
Introduction

One of the classic indications for breast ultrasonography

is to differentiate between solid and cystic lesions, with this

indication contributing towards consolidating this diag-

nostic method in clinical practice [1]. Nevertheless, differ-

entiating between benign and malignant solid lesions

remains controversial, thus motivating investigators to con-

duct studies on the predictive capacity of each echographic

characteristic [2-4].

SONOBREAST is a predictive model of malignancy for

solid breast nodules that was created based on a multivari-

ate analysis of 1,403 nodules seen at breast ultrasonography

[3]. A computer program freely available on the internet is

used to provide an estimate of individual risk in the form of

a percentage [3].

Although the sensitivity, specificity, and accuracy of

SONOBREAST have already been reported [3], the ma-

jority of the women included in that original study were

clients of the public healthcare service, with palpable nodes

and difficulties in accessing specialized healthcare services

[5-7].

The objective of the present study was to validate the

SONOBREAST model in women from a private clinic with

a different epidemiological profile from that of the women

in the initial study.

Materials and Methods

This was a study to evaluate the performance of a diagnostic

test  and was conducted to evaluate a sample of 500 solid nodules

in 274 women attending a private clinic in Goiânia, Goiás

(Brazil). Surgery was indicated in all cases due to the size of the

nodule, tumor growth or its appearance on mammograms, among

other indications. Solid lesions associated with skin ulceration and

cystic lesions were not included in this study.

All the exams were conducted between January 2010 and July

2012 by the same examiner, a specialist with more than ten years’

experience in breast ultrasonography. A high-resolution scanner

coupled to a 7.0-12.0 MHz linear-array real-time transducer was

used.

The sample size was defined on the basis of the result from pre-

vious studies conducted within the Senology program at the

Teaching Hospital of the Federal University of Goiás [2, 3]. This

was defined by statistical calculation, considering an increase of

at least 10% in the prevalence of malignancy in each group of

nodules when no abnormal ultrasonographic features were pres-

ent and when one, two, or three abnormal features were found.

Based on the aforementioned criteria, sample size was defined as

a minimum of 240 patients. The power of the test was defined as

a probability of 80% for the detection of the aforementioned dif-

ference between the groups, with significance level established at

5%. More patients than predicted were included to increase the

reliability of the analysis.

The variables used to calculate the probability of malignancy

were the patient’s age and her first-degree family history of breast

cancer (mother, sister or daughter) associated with the morpho-

logical characteristics of the tumor visualized on ultrasonography
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(irregular shape, heterogeneous echotexture, posterior acoustic

shadowing, echogenic halo, and vertical orientation) [2, 3] (Fig-

ure 1). In the original study, the authors attempted to include the

mass size and its palpability, but these characteristics were ex-

cluded because they did not improve the accuracy of the model

and lost their significance in the multivariate analysis [3].

The probability of malignancy was calculated using the SONO-

BREAST statistical model, available at the following website:

www.sonobreast.com.br. A lesion was considered suspect when

the risk of malignancy was above 2%, which is in line with that

established for the American College of Radiology (ACR)’s

Breast Imaging Reporting and Data System (BI-RADS).[8]

The accuracy, sensitivity, specificity, positive predictive value

(PPV), and negative predictive value (NPV) were calculated ac-

cording to the pathology results. The sensitivity was calculated as

follows: true positive (TP)/[TP + false negative (FN)]; and the

specificity was calculated as follows: true negative (TN)/[TN +

false positive (FP)]. The PPV relates the TP/(TP + FP) while the

NPV relates TN/(TN + FN). Next, accuracy was calculated once

again using the Receiver Operator Characteristic (ROC) curve for

the continuous probability values for malignancy with the SONO-

BREAST system.

The patients’ clinical characteristics and the ultrasonographic

features of the nodules were compared with the pathology find-

ings using univariate analysis with the chi-square test. The odds

ratios were calculated with a 95% confidence interval. The mul-

tivariate logistic regression was not performed because the num-

ber of positive events for some of the characteristics was

insufficient for a reliable result. The Mann-Whitney U test was

used for all the numerical variables, since distribution was non-

normal according to the Kolmogorov-Smirnov test. The SPSS sta-

tistical software package, version 11.0.1 was used to conduct the

statistical analysis.

The internal review board of the Federal University of Goiás’

Teaching Hospital approved the study. It was conducted under the

principles of the Helsinki Declaration. The patients were briefed

on the nature of the research and agreed to participate in the study

by reading and signing an informed consent form.

Results

The mean age of the patients was 41.9 ± 14.4 years (SD).

The median age of the patients with benign tumors was

39.00 (range 29.0-47.0) years, compared to 56.00 (range

48.0-64.0) years for the group of women with malignant

tumors (p < 0.01). The median size of the benign lesions

was 13.00 (range 9.95-17.85) mm compared to 20.2 (range

14.40-27.90) mm in the case of the malignant tumors (p <
0.01).

Overall, 382 of the nodules (76.4%) were classified as

non-palpable. At pathology, 414 (82.8%) were found to be

benign, including 303 (60.6%) fibroadenomas and 84

(16.8%) fibroadenosis. There were 86 cases of malignant

tumors (17.2%), with 65 cases of invasive ductal carcinoma

(13.0%) and six cases of invasive lobular carcinoma

(1.2%).

According to SONOBREAST, the lesions were consid-

ered suspect in 171 cases (34.2%). The odds ratios for ma-

lignancy in accordance with the characteristics of the model

included in the univariate analysis are shown in Table 1.

For a cut-off point of 2% for a suspicion of malignancy,

which is in line with that used in the BI-RADS, the sensi-

tivity of the SONOBREAST model was 95.40%, with

specificity of 78.69% and accuracy of 81.60%. The PPV

was 48.54% and the NPV value was 98.78%. Considering

the probability of malignancy as a continuous variable, the

area under the ROC curve was 0.94 (0.92–0.97). 

Discussion

The use of breast ultrasonography is based on knowledge

of the normal anatomical structure, of the variants of nor-

mality, and of the various features present in breast pathol-

ogy [9]. Currently, abnormal images are evaluated and

defined in accordance with their morphological character-

istics [1, 10, 11]. Nevertheless, using an association of mor-

phological features and clinical characteristics is

interesting, since it creates sub-groups at a higher risk and

with a greater prevalence of malignancy, which may help

the attending physician define a more individualized ap-

proach.

The SONOBREAST model was developed following a

prospective, multicenter study in which 1,043 breast lesions

seen on ultrasonography were evaluated [3]. The use of

multivariate analysis enabled a statistical model to be de-

veloped that calculated the probability of malignancy in

these lesions with precision and objectivity. In that model,

the most relevant morphological characteristics were taken

into consideration as well as certain clinical data, such as

the patient’s age and family history of malignancy [3]. Al-

though the present study also takes a family history of

breast cancer into consideration, in this population sample,

unlike the original study, that variable failed to reach sta-

tistical significance. This may have been a consequence of

Figure 1. — This palpable nodule (2.7cm) has an irregular shape,

heterogeneous echotexture, and horizontal orientation, without

echogenic halo or posterior shadowing. The patient is 21 years

old, without any family history, and the probability of malignancy

estimated by the model was 39.1%. In the BI-RADS system, it

would be in category 4, with an expected 3% to 94% probability

of breast cancer. The biopsy revealed fibromatosis of the breast

(immunohistochemistry). 
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the smaller sample size, since the number of individuals

with a family history of breast cancer was small, both in

the group with cancer and in the group without cancer.

In Brazil, the reality of patients using public healthcare

services and that of those who have sufficient resources to

enable them to use private healthcare is quite different [12-

14]. In the Brazilian public healthcare facilities on which

the population of poor socioeconomic means and with lim-

ited access to healthcare depends, breast lesions are pre-

dominantly palpable, generally measuring between 2.0 and

5.0 cm at diagnosis [3, 5, 15]. The current study evaluated

patients from a private clinic, probably with better socioe-

conomic conditions and better access to diagnostic methods

for the detection of breast lesions [12-15] .This is reflected

in the identification of smaller tumors compared to those

found in the initial SONOBREAST study.

In the classic study conducted by Chen et al., results

showed that small breast lesions of less than 1 cm in diam-

eter may not have the same suspect characteristics as larger

lesions [16]. Therefore, the evaluation of the present pop-

ulation sample serves to balance the previous findings ob-

tained with the SONOBREAST model. In the initial study,

most of the patients were receiving care within the Brazil-

ian public healthcare service and in the sample analyzed

75% of the lesions were palpable at diagnosis [3]. In that

study, the overall accuracy of the model was 74.50%, sen-

sitivity 84.50%, and specificity 64.50% [3]. In the current

series, in which 76.40% of the lesions were non-palpable,

accuracy was 81.60%, with sensitivity of 95.40% and

specificity of 78.69%, showing that the model remains re-

liable despite the reduction in the number of palpable le-

sions in the sample analyzed (Table 2). 

Of the morphological characteristics, tumor size has al-

ways been considered an essential characteristic in the in-

vestigation of breast nodules, with differing results

regarding the prediction of malignancy [17-19]. Neverthe-

less, the inclusion of tumor size and palpability did not im-

prove the accuracy of the SONOBREAST model and was

not found to be significant in the multivariate analysis;

therefore, these variables were excluded from the method

[3].

Improvements to screening programs have increased the

proportion of cases of breast cancer that are detected at

early stages involving smaller tumors [20-22]. Therefore,

the better the screening and healthcare of any given popu-

lation, the less important is tumor size in predicting malig-

Table 2. — Comparison between the present study (private clinic) and the SONOBREAST multi-center study.
SONOBREAST Multi-center study Private clinic

Breast nodules 1,403 500

Malignant tumors 343 (24.7%) 86 (17.2%)

Family history of breast cancer 86 (6.1%) 48 (9.6%)

Median age (years) Overall 40 (27–49) 41.9 (27.5–56.3)

Benign tumors 36 (23–44) 39 (29–47)

Malignant tumors 51 (44–62) 56 (48–64)

Mass size (mm) Benign tumors 16 (14–25) 13 (9.9–17.8)

Malignant tumors 22 (15–30) 20.2 (14.4–27.9)

Nonpalpable lesions 348 (25.0%) 382 (76.4%)

Sensibility 84.5% 95.4%

Specificity 64.5% 78.6%

Overall accuracy 74.5% 81.6%

ROC curve Area under curve 0.94 (0.92–0.96) 0.94 (0.92–0.97)

Table 1. — Odds ratios (OR) for malignancy according to the characteristics used in the SONOBREAST model in the
univariate analysis. 

Malignant Benign OR (95%CI) p-value

n (%) n (%)

Irregular/poorly circumscribed tumors 80 (91.95%) 76 (18.40%) 50.58 (22.51−114.10) < 0.01

Heterogeneous echotexture 74 (85.06%) 64 (15.50%) 31.04 (16.26−59.27) < 0.01

Posterior shadowing 40 (46.98%) 6 (1.45%) 57.73 (23.25−143.37) < 0.01

Echogenic halo 49 (56.32%) 5 (12.21%) 105.22 (39.56−279.90) < 0.01

Vertical orientation 12 (13.79%) 4 (0.97%) 16.36 (5.14−52.09) < 0.01

Age > 40 years 77 (88.51%) 183 (44.31%) 9.68 (4.87−19.23) < 0.01

First-degree family history of breast cancer 8 (9.20%) 40 (9.70%) 0.94 (0.43−2.10) 0.89
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nancy in solid breast lesions [3, 22].

The high NPV (98.2%) found in the present study for the

SONOBREAST model also merits particular attention.

This finding reflects the greater probability that if a result

is negative, there is indeed no disease. Therefore, use of

SONOBREAST for the investigation of solid breast nod-

ules is highly reliable for estimating the possibility of ma-

lignancy, which may consequently reduce the rates of

unnecessary biopsies.

The SONOBREAST model permits the probability of

malignancy to be identified in a precise and continuous

manner [23], thus aiding diagnostic definition and treat-

ment management. Therefore, discussions on strategies be-

tween different types of biopsy or the possibility of

following up the patient clinically can be individualized.

Amongst the limitations of the present study, the ultra-

sonographic evaluation performed by a single examiner can

be highlighted.

The present study shows that although the odds ratios for

malignancy are not exactly the same for all the variables of

the original study, the final accuracy is excellent in any care

model, either public or private. Therefore, SONOBREAST

represents an effective diagnostic model both for popula-

tions in which locally advanced tumors predominate and

for those in which the majority of tumors are non-palpable.
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