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Introdução: A classificação do Breast Imaging Reporting and Data System (BI-RADS) permite a padronização dos achados das 

massas mamárias, com recomendação para o manejo individualizado. Por causa de sua alta frequência, massas classificadas como 3, 

provavelmente benignas, despertam interesse em melhorar sua caracterização e em estabelecer o comportamento mais adequado. 

Objetivo: Primeiramente, demonstrar os valores preditivos positivos e negativos da classificação de massas sólidas BI-RADS 3 

submetidos a biópsia percutânea por ultrassonografia. Em segundo lugar, sugerir conduta de acompanhamento por ultrassonografia 

diferente nesses achados. Metodologia: Estudamos, retrospectivamente, 480 massas BI-RADS 3, submetidas a biópsia a vácuo ou core-

biopsia, com resultado histopatológico conclusivo considerado padrão-ouro. Resultados: De 480 massas em 396 pacientes, 473 eram 

benignas e 7 malignas. O valor preditivo positivo para malignidade de categoria 3 foi de 1,5% (7/480) e o valor preditivo negativo foi de 

98,5%. Conclusão: Em vista da baixa probabilidade de câncer, recomenda-se a realização de ultrassonografia direcionada (second look) 

de massas classificadas como BI-RADS 3 por especialista em radiologia da mama antes da indicação de um procedimento invasivo, o 

que reduziria substancialmente o número de biópsias desnecessárias, ansiedade do paciente, bem como possíveis complicações. Isso 

aumentará a possibilidade de o especialista passar mais tempo em exames realmente necessários e direcionados, definindo melhor 

os casos de acompanhamento (anual ou semestral) da indicação da investigação em casos específicos.
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RESUMO

ABSTRACT

Introduction: Breast Imaging Reporting and Data System (BI-RADS) classification allows standardization of breast masses 

findings, with a recommendation for individualized management. Because of their high frequency, masses classified as 

3, probably benign, arouse interest in improving their characterization and in establishing the most appropriate behavior. 

Objective:  Firstly,  to demonstrate the positive and negative predictive values of the BI-RADS 3 classification of solid masses 

submitted to percutaneous biopsy by ultrasonography. Secondly, to suggest a different ultrasound follow-up conduct in these 

findings. Methods: We retrospectively studied 480 BI-RADS 3 masses, submitted to a biopsy under vacuum or core biopsy, with a 

conclusive histopathological result considered the gold standard. Results: From 480 masses in 396 patients, 473 were benign and 

7 malignant. The positive predictive value for malignancy of category 3 masses was 1.5% (7/480), and the negative predictive value 

was 98.5%. Conclusion: In view of the low probability of cancer, it is recommended the performance of directed ultrasonography 

(second look) of masses classified as BI-RADS 3 performed by a specialist in breast radiology before the indication of an invasive 

procedure, what would substantially reduce the number of unnecessary biopsies, patient’s anxiety, as well as costs and possible 

related complications. This will increase the possibility for the specialist to spend more time on really necessary and targeted 

examinations, better defining cases of follow-up (annual or biannual) of the indication of investigation in specific cases.
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INTRODUCTION
The American College of Radiology, with other important insti-
tutions on United States, created Breast Imaging Reporting and 
Data System, known as BI-RADS®, used to describe the findings 
of various breast imaging modalities, including mammography, 
ultrasound and magnetic resonance imaging. It is also used to 
indicate a conduct for each case, with the aim of homogeniz-
ing the terms and reports, and facilitating the communication 
between the various professionals involved, as well as to better 
monitor and audit results1-3.

Breast ultrasound (US) has become a well-established imaging 
tool for breast cancer diagnosis. It is mainly due to the recent evolu-
tion of the equipment, allowing the identification of a greater number 
of hidden masses on mammography (27%) — especially in women 
aged less than 50 years and with dense breasts —, as well as the dis-
tinction between benign and malignant masses, increasing the spec-
ificity of mammography when used as a complementary exam4-6. 

However, despite the enhancement of BI-RADS-US in the most 
recent edition of 2013, and the numerous publications available, 
category 3 for masses observed by ultrasonography screening 
remains a major challenge to breast radiologists1.

The first purpose of this study is to present the positive pre-
dictive value (PPV) and negative predictive value (NPV) of masses 
classified as category 3 BI-RADS-US, submitted an ultrasound 
percutaneous biopsy at a private clinic in the city of Rio de Janeiro, 
Brazil. The second is to recommend a conduct of ultrasonography 
follow-up of these findings, knowing that the misinterpretation 
of the obtained image results entails many negative implications, 
among which unnecessary biopsies, patient’s and attending phy-
sician’s anxiety, and costly excessive complementary examina-
tions, so that the diagnostic investigation can be continued4.

METHODS
A retrospective study was carried out on 396 patients, with 
480 masses classified as BI-RADS-US category 3 on screening or 
diagnostic ultrasound, submitted to a percutaneous biopsy at a 
clinic dedicated to breast radiology in the city of Rio de Janeiro, 
Rio de Janeiro, Brazil.

The equipment used to perform the procedures was Logic 
P6 (GE Medical System Inc.) with a multi-frequency linear probe 
(7.5–12 MHz). The procedures performed, following the proce-
dure described in the literature, by requested of the attending 
physician, were core biopsy or vacuum biopsy. The core biopsies 
were performed with BARD pistol with a range of 2.2 or 1.5 cm, 
according to the depth and size of the lesion, and with a 14 Gauge 
needle. Vacuum biopsies were performed with Atec probe (Surtec 
Atec Sapphire, Hologic Inc.) with a 12 Gauge needle.

The 5 radiologists who classified the masses at the time of proce-
dure and performed the biopsies are experienced physicians (rang-
ing from 10 to 25 years) in breast image and interventional radiology. 

The material considered satisfactory and conclusive was 
evaluated by a pathologist specializing in breast disease, with 
20 years of experience in percutaneous procedures.

A solid mass with a circumscribed margin, oval shape, and 
parallel orientation, with no posterior features or minimal poste-
rior acoustic enhancement on US, was categorized as BI-RADS 31. 

These cases come from a private service, and the patients are 
already referred to the procedures according to their requesting 
physician, without data on family risk and changes in physical 
examination. Due the biopsies are guided by ultrasound, there was 
no comparison with possible mammography findings. There is no 
information regarding whether these masses were palpable or not.  

The Research Ethics Committee approved the project, and 
informed consent form was applied and signed by all patients, 
alongside verbal explanation of procedure and possible compli-
cations and care instructions after the biopsy. 

The retrospective data were obtained from clinical database, 
through an image capture system in digital file and electronic 
form (e-form). 

For data management, a new database of these patients was 
created using Microsoft Excel 2000 software, following the data 
management methodology usually used in research protocols.

The tests used in order to prove the proposed objective 
were the calculation of the PPV and the NPV of the biopsies of 
BI-RADS-US 3 masses.

The predictive values evaluate the likelihood of a disease 
(breast cancer), given the results of a diagnostic test. They are 
determined not only by the sensitivity and specificity of the test 
but also by the prevalence of the disease in the specific popula-
tion. PPV is the proportion of true positives among all individu-
als with positive test, and NPV is the proportion of true negative 
among individuals with negative test. Statistical analysis was 
exploratory, comparative and performed using the Statistical 
Package for Social Sciences (SPSS), version 20.0 (Chicago, IL, 
USA). Categorical variables will be presented as absolute fre-
quencies and percentages. 

The characteristics evaluated were the specialty of the profes-
sional who requested the biopsy, the type of procedure performed 
(core or vacuum biopsy) and the age of patients. Regarding the 
lesions, the size of the masses was evaluated, being divided in 
≤1 and >1 cm, and the satisfactory histopathological result was 
considered gold standard. 

The results of the exams and procedures performed were 
informed to the patients and their respective requesting physi-
cians. These professionals would use the information received 
and decide upon treatment independently of this study, that is, 
either continue with adequate treatment in carcinoma cases or 
keep patient in follow-up in benign cases. The data obtained are 
confidential, and the photographic records of the images were 
used in this work. The nominal identification in the photo was 
erased, so that anonymity was maintained.
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RESULTS
Of the total number of biopsy requests, 320 were performed by breast 
surgeons, 130 by gynecologists and 30 by doctors with other spe-
cialties, among which 17 oncologists, 9 plastic surgeon, 2 geriatri-
cians, 1 dermatologist and 1 proctologist. Regarding the results of 
malignant masses, all had their biopsy requested by breast surgeons.

Of 480 masses identified in 396 female patients, classified 
as BI-RADS 3 on breast ultrasound, submitted to percutaneous 
biopsy, 389 cases were core biopsy and 91 were vacuum biopsy, 
with 473 benign and 7 malignant results. Among the malignant 
lesions, 3 underwent vacuum biopsy and 4 core biopsy.

Patients’ ages varied between 15 and 89 years, with a mean 
of 43 years. The mean patient age with malignant lesions was 
54.7 years (ranging from 42 to 66 years) and with benign lesions 
was 49.4 years (ranging from 28 to 62 years).

As for masses size, the largest mean was 5.6 cm in the larg-
est diameter and the smallest 0.5 cm. The lesions were smaller 
than or equal to 1.0 cm in 250 cases (52%) and larger than 1.0 cm 
in 230 cases (48%). Malignant lesions averaged 1.45 cm, ranging 
from 0.88 to 2.62 cm.

Among the benign masses, the most common diagnosis was 
fibroadenoma; among the malignant, infiltrating ductal carci-
noma was the most frequent finding.

The PPV for malignancy of category 3 masses in our study 
was 1.5% (7/480), and the NPV was 98.5% (473/480). 

Table 1 presents the histopathological results of all percu-
taneous procedures, that were grouped in benign and malig-
nant results. The benign ones were grouped into characteristic 
findings of proliferative and non-proliferative lesions, for a more 
objective presentation of the table presented.

Figures 1 to 4 show cases of this study, classified as BI-RADS 
3 before percutaneous biopsy, being: 2 malignant cases (Figures 1 
and 2) and 2 benign cases (Figures 3 and 4).

DISCUSSION
As ultrasound techniques continue to improve with higher-fre-
quency linear transducers that increase spatial resolution, spatial 

compounding to improve margin analysis, tissue harmonic imag-
ing that reduces near-field artifacts and intensifies posterior acous-
tic features, and more robust power Doppler, radiologists have the 
opportunity to increase their diagnostic confidence. This may lead 
to further refinements of BI-RADS 3 ultrasound criteria. With the 
increasing use of breast US screening in women with dense breasts, 
category 3 lesions are being found more often6-8.

BI-RADS 3 in breast imaging is an evolving category. When used 
properly, the purpose of the short-term follow-up algorithm is 
to reduces the number of benign biopsies (reduce false-positive 
exams) while allowing the breast imager to maintain a high sen-
sitivity for the detection of early stage breast cancer2,9.

Table 1. Histopathological results of 480 masses submitted to percutaneous biopsy, classified as Breast Imaging Reporting and Data 
System (BI-RADS) 3. 

Histopathological 
Absolute 
number 

Percentage
(%) 

Result  C  V 

Fibroepithelial neoplasmsa  347 72.3  Benign  287  60 

Non-proliferative injuresb  97 20.2  Benign  82  15 

Proliferative lesions without atypiac 29 6.0  Benign  17  12 

Invasive ductal carcinoma (non-special type)  6 1.2  Malignant  3  3 

Intracystic papillary carcinoma  1 0.2  Malignant  0  1 

aFibroepithelial neoplasms: fibroadenomas; bnon-proliferative lesions: fibrosis, cyst, pseudoangiomatous change, adipose inclusion, hamartoma, sclero-hyalinosis, 
lymphocytic infiltration; cProliferative lesions without atypia: alteration of columnar cells without atypia, adenosis, typical ductal hyperplasia, papillary apocrine 
hyperplasia without atypia, tubule-papillary adenoma, intracystic papilloma; C: core biopsy; V: vaccum biopsy.

Figure 1. Hypoechoic, oval and circumscribed, parallel mass, 
without posterior features, measuring 2.6 cm. Histopathologic 
result: Intracystic papillary carcinoma.

Figure 2. Hypoechoic, oval and circumscribed, parallel mass, 
with no posterior features, measuring 1.2 cm. Histopathologic 
result: invasive tubular carcinoma.



Predictive values of breast imaging reporting and data system category 3 breast masses submitted to percutaneous biopsy by ultrasonography

121Mastology, 2019;29(3):118-124

BI-RADS 3 creates a wide variety of actions and reactions. 
It causes patient anxiety, eliminates some unneeded biop-
sies, and often ignored by patients and referring clinicians. 
Radiologists who are not sure about what to do with a finding 
often overuse BI-RADS 3. There are three principles for the use 
or not of BI-RADS 3: 
1. if the lesion is indeterminate or has worrisome features it is 

not BI-RADS 3; 
2. BI-RADS 3 should not be used to delay diagnosis of a malignant 

appearing finding; 
3. BI-RADS 3 should only be used after a full diagnostic workup2,10-12.

In Lee’s article2, the authors cited Chae et al. results, that 
demonstrated the radiologist’s difficulty using BI-RADS 3 for 
breast ultrasound. In their experience, 14.6% of screening ultra-
sounds were read as BI-RADS 3. When, however, they reinter-
preted the ultrasound exams using ACRIN 6666 criteria, 19.3% 
of cases had an assessment change. Of 225 patients who had a 
BI-RADS change, 213 were changed to BI-RADS 2 and 12 were 
upgraded to BI-RADS-4. Chae et al. also found that the malig-
nancy rate was higher for those with abnormal mammograms 
compared with those who had normal mammograms (2.2 vs. 
0.4%). This suggests an avenue for future research3,13,14. 

Interobserver concordance studies in breast ultrasound have 
Kappa indexes ranging from 0.28 (poor) to 0.83 (substantial) in 
the literature. This variation is very broad based on a subjective 
characterization of the images by the radiologist, depending on 
his experience7,15. According to Calas et al.6, the main difference 
features between a benign and a malignant mass are the con-
tour and shape, the contour with the highest sensitivity and the 
shape the highest specificity. 

BI-RADS describes a solid mass with circumscribed mar-
gin, oval shape and parallel orientation to the skin, with a prob-
ability of malignancy of up to 2%, within the defined range of 
probable benignity1,2,4,7-14.

BI-RADS category 3 is not an indeterminate category and 
should not be used in case of doubt by the radiologist for benign or 
suspected lesions (BI-RADS 2 and 4, respectively). It is reserved for 
specific cases with a chance of malignancy between 0 and 2%1,2,15-17.

The incidence of BI-RADS 3 lesions on US has been reported 
between 15.7 and 32.2%, and the malignancy rate between 0 and 
2.6%16-18. Due to their high frequency and low probability of can-
cer, by both ultrasound screening and diagnosis, these nodules 
arouse in the professionals dedicated to breast radiology a great 
interest in improving their characterization and in establishing 
the most appropriate conduct7-14,18-24.

In the conduct for category 3, the initial follow-up interval is 
usually six months, regarding the breast with the probable benign 
finding, with the recommendation of a second short-term fol-
low-up of six months of the breasts bilaterally (12 months of the 
initial study), assuming stability in the test1-3,5. After that, due 
to the stability of the 12 months already observed, the recom-
mended follow-up is of 1 year. As in the follow-up of screening 
mammography, after 2 to 3 years of stability, the final evaluation 
category should be changed to benign (category BI-RADS 2)25-30.

Our study showed a PPV for malignancy of 1.5% and NPV 
of 98.5%.

Of the requests for biopsies performed, 66.6% were requested 
by breast surgeons, being the 7 cases of malignancy requested by 
them. Of all lesions, 56.4% were smaller than or equal to 1.0 cm, 
and 43.6% were larger than 1.0 cm, which could justify the indi-
cation of the biopsy of these masses, because they are larger than 
1.0 cm and probably palpable. 

In some studies20,21, the factors related to biopsies in category 
3 masses were patients’ preference (patient’s wishes), patients’ 
risk factors, suspicious changes in the follow-up interval (increase 
in volume and/or changes in lesion morphology) and investiga-
tor’s doubts. 

In our study, in addition to limiting the access to informa-
tion regarding the need for biopsy, we can also cite: the access 
to the previous examinations (to evaluate image stability), the 
family or personal history of breast cancer, the lack of correla-
tion with the mammographic findings, and, finally, information 
about the follow-up of these images with benign histopathology.

Figure 3. Hypoechoic, circumscribed, oval, parallel mass, 
with minimal posterior acoustic enhancement, measuring 
2.4 cm. Histopathological result: fibroadenoma.

Figure 4. Hypoechoic, circumscribed, oval, parallel mass, with 
no posterior features, measuring 1.0 cm. Histopathological 
result: fibroadenoma.
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Badan24 and Raza et al.25 reported a PPV of 0 and of 0.8%, 
respectively, for malignancy for category 3 masses. They con-
cluded that a conservative management of BI-RADS category 
3 lesions on screening breast ultrasound would be adequate in 
order to avoid unnecessary biopsies.

In the study of Berg et al.17, with 127 masses in asymptomatic 
patients, with heterogeneously dense breasts and at least 1 risk 
factor for breast cancer, there was no case of malignancy over a 
2-year follow-up. With the use of correctly ultrasonography fea-
tures of each mass, these authors recommended 1-year follow-
up for circumscribed and benign masses by US. 

Barr et al.20 presented results and similar follow-up proposals. 
They reported a 0.9% cancer rate in category 3 lesions in women 
at increased risk of breast cancer. Only one case presented suspi-
cious modifications at the 6-month follow-up and another at the 
1-year follow-up, both infiltrating ductal carcinomas, with nega-
tive axillary lymph nodes. Thus, it is recommended an annual 
follow-up of the BI-RADS lesions 3.

Some studies have related the findings as the findings are 
palpable or not. Park et al.22 found a PPV of 0.6% (1 case of infil-
trating ductal carcinoma grade 2 and 1 case of mucinous car-
cinoma, axillary negative lymph nodes) and 99.4% NPV, with 
no difference between palpable and impalpable masses. In the 
study by Barr et al.20, a rate of 19.5% of category 3 lesions was 
observed on screening ultrasonography in women at increased 
risk of breast cancer and with dense breasts, with a malignancy 
rate of 0.8%, all impalpable lesions. 

Graf et al.16, with 448 masses, showed no malignant lesions, 
either on screening exams or at follow-up over a period of two 
years; the palpable lesions with benign morphology on the image 
might be similarly accompanied as non-palpable lesions.

Kapsimalakou et al.12 concluded that it is critical that the 
attending physician be able to rely on the radiologist’s abil-
ity to distinguish probably benign lesions from lesions that 
should be readily biopsied. Image follow-up would identify 
the progression of malignant lesions, but most cancers will 
continue to be diagnosed early, resulting in a favorable prog-
nosis, a finding corroborated by Sickles13. They also include 
positive factors such as increased PPV of biopsies, reduction 
of morbidity associated with percutaneous or surgical biopsy, 
and reduction of costs. 

Alimoglu et al.4 found a 5.3% frequency of category 3 non-
palpable masses in non-risk patients. Seventy percent of them 
remained stable for two years. The malignancy rate was 0.3%, and 
85% of the changes occurred in the first two years of follow-up, 
namely, progression in size greater than 20% and morphologi-
cal change. These authors also showed a 60% reduction in costs 
with follow-up compared to biopsy, with the advantage of lower 
morbidity, lower risk and fewer complications.

Stavros et al.19 concluded that, although invasive proce-
dures are well tolerated, they present some hindrances, such as 

discomfort and patient anxiety, increased costs, which include 
recovery time and total health costs.

Another interesting point is that even BI-RADS 3 lesions that 
had the histopathological diagnosis established should continue 
the follow-up for two or three years for complete safety in sta-
bility, and, therefore, benignity. This fact makes follow-up even 
more cost-effective and not immediate biopsy1.

Briefly, there is a high incidence of BI-RADS 3 masses on US 
alongside a low incidence of cancer, inducing thereby to unneces-
sary control tests, as well as invasive procedures. However, sev-
eral factors should be considered when determining the conduct 
of patients with category 3 BI-RADS masses. For example, cost 
evaluation (cost of a possible biopsy, percutaneous or surgical, 
emotional exhaustion, operational costs, unnecessary repeti-
tion of exams), especially in countries like Brazil, where the 
majority of the population uses public health services that are 
often precarious14.

Another still controversial point of interest would be the best 
interval for follow-up examinations of such masses and how this 
examination would be performed, i.e., in a targeted fashion, uni-
lateral, or bilateral and complete.

Prior to the biopsy request of a mass previously classified 
like BI-RADS 3, and in some cases BI-RADS 4A, the ultrasound 
performed in a targeted fashion to the image in question by an 
experienced professional in breast radiology, compared with pre-
vious exams and other imaging tests, could reduce the indication 
for biopsy and increase their PPV. This would result in reduction 
in both morbidity and patient’s cost.

Short-term follow-up could hence be performed with greater 
safety, what would bring greater comfort for the attending physi-
cian to give up on the histopathological diagnosis, since ultraso-
nographic criteria for nodule classification are to be adequately 
applied by experienced breast radiologists. The images could be 
reclassified as BI-RADS 2 and be kept under annual control, or 
classification BI-RADS 3 could be maintained with a new directed 
study in 6 months or yet an indication for biopsy in the event of 
reclassifying the image as BI-RADS 4.

CONCLUSION
Ultrasound is readily available, uses no ionizing radiation, and 
is well tolerated by patients. In women with dense breasts tis-
sue, supplemental breast ultrasound imaging can increase can-
cer detection rates by 1.8 to 4.6 per 1,00020. However, in finding 
more cancers, supplemental ultrasound will also discover more 
benign masses that are not characteristically benign in appear-
ance, increasing the number of biopsies and false-positive rates. 
Breast masses BI-RADS 3, probably benign, is a challenging 
assessment category. 

From NPV results of 98.5% in our study, we recommend 
that a dedicated breast radiologist perform a US-directed 



Predictive values of breast imaging reporting and data system category 3 breast masses submitted to percutaneous biopsy by ultrasonography

123Mastology, 2019;29(3):118-124

BI-RADS category 3 mass prior to the indication for a possible 
intervention. This would reduce substantially the number 
of unnecessary biopsies, as well as the costs and complica-
tions related to it. Moreover, this would give more confidence 

to the assistant physician to characterize correctly lesions 
and to suggest an annual follow-up. However, a large series 
prospective study is needed before further studies validate 
this recommendation. 
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