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Objective: The BI-RADS classification system and the Gail Model are the scoring systems that contribute to the diagnosis of breast cancer. The aim of 
the study was to determine the contribution of Gail Model to the diagnosis of breast lesions that were radiologically categorized as BI-RADS 4A.

Material and Methods: We retrospectively examined the medical records of 320 patients between January 2011 and December 2020 whose lesions 
had been categorized as BI-RADS 4A. Radiological parameters of breast lesions and clinical parameters according to the Gail Model were collected. The 
relationship between malignant BI-RADS 4A lesions and radiological and clinical parameters was evaluated. In addition, the effect of the Gail Model on 
diagnosis in malignant BI-RADS 4A lesions was evaluated.

results: Among radiological features, there were significant differences between lesion size, contour, microcalcification content, echogenicity, and 
presence of ectasia with respect to the pathological diagnosis (p< 0.05). No significant difference was found between the lesions’ pathological diagnosis 
and the patients’ Gail score (p> 0.05). An analysis of the features of the Gail model revealed that there was no significant difference between the age 
of menarche, age at first live birth, presence of a first-degree relative with breast cancer, and a history of breast biopsy and the pathological diagnosis 
(p> 0.05).

Conclusion: As a conclusion Gail Model does not contribute to the diagnosis of BC, especially in patients with BI-RADS 4A lesions.
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IntRODuCtIOn

Breast cancer (BC) is the most common type of cancer in women and causes the 
highest number of deaths after lung cancer worldwide; its incidence increases by 
0.3% each year (1). Early diagnosis of BC and accurate evaluation of lesions can be 
achieved in a greater proportion of patients thanks to recent advances in imaging 
modalities (2). The Breast imaging Reporting and Data System (Bi-RADS) facilitates 
communication between radiologists, clinicians, and patients using standardized 
lesion definitions and reports (3). Although Bi-RADS 4A lesions mainly involve some 
atypical benign and malignant lesions, they possess a malignancy potential as low 
as 2-10% (4). The accepted opinion is that biopsy should be performed from Bi-
RADS 4A lesions (5). Clinical and demographic characteristics are also used to de-
termine the BC risk. There are several risk models for assessing breast cancer risk 
(6-8). Among these, the most widely used one is the Gail model (GM) (7). 

in the GM, risk factors are determined by interviewing the patient and a scoring 
is made according to the presence of these risk factors. These risk factors are; age 
at menarche, age at first live birth, number of biopsies per age, and number of 
affected relatives per age at first live birth. As a result of this scoring, the probability 
of women having breast cancer within five years is calculated. Patients with a prob-
ability less than 1.66% are considered low-risk, and patients with a high probability 
are considered high-risk. The primary purpose of the GM is to select high-risk pa-
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tients for screening and make recommendations for risk-reduc-
ing medications, rather than to diagnose BC (7,9).

No study in the literature has specifically evaluated Bi-RADS 4A 
lesions in relation to clinical risk models. We aimed to determine 
the contribution of GM to the diagnosis of breast lesions that 
were radiologically categorized as Bi-RADS 4A. if the patholo-
gies of Bi-RADS 4A lesions of women evaluated as low risk in 
terms of Gail score result in a significant majority of benign 
lesions, the necessity of performing a biopsy in these patients 
may be eliminated and the patient can be followed up clinically 
and radiologically at certain periods.

MAtERIAL and MEtHODS

We retrospectively examined the medical records of 431 pa-
tients whose lesions had been categorized as Bi-RADS 4A by 
ultrasonography and/or mammography performed at Başkent 
University Ankara Hospital between January 2011 and Decem-
ber 2020. The patients’ radiological, pathological, and clinical 
data were obtained using hospital’s data system. Patients with 
missing clinical and demographic information were reached 
via a telephone call. A total of 111 patients with an age below 
18 years, previously diagnosed BC, and missing pathological 
evaluation and medical records were excluded from the study. 
We included 320 patients in the study. 

Among patients, those under 40 years of age were examined 
with B-mode breast ultrasonography (USG), and those above 40 
years of age were examined with mammography (MMG) and 
B-mode USG. in the radiological evaluation, the lesions’ size, 
shape, orientation, contours, margins, acoustic shadowing, mi-
crocalcification content, echogenicity, structural distortion, and 
the presence of ductal ectasia were evaluated and recorded. 

According to GM, a grouping was done by the age of menarche, 
age at first live birth, the number of the first-degree relatives di-
agnosed with BC, and the number of previous breast biopsies 
to calculate the patients Gail scores (GS). Patients having a risk 
of greater than 1.7% were grouped as high risk, and the others 
as low-risk (10).  

The patients’ pathology reports were retrospectively reviewed 
from the hospital data system. According to the pathology 
reports, benign and malignant groups were formed. The ma-
lignant group was collected under the headings of invasive 
carcinoma, intraductal carcinoma, mucinous carcinoma, ad-
enocarcinoma, and other malignant lesions while the benign 
lesions were collected under the headings of fibrocystic disease 
and adenosis, fibroadenoma and other adenomas, intraductal 
papilloma, inflammation, and associated lesions, benign phyl-
lodes tumor, and benign cyst and other benign lesions.

Descriptive statistics of categoric variables were presented as 
number (n) and percentage (%) and quantitative variables were 
presented as mean ± S.D. Categoric variables were compared 

with Pearson’s Chi-square test, Likelihood ratio test or Fisher’s 
exact test, depending on the parametric test assumptions. in 
addition, whether the Gail score can be used to predict the 
pathology results was assessed using ROC (Receiver Operating 
Characteristic) curve with AUC (Area Under Curve) and 95% 
confidence interval. Statistical analyses were performed at a sig-
nificance level of p< 0.05. All statistical analyses were performed 
with iBM SPSS V22 software.

RESuLtS

The study included a total of 320 patients. 9.4% (n= 30) of the 
patients had malignant lesions, and 90.6% (n= 290) had benign 
lesions (Table 1). The mean age of the patients was 44.53 ± 
14.09 years. The mean age of the patients with benign lesions 
and those with malignant lesions was 43.87 ± 14.10 one years 
and 50.90 ± 12.42 years, respectively. 

Among radiological features, there were significant differences 
between lesion size (p= 0.029), contour (p< 0.001), microcalci-
fication content (p= 0.009), echogenicity (p= 0.020), and pres-
ence of ectasia (p= 0.002) with respect to the pathological di-
agnosis. However, no significant difference was found between 
the lesion shape (p= 0.099), orientation (p= 0.449), margin (p= 
0.138), acoustic shadowing (p= 0.101), and presence of distor-
tion (p= 0.179) with respect to the pathological diagnosis (Table 
2).

While the size of 75.2% of benign lesions was <2 cm, 56.7% of 
malignant lesions were smaller than 2 cm. As compared with 
malignant lesions, a greater percentage of benign lesions had 
smooth contours (76.2% vs 43.3%). The percentage of having 
microcalcification was significantly higher in malignant lesions 
compared with benign lesions (26.7% vs 9.3%). The percent-
age of malignant lesions that showed complex echogenicity 

table 1. Distribution of Bi-RADS 4A lesions by pathological diagnosis

Malignant lesions n (%)

invasive carcinoma 22 (6.9%)

intraductal carcinoma 4 (1.3%)

Mucinous carcinoma 0 (0%)

Adenocarcinoma 0 (0%)

Other malignant lesions 4 (1.3%)

Benign lesions n (%)

Fibrocystic disease and adenosis 42 (13.1%)

Fibroadenoma and other adenomas 121 (37.8%)

intraductal papilloma 41 (12.8%)

inflammatory and related lesions 21 (6.6%)

Phyllodes tumor, benign 4 (1.3%)

Cyst, benign 14 (4.4%)

Other benign lesions 47 (14.7%)
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characteristics was higher than that of benign lesions (46.7% vs 
22.8%). Ductal ectasia was present in 30.7% of benign lesions 
and 3.3% of malignant lesions. A greater percentage of ma-
lignant lesions had an irregular shape compared with benign 
lesions (20% vs 9%). in addition, the percentage of malignant 
lesions with ill-defined margins was greater than that of benign 
lesions (13.3% vs. 6.2%).

No significant difference was found between the lesions’ patho-
logical diagnosis and the patients GS (p= 0.900). The GS showed 
a low risk in 83.3% and 83.4% of patients with malignant and 
benign lesions, respectively (Table 3). in addition, our study 
showed that the GS could not predict cancer in Bi-RADS 4A le-
sions (AUC (95% confidence) = 0.505 (0.396-0.613); p= 0.934)

An analysis of the features of the Gail model revealed that there 
was no significant difference between the age of menarche (p= 
0.130), age at first live birth (p= 0.052), presence of a first-degree 
relative with breast cancer (p= 0.584), and a history of breast 
biopsy (p= 0.652) and the pathological diagnosis (Table 3). 

DISCuSSIOn

We showed that the use of GS had no effect on the diagnosis of 
BCs in the Bi-RADS 4A category. 

Some parameters used in the radiological evaluation of the 
breast lesions indicate whether a lesion is benign or malignant. 
These parameters are lesion shape, orientation, contours, mar-
gins, acoustic shadowing, microcalcification content, echoge-
nicity, structural distortion, and the presence of ductal ectasia 
(11-13). The generally accepted opinion is that biopsy should 
be performed in this sub-class that possesses a malignancy po-
tential of 2-10% (14). in accordance with the literature, our series 
showed a malignancy rate of 9.4%. 

Niu et al. showed that, irregular lesion margins, ill-defined lesion 
contours, and microcalcification content on ultrasonography 
were related to a malignant diagnosis (13). A study reported in 
2006 by Levy et al. stressed that the change of the normal pat-
tern of seven parameters was particularly related to a malignant 
diagnosis. These were lesion shape, orientation, margins, con-

table 2. Distribution of the radiological characteristics of the lesions by pathological diagnosis

Radiological parameters Benign n (%) Malign n (%) p

Lesion size

< 2 cm 218 (75.2) 17 (56.7) 0.029*

≥ 2 cm 72 (24.8) 13 (43.3)

Shape 

Round, oval 264 (91) 24 (80) 0.099†

irregular 26 (9) 6 (20)

Growth orientation

Parallel 285 (98.3) 29 (96.7) 0.449†

Nonparallel 5 (1.7) 1 (3.3)

Margin

Circumscribed 272 (93.8) 26 (86.7) 0.138†

indistinct 18 (6.2) 4 (13.3)

Contour

Smooth, lobulated 221 (76.2) 13 (43.3) <0.001*

Angular 69 (23.8) 17 (56.7)

Acoustic shadowing 4 (1.4) 2 (6.7) 0.101†

Microcalcification 27 (9.3) 8 (26.7) 0.009†

Echogenicity

Anechoic-Hyperechoic 3 (1) 0 (0) 0.020^

İsoechoic-Hypoechoic 221(76.2) 16 (53.3)

Complex 66 (22.8) 14 (46.7)

Presence of architectural distortion 1 (0.3) 1 (3.3) 0.179†

Presence of duct ectasia 89 (30.7) 1 (3.3) 0.002*

*: Pearson Chi-Square test, n (%), †: Fisher’s Exact test, ^: Likelihood ratio test n (%).
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tours, internal echogenicity, posterior acoustic characteristics, 
and structural distortion (14). According to our study, signifi-
cant differences were found only between the lesions’ margins, 
microcalcification content, echogenicity, presence of ductal 
ectasia regarding the lesions’ pathological diagnosis.  The pres-
ence of more than 3 lobulations indicates the distortion of the 
normal anatomic structure and an irregular shape. Malignant le-
sions in our case series more commonly had an irregular shape 
although this difference wasn’t statistical significance. Although 
benign lesions are generally reported to be oriented parallel to 
the skin, it has been also shown that a large proportion of ma-
lignant lesions have a parallel orientation to the skin (15). Our 
study found that a large proportion of lesions of both groups 
were oriented parallel to the skin. When lesion margins are con-
cerned, a clear transition takes place between a benign lesion 
and the surrounding tissue. However, as a lesion’s structure is 
distorted, its margins may appear ill-defined. Apart from ma-
lignancy, extremely dense or extremely fatty breasts may lead 
to erroneous conclusions about lesion margins (14). Although 
we didn’t detect any significant difference, we showed that a 
greater proportion of malignant lesions had indistinct margins. 
Although acoustic shadowing is a sign indicating a lesion’s ma-

lignant behavior, benign lesions may also develop this feature 
as they develop fibrosis and calcification over time (16). Our se-
ries did not find any significant difference between malignant 
and benign lesions in terms of acoustic shadowing. Consider-
ing structural distortion, it has been observed that a lesion may 
show shrinkage or thickening due to compression and infiltra-
tion of the surrounding tissues (14). in our series, there was only 
one structural distortion in each group.

The Gail model was developed in 1989 by Gail and colleagues 
(10). According to this score, the average chance of a 60-year-
old patient developing BC within five years is 1.7%, which was 
determined as the cut-off level between high-risk and low-risk 
categories (7,9,17). According to our hypothesis, GM, which is a 
clinical scoring system, can identify patients at high risk for BC, 
it may contribute to the diagnosis of breast cancer in Bi-RADS 
4A patients by combining this risk scoring with radiological fea-
tures. The reason why we chose Bi-RADS 4A lesions in this study 
is that although the malignancy rate is very low in these lesions, 
biopsy is required. Gao et al. showed that the GM increased the 
diagnostic power of the Bi-RADS classification for BC (10). in this 
study, it was stated that Bi-RADS scoring with GM significantly 
contributed to the positive predictive value and accuracy in the 

table 3. Distribution of the Gail scores and parameters by pathological diagnosis

Benign n (%) Malign n (%) p

Gail score

High risk 239 (82.4) 25 (83.3) 0.900*

Low risk 51 (17.6) 5 (16.7)

Age at menarche, years

<12 33 (11.4) 3 (10) 0.130*

12-13 173 (59.6) 13 (43.3)

>13 84 (29) 14 (46.7)

Age at first live birth, years

Nulliparous 79 (27.2) 4 (13.3) 0.052*

<20 22 (7.6) 3 (10)

20-24 104 (35.9) 13 (43.3)

25-29 52 (17.9) 10 (33.3)

≥30 33 (11.4) 0 (0)

First-degree relatives with breast cancer

0 231 (79.7) 26 (86.7) 0.584^

1 49 (16.9) 3 (10)

≥2 10 (3.4) 1 (3.3)

Number of biopsies

0 243 (83.8) 26 (86.7) 0.652^

1 43 (14.8) 4 (13.3)

>1 4 (1.4) 0 (0)

*: Pearson Chi-Square test; n(%), ^: Likelihood ratio test, n (%).
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diagnosis of breast cancer, especially in Bi-RADS 4B lesions. in 
our series, GM did not affect the diagnosis of the Bi-RADS 4A 
lesions. The fact that the malignancy rate of Bi-RADS 4A lesions 
is only in the range of 2-10% and patients applied to our cen-
ter not only for treatment but also for screening, resulted in a 
relatively small number of patients diagnosed with BC. To our 
opinion, this discrepancy results from the fact that this study 
was conducted at cancer centers and the study population had 
a greater BC risk than the general population. in addition, the 
fact that GM gave more accurate results in women over the age 
of 65 and the mean age of women in our study was less than 65 
may have affected the results of the study.

The small number of patients with BC may be considered a lim-
itation of our study. The number of patients with BC could be in-
creased and more effective results could be obtained. Further-
more, a radiological evaluation performed by the same team in 
a prospectively designed study can increase its accuracy rate. 

COnCLuSIOn

in conclusion, although the use of GM is recommended in clin-
ical practice, our results suggest that it does not contribute to 
the diagnosis of BC, especially in patients with Bi-RADS 4A le-
sions. 
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ÖZET

Giriş ve amaç: BI-RADS sınıflama sistemi ve Gail modeli meme kanseri tanısına katkı sağlayan iki skorlama sistemidir. Bu çalışmanın amacı, rad-
yolojik olarak BI-RADS 4A olarak kategorize edilen meme lezyonlarının tanısına Gail modelin katkısını belirlemekti. 

Gereç ve Yöntem: Ocak 2011 ve Aralık 2020 arasında lezyonları BI-RADS 4A olarak kategorize edilmiş 320 hastanın tıbbi dosyaları retrospektif 
olarak incelendi. Meme lezyonlarının radyolojik parametreleri ve Gail modele göre klinik parametreleri toplandı. Malign BI-RADS 4A lezyonları ile 
radyolojik ve klinik parametreler arasındaki ilişki değerlendirildi. Ayrıca, malign BI-RADS 4A lezyonlarında Gail modelin tanıya etkisi de çalışıldı.

bulgular: Radyolojik faktörler içerisinde lezyon boyutu, kontür, mikrokalsifikasyon içeriği, ekojenite ve patolojik tanı bakımından ektazi varlığı 
arasında anlamlı farklılıklar vardı (p< 0,05). Lezyonların patolojik tanıları ve hastaların Gail skorları arasında anlamlı bir fark bulunmadı (p> 0,05). 
Gail modelin niteliklerinin analizinde ilk adet yaşı, ilk canlı doğumdaki yaş, meme kanseri olan birinci derece akraba varlığı ile meme biyopsisi ve 
patolojik tanı arasında anlamlı bir fark bulunmadı (p> 0,05).

sonuç: Sonuç olarak, Gail modeli özellikle BI-RADS 4A lezyonlara sahip hastalarda tanıya katkı sağlamamaktadır.

anahtar Kelimeler: Meme kanseri, meme ultrasonu, meme tümörleri  
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