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Abstract. Early diagnosis is an effective strategy for decreasing 
breast cancer mortality. Ultrasonography is one of the most 
predominant imaging modalities for breast cancer owing to its 
convenience and non‑invasiveness. The present study aimed 
to develop a model that integrates age with Breast Imaging 
Reporting and Data System (BI‑RADS) lexicon to improve 
diagnostic accuracy of ultrasonography in breast cancer. 
This retrospective study comprised two cohorts: A training 
cohort with 975 female patients from Renmin Hospital of 
Wuhan University (Wuhan, China) and a validation cohort 
with 500 female patients from Maternal and Child Health 
Hospital of Hubei Province (Wuhan, China). Logistic regres‑
sion was used to construct a model combining BI‑RADS score 
with age and to determine the age‑based prevalence of breast 
cancer to predict a cut‑off age. The model that integrated age 
with BI‑RADS scores demonstrated the best performance 
compared with models based solely on age or BI‑RADS 
scores, with an area under the curve (AUC) of 0.872 (95% CI: 
0.850‑0.894, P<0.001). Furthermore, among participants aged 
<30 years, the prevalence of breast cancer was lower than the 
lower limit of the reference range (2%) for BI‑RADS subcat‑
egory 4A lesions but within the reference range for BI‑RADS 
category 3 lesions, as indicated by linear regression analysis. 
Therefore, it is recommended that management for this subset 

of participants are categorized as BI‑RADS category  3, 
meaning that biopsies typically indicated could be replaced 
with short‑term follow‑up. In conclusion, the integrated 
assessment model based on age and BI‑RADS may enhance 
accuracy of ultrasonography in diagnosing breast lesions and 
young patients with BI‑RADS subcategory 4A lesions may be 
exempted from biopsy.

Introduction

Breast cancer remains the leading type of cancer globally 
according to the 2023 Global Cancer Statistics from the 
American Cancer Society, accounting for 31% of female 
cancers (1). Accurate diagnosis of breast lesions and use of 
appropriate surgical approach are important to improving 
breast cancer prognosis. Breast cancer screening is an effec‑
tive method of decreasing breast cancer‑associated mortality. 
There are numerous methods of breast cancer screening, 
such as mammography, ultrasonography (US) and magnetic 
resonance imaging  (2). Mammography is recommended 
for patients aged >40 years and is not sensitive for patients 
with high breast density (3,4). Digital breast tomosynthesis 
improves breast lesion visibility and cancer detection rates in 
both dense and fatty breasts but is not widely used in clinical 
practice (5). US is an important tool for breast cancer screening 
that can better detect mammographically occult breast cancer 
in patients with high mammary parenchymal density (6). In 
patients with predominantly fatty breasts, the sensitivity of 
mammography and US are 82.2 and 71.1%, respectively, while 
in patients with heterogeneously dense breasts they are 23.7 
and 57.0%, respectively  (7). Magnetic resonance imaging 
(MRI) is less commonly used for screening due to its high 
cost and lengthy time consumption (8).

The Breast Imaging Reporting and Data System 
(BI‑RADS) (9) of the American College of Radiology is a 
widely used breast lesion imaging evaluation system for stan‑
dardizing risk evaluation of breast lesions. Several diagnostic 
imaging features of the risk of breast cancer are incorporated 
into the BI‑RADS lexicon, such as fuzzy boundary, irregular 
shape, calcification and vascularity (10,11). Moreover, age is 
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widely accepted as an independent prognostic factor for breast 
cancer and is associated with breast density, hormone levels 
and breast cancer subtypes (12‑15). Moreover, the peak age of 
breast cancer diagnosis in China (45‑59 years) is significantly 
lower than that in Western countries (60‑70 years) (16,17). 
Some studies have discovered that the incidence of breast 
cancer increases with age for lesions with identical BI‑RADS 
category (17‑19). To the best of our knowledge, however, the 
diagnostic value of age has not been integrated into the BI‑RADS 
lexicon. The clinical criteria for BI‑RADS subcategory 4A and 
category 3 are different, with BI‑RADS 4A recommending 
biopsy and BI‑RADS 3 recommending short‑term follow‑up; 
thus, reclassifying a lesion from BI‑RADS 4A to 3 has clinical 
implications, indicating a change in clinical management. Age 
can affect BI‑RADS categorization, primarily because the risk 
of breast lesions and breast density vary with age. However, the 
specific age cut‑off for adjusting BI‑RADS 4A to BI‑RADS 3 
based on risk probability remains unknown. To the best of our 
knowledge, the effect of age on characteristic US features of 
breast cancer has not been reported recently.

The present study focused on breast lesions classified as 
BI‑RADS category 4, which have a high level of uncertainty 
(2‑95%) regarding their diagnosis as breast cancer during 
biopsy (18). The present study aimed to construct a model 
that integrates age with BI‑RADS lexicon to improve the 
diagnostic accuracy of US in breast cancer.

Patients and methods

Patients. According to the BI‑RADS guidelines (Table  I), 
breast lesion biopsy was performed for patients diagnosed with 
BI‑RADS category ≥4 lesion by US (19). In this retrospective 
study, patients were screened for BI‑RADS classification 
by breast US, and results were collected from the existing 
clinical records of the US department. From November 2018 
to November  2020, a total of 38,453  patients underwent 
breast US examination, of whom 9,116 were diagnosed with 
BI‑RADS category 2 lesion, 16,642 with BI‑RADS category 3 
lesion, 1,969 with BI‑RADS category  4 lesion, 136 with 
BI‑RADS category 5 lesion and 10,590 with other diseases, 
such as mastitis and simple breast hyperplasia. In the training 
cohort, 975 female patients with US BI‑RADS category 4 
breast lesions from the Renmin Hospital of Wuhan University 
(Wuhan, China) were analyzed. A total of 202 patients were 
diagnosed with two BI‑RADS category 4 lesions. Therefore, 
1,177 lesions were included in the training cohort. The valida‑
tion cohort included 500 female patients with 524 BI‑RADS 
category 4 lesions from the Maternal and Child Health Hospital 
of Hubei Province (Wuhan, China). The training cohort had an 
age range of 15‑85 years, while the validation cohort a had an 
age range of 19‑79 years.

The inclusion criteria were as follows: i) Patients were aged 
15‑85 years, ii) lesions were diagnosed as BI‑RADS category 4 
by US and iii) lesions were assessed via pathology and US. If 
a patient had >1 BI‑RADS category 4 lesion, each lesion was 
considered separately.

The exclusion criteria were as follows: i) Patients with 
abnormal breast anatomy or breast implants, ii)  patients 
without pathological examination, iii) patients with a history 
of breast cancer or recent chemotherapy, radiotherapy or 

surgery for breast cancer and iv) time between US and biopsy 
was >2 months (Fig. 1).

US. ESOTE MEGAS GPX FD570A (Esaote SpA), a US 
diagnostic instrument with probe frequencies of 5‑13 MHz 
was used to examine the patients. The patients were placed 
in a supine or side‑lying position with both arms lifted and 
abducted to fully expose the breast.

The diagnostic criteria were based on the guidelines of 
the American College of Radiology BI‑RADS  (9) for the 
diagnosis of benign and malignant lesions. US was performed 
independently by two experienced breast sonographers, who 
were medical doctors with specialized knowledge of breast 
US. Results that did not conform to the diagnostic criteria were 
interpreted by a senior doctor.

Data on the characteristic US features of breast lesions, 
including shape, boundary, calcification and blood flow 
signal were collected to further determine the influence of 
age on these features. Basic information, including BI‑RADS 
category and patient age, was obtained from medical records 
for model development and validation.

Pathological results. Breast lesion biopsy was performed by 
surgeons. Patient was positioned either supine or laterally on 
the examination table. The designated area was disinfected 
and draped with a sterile cover. Optimal needle trajectory and 
depth were determined prior to the procedure. A disposable 
core needle biopsy (CNB) needle was prepared, and local 
anesthesia was administered using 1% lidocaine. The lesion 
was accurately localized within the needle's path under 
ultrasound guidance. Upon confirming the correct localiza‑
tion, the CNB safety mechanism was engaged, and the biopsy 
needle was activated to procure the tissue sample. Hemostasis 
was achieved by applying pressure to the biopsy site. The 
collected specimen was subsequently fixed in a 10% neutral 
buffered formalin solution and forwarded to the Department 
of Pathology at each hospital. All pathological results were 
obtained from the existing clinical records and verified by at 
least two experienced pathologists. The pathological samples 
diagnosed strictly according to the WHO Classification of 
Tumors 5th Edition (20) standard procedures. Pathological 
diagnosis is the gold standard for breast cancer diagnosis.

Pathological and US examinations were performed sepa‑
rately. The pathologists were not aware of the results obtained 
by the sonographers, and vice versa, to avoid subjective bias.

Statistical analysis. All statistical analyses were performed 
using R version  4.2.1 (mir rors.tuna.tsinghua.edu.
cn/CRAN/src/base/R‑4/). Data are presented as the mean ± 
SD. The prevalence of breast cancer in patients with BI‑RADS 
category 4 breast lesions in each age group was determined. 
For dichotomous variables, Pearson χ2 test and Fisher's exact 
test of association was performed. A logistic regression model 
was used for multivariate analysis. Collinearity of age and 
BI‑RADS was evaluated.

Based on differences in age‑specific incidence rate of 
breast cancer among female Chinese patients (16,21,22), which 
peaks between the ages of 45 and 59 years, and variations 
in menopausal status, patients were categorized into three 
age groups: Group 1, <45 years; group 2, 45‑60 years and 
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group 3, >60 years. The positive predictive values (PPVs) of 
US features in different age groups and each BI‑RADS subcat‑
egory (4A, 4B and 4C) were calculated. The age‑associated 
PPVs of each BI‑RADS subcategory were compared using the 
χ2 test.

Three models, M1, M2, and M3, were developed. Their 
covariates were as follows: M1, age; M2, BI‑RADS score and 
M3, BI‑RADS score and age. Logistic regression was used to 
predict prognostic ability of the integrated model (M3). Data 
of patients from the Renmin Hospital of Wuhan University 
were used in the training cohort and data of patients from the 
Maternal and Child Health Hospital of Hubei Province were 
used in the external validation cohort. By plotting the receiver 
operating characteristics (ROC) curves, diagnostic accuracies 
were expressed as the area under the curve (AUC). A linear 

regression curve was plotted with age as the horizontal coor‑
dinate and the percentage of malignant tumors to total tumors 
in each age group as the vertical coordinate. R2 values were 
calculated to measure how well the statistical model predicted 
an outcome. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Patient information. The basic information of the patients in 
the training and validation cohorts is summarized in Table II. 
Significant differences were exhibited in age, malignancy 
distribution and BI‑RADS 4 subcategories distribution between 
cohorts .The training cohort had an age range of 15‑85 years, 
with a mean age of 48±12 years, while the validation cohort 

Table I. Ultrasonic Breast Imaging Reporting and Data System categorization and recommended action.

Category	 Description	 Probability of malignancy, %	 Recommendation

0	 Incomplete assessment	 Not applicable	 Additional evaluation
1	 Normal breast	 0	 Not applicable
2	 Benign lesions	 0	 Not applicable
3	 Highly probable benign lesions 	 <2	 Regular follow‑up
4a	 Low malignant potential lesions	 2‑10	 Biopsy 
4b	 Intermediate malignant potential lesions	 10‑50	
4c	 High malignant potential lesions	 50‑95	
5	 Highly probable malignant lesions	 >95	 Appropriate treatment

Figure 1. Inclusion and exclusion criteria. BI‑RADS, breast imaging reporting and data system.

https://www.spandidos-publications.com/10.3892/mco.2024.2758
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age range from 19 to 79 years, with a mean age of 39±11 years. 
The training cohort had 718 benign (61.0%) and 459 malignant 
(39.0%) cases, whereas the validation cohort presented with 
444 benign (84.7%) and 80 malignant (15.3%) cases. Regarding 
BI‑RADS 4 subcategories, the training cohort reported 794 
cases (67.5%) as 4A, 197 (16.7%) as 4B, and 186 (15.8%) as 
4C. By contrast, the validation cohort had a higher proportion 
of 4A cases at 435 (83.0%), with fewer 4B and 4C cases at 
68 (13.0%) and 21 (4.0%), respectively.

Effect of age on PPV of the BI‑RADS lesion categories. 
The influence of age on the PPV of BI‑RADS lesion catego‑
ries was determined. The proportion of malignant lesions 
varied significantly between the three age groups in all 

three BI‑RADS subcategory 4 lesions (Table  III). There 
was a significant positive association between proportion 
of malignant lesions and increasing age in training cohort 
(4A, 10.7 vs. 17.6 vs. 47.7; 4B, 54.4 vs. 78.8 vs. 80.6 and 
4C, 89.5  vs.  95.6  vs.  98.2 for groups 1‑3, respectively). 
The performances of models based on the ROC curves 
are illustrated in Fig. 2. The ROC curves of data in the 
training and validation cohorts showed similar results. The 
integrated model (M3) showed the best predictive ability 
in both the training (AUC=0.872, 95% CI: 0.850‑0.894) 
and validation cohorts (AUC=0.832, 95% CI: 0.783‑0.881). 
For the ROC curve in the training cohort, the age model 
(M1) showed the worst performance with an AUC of 
0.708 (95% CI: 0.678‑0.738); BI‑RADS score model 

Table III. Association between age and BI‑RADS category 4 lesions.

A, BI‑RADS 4A

	 Training cohort	 Validation cohort
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Age group	 Benign (%)	 Malignant (%)	 P‑value	 Benign (%)	 Malignant (%)	 P‑value

1	 310 (89.9)	 35 (10.1)	 <0.001	 307 (94.2)	 19 (5.8)	 <0.001
2	 299 (82.4)	 64 (17.6)		  80 (85.1)	 14 (14.9)	
3	 45 (52.3)	 41 (47.7)		  12 (66.7)	 6 (33.3)	

B, BI‑RADS 4B

1	 26 (45.6)	 31 (54.4)	 0.002	 27 (75.0)	 9 (25.0)	 0.106
2	 22 (21.2)	 82 (78.8)		  8 (42.1)	 11 (57.9)	
3	 7 (19.4)	 29 (80.6)		  2 (28.6)	 5 (71.4)	

C, BI‑RADS 4C

1	 4 (10.5)	 34 (89.5)	 0.082	 2 (16.7)	 10 (83.3)	 0.062
2	 4 (4.4)	 87 (95.6)		  0 (0.0)	 8 (100.0)	
3	 1 (1.8)	 56 (98.2)		  0 (0.0)	 4 (100.0)	

Group 1, <45 year; group 2, 45‑60 years; group 3, >60 years; BI‑RADS, Breast Imaging Reporting and Data System.

Table II. Comparison of basic information between the training cohort and the validation cohort.

Characteristic	 Training cohort (n=1,177)	 Validation cohort (n=524)	 P‑value

Mean age (range), years	 48±12 (15‑85)	 39±11 (19‑79)	 <0.001
Pathology (%)			   <0.001
  Benign	 718 (61.0)	 444 (84.7%)	
  Malignant	 459 (39.0%)	 80 (15.3%)	
Breast Imaging Reporting and Data
System category			   <0.001
  4A	 794 (67.5%)	 435 (83.0%)	
  4B	 197 (16.7%)	 68 (13.0%)	
  4C	 186 (15.8%)	 21 (4.0%)	
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(M2) performed better with an AUC of 0.815 (95% CI: 
0.792‑0.838). For the ROC curve in the validation cohorts, 
M2 (AUC=0.716, 95% CI: 0.658‑0.773) performed worse 
than M1 (AUC=0.772, 95% CI: 0.719‑0.824).

Analysis of the US characteristics. In the training cohort, 
significant statistical differences were observed in calci‑
fication, fuzzy boundary, irregular shape and blood flow 
signal between benign and malignant lesions, which are 
commonly considered indications of malignancy and 
frequently described in breast cancer (23‑26) (Table IV). 
However, there was no significant difference in posterior 
echo attenuation.

Although suspicious imaging descriptors are helpful in 
predicting breast cancer, their accuracy may be affected 
by age (14). Young patients with many suspicious imaging 
descriptors sometimes have false‑positive results  (27). By 
contrast, older patients may have malignant tumors with less 
suspicious imaging descriptors (Fig. 3).

The present study explored the association between age groups 
and the PPVs of the suspicious US image features in the different 
BI‑RADS 4 lesion subcategories (Table V). Irregular shape was 
associated with the highest PPV for diagnosing malignant breast 
lesions in all BI‑RADS 4 lesion subcategories. Age‑related PPVs 
of fuzzy boundaries varied significantly between the three age 
groups in the BI‑RADS 4A (65.7 vs. 46.9 vs. 28.6 for groups 1‑3, 

Figure 2. Performance of each model in ROC curves of the training and validation cohorts. M1 uses age as a predictive variable, M2 uses BI‑RADS score and 
M3 uses both BI‑RADS score and age. ROC curves were constructed to evaluate ability to distinguish between patient outcomes. ROC curve for (A) training 
and (B) validation cohort. ROC, receiver operating characteristic; AUC, area under the curve; BI‑RADS, Breast Imaging Reporting and Data System.

Table IV. Ultrasonographic characteristics of patients.

Characteristic	 Benign (%)	 Malignancy (%)	 Total	 P‑value

Calcification				    0.003
  Absent	 347 (65.7)	 181 (34.3)	 528	
  Present	 371 (57.2)	 278 (42.8)	 649	
Fuzzy boundary				    <0.001
  Absent	 466 (72.9)	 173 (27.1)	 639	
  Present	 252 (46.8)	 286 (53.2)	 538	
Irregular shape				    <0.001
  Absent	 400 (84.9)	 71 (15.1)	 471	
  Present	 318 (45.0)	 388 (55.0)	 706	
Blood flow signal in the tumor				    <0.001
  Absent	 596 (72.0)	 232 (28.0)	 828	
  Present	 122 (35.0)	 227 (65.0)	 349	
Posterior echo attenuation				    0.084
  Absent	 657 (60.4)	 431 (39.6)	 1,088	
  Present	 62 (69.7)	 27 (30.3)	 89	

https://www.spandidos-publications.com/10.3892/mco.2024.2758
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respectively) and 4B subcategory (86.7 vs. 67.1 vs. 51.7, for 
groups 1‑3, respectively). The prevalence of fuzzy boundary 
decreased with age. No other feature was significantly associated 
with age or BI‑RADS subcategories.

Moreover, collinearity test was used to examine whether 
there was an interaction between age and BI‑RADS lesion 
category in the diagnosis of benign and malignant breast 
lesions. The results showed that age, BI‑RADS and imaging 

Table V. PPVs of ultrasonographic features of BI‑RADS 4 subcategories by age group.

A, BI‑RADS 4A

Age Group	 Feature	 PPV (%)	 1‑PPV (%)

1	 Calcification	 15 (42.9)	 20 (57.1)
	 Fuzzy boundary	 23 (65.7)	 12 (34.3)
	 Irregular shape	 26 (74.3)	 9 (25.7)
	 Blood flow signal	 15 (42.9)	 20 (57.1)
2	 Calcification	 31 (48.4)	 33 (51.6)
	 Fuzzy boundary	 30 (46.9)	 34 (53.1)
	 Irregular shape	 46 (71.9)	 18 (28.1)
	 Blood flow signal	 22 (34.4)	 42 (65.6)
3	 Calcification	 19 (45.2)	 22 (54.8)
	 Fuzzy boundary	 12 (28.6)	 29 (71.4)
	 Irregular shape	 32 (76.2)	 10 (23.8)
	 Blood flow signal	 13 (31.0)	 28 (69.0)

B, BI‑RADS 4B

1	 Calcification	 19 (60.0)	 12 (40.0)
	 Fuzzy boundary	 26 (86.7)	 4 (13.3)
	 Irregular shape	 28 (93.3)	 2 (6.7)
	 Blood flow signal	 20 (66.7)	 10 (33.3)
2	 Calcification	 54 (65.9)	 28 (34.1)
	 Fuzzy boundary	 55 (67.1)	 27 (32.9)
	 Irregular shape	 71 (86.6)	 11 (13.4)
	 Blood flow signal	 38 (46.3)	 44 (53.7)
3	 Calcification	 15 (51.7)	 14 (48.3)
	 Fuzzy boundary	 15 (51.7)	 14 (48.3)
	 Irregular shape	 23 (79.3)	 6 (20.7)
	 Blood flow signal	 16 (55.2)	 13 (44.8)

C, BI‑RADS 4C

1	 Calcification	 24 (70.6)	 10 (29.4)
	 Fuzzy boundary	 25 (73.5)	 9 (26.5)
	 Irregular shape	 30 (88.2)	 4 (11.8)
	 Blood flow signal	 24 (70.6)	 10 (29.4)
2	 Calcification	 66 (75.9)	 21 (24.1)
	 Fuzzy boundary	 63 (72.4)	 24 (27.6)
	 Irregular shape	 81 (93.1)	 6 (6.9)
	 Blood flow signal	 48 (55.2)	 39 (44.8)
3	 Calcification	 36 (64.3)	 20 (35.7)
	 Fuzzy boundary	 37 (66.1)	 19 (33.9)
	 Irregular shape	 51 (91.1)	 5 (8.9)
	 Blood flow signal	 31 (55.4)	 25 (44.6)

Group 1, <45 year; group 2, 45‑60 years; group 3, >60 years; PPV, positive predictive value.
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features were independent (all variance inflation factor <10; 
Table SI).

Linear regression model for age and proportion of malig‑
nancy. Based on the BI‑RADS guidelines (9), the reference 
ranges for the malignancy probabilities of BI‑RADS 4A, 4B, 
and 4C malignancies are 2‑10, 10‑50 and 50‑95%, respec‑
tively. The distribution of benign and malignant tumors with 
age was normal (Fig. S1). The distribution of the proportion 
of malignancy with age using a linear regression model is 
depicted in Fig. 4. R2 values for BI‑RADS 4A, 4B, and 4C 

were 0.792, 0.689 and 0.775, respectively. For patients with 
BI‑RADS subcategory 4A lesions, the likelihood of malig‑
nancy was lower than the lower limit of the reference range 
(2%) for patients aged <30 years. This suggests that short‑term 
follow‑up could be performed instead of biopsy.

Discussion

The present study categorized patients into age groups to 
examine the impact of age on the PPV of BI‑RADS for breast 
US. Findings across training and validation cohorts reveal that 

Figure 4. Linear regression analysis depicting the association between age and the proportion of malignant tumors across age groups. BI‑RADS, Breast 
Imaging Reporting and Data System.

Figure 3. Ultrasonography of young and old patients with Breast Imaging Reporting and Data System score 4B lesions. (A) A 35‑year‑old female patient with 
palpable breast mass, fuzzy boundary and blood flow signal, highly indicative of malignancy, was confirmed as fibroadenoma. (B) A 74‑year‑old female patient 
with few suspicious imaging descriptors, clear boundary and no angular margin, which was likely to be benign, was confirmed as invasive carcinoma.

https://www.spandidos-publications.com/10.3892/mco.2024.2758
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breast cancer incidence varied by age even within the same 
BI‑RADS score, with older patients more likely to receive a 
breast cancer diagnosis than younger patients. This indicates 
that incorporating age into the BI‑RADS criteria could refine 
diagnostic accuracy.

A model combining age with BI‑RADS score was devel‑
oped to evaluate whether this approach enhances breast cancer 
diagnosis compared with age or BI‑RADS scores alone. AUCs 
demonstrated that both factors independently predicted breast 
cancer, but the combined model exhibited superior predic‑
tive accuracy in both cohorts, highlighting the benefit of this 
integrative method for more precise diagnosis.

Moreover, the present study proposes adjusting the 
BI‑RADS 4A category with an age cutoff as patients aged 
<30 years have a lower likelihood of breast cancer than the 
reference range lower limit (2%). This suggests reclassifying 
BI‑RADS 4A lesions for patients aged <30 years to category 3, 
potentially avoiding unnecessary biopsies and minimizing 
harm (19). This suggests that age influences breast cancer risk 
assessment within BI‑RADS categories and supports a more 
customized diagnostic approach.

To clarify the underlying mechanisms by which age affects 
BI‑RADS classification, the present study analyzed the inci‑
dence of malignancy‑related US features in the different age 
groups. In US diagnosis of breast lesions, malignant signs 
include fuzzy boundary, irregular shape, calcification and 
blood flow signal (12). The present study assessed age‑related 
PPVs of these US features in BI‑RADS category 4 lesions 
and found that a fuzzy boundary was the only significant 
age‑associated imaging feature. However, as not all suspi‑
cious malignant features were analyzed in the present study 
(such as echo, dilated duct and axillary adenopathy), fuzzy 
boundaries may not be the only age‑related US feature for 
breast cancer.

Previous research (27‑30) has indicated that the likelihood 
of malignancy in breast lesions, as assessed by BI‑RADS score, 
increases with age. Fu et al (27) and Hu et al (28) demon‑
strated that age influences the predictive value of BI‑RADS 
categories 3‑5 in breast US, using similar age groupings to the 
present study. Notably, Fu et al found no significant difference 
(P=0.1853) in the predictive value for category 4C lesions, 
consistent with the present study. The differences between the 
present and aforementioned study are the broader focus and the 
lack of age‑specific analysis of BI‑RADS category 4 lesions 
in the aforementioned study. Noonpradej et al (29), assessing 
patients with BI‑RADS category 4 lesions, identified a clear 
positive link between age and predictive value but did not 
investigate the connection between US features and age. The 
present study suggested that fuzzy boundaries in US images 
may be an age‑associated characteristic of breast cancer, 
warranting further investigation. Xie et al (30) developed a 
nomogram integrating clinical, MRI, US and mammography 
data to reclassify patients with BI‑RADS 4A lesions to cate‑
gory 3. Although the present model was solely based on US, 
its accuracy (AUC=0.872) was not inferior to that shown by 
the comprehensive model (AUC=0.859) in the aforementioned 
study, especially considering that most outpatients undergo 
only US examinations, rather than mammography and MRI, 
due to economic and practical considerations. Therefore, the 
present model has broader applicability.

The present study analyzed 1,475 patients between the 
ages of 15 and 85 years, demonstrating the broad applica‑
bility of integrating age with BI‑RADS for breast cancer 
diagnosis. Despite age differences between the training and 
validation cohorts, the findings suggested that combining 
age with BI‑RADS improves breast cancer diagnostic accu‑
racy, suggesting the scientific rigor of the present findings. 
The larger, age‑diverse training cohort resulted in a robust 
model capable of accurately classifying breast lesions 
across a wide age range, accounting for age‑associated vari‑
abilities in lesion characteristics. The efficacy of the model 
in the relatively younger validation cohort underscored its 
suitability for the age group most affected by the clinical 
question of downgrading BI‑RADS 4A lesions. The use of 
US, a common diagnostic tool, further supports the potential 
of the model to enhance breast cancer screening protocols. 
There are some limitations to the present study. Firstly, as 
a retrospective study, a larger lesion sample is necessary to 
validate the present findings, particularly for establishing a 
definitive cut‑off age. The generalizability of the study may 
be limited because ultrasound, typically used as an adjunct 
to mammography rather than a standalone tool in Western 
countries  (31,32), shows significant operator dependency 
and lacks evidence on its impact in reducing breast cancer 
mortality, making it less applicable to practices relying solely 
on its diagnostic efficacy.

Future work should focus on validating the present findings 
through prospective studies, assessing the real‑world effective‑
ness of integrating age with BI‑RADS. Larger sample sizes 
and multi‑center studies are required to enhance the gener‑
alizability and reliability of the present findings. Enhancing 
diagnostic reliability involves standardized scanning protocols, 
rigorous operator training, quality control programs, advanced 
technologies such as 3D ultrasonography and elastography, 
artificial intelligence and machine learning for improved 
image analysis and cross‑verification with multiple imaging 
modalitie (4,33,34). Additionally, longitudinal studies are key 
for understanding the long‑term benefits of this approach in 
patient outcomes, especially its effectiveness in decreasing 
over‑diagnosis in younger patients.

The present study has notable clinical application. 
Integrating age with BI‑RADS facilitates age‑specific risk 
assessment, allowing for more tailored breast cancer screening 
guidelines and improved diagnostic precision. This approach 
recognizes that different age groups exhibit varying risks 
and characteristics of breast cancer, necessitating adjust‑
ments in screening protocols to enhance effectiveness. For 
example, younger patients, who typically have denser breast 
tissue, might benefit from adjusted screening methods. By 
combining age with BI‑RADS categories, clinicians can offer 
a nuanced understanding of breast lesions, leading to person‑
alized management plans and decreasing overtreatment and 
associated anxiety in younger patients.

In conclusion, the present study investigated clinical and 
imaging risk features associated with breast cancer diagnosis 
in a large population. The present study analyzed predictive 
risk factors of age‑specific US images and the role of age in 
diagnosing BI‑RADS 4 cases. The present results may improve 
diagnostic accuracy, facilitating clinicians in assessing breast 
cancer risk based on age and US reports, choosing appropriate 
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treatments, controlling disease progression and improving 
patient survival rate and quality of life.
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