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Tumor size impacts the performance of ultrasound BI-RADS 
classification in breast cancer patients  

INTRODUCTION 

 Breast cancer has high mortality and morbidity 
rates in women (1, 2). However, many diagnostic  
methods are frequently limited due to their poor  
accuracy in the detection of early breast cancer.           
Ultrasound (US) is a sensitive examination method 
for newly diagnosed breast cancers (3). However, it 
strongly depends on the US operators and their              
experience in detecting, describing and interpreting 
the US features of breast mass (3). The visual effect of 
US image significantly influences their judgments 
while screening the breast mass, therefore, the mass 
size is an influential factor for operators in US              
examination. US has limitations related to small size, 
including limited field of view, high operator                 
dependency and low accuracy (4, 5). However, the              
tumor size is rarely considered during US                       
examination and evaluation of breast cancer. 

Breast Imaging Reporting And Data System               
(BI-RADS) was first published in 2003, which                
provided three standardized US lexicons including 
shape, margin and growth orientation for the            

classification of breast mass (6-8). With the                 
development of US technology, the lexicons of            
BI-RADS have been greatly complemented by adding 
valuable features of echo pattern, posterior features, 
calcifications and elasticity in the fifth edition of           
BI-RADS released in 2013, which further improved 
the diagnostic performance of US (9-11). In terms of the 
diagnosis of breast mass, the US examination               
primarily assesses the BI-RADS category to help the 
clinician to choose the appropriate treatment              
protocol (6, 12). However, the uncertain US features 
greatly affect the accuracy of BI-RADS category in a 
small mass compared to a larger mass (13). The size of 
breast mass is not considered as an influencing factor 
in the diagnosis of BI-RADS category. Moreover, few 
studies discussed the relationship of the mass size 
and BI-RADS in patients with breast mass (14, 15).  

This is the first study to analyze tumor size as an 
influencing factor for US BI-RADS category. This            
novel idea can further improve the diagnostic             
performance of BI-RADS category in the patients with 
breast cancer.  
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ABSTRACT 

Background: This study aimed to evaluate the relationship of tumor size and 
ultrasound (US) Breast Imaging Reporting and Data System (BI-RADS), and further 
analyze if tumor size can impact the evaluation for US features in patients with breast 
cancer. Materials and Methods: In this retrospective study, preoperative US features 
and postoperative pathological results were collected from 498 patients with breast 
cancer. The association of BI-RADS classification with tumor size was analyzed, and the 
US features related to tumor size were determined. Results: A significant association 
was found between tumor size and BI-RADS category, and tumor with small size was 
classified into the low BI-RADS category (p < 0.05). Some US features including shape, 
growth orientation, microcalcification and color Doppler flow imaging (CDFI) were 
influenced by tumor size (p<0.001). Conclusion: Tumor size can influence the diagnosis 
performance for US BI-RADS category in patients with breast cancer. 
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MATERIALS AND METHODS 
 

Ethics statement 
This study involved non-invasive, anonymous and 

retrospective analysis, and was approved by the             
Ethics Committee of Jinshan Branch of Shanghai Sixth 
People's Hospital Affiliated to Shanghai Jiaotong            
University, after waiving written informed consent. A 
verbal informed consent was provided by all the             
patients for using their data in this study. Ethics             
committee approval was obtained before starting this 
study (Date: 24.1.2015, Registration number: 
2015/12). 

 
Patients 

A retrospective analysis of the data from 498            
female breast cancer patients aged 26-76 years was 
performed between November 2015 and May 2020. 
All the enrolled patients were evaluated by                     
preoperative US and postoperative pathology              
examinations. According to the largest diameter (φ) 
of breast mass from US imaging examination prior to 
surgery, the patients were divided into four groups as 
follows: φ≤10 mm; 10 mm <φ≤20 mm; 20 mm < 
φ≤30 mm and φ>30 mm, respectively. Patients who 
had received any treatments before operation were 
excluded.  

 
Standard of ultrasound examination and BI-RADS 
analysis 

Preoperative US examination was performed by 
two experienced sonographers with more than 5 
years’ experience in breast US using S2000 system 
(Siemens Medical Solutions, Mountain View, CA, USA) 
or HITACHI Vision 900 system (Hitachi Medical              
System, Tokyo, Japan) equipped with a linear-array 
transducer of 5-12 MHz. US image data including  
static image with the longitudinal and transverse  
axes, and cine clip through the mass on the models of 
the B-Mode and CDFI were collected. The US                     
characteristics of the mass were described as follows: 
tumor shape (oval, round, irregular), growth                
orientation (parallel, not-parallel), margin 
(circumscribed, indistinct, microlobulated, angular, 
spiculated), posterior features (no features,            
enhancement, shadowing), calcifications (positive, 
negative), echogenicity (hypoechoic, isoechoic,              
heterogeneous) and CDFI (no flow, minimal,                
moderate and marked) based on the US lexicon of the 
fifth edition of BI-RADS (9) and the Adler's grading 
methods of CDFI  (16). 

All breast masses were divided into BI-RADS            
category 3, 4a, 4b, 4c and 5 according to the US               
features (6, 9, 17-19). BI-RADS category 1, 2 and 6 were 
omitted. A breast mass without any suspicious US 
feature was evaluated as BI-RADS 3, with 1-3              
suspicious US features as BI-RADS 4 and with >3            
suspicious US features as BI-RADS 5. BI-RADS 4 was 
divided into three subtypes as follows: a mass with 
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only one suspicious US feature was defined as                 
category 4a, with two suspicious US features as              
category 4b and with three suspicious US features as 
category 4c. 

In the interpretation of the features of US images 
and BI-RADS category, double-blind analysis was     
performed by two other sonographers with more 
than five years’ experience in breast US. In case of 
disagreement, a consensus was achieved by                        
consultation. 

 
Methods for measurement of pathological factors 

The type of pathology, histological grade of breast 
cancer and status of axillary lymph node metastasis 
were determined. Immunohistochemistry analyses 
using membrane and cytoplasm fractions were             
performed to determine the expression levels of              
estrogen receptor (ER), progesterone receptor (PR) 
and human epidermal growth factor receptor 2 
(HER2). The cutoff point was 1% to distinguish               
between ER- and PR-positive and negative expression 
levels according to the immunohistochemical results 
(20). The 3+ immunohistochemical grade was              
considered as HER2 positive, and the grade 2+ was 
further classified into HER2 positive and negative by 
fluorescence in situ hybridization (FISH) (21). Breast 
cancer molecular subtypes of Luminal A type (LA), 
Luminal B type (LB), HER2 amplified type (HER2) 
and Triple-Negative type (TN) were analyzed from 
the immunohistochemistry results. 

 
Statistical analyses 

SPSS statistical software package (version 18.0; 
Chicago, IL, USA) was used to analyze all the data in 
this study. The correlation analysis of the diameter φ 
and BI-RADS category was performed by Chi-squared 
test or Fisher’s exact test. The mean values of the  
diameter φ of masses were analyzed by the                    
Mann-Whitney test and box plot graph. Further             
correlation analysis of the diameter, US features, and 
pathology results of tumor was performed by                  
Chi-squared test. Inter-observer agreement was              
assessed with the Cohen’s kappa statistics, kappa = 
0.74. A p<0.05 was considered to be statistically     
significant. 

 
 

RESULTS 

 
The mass size and BI-RADS category 

According to the size of breast mass, a total of 498 
patients were divided into four groups: ① in group 
one with the diameter (φ ≤10 mm), 100 patients 
were classified into BI-RADS 3 (8, 8.0%), 4a (28, 
28.0%), 4b (29, 29.0%), 4c (19, 19.0%) and 5 (18, 
18.0%); ② in group two with the diameter (10 mm < 
φ ≤ 20 mm), 110 patients were classified into               
BI-RADS 3 (5, 4.5%), 4a (27, 24.5%), 4b (29, 26.4%), 
4c (23, 20.9%) and 5 (26, 23.7%); ③ in group three 
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with the diameter (20 mm < φ ≤ 30 mm), 146                
patients were classified into BI-RADS 3 (3, 2.1%), 4a 
(20, 13.7%), 4b (34, 23.3%), 4c (38, 26.0%) and 5 
(51, 34.9%); ④ in group four with the diameter (φ > 
30 mm), 121 patients were classified into BI-RADS 3 
(1, 0.7%), 4a (20, 14.1%), 4b (26, 18.3%), 4c (41, 
28.9%) and 5 (41, 38.0%). Compared to group one, 
group two had no statistically significant difference 
(p =0.682), while groups three (p=0.001) and four 
(p<0.001) had statistically significant differences 
(table 2). A bar chart was drawn to show the                   
relationship between the percentage of number of 
masses with different diameters and BI-RADS                
categories (figure 1). It was observed that a small 
mass was more likely to be classified into the low BI-
RADS category, whereas a large mass was more likely 
to be classified into the high category (figure 2). 

 

 

 
The average diameter of mass and BI-RADS             
category 

Among the 498 patients with breast cancer, there 
were 17 (3.4%) patients with BI-RADS 3, 95 (19.1%) 
patients with BI-RADS 4a, 116 (23.3%) patients with 
BI-RADS 4b, 121 (24.3%) patients with BI-RADS 4c 
and 149 (29.9%) patients with BI-RADS 5. The              
average values of diameters of masses with BI-RADS 
3, 4a, 4b, 4c or 5 were 14.51±8.03 mm, 16.62±10.03 
mm, 20.26±11.44 mm, 23.68 ±11.21 mm or 
25.03±10.40 mm, respectively (p<0.001). The masses 
with large average diameter were more likely to be 
classified into the high BI-RADS category (figure 3). 
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Table 1. Comparing the size of breast cancer mass according to 
BI-RADS-US categories. 

BI-RADS (n=498) 
3 (n=17) 4a (n=95) 4b (n=116) 4c (n=121) 

8 28 27 19 
5 27 29 23 
3 20 34 38 
1 20 26 41 

Note: φ means the largest diameter of tumor measured by ultrasound; 
＊ vs. φ ≤ 10 

Table 2. Correlation between ultrasound feature and size of 
breast cancer. 

Features 
Tumor size (mm) 

P value 
φ ≤ 20 (n=210) Φ>20 (n=288) 

Tumor shape       
  Round, oval 127 135 

0.003 
  Irregular 83 153 

Growth orientation       
  Parallel 131 146 

0.010 
  not-parallel 79 142 

Margin       
  Circumscribed 82 105 

0.716 
  Indistinct 31 55 
  Angular 33 39 

  microlobulated 36 53 
  spiculated 28 36 

Posterior features       
  No features 58 75 

0.152   Enhancement 86 99 
  Shadowing 66 114 

Calcifications       
  Positive 41 94 

0.001 
  Negative 169 194 

Echogenicity       
  Hypoechoic 150 180 

0.115   Isoechoic 36 65 
  Heterogeneous 24 43 

CDFI       

  No flow, Minimal 121 114 
<0.001 

Moderate, Marked 89 174 
Note: φ means the largest diameter of tumor measured by                
ultrasound. 

Figure 1. The percentage of the number of breast cancer 
masses with different sizes according to BI-RADS 3, 4a, 4b, 4c, 

and 5. 

Figure 2. Comparison of the ultrasound features of breast 
cancer masses with different tumor sizes. The ultrasound  
image of a breast cancer mass of 11 mm diameter from a           
40-year-old woman was diagnosed as BI-RADS 3 category 

according to the characteristics of hypoechoic, circumscribed 
margin, oval shape, parallel growth orientation and                   

calcification negative (a). The ultrasound image of a larger 
breast cancer mass (diameter = 18 mm) in a 48-year-old  

woman was diagnosed as BI-RADS 4a category based on the 
positive characteristic of irregular shape (b). The ultrasound 

image of a breast cancer mass of 22 mm diameter from a          
45-year-old woman was diagnosed as BI-RADS 4b category 

according to two positive characteristics of irregular shape and 
calcification (c). The ultrasound image of a larger breast        

cancer mass (diameter = 32 mm) in a 56-year-old woman was 
diagnosed as BI-RADS 4c category. according to three positive 
characteristics of irregular shape, calcification and spiculated 

margin (d).   

 [
 D

O
I:

 1
0.

52
54

7/
ijr

r.
20

.2
.1

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

23
-0

5-
22

 ]
 

                               3 / 6

http://dx.doi.org/10.52547/ijrr.20.2.13
http://ijrr.com/article-1-4263-en.html


 
 
 
 
 
 
 
 
 
 
 
 

 
Correlation between US features and size of breast 
cancer mass 

According to the size of breast mass, all the              
patients were divided into two groups, diameter φ 
≤20 mm (n=210) and diameter φ>20 mm (n=288). 
The correlation analysis between the US features and 
the tumor size indicated that the shape, growth        
orientation, microcalcification and CDFI were             
significantly related to the tumor size. However, no 
statistically significant difference was found in             
margin, acoustic shadowing and echogenicity.               
Irregular shape was seldom displayed as compared 
to round or oval shape in the group of φ ≤20 mm 
(83/210 vs. 1153/288, p=0.003). Parallel growth 
orientation was more common in masses with               
φ≤20 mm (131/210 vs. 146/288, p<0.010).                             
Microcalcification was rarely observed in masses 
with φ ≤20 mm (41/210 vs. 94/194, p=0.001). In the 
group with φ ≤20 mm, CDFI was rarely present in 
high grades (121/210 vs. 114/288, p < 0.001). Small 
masses with φ ≤20 mm were unlikely to show the US 
features of irregular shape, not-parallel growth,              
microcalcification and high level CDFI grades as            
compared to large masses. However, margin 
(p=0.716), acoustic shadowing (p=0.152) and            
echogenicity (p=0.115) showed no significant             
differences between large and small masses (table 2). 

 
Clinicopathological parameters, tumor size and        
BI-RADS of breast cancer 

There was significant difference between the two 
groups of diameter φ≤20 mm and φ>20 mm                 
according to the BI-RADS categories of 3, 4a, 4b, 4c 
and 5 (p<0.001). Significant difference was also 
found in the patients with positive axillary lymph 
node metastasis compared to those with negative 
axillary lymph node metastasis (p=0.005). However, 
no             significant differences were observed in age 
(p = 0.738), histological tumor types (p=0.973), ER 
(p=0.601), PR (p=0.192), HER2 (p=0.765) and                    
molecular subtype (p=0.518) (table 3).  

Observer agreement 
Cohen’s kappa statistics were used to compare the 

results of the interpretations of the US features              
between two sonographers. Inter-observer                  
agreement showed kappa=0.74, indicating                     
substantial agreement. 

 
 

DISCUSSION 
 

US examination is an important clinical method for 
diagnosing breast lesions. The BI-RADS classification 
has great significance for predicting the possibility of 
malignant breast mass (9, 12, 22, 23). The diagnosis of         
BI-RADS category for breast mass mainly depends on 
BI-RADS lexicon of US including shape, margin,             
orientation, echo pattern, posterior features,            
calcifications and vascularity (9). However, the               
present study found that tumor size is a significant 
influencing factor for the diagnosis of BI-RADS           
classification, and a large breast mass is more likely to 
be diagnosed as higher BI-RADS category than a small 
mass. We analyzed the US  characteristics of breast 
cancer masses of different sizes, and found that the 

344 Int. J. Radiat. Res., Vol. 20 No. 2, April 2022 

Figure 3. Comparison of the average value of the largest  
diameter of breast cancer masses based on the BI-RADS 3, 4a, 

4b, 4c, and 5. * mean vs. 3, p < 0.001. 

Table 3. Correlation between pathology feature, tumor size 
and size of breast cancer. 

Characteristics 
BI-RADS (n=498) 

P 
value 

3 
(n=17) 

4a 
(n=95) 

4b 
(n=116) 

4c 
(n=121) 

5 
(n=149) 

Age(years)             
  <50 8 49 52 51 69 

0.738 
  ≥ 50 9 46 64 70 80 

Diameter (mm)             
  φ ≤ 20 13 55 56 42 44  

<0.001   Φ>20 4 40 60 79 105 

Tumor histologic type           
  ID 12 64 79 88 108 

0.973 
  IDC and DCIS 3 23 27 22 28 

  Other 2 8 10 11 13   
Axillary lymph node             

  Positive 2 33 41 59 72 
0.005 

  Negative 15 62 75 62 77 

ER             
  Positive 6 36 52 58 64 

0.601 
  Negative 11 59 64 63 85 

PR             
  Positive 9 69 68 79 91 

0.192 
  Negative 8 26 48 41 58 

HER-2             
  Positive 6 34 41 42 62 

0.765 
  Negative 11 61 75 79 87 

Molecular subtype             
  Luminal A 7 51 59 52 66 

0.518 
  Luminal B 5 21 28 26 35 

  HER2-
enriched 

3 17 25 29 30 

  TN 2 6 4 14 18 
Abbreviations: IDC=invasive ductal carcinomas; DCIS=ductal carcino-
ma in situ; ER=estrogen recepter; PR=progesterone recepter; 
HER2=human epidermal growth factor recepter 2; TN=Triple negative 
breast cancer. Note: φ means the largest diameter of tumor measured 
by ultrasound. 
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US features of shape, orientation, calcifications and 
vascularity are significantly correlated with the mass 
size. This finding is valuable for improving the              
diagnostic performance of BI-RADS category in 
breast cancer mass. 

Tumors with a small size are difficult to estimate 
by sonographers due to a limited field of view in US 
image, which is the main reason for misdiagnosis or 
missed diagnosis. Therefore, the mass size is an            
important factor influencing judgment and                 
evaluation in the US diagnosis (4, 5). Especially, the 
estimation of US characteristics including shape,  
margin, orientation, echo pattern, posterior features,                 
calcifications and vascularity are highly dependent 
on the mass size. 

In this study, breast cancer with small size was 
more likely to be classified into the low BI-RADS       
category. Furthermore, the ultrasound features of 
round or oval shape and parallel growth orientation 
were more common in small breast cancer masses. 
The reasons may be as follows: First, there is less  
restriction in surrounding tissues of tumors with 
small mass than large mass, which make the small 
mass grow in regular shape. Second, the parallel              
distribution of different tissues of breast lead to less 
limitation in the parallel orientation for small mass to 
grow. Third, small mass with unclear boundary with 
neighboring tissues affects the judgments for shape, 
which are likely to lead to a low BI-RADS category.  

Microcalcification of breast mass is a significant 
US characteristic for the diagnosis of breast cancer 
and is also a reliable diagnostic basis for BI-RADS 
category (9). Microcalcification more commonly             
appeared in large breast cancer masses in this study, 
which was in accordance with many reports that  
microcalcification is associated with the size of breast 
cancer mass and is more likely to present in large 
breast mass (24-26). Therefore, the mass size                
influences the BI-RADS category and is the main             
reason for small breast cancer masses being                  
classified into the low BI-RADS category. 

Color Doppler flow was less likely to show in 
small breast cancer masses compared to large                
masses in this study, which may be because cells gain 
nutrients simply by diffusion from surrounding             
tissues instead of blood vessels in a small breast              
cancer mass (27). A study showed that new               
capillaries rarely develop in breast cancer with              
volume less than 2 cubic millimeters (28). However, 
with the growth of the mass, the increasing needs for 
nutrients and oxygen trigger new vessel formation 
and promote the growth of the mass. Vascular             
endothelial growth factor (VEGF), which can promote 
the formation of tumor vessels, is critical for the          
diagnosis of breast cancer (29). In larger tumors, VEGF 
is continuously active, which leads to rapid growth of 
blood capillaries (30). The increasing color Doppler 
flow is a valuable US feature for the diagnosis of 
breast cancer. However, there was significant                

difference between large and small masses in this 
study. 

The limitations of this study were as follows: first, 
the modified method to resolve the problem of size 
affecting BI-RADS category should be examined in a 
large number of patients with breast cancer, which is 
our future plan; second, the size of breast cancer 
from US image examination may have lower accuracy 
than histopathology; third, this was a retrospective 
and small sample size study. Further study is needed 
to address these limitations. 

 
 

CONCLUSION 

 
This study showed that tumor size can affect the 

diagnosis of BI-RADS category in patients with breast 
cancer, and small breast cancer mass was more likely 
to be assessed as low BI-RADS classification.                  
The main reason is that some ultrasound                  
features including shape, growth orientation,                           
microcalcification and CDFI can be influenced by       
tumor size. Therefore, we should consider tumor size 
in the evaluation of BI-RADS category. 
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