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Purpose: The Breast Imaging Reporting and Data System (BI-RADS) is a systematic and standardized scheme of the 
radiological findings of breast. However, there were different BI-RADS categories between breast cancers as the clinical 
characteristics in previous studies. We analyzed the association of BI-RADS categories with the clinicopathological 
characteristics and prognosis of breast cancer. 
Methods: A total of 44,184 patients with invasive breast cancers assigned to BI-RADS category 3, 4, or 5 in preoperative 
mammography or ultrasonography were analyzed retrospectively using large-scale data from the Korean Breast Cancer 
Society registration system. The difference in the clinicopathological factors and prognoses according to the BI-RADS 
categories (BI-RADS 3–4 and BI-RADS 5) were compared between the mammography and ultrasonography groups. 
Comparisons of the clinicopathological factors in both groups were made using logistic regression analysis, while the 
prognoses were based on the breast cancer-specific survival using the Kaplan-Meier method and Cox proportional 
hazards model. 
Results: The factors associated with BI-RADS were T stage, N stage, palpability, histology grade, and lymphovascular 
invasion in the mammography group; and N stage, palpability, histology grade, and lymphovascular invasion in the 
ultrasonography group. In the survival analysis, there were significant differences in the breast cancer-specific survival of 
the BI-RADS category groups in both of the mammography (hazard ratio [HR], 3.366; P < 0.001) and ultrasonography (HR, 
2.877; P < 0.001) groups. 
Conclusion: In this study, the BI-RADS categories of preoperative mammography and ultrasonography of patients with 
invasive breast cancer were associated with prognosis and could be an important factor in making treatment decisions.
[Ann Surg Treat Res 2021;101(3):131-139]
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INTRODUCTION
Breast cancer is the commonest cancer in women, both 

worldwide [1,2] and in the Republic of Korea [3,4]. Its incidence 
is increasing; one of the reasons is the increase in early 
detection of breast cancer due to the increase in screening using 
radiological equipment [5,6].

Mammography is mainly used for breast cancer screening. 
The Breast Imaging Reporting and Data System (BI-RADS), 
established by the American College of Radiology, is a 
systematic and standardized scheme of the radiological findings 
of breast, which facilitates clear and consistent communication 
between clinicians and in patient follow-up. BI-RADS was first 
used in mammography in 1993. Since then, there have been 4 
revisions in 1995, 1998, 2003, and 2013. In 2003, BI-RADS was 
first used in ultrasonography [7,8].

The currently used BI-RADS classification is the 5th edition, 
which classifies BI-RADS into 7 categories, from 0 to 6. Among 
them, BI-RADS categories 1 to 5 reflect the malignancy 
probability before the diagnosis of breast cancer is made. Based 
on the malignancy probability: BI-RADS 1 represents a negative 
(probability of 0%); BI-RADS 2 represents a benign (probability 
of 0%); BI-RADS 3 represents a probably benign (probability 
of <2%); BI-RADS 4 represents a suspicious abnormality 
(probability of 2%–95%); and BI-RADS 5 is highly suggestive of 
malignancy (probability of ≥95%)—the higher the BI-RADS 
category, the higher the probability for breast cancer [9].

Although the BI-RADS classification serves as a tool for 
predicting the probability of breast cancer, there are few 
domestic studies on whether BI-RADS categories can predict 
the tumor characteristics and prognosis of patients with 
breast cancer [10]. Therefore, we investigated whether BI-RADS 
categories are associated with clinicopathological factors such 
as clinical characteristics and pathologic findings and breast 
cancer survival.

METHODS

Data collection
In this study, data from the Korean Breast Cancer Society 

registration system (KBCR) were analyzed. The KBCR is a case 
registration database involving patients with breast cancer from 
more than 100 hospitals nationwide since 1996 and has been 
described in previous studies [4,11,12]. To compile complete 
death statistics, the causes and dates of death were obtained 
from the Korea Central Cancer Registry (Ministry of Health and 
Welfare in collaboration with the Korean National Statistical 
Office), which was updated in 2014. This study was approved by 
the Institutional Review Board of Daejeon St. Mary’s Hospital 
(No. DC20ZASI0070) and was conducted in accordance with the 
tenets of the Declaration of Helsinki. Informed consent from 
the patients was not required in this study.

71,135 Exclusion

pT0, Tis, or unknown T stage (n = 16,242)
BI-RADS 0, 1, 2, 6, or unknown of both mammography and ultrasonography (n = 46,716)
Unknown survival data (n = 8,177)

Clinical data of 115,319 patients diagnosed breast
cancer with confirmed BI-RADS categories

44,184 Patients were included

31,691 Patients with
mammography

35,425 Patients with
ultrasonography

BI-RADS 3 4
(n = 6,562)

BI-RADS 5
(n = 25,129)

BI-RADS 5
(n = 27,546)

BI-RADS 3 4
(n = 7,879)

Fig. 1. Flow diagram showing the patients selection and categorization process. BI-RADS, Breast Imaging Reporting and Data 
System.
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Patients and clinicopathological factors
Of 115,319 patients registered in the KBCR, our study was 

a retrospective analysis of 44,184 patients diagnosed invasive 
breast cancers with prediagnostic malignancy probability 
in radiological findings such as BI-RADS 3, 4, or 5 between 
April 1983 and December 2014, using mammography or 
ultrasonography in the routine preoperative diagnostic process. 
The clinicopathological factors included age, T stage, N stage, 
BI-RADS categories of mammography or ultrasonography, 
menopause, palpability, estrogen receptor (ER) or progesterone 
receptor (PR), human epidermal growth factor receptor 2 
(HER2), histologic type, histology grade, nuclear grade, and 
lymphovascular invasion. The exclusion criteria were as follows: 

T0, Tis, or unknown T stage; BI-RADS 0, 1, 2, 6, or unknown 
in both mammography and ultrasonography; and unknown 
survival status. Depending on which diagnostic imaging 
method was used, the included patients were classified into 
the mammography and ultrasonography groups independently. 
Each group was further divided into 2 groups, BI-RADS 3-4 
and 5 groups; clinicopathological features and prognoses were 
compared between the BI-RADS groups (Fig. 1). Prognoses were 
compared based on breast cancer-specific survival (BCSS).

Statistical analysis
Comparisons of the clinicopathological characteristics 

between the mammography and ultrasonography groups 

Table 1. Clinicopathological characteristics of BI-RADS categories

Clinicopathological 
factor

Mammography (n = 31,691)
P-value

Ultrasonography (n = 35,425)
P-value

BI-RADS 3–4 BI-RADS 5 BI-RADS 3–4 BI-RADS 5

Patient 6,562 (20.7) 25,129 (79.3) 7,879 (22.2) 27,546 (77.8)
Age (yr) 51.09 ± 10.72 50.06 ± 10.70 <0.001 51.14 ± 11.00 50.31 ± 10.69 <0.001

<50 3,228 (49.2) 13,379 (53.2) <0.001 3,878 (49.2) 14,439 (52.4) <0.001
≥50 3,334 (50.8) 11,749 (46.8) 4,000 (50.8) 13,107 (47.6)

T stage
T1–2 6,345 (96.7) 23,804 (94.7) <0.001 7,629 (96.8) 26,164 (95.0) <0.001
T3–4 217 (3.3) 1,325 (5.3) 250 (3.2) 1,382 (5.0)

N stage
N0 4,646 (73.0) 14,435 (60.6) <0.001 5,913 (77.7) 16,360 (62.8) <0.001
N1–3 1,717 (27.0) 9,389 (39.4) 1,698 (22.3) 9,688 (37.2)

Menopause
No 3,211 (48.9) 13,287 (52.9) <0.001 3,861 (49.0) 14,346 (52.1) <0.001
Yes 3,351 (51.1) 11,841 (47.1) 4,017 (51.0) 13,200 (47.9)

Palpability
Nonpalpable 1,348 (22.4) 2,668 (11.1) <0.001 2,034 (29.0) 3,385 (13.0) <0.001
Palpable 4,683 (77.6) 21,427 (88.9) 4,970 (71.0) 22,745 (87.0)

ER or PR
Negative 1,700 (26.6) 7,451 (30.6) <0.001 1,945 (25.2) 7,892 (29.5) <0.001
Positive 4,703 (73.4) 16,930 (69.4) 5,774 (74.8) 18,861 (70.5)

HER2
Negative 4,137 (75.7) 14,451 (73.0) <0.001 5,226 (78.5) 16,746 (75.3) <0.001
Positive 1,326 (24.3) 5,346 (27.0) 1,432 (21.5) 5,499 (24.7)

Histologic type
IDC 6,028 (96.6) 23,505 (97.3) 0.003 7,116 (96.0) 25,581 (97.0) <0.001
ILC 212 (3.4) 649 (2.7) 294 (4.0) 782 (3.0)

Histology grade
G1–2 3,906 (69.2) 13,703 (63.4) <0.001 4,866 (71.5) 15,293 (64.6) <0.001
G3 1,742 (30.8) 7,901 (36.6) 1,944 (28.5) 8,385 (35.4)

Nuclear grade
G1–2 3,213 (66.4) 10,922 (60.8) <0.001 3,981 (68.7) 12,435 (62.1) <0.001
G3 1,623 (33.6) 7,033 (39.2) 1,814 (31.3) 7,598 (37.9)

Lymphovascular invasion
No 4,001 (74.1) 12,408 (63.9) <0.001 5,052 (77.3) 13,959 (64.6) <0.001
Yes 1,396 (25.9) 7,005 (36.1) 1,481 (22.7) 7,665 (35.4)

Values are presented as number (%) or mean ± standard deviation.  
BI-RADS, Breast Imaging Reporting and Data System; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal 
growth receptor 2; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma.

Bong Kyun Kim, et al: BI-RADS categories and invasive breast cancer prognosis
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were made using the Student t-test and chi-square test. In 
addition, the associations between each BI-RADS group and 
the other clinicopathological factors were compared using 
logistic regression analysis. The survival rates between the BI-
RADS groups were compared using the Kaplan-Meier method 
and Cox proportional hazards model. All statistical analyses 
were performed using IBM SPSS Statistics ver. 22.0 (IBM Corp., 
Armonk, NY, USA), and P-values of <0.05 were considered to be 
statistically significant.

RESULTS

Clinicopathological characteristics
Of the 44,184 patients, there were 31,691 in the mammo-

graphy group, and 35,425 in the ultrasonography group. 
Significant differences in all clinicopathological factors 
between the BI-RADS 3–4 and 5 groups are shown in both 
the mammography and ultrasonography groups. Compared 
to the BI-RADS 3–4 group, the BI-RADS 5 group had a greater 
proportion of patients who were relatively less than 50 years 
old, in premenopause, had high T and N stages, palpable 
masses, ER- or PR-negative tumors, HER2-positive tumors, 
invasive ductal carcinoma, a high histology and nuclear grade, 
and lymphovascular invasion features (Table 1).

Clinicopathological factors associated with BI-RADS 
categories
In the univariate analysis, all clinicopathological factors were 

associated with the BI-RADS groups in both the mammography 
and ultrasonography groups. In the multivariate analysis, the 
factors associated with BI-RADS 5 were: T stage (odds ratio [OR], 
1.342; P = 0.014), N stage (OR, 1.442; P < 0.001), palpability 
(OR, 1.916; P < 0.001), histology grade (OR, 1.170; P = 0.010), 
and lymphovascular invasion (OR, 1.150; P = 0.005) in the 

mammography group; and N stage (OR, 1.667; P < 0.001), 
palpability (OR, 2.519; P < 0.001), histology grade (OR, 1.144; P 
= 0.019), and lymphovascular invasion (OR, 1.195; P < 0.001) in 
the ultrasonography group (Table 2).

Prognosis
The median follow-up duration was 78 months (range, 0–359 

months). Using the Kaplan-Meier method, the 5-year survival 
rates of the BI-RADS 3–4 and BI-RADS 5 groups were 98.6% and 
96.3% (P < 0.001), respectively, in the mammography group; and 
98.9% and 96.9% (P < 0.001), respectively, in the ultrasonography 
group. The 10-year survival rates were 96.6% and 94.1% (P < 
0.001), respectively, in the mammography group; and 97.8% and 
94.9% (P < 0.001), respectively, in the ultrasonography group 
(Fig. 2). Using the Cox proportional hazards model, the BCSS of 
the BI-RADS 5 group was significantly worse than that of the 
BI-RADS 3–4 group in both of the mammography (hazard ratio 
[HR], 3.366; P < 0.001) and ultrasonography (HR, 2.877; P < 
0.001) groups. Among the factors associated with the BI-RADS 
categories in the multivariate logistic regression analysis, the 
factors that affected BCSS were T stage (HR, 4.084; P < 0.001), N 
stage (HR, 3.499; P < 0.001), palpability (HR, 1.804; P = 0.022), 
histology grade (HR, 1.579; P < 0.001), and lymphovascular 
invasion (HR, 1.661; P < 0.001) in the mammography group; and 
N stage (HR, 3.765; P < 0.001), histology grade (HR, 1.659; P < 
0.001), and lymphovascular invasion (HR, 1.645; P < 0.001) in 
the ultrasonography group (Table 3).

DISCUSSION
In this study, we found that BI-RADS 5 was associated with 

more aggressive clinicopathological characteristics than BI-
RADS 3–4. In the multivariate analysis, lymph node metastasis, 
palpable mass, histology grade 3, and lymphovascular invasion 

Bong Kyun Kim, et al: BI-RADS categories and invasive breast cancer prognosis
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were significant factors in the BI-RADS 5 of both mammography 
and ultrasonography groups.

Several previous studies have reported the associations 
between the radiological findings and immunohistochemistry 
of breast cancer [13-16]. However, no such association was 
found in this study between the BI-RADS categories and 
immunohistochemistry. Though radiological findings 
of malignancy are reflected at the molecular level (e.g., 

immunohistochemistry), changes in the radiological findings 
seem to have only a slight effect on BI-RADS categories. Ye et 
al. [17] showed no difference in the molecular subtypes in the 
different BI-RADS categories. Nuclear grade is part of the Elston 
and Ellis modification of the Bloom and Richardson system that 
evaluates histology grade by assessing the nuclear morphology; 
nuclear grade was not associated with BI-RADS categories in this 
study. Therefore, nuclear grade is limited to reflecting features 

Table 3. Prognostic factors of breast cancer-specific survival

Clinicopathological 
factor

Univariate analysis Multivariate analysis

HR (95% CI) P-value
Mammography Ultrasonography

HR (95% CI) P-value HR (95% CI) P-value

Age (yr)
   <50 1 - 1 - 1 -
   ≥50 1.547 (1.402–1.707) <0.001 1.543 (1.086–2.191) 0.015 1.589 (1.105–2.285) 0.012
T stage
   T1–2 1 - 1 - 1 -
   T3–4 5.315 (4.687–6.027) <0.001 4.084 (3.182–5.241) <0.001 4.116 (3.173–5.339) <0.001
N stage
   N0 1 - 1 - 1 -
   N1–3 4.585 (4.097–5.131) <0.001 3.499 (2.710–4.517) <0.001 3.765 (2.860–4.957) <0.001
Menopause
   No 1 - 1 - 1 -
   Yes 1.545 (1.401–1.705) <0.001 1.442 (1.011–2.058) 0.043 1.277 (0.885–1.844) 0.192
Palpability
   Nonpalpable 1 - 1 - 1 -
   Palpable 3.242 (2.546–4.127) <0.001 1.804 (1.089–2.989) 0.022 1.343 (0.867–2.080) 0.187
ER or PR
   Negative 1 - 1 - 1 -
   Positive 0.488 (0.441–0.540) <0.001 0.491 (0.393–0.612) <0.001 0.603 (0.477–0.762) <0.001
HER2
   Negative 1 - 1 - 1 -
   Positive 1.574 (1.387–1.787) <0.001 1.025 (0.827–1.270) 0.820 1.129 (0.897–1.420) 0.301
Histologic type
   IDC 1 -
   ILC 1.215 (0.917–1.611) 0.175
Histology grade
   G1–2 1 - 1 - 1 -
   G3 2.336 (2.091–2.610) <0.001 1.579 (1.204–2.072) <0.001 1.659 (1.259–2.187) <0.001
Nuclear grade
   G1–2 1 - 1 - 1 -
   G3 1.953 (1.724–2.211) <0.001 1.054 (0.806–1.380) 0.699 1.258 (0.955–1.658) 0.103
Lymphovascular invasion
   No 1 - 1 - 1 -
   Yes 3.559 (3.143–4.031) <0.001 1.661 (1.325–2.082) <0.001 1.645 (1.290–2.098) <0.001
Mammography
   BI-RADS 3–4 1 - 1 -
   BI-RADS 5 2.131 (1.732–2.623) <0.001 3.366 (2.094–5.412) <0.001
Ultrasonography
   BI-RADS 3–4 1 - 1 -
   BI-RADS 5 2.741 (2.127–3.531) <0.001 2.877 (1.736–4.766) <0.001

HR, hazard ratio; CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth receptor 
2; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; BI-RADS, Breast Imaging Reporting and Data System.
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of the nuclei of breast cancer cells, and its influence on the BI-
RADS categories is small. Histology grade and lymphovascular 
invasion can identify morphological changes in tissue; they 
differed with the BI-RADS category in both the mammography 
and ultrasonography groups and were also associated with 
prognosis in this study. Several studies have also shown that 
breast cancer findings vary with the histology grade [13,18,19] or 
presence of lymphovascular invasion [20,21] in mammography 
or ultrasonography. Blaichman et al. [18] reported that BI-RADS 
could predict the histology grade. Thus, the BI-RADS categories 
of mammography and ultrasonography are thought to reflect 
changes in breast cancer morphologies such as histology grade 
and lymphovascular invasion.

A palpable mass is a finding on self-examination or physical 
examination, accounting for the largest proportion of breast 
cancer symptoms [22]. There are several reports that the 
palpability of a mass is subjective, but also related to prognosis 
[23-25]. According to this study, a palpable mass is associated 
with BI-RADS 5, which affects prognosis, and suggests 
that radiological examinations such as mammography or 
ultrasonography are necessary if there is a palpable mass on 
physical examination.

Unlike ultrasonography, mammography has more associated 
factors, and the difference in prognosis is noticeable; this is 
thought to be the cause of the difference in the sensitivity 
of imaging methods. Several studies have shown that 
mammography has a low sensitivity due to factors such 
as breast density [26,27]. Some of the findings from the 
ultrasonography may not be visible in the mammography 
because they are obscured by the breast parenchyma. Thus, as 
the mammography findings at the boundary of the BI-RADS 
categories appear to be less frequent than the ultrasonography 
findings, the gap in the aggressivity between the BI-RADS 
categories is relatively large, compared to ultrasonography; 
this is thought to cause the differences in prognosis. Because 
dense breasts are common among Korean women, the site of 
the mass seen during mammography tends to be the periphery 
of the breast parenchyma than the center [28], such as closer 
to the skin or muscle. Therefore, if a mass is found during 
mammography, the prognosis is thought to be worse than that 
of ultrasonography due to the possibility of skin or muscle 
invasion.

In the mammography and ultrasonography groups in our 
study, when other factors were adjusted, the prognoses in the 
BI-RADS 5 groups were worse than in the BI-RADS 3–4 groups. 
Kim et al. [10] reported that BI-RADS 5 had lower disease-
free survival in stage I breast cancer than BI-RADS 3–4 in 
ultrasonography. In addition, the factors associated with BI-
RADS categories were generally associated with prognoses in 
this study, especially in the mammography group wherein 
the HR was relatively higher than in the ultrasonography 

group, and all significant factors in the mammography 
group were associated with prognoses. This suggests that 
mammography has a lower sensitivity, and therefore, more 
active treatment should be considered if a breast tumor with 
highly suspicious features such as BI-RADS 5 features is found 
during mammography. Regarding past studies on breast cancer 
screening, mammographies contribute to increased survival 
rates [29,30], and mammography findings can be considered as 
predictive factors for prognoses.

This study has several limitations. First, it is a retrospective 
study. Second, BI-RADS is a system that organizes the degree of 
suspicious lesions of the breast; however, some findings have 
been determined using BI-RADS based on the experience and 
subjectivity of the radiologists. Therefore, similar lesions can 
have different BI-RADS categories with the possibility of biases. 
Third, most of the excluded patients had BI-RADS 6, which was 
as many as those included in the analysis. It was thought to be 
the result of retrospective data registration. Most of BI-RADS 6 
were likely BI-RADS 3, 4, or 5 in real-world radiological findings, 
which serve as a limitation that failed to include in the analysis. 
Finally, data on lesion shapes or calcifications for determining 
the BI-RADS categories in mammography or ultrasonography 
was lacking, and therefore the classification was not detailed.

However, this study was an objective analysis using large-
scale data from multiple hospitals. In addition, while most 
studies compare the radiological findings and prognosis using 
only 1 imaging method, this study used 2 imaging methods 
(mammography and ultrasonography), while identifying the 
association of the BI-RADS categories with clinicopathological 
factors and prognosis.

The BI-RADS categories of mammography and ultrasono-
graphy are shown to be directly or indirectly related to the 
prognosis of the patient through the significant associated 
factors, which can serve as an important factor in making 
treatment decisions. Furthermore, differences in prognosis 
among the BI-RADS categories in mammography are higher 
than those in ultrasonography, which may be due to the 
relatively low sensitivity of mammography. Further research is 
required to verify these findings.
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