical practice. In the study by Afsaneh et al., 3 

radiologists reviewed a total of 72 mammograms four 

times; twice using the respective BI-RADS edition with 

each review separated by a one-month gap and its review 

order changed. The interobserver agreement for the 

fourth and fifth BI-RADS editions was 0.623 (95%        

CI, 0.517–0.729) and 0.702 (95% CI, 0.589-0.815) 

respectively, suggesting substantial agreement.5 Irshad et 

al. also compared the interobserver agreement using the 

fourth and fifth edition of BI-RADS and reported a 

drop in the kappa values from substantial (k=0.65, 95% 

CI, 0.61-0.69) using the fourth-edition BI-RADS to 

moderate (k=0.57, 95% CI, 0.53-0.61) using the fifth 

edition and the difference in these values was statistically 

significant (p=0.006).7 

 

Few other studies compared the interobserver variability 

between readers who interpret breast density subjectively 
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No
. 

Title Country Number of       
mammograms 
reviewed 

Number 
of  read-
ers 

Classification Interreader agreement 

1 Assessment of Interradiologist     
Agreement Regarding           
Mammographic Breast Density 
Classification Using the Fifth 
Edition of the BI-RADS Atlas. 
(Ekpo et al, 2016) 

Nigeria, 

Australia 

1000 5 Fifth Edition BI-
RADS 

k= 0.79 (95% CI, 0.78-
0.83) 

Substantial agreement 

2 Comparison of inter-and         
intra-observer variability of 
breast density assessments 
using the fourth and fifth         
editions of Breast Imaging 
Reporting and Data  System. 
(Alikhassi et al, 2018) 

Iran 72 3 Fourth Edition BI-
RADS 

k= 0.6023 (95% CI, 0.517 
– 0.702) 

Substantial agreement 

Fifth Edition BI-
RADS 

k= 0.702 (95% CI 0.589 – 
0.815) 

Substantial agreement with 
increased k value (p=32) 

3 Effects of Changes in BI-
RADS Density Assessment 
Guidelines (Fourth Versus 
Fifth Edition) on Breast       
Density Assessment: Intra-  
and Interreader Agreements 
and Density Distribution. 
(Irshad et al, 2016) 

United 
States 

104 5 Fourth edition BI-
RADS 

k= 0.65 (95% CI, 0.61- 
0.69) 

Substantial agreement 

Fifth Edition BI-
RADS 

k= 0.57 (95% CI, 0.53-
0.61) 

Moderate agreement with 
decreased k value. 
(p=0.06) 

4 Comparison of variability in 
breast density assessment by 
BIRADS category according to 
the level of experience. (Eom 
et al, 2018) 

Korea 1000 6 Fifth Edition BI-
RADS 

k=0.67 (95% CI, 0.63-
.070) 

Substantial agreement 

5 The inter-observer variability 
of breast density scoring be-
tween mammography technol-
ogists and breast radiologists 
and its effect on the rate of 
adjuvant ultrasound. (Mazor et 
al, 2016) 

Israel 503 17 Fifth Edition BI-
RADs 

k=0.69 (95% CI, 0.59-
0.78) 

Substantial agreement 

Table I: Summary of studies researching the interobserver variability using the fifth edition of BI-RADS. 

using the fifth edition of BI-RADS and comparing it 

with objective, automated volumetric assessments of 

breast density. Eom et al. studied the difference in 

breast density assessment according to BI-RADS 

categories between readers with varying levels of 

experience and compared it with the findings of 

automated volumetric assessments. They found that  

the agreement between the visual and volumetric 

assessment for breast imaging experts and the general 

radiologist was substantial (k= 0.71-0.77).22 Ekpo et al. 

studied breast density assessment using quantitative 

software and determined its agreement with 

radiologists’ assessment using the fifth edition BI-

RADS. Interobserver agreement ranged from fair (0.38, 

95%CI, 0.30-0.46) to substantial (0.68, 95%CI, 0.61-

0.75) on a four-category scale using the fifth edition of 

BI-RADS.23 

 

In our study population, 40.2% of the patients with 

invasive breast carcinoma were categorised as having 

dense breasts, i.e. categories C and D. Jiang et al 

reported an almost similar distribution in their cohort, 

with 47.2% of patients reported to have dense breasts.19 

However, their classification was based on the fourth 

edition of BI-RADS. Our study found that 55.7% of the 

patients with invasive breast cancer were of category B 

density. A study by Gill et al used computed-aided 

software to quantify the percentage of breast density and 

found that the mean breast density in their invasive 

breast cancer population was 36.5%.20 Ko et al also used 

computed-aided software to classify the breast density in 

their study population and reported a mean breast 

density of 21.1% among the invasive breast carcinoma 

patients.21 
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Increased mammographic breast density is associated 

with a higher occurrence of interval cancers.24 Interval 

cancers are cancers that are detected between regular 

screening examinations and considered as false 

negatives, therefore lowering the sensitivity of 

mammography.24 Mammographic breast density is also 

recognised as an independent risk factor for breast 

cancer, with a relative risk of 4- to 6-fold for dense 

breasts as compared to non-dense breasts.24,25 Different 

techniques of measuring mammographic breast density 

produce varying degrees of association with breast 

cancer. Although there is significant overlap in the risk 

associations between these techniques, volumetric 

methods have been shown to give the strongest 

association.24 

 

A limitation of this study is the relatively small number 

of radiologists. The readers were general radiologists 

who did not receive formal training in the fifth edition 

of BI-RADS prior to the initiation of the study but were 

working in the same clinical setting. Furthermore, fewer 

patients were belonging to BI-RADS categories A and 

D, resulting in an uneven dataset. The present study 

required radiologists to solely concentrate on breast 

density, which may have been a contributing factor to 

the high interobserver agreement. However, in actual 

clinical practice, breast density is normally not the main 

focus of the report. Therefore, the generalizability of 

the results may be limited. 

 

Contrarily, the strength of the study is that breast 

density evaluation was conducted by radiologists who 

are currently using the BI-RADS guidelines in everyday 

clinical work. The number of mammograms reviewed 

was adequate to calculate the statistical accuracy of 

interobserver agreement.  

 

CONCLUSION 

 

This study demonstrated that among patients with 

invasive breast carcinoma, there were more patients 

with non-dense breasts compared to dense breasts. 

There is a substantial interobserver agreement when 

radiologists used the fifth edition of the BI-RADS 

guideline, which is conforming to results reported in the 

literature. This suggests that the classification is an 

acceptable method and can be reliably applied in clinical 

practice. 
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