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ABSTRACT

Objective: The main purpose of the present study was to determine the effectivity of computerized tomography (CT) in  detecting breast masses and 

discriminating masses as malignant or benign.

Material and Methods: After having received the institutional local ethics committee approval, an experienced radiologist who did not participate in 

the study created a patient pool by searching our health center’s Pathology department database between 2010 and 2018. The group created consisted 

of dense and non-dense breast types equally and included approximately similar percentages of benign and malignant breast mass sizes. Finally, 70 

subjects were included: 30 females with definite malign, 20 with definite benign breast masses, and 20 without any breast pathology based on mam-

mography and ultrasonography results, who were considered as the control group. Three experienced Radiologists (R1, R2, R3) who were not aware 

of the final diagnosis evaluated all images independently. Radiologist performance was assessed by calculating the area under the receiver operating 

characteristic curve (AUC) and interobserver reliability values were estimated by intraclass correlation coefficient (ICC) analysis.

Results: The diagnostic accuracy suitability of CT according to BI-RADS scores for R1, R2 and R3 were found as p< 0.001, p< 0.001  and  p< 0.001, respec-

tively. There were significant interobserver reliability rates between all investigators (p= 0.0001).

Conclusion: CT may be used as a valuable diagnostic tool in discriminating breast masses with further training in widely varying appearances of normal 

breast tissues leading to false positive findings.
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INTRODUCTION

Breast cancer, which is the most commonly seen cancer type in women, is  the se-

cond most important leading cause of cancer deaths in women. Majority of breast 

cancer detection is made by breast cancer screening programs in routine clinical 

examinations or during body image screening for other disorders. Mammography, 

sonography and magnetic resonance imaging (MRI) are standard imaging modali-

ties used to evaluate breast cancer worldwide (1). However, computerized tomog-

raphy (CT) may occasionally be the first imaging modality to reveal a new primary 

breast cancer (2).

Over the past 10 years, the use of cross-sectional imaging has increased signifi-

cantly.

A recent study has shown a stunning 226% increase in thoracic CT assessment in 

emergency departments (3). 

Even thoracic CT is used to performed for evaluating lung, mediastinum, pleura, 

diaphragm and chest wall pathologies, breast tissue is usually contained in the area 

of thoracal CT sections.

CT is mainly valuable to determine breast masses with dense breast pattern in wo-

men (4,5). However, for lesions that are close to the chest wall or masses located in 

the axillary regions, CT may be superior to other imaging modalities.

There are studies about incidentally detected breast lesions by tomography  

(2,6-15).
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CT imaging features of breast cancer have been investigated in 

some studies (16,17).

The purpose of present study was to determine the effectivity 

of CT in detecting breast masses and  discriminating malign and 

benign masses.  

To the best of our knowledge, there is no reader study investi-

gating the diagnostic value of thoracic CT in detecting breast 

cancer and its role in discriminating malign and benign lesions. 

In this context, our study is the first in the current literature.

MATERIAL and METHODS

Study Population

After having received institutional local ethics committee app-

roval (2017/61), an experienced radiologist, who had no know-

ledge of clinical data and did not participate in the reader study, 

created a patient pool among 1000 patients by searching our 

health center’s Pathology department database between 2010 

and 2018. All of the selected patients were correlated with our 

radiology breast department database, and results of the breast 

sonography and mammography examinations before sonograp-

hically guided core needle biopsy and/or surgery was collected.

Patients without available CT images within one month after 

mammographic and sonographic examination were excluded 

from the study. 

Gold standard in this study was determined as histopathologic 

data for suspected malignant lesions or radiological stability for 

the lesions in the follow-up examinations for at least 24  months  

(18).

The researcher ensured that the breast types were equally pre-

sent in the selected patient pool.

While forming the benign and malignant breast mass groups, the 

researcher was careful that the mass sizes in both groups were 

close to each other. Lesion measurements and breast density 

classifications (18) were determined by the same researcher.

Thirty female patients with histopathologically definitive ma-

lignant breast masses confirmed by thoracic CT and 20 benign 

breast masses, whose definitive diagnosis was made histopatho-

logically in ten cases and whose lesion stability was confirmed at 

a period of 2-year-follow-up in ten cases, were selected.  

In total, seventy cases were included into the study, of whom 30 

female patients had definitive malignant, 20 had definitive be-

nign breast masses, and the rest of the 20 female patients witho-

ut any breast pathology according to breast screening programs 

were included as the control group. 

The created pool was evaluated by three experienced radiolo-

gists (R1, R2, R3) independently, one of whom was a specialist 

who had worked on breast for over 18 years (R1). One of the other 

researchers had twelve years (R2) and the other had eight years 

(R3) experience in thoracic radiology.

 The reviewers were not informed whether there was a lesion or 

not and of the patients’ final diagnoses and mass locations, but 

were only aware that they had to evaluate the breasts meticu-

lously. The accuracy of the localization of the masses identified 

during blind evaluation was confirmed subsequently by ultra-

sound and mammography. Focuses and non-mass lesions were 

excluded from the study.

This retrospective, single-institution reader study was conducted 

in compliance with the Helsinki Declaration and good clinical 

practice guidelines of the Ministry of Health of our country. Se-

condary to retrospective nature of the study, written informed 

consent was not acquired.

CT Technique

Thoracic CT was performed using a 64-detector Multidetector 

Computerized Tomography (MDCT scanner (Aquilion 64; Toshi-

ba Medical Systems, Otawara, Tochigi, Japan) in supine position. 

Contrast-enhanced scans were performed. Standard protocol at 

our hospital is a pitch of 0.828, 0.5 s scanner rotation, 120 kV, 150 

mAs, 38 cm field of view and 1 mm slice thickness. Subsequently, 

a contrast-enhanced helical CT was performed with intravenous 

administration of non-ionic contrast material (Ultravist; Iopromi-

de,  Bayer Health Care Pharmaceuticals, Berlin, Germany), 300 

mg/mL, which was injected as 2 mL/kg dose at a speed of 4-6 

mL/min using an automatic injector system. Scanning was per-

formed 50 seconds after injection of the contrast medium. 

CT Image Analysis

The created CT images, consisting of a total of 70 lesions, were 

randomly evaluated by the radiologists on a workstation (Leo-

nardo; Siemens Healthcare, Erlangen, Germany) in our radiology 

department. 

All of the reviewers were blinded to each other’s findings and 

decisions.

Evaluation was performed first independently, later in consensus 

for the presence of masses and for the determination whether 

these masses were malignant or benign. The accuracy of the lo-

calization of the masses identified in blind evaluation was confir-

med subsequently by ultrasound and mammography.

CT images were classified into two groups according to whether 

there were any radiological findings in the breasts within the CT 

sections or not.

Lesion visibility was classified into four groups as 0: no, 1: poor, 2: 

moderate, and  3: high visibility. 

The ratio of malignancy suspicion was classified into five main 

groups as 1 ≤ 2%,  2= 2-10%,  3= 10-50%,  4= 50-90%,  5 ≥ 95% 

(Figure 1).
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Finally, lesions were classified according to the American College 

of Radiology Classification, Breast Imaging Reporting and Data 

System 5th edition (BI-RADS) (19).

Statistical Analysis

Continuous variables were expressed as  mean ± standard devi-

ation (SD) and categorical variables were expressed in percen-

tages. 

Sensitivity was calculated as the ratio of true-positive readings 

among true-positive and false-negative readings. Specificity was 

calculated as the ratio of true-negative readings among true-ne-

gative and false-positive readings.

For evaluating sensitivity and specifity, BI-RADS scores were divi-

ded into two groups. BI-RADS 1, 2 and 3 scores were considered 

as negative findings and BI-RADS 4 a-c and 5 scores were consi-

dered as positive findings.

Interobserver correlation coefficient (ICC) was used to determi-

ne the degree of compromise on BI-RADS scoring between all 

observers (20). In this study, an ICC less than 40% was considered 

as poor, 40-59% as fair, 60-74% as good and 75-100% as excel-

lent.

For the assessment of diagnostic test accuracy, test sensitivity, 

specificity and AUC [the area under the receiver-operating cha-

racteristic (ROC) curve] were calculated separately for each ra-

diologist.

Discordances in mass visibility were analyzed by using the Wilco-

xon matched-pairs signed-ranks test.

For evaluating radiologist performance according to breast den-

sity, BI-RADS breast density scores were divided into two groups. 

BI-RADS 1, 2 scores were determined as not-dense breast and 

BI-RADS 3 and 4 scores were determined as dense breast types. 

Radiologist performance was evaluated by calculating the area 

Figure 1. Axial CT image is shown (A)  a speculated lesion (blue arrow)  with moderate enhancement in the upper middle quadrant of right 

breast  with moderate  malignancy suspicion ratio (x= 10-50%,  BI-RADS 3), (B)  well defined mass appearance (red arrow) with homogeneous 

enhancement in the upper middle  quadrant of  left  breast  with moderate malignancy suspicion ratio ( x= 50-90%,  BI-RADS 4 ), (C) two spe-

culated neighboring lesions (purple arrows) with calcifications in the lower inner quadrant of right breast  with high malignancy suspicion ratio  

(x > 95%: BI-RADS 5) and increased skin thickness was also demonstrated in the image, (D)  a well-defined, speculated countered mass appe-

arance (blue arrows) with high enhancement pattern in the upper outer quadrant of left breast. This lesion reflects a high-grade malignancy 

suspicion ratio (x > 95% : BI-RADS 5).

A B

C D
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under the receiver operating characteristic curve (AUC) and 

partial area index above a sensitivity threshold of 0.90 by using 

malignancy suspect ratings. Significance of the difference bet-

ween the areas under two Independent ROC curves among 

all radiologists were calculated by a special statistical analysis 

program, MedCalc for Windows, version 16.2.1 (MedCalc Soft-

ware, Ostend, Belgium).

Interobserver reliability values and radiologist agreement for le-

sion visibility was estimated statistically by ICC analysis. 

Statistical analysis was conducted using SPSS 22.0 statistical 

software (21).

RESULTS

Characteristics in Subjects

In order to demonstrate the homogeneity of the created study 

group, sizes of breast lesions and breast types are shown in Fi-

gure 2.  

Mean age was 53 years (range, 32-81 years). Mean lesion size 

was 2.06 cm (range, 0.5-4.5 cm). 

Breast density of the patients according to the BI-RADS classifi-

cation system and pathologic results of the lesions are summa-

rized in Table 1. 

Box plot of each radiologist’s visibility scores is shown in Figure 3.

Malignancy Suspicion Ratios

For R1, R2 and R3, respectively, p values comparing the ratio of 

malignancy suspect respect to pathology; diagnostic accuracy 

(AUC) for CT was p< 0.001, p< 0.001 and p< 0.001.

ROC curve analysis of lesion malignancy suspect ratios is shown 

in Figure 4.

In the control group without any masses,  R1 reported masses in 

5 patients (7.15%) (two of which were malignant); R2 reported 

masses in 7 patients (10%) (5 of which were malign); and R3 re-

ported masses in 6 patients (8.6%)  (3 of which were malignant). 

All of these diagnoses were regarded false positive.

Even though patients had benign masses confirmed pathologi-

cally, 4 (5.75%), 13 (18.6%), and 10 (14.3%) patients were repor-
Figure 2. Homogeneity of the study group.

Figure 3. Box plot of  the visibility scores of each radiologist.

Table 1. Types of breast density according to BI-RADS classification 

system and pathologic results of the lesions

Breast density Number (%)

Not dense

Type 1. Entirely fatty

Type 2. Scattered areas of fibroglandular density

Dense

Type 3. Heterogeneously dense

Type 4. Extremely dense

 36 (51.4)

 8 (11.4)

28 (40.0)

34 (48.5)

29 (41.4)

  5 (7.1)

Pathology

IDC

ILC

DCIS

MIX CA

IPC

Fibrocystic  disease

Stable lesion during 24 months 

Fibroadenoid hyperplasia

Adenosis

Benign papiller lesions

Minimal epitelial hyperplasia

Non necrotizan granuloma

Lymphoid tissue

Control group

25 (35.7)

  2 (2.9)

  1 (1.4)

  1 (1.4)

  1 (1.4)

  1 (1.4)

  8 (11.4)

  6 (8.6)

  1 (1.4)

  1 (1.4)

  1 (1.4)

  1 (1.4)

  1 (1.4)

20 (28.6)

IDC: Invasive ductal carcinoma;  ILC: Invasive lobular carcinoma; DCIS: Ductal 

carcinoma in situ; MIX CA: Mixed type carcinoma; IPC: Intraductal papillary 

carcinoma.
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ted mistakenly having malignant masses by the radiologists R1, 

R2 and R3, respectively.

Summary of radiologist performance for discriminating malig-

nancy is shown in Table 2.  

BI-RADS Classification Results

For R1, R2 and R3, respectively, p values comparing the BI-RADS 

classification of lesions respect to pathology; diagnostic accu-

racy (AUC) for CT was p< 0.001, p< 0.001 and p< 0.001.

For R1, diagnostic accuracy (AUC) was found numerically higher 

when compared to other radiologists: however, it was not sta-

tistically significant. 

ROC curve analysis of BI-RADS scores of all lesions by the radio-

logists were shown in Figure 5.

Interobserver Reliability Results

Interobserver agreement analyses ICC results are shown on  

Table 3. 

Interobserver reliability of mass detection, lesion visibility, ma-

lignancy suspicion and BI-RADS classification for all radiologists 

were found within the ranges of 0.75 (95% CI 0.63-0.84), 0.83 

(95% CI 0.73-0.88), 0.82 (95% CI 0.68-0.87) and 0.81 (95% CI 0.72-

0.88), respectively.

There were significant interobserver reliability rates between all 

researchers (p= 0.0001). 

Figure 4. ROC curves of malignancy suspicion ratios with respect to 

pathology.

Table 2. Summary of Observer’s performance for discriminating malignancy (n= 70 patient)

Study populition 

n (%) R1 R2 R3

p value between 

R1, R2, R3

Benign + Normal Malign Benign + Normal Malign Benign + Normal Malign

0.0001Malign 30 (42.9) 6 (8.6) 24 (34.3) 3 (4.3) 27 (38.6) 3 (4.3) 27 (38.6)

Benign + Normal 40 (57.1) 34 (48.6) 6 (8.6) 22 (31.4) 18 (25.7) 27 (38.6) 13 (18.6)

R1: Radiologist 1; R2: Radiologist 2; R3: Radiologist 3.

Figure 5. BIRADS ROC curves with respect to pathology.

Table 3. Interobserver reliability among all radiologist

Parameters CI

Mass detection 0.75 (0.63-0.84)*

Lesion Visibility 0.83 (0.73-0.88)*

Suspect of malignancy 0.82 (0.68-0.87)*

BI-RADS classification 0.81 (0.72-0.88)*

CI: Confidence intervals.

In this study, an ICC less than 40% was considered as poor, 40-59% as fair, 60-

74% as good and 75-100% as excellent “ * “.

BI-RADS: Breast Imaging Reporting and Data System.
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DISCUSSION

In this reader study, high sensitivity and low specificity rates for 

breast cancer diagnostic accuracy of CT were shown. Interobser-

ver diagnostic capability rates were statistically similar and signifi-

cant. For breast specific radiologists, even though the diagnostic 

accuracy of R1 (AUC) was found numerically higher when com-

pared to other radiologists, it was not statistically significant.

Breast cancer is a major health problem worldwide. 

While there are many randomized controlled trials of screening 

mammography to reduce mortality, mammography has many 

limitations (22,23).

Especially in women with increased risk for breast cancer, dyna-

mic contrast enhanced MRI is much more sensitive than ultraso-

und and mammography scans (24,25).

Though not considered as a screening method,  breast masses 

are caught incidentally in patients who undergo tomography 

examination for other reasons. Tomography rates have increased 

significantly in recent years in clinical practice.

Tomography is a faster, less noisy, comfortable imaging modality 

and offers more comfortable examination ambience for claust-

rophobic patients, as well (26).

CT is a real 3D high-resolution imaging modality that enhances 

mass visibility by reducing overlapping of breast tissues and  can 

be considered as an alternative imaging method in patients with 

MR contraindications, especially in dense breast types.

Our results are comparable to previous studies although they 

were all prospective incidental study concepts and did not focus 

on CT diagnostic capability in patients with established diagnosis 

of cancer. 

Hussein et al. have found incidental masses in 33 out of 432 pati-

ents. Only 8 of them have been diagnosed with primary cancer. In 

addition, there is no data regarding the presence of breast mass 

and no mention of false negative evaluation of the patients (6).

Lin et al. have incidentally detected 23 masses with contrast 

staining. Sixteen of them have been confirmed as malignant.  

However, there is no mention of other types of masses such as 

non-contrast staining. Furthermore, the authors have not given 

any details related to false negative patients. Therefore, patients 

with no-contrast staining masses cannot be evaluated in terms 

of diagnosis (7).

Our study has a  different protocol when compared to the pre-

vious studies mentioned above. Our study consisted of patients 

with pathologically confirmed masses and a control group to 

whom all screening methods were applied and in whom no mas-

ses were seen. Therefore, we assume that our study protocol may 

be more reliable for investigating the role of CT in discriminating 

breast masses.

Study Limitations

Our study had some limitations. First, the study group of the en-

rolled patients to our study and the number of the radiologists 

were relatively small. Second, non-mass enhancement lesions, 

calcifications and focuses were excluded from the research gro-

up. Finally, because of the nature of the study, CT examinations 

were  performed independent from the menstrual cycle.

Further studies are required to enrich the findings of the pre-

sent study.

To the best of our knowledge, our study is the first to evaluate 

the diagnostic validity of thoracic CT by evaluating the histopat-

hologically confirmed malignant enriched patient population.

CONCLUSION

Though not considered as a screening method due to adverse 

effect of radiation, CT may be used in terms of diagnosis of bre-

ast cancer with high sensitivity rates.

Our study may reveal that in order to avoid confusion of the 

normal structures and benign masses as malignant lesions, ra-

diologists should need further training for not only in the appe-

arance of different abnormalities but also in the widely varying 

appearances of normal tissues leading to positive findings.
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Meme kütlelerinin saptanmasında ve iyi-kötü huylu ayrımında tomografinin yeri
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ÖZET

Giriş ve Amaç: Bu çalışmanın temel amacı bilgisayarlı tomografi (BT)’nin meme kütlelerini saptamadaki yerini ve lezyonların iyi ya da kötü huylu 

ayrımını yapabilirliğini değerlendirmektir.

Gereç ve Yöntem: Etik kurul onayı sonrası, alanında tecrübeli ve çalışmaya araştırmacı olarak katılmayacak bir radyolog tarafından 2010-2018 

yılları arasında, hastanemizin Patoloji Bölümü veritabanı taranarak bir hasta havuzu oluşturulmuştur. Oluşturulan hasta havuzunda yoğun ve 

yoğun olmayan meme tiplerinin, iyi ve kötü huylu lezyon sayılarının ve lezyon boyutlarının eşit oranlarda olmasına özen gösterilmiştir. Sonuç 

olarak her meme tipinde eşit oranda olmak üzere kötü huylu tümör tanısı almış 30, iyi huylu tümör tanısı almış 20 ve taramalarda herhangi bir 

meme lezyonu bulunmayan 20 kontrol grubu hasta olmak üzere toplamda 70 hasta çalışmaya dahil edilmiştir. Meme Radyolojisi konusunda 

deneyimli üç radyolog (R1, R2, R3) tarafından tüm BT görüntüleri nihai tanıya kör olarak ayrı ayrı değerlendirilmiştir. Okuyucu performansları, 

eğri altındaki alanın (AUC) hesaplanmasıyla değerlendirilmiş ve araştırmacılar arası güvenilirlik, sınıf içi korelasyon katsayısı (ICC) analizi ile 

hesaplanmıştır.

Bulgular: R1, R2 ve R3 için sırasıyla BT’nin BI-RADS skorlama sistemine göre doğru tanı koyma yeterliliği; p< 0.001, p< 0.001 ve p< 0.001 olarak 

belirlenmiştir. Araştırmacıların tümü arasında anlamlı bir okuyucu güvenilirliği saptanmıştır (p= 0.0001).

Sonuç: BT, meme kütlelerinin saptanmasında ve iyi-kötü huylu ayrımının yapılmasında, yalancı pozitifliğe yol açabilecek normal meme dokularının 

BT görüntüleri hakkında ileri eğitim alınması halinde oldukça faydalı bir görüntüleme yöntemi olarak kullanılabilir.
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