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1. INTRODUCTION

Breast cancer is the most common cancer in females. Every year, there are 2.3 million new cases
diagnosed worldwide [1]. Initial diagnostic methods through screening programs using mammography and
ultrasound have extraordinary value in early diagnosis of this disease [2]. The early diagnosis of breast cancer
is extremely important and shows invaluable as the five year survival rate of women diagnosed with localized
breast cancer is 99%, but it drops to 86% if the cancer is regional and to 29% for the distant forms [3].

The increase of new cases of breast tumor diagnosed necessitates the collaboration of radiologists,
surgeons, oncologists, family physicians, anatomic pathologists, for the treatment of the mounting number of
patients. With regard to breast cancer, the American College of Radiology standardized the system of reporting
the data of breast imagining according to the breast imaging reporting and database system
(BI-RADS) score [4]. The BI-RADS system, currently in its fifth edition, is an important part of the radiological
report. It includes seven categories from 0 to 6 with the suspicion of malignancy increasing with the increasing
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BI-RADS category [4]-[6]. Besides mammography, the BI-RADS score applies to ultrasound and MRI as well
[7]. The BI-RADS score aims to support health care professionals and breast tumor patients for the diagnosis
of breast lesions and pathologies through the use of a unique standardized system.

On the other hand, core needle biopsy (CNB) is considered the gold standard procedure for the
diagnosis of palpable and non-palpable breast lesions [8]. However, the invasive CNB procedure requires
considerably higher-level patient preparation and laboratory and medical infrastructure to be carried out
compared to the non-invasive imaging examinations such as mammography and ultrasound. Therefore, any
effort to assess and improve the diagnosis accuracy of non-invasive imaging could result in more resources
available for other priorities and avoidance of invasive procedure for the patients.

While breast mammography and ultrasound have been identified as effective screening tools for breast
lesions in the international arena, there is no information on these issues in Albania, a small post-communist
country located in southeastern Europe. The country is experiencing a prolonged transition period,
unavoidingly affecting the health system and health information system as well. In this context, the aim of this
study was to compare the effectiveness of mammography and ultrasound in detecting breast lesions with the
results of CNB in order to assess their value as screening tools for breast tumors’ early detection and prevent
unnecessary surgery, contributing to the more effective follow up and increased quality of care for patients
with breast tumor in Albania.

2. RESEARCH METHOD
2.1. Study design

This is a study of a series of patients being referred to the University Hospital Center “Mother
Theresa” in Tirana, Albania, by the radiologist doctor or at the request of the surgeon, for radiological
examinations of ultrasound or mammography, or referred by the oncologist for core needle biopsy (CNB). The
recruitement of patiens occurred between 2018 and 2022. During this period, a total of 234 patients (225
females and 9 males) showed up.

2.2. Radiographic imaging

All patients were submitted to ultrasound or mammography before CNB. Breast lesions were
evaluated according to the BI-RADS score. CNB was carried out when requested by the surgeon, oncologist,
radiologist or when disconcerting tumoral masses were noted. CNB was mandatory for the patients in the BI-
RADS categories 4 and 5; however, there were cases of lower BI-RADS categories when the CNB was carried
out at the request of the surgeon. All patients were applied the CNB for the first time. Besides radiological
examination, all patients were submitted to clinical examination and the disease history was obtained, including
breast pain, nipple discharge, breast tumoral masses, breast asymmetry, nipple retraction, adenopathy and skin
change.

Mammography examinations were done using both analogue and digital mammography devices.
Ultrasound examinations were also conducted using varying type of ultrasound appliances. Patients who came
with an already conducted mammography where not submitted a second mammography, while the patients
who came with an ultrasound were submitted to a mammography examination. The ultrasound was repeated
for each patient before the biopsy procedure. Based on ultrasound, there has been an evaluation of malign
tumors if it had these features: irregular contours, microlobulated, posterior shades longer than wider, irregular
shape, hypoechogenic and heterogeneous lesions [5], [9], [10]. Based on mammography, the following features
were considered doubtful: spiculated, microlobulated, microcalcifications and hyperdense lesions [5], [9], [10].
The BI-RADS classification was defined as follows [11]: i) BI-RADS 3 (maybe benign): <2% danger of
malignancy; ii) BI-RADS 4A (low suspicion): >2% to <10% danger of malignancy; iii) BI-RADS 4B
(moderated suspicion): >10% to <50% danger of malignancy; iv) BI-RADS 4C (high suspicion): >50% to
<95% danger of malignancy; v) BI-RADS 5 (maybe malign): >95% danger of malignancy.

When mammaography and ultrasound readings were combined, the test with the highest BI-RADS
score was taken as a reference. For example, if in a patient mammography had a BI-RADS of 3 and ultrasound
had a BI-RADS of 4B, then the combined BI-RADS score for this patient was set at 4B. CNB of breast tumors
were conducted by the radiologist and anatomopathological evaluations were conducted by the anatomic
pathologists. The CNB procedure was conducted under ultrasound guidance under the protocols of asepsis and
local anesthesia using lycodine 1%. CNB was conducted with linear probe 7-12 MHz, using automatic and
semi-automatic needles of 14 G. Four shots were taken, and the material was saved in 10% formalin and then
sent to the laboratory of pathological anatomy. After the anatomopathological results, indications for surgery
were based on the reports of CNB, radiological examinations and the recommendations of the surgeon and
oncologist.
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Each patient signed a consent form before the procedures, explaining in understandable language the
purpose and the procedures themselves. Each patient was allocated an adequate amount of time to read the
form before signing it. Every patient signed the informed consent form.

2.3. Statistical analysis

A case was regarded as True Positive when the radiology was suggestive of malignancy and the CNB
also confirmed malignancy; a case was regarded as true negative (TN) when the lesions was regarded as benign
in radiology and CNB; a case was regarded as false positive (FP) when radiology was suggestive for
malignancy, but the CNB did not confirm it; finally, a case was regarded as false negative (FN) when radiology
suggested a benign tumor, but CNB confirmed malignancy. These parameters were used to calculate
sensitivity, specificity, positive predictive value and negative predictive value of the tests.

In addition, the analysis of receiver operating characteristic (ROC) was utilized to assess the
effectiveness of using only mammography, only ultrasound, and mammography combined with ultrasound to
predict the malignity of the breast, as indicated by the area under the curve (AUC). In addition, the precision-
recall curve (PRC) was constructed in order to further check the validity of the imaging tests.

The Spearman’s rho coefficient was used to assess bivariate correlations. The students t-test was used
to compare the mean values of a numeric variable across categories of categorical variables. All analysis has
been carried out through the IBM SPSS Statistics, version 26.

3. RESULTS AND DISCUSSION

In total 234 patients with breast lesions were included: 225 females (96.2%) and 9 males (3.8%). The
average age of patients was 55.97 years +13.51 years, ranging from 23.9 years to 83.5 years. No gender
differences were noticed with regard to age (mean age of females: 55.91 years £13.48 years, mean age of males
57.54 years +14.71 years, P=0.722). About one quarter of patients were younger than 45 years old at the
moment of the examinations, 30.8% were 45-60 years old and 44% were older than 60 years. The average
tumor size was 29.04 mm £11.62 mm, ranging from 10 mm to 62 mm. All patients were subjected to
mammography, ultrasound and then CNB as presented in Table 1. CNB was positive for malignant tumors in
182 patients or 77.8% of all participants.

Table 1. Basic characteristics of participants

Variable Number  Percentage

Total 234 100.0
Sex

Female 225 96.2

Male 9 38
Age in years (mean + standard deviation) 55.97+13.51

Age-group

<45 years old 59 25.2

45-60 years old 72 30.8

>60 years old 103 44.0
Tumor size in mm (mean + standard deviation) 29.04+11.62

Mammaography Yes 234 100.0

Ultrasound Yes 234 100.0

Core needle biopsy Yes 234 100.0

Table 2 shows the distribution of BI-RADS scoring from mammography and ultrasound examination
of breast among participants. If we consider BI-RADS scores of 3-4A as indicating low malignancy risk and
BI-RADS scores of 4B-4C-5 as indicating a high malignancy risk, then it can be noted that ultrasound results
in higher proportions of high-risk scores compared to mammography (79.1% vs. 52.6%, respectively) and these
differences are significant. However, the combination of mammaography with ultrasound yields even higher
proportions of high-risk scores (88.9%), which exceeds the respective figures produced by ultrasound alone
and mammography alone. A significant positive moderate correlation was noticed between the two methods
of examination, based on Spearman’s rho coefficient of 0.325; p<0.001. This result was further confirmed by
a low level of agreement beyond chance between mammography and ultrasound (Kappa statistic=0.182;
p<0.001), indicating slight yet significant agreement.
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Table 2. Mammography and ultrasound BI-RADS score among participants

Variable Number  Percentage
Mammaography BI-RADS score

3 79 338

4A 32 137

4B 6 2.6

4C 54 23.1

5 63 26.9
Ultrasound BI-RADS score

3 26 111

4A 23 9.8

4B 10 43

4C 67 28.6

5 108 46.2
Mammography + Ultrasound

3 11 4.7

4A 15 6.4

4B 12 51

4C 76 325

5 120 51.3

Table 3 shows the sensitivity (Se), specificity (Sp), positive predictive value (PPV) and negative
predictive value (NPV) of mammography, ultrasound and the mammography-ultrasound combination
compared to CNB results. It can be noticed that the sensitivity of ultrasound is superior compared to that of
mammaography (87.4% vs. 59.3%, respectively) in diagnosing malignant lesions in patients with BI-RAIDS
score of 4B-4C-5. However, the sensitivity of mammography increases rapidly and considerably with age,
ranging from 2.6% among patients younger than 45 years old, to 44.6% among those aged 45-60 years old and
peaking to 93.2% among patient older than 60 years; ultrasound has its highest sensitivity (100%) among
patients aged 45-60 years old and it diminishes with increasing age. The specificity of mammography is always
higher than ultrasound whereas PPV of both tests are similar among patients of all ages. When mammography
is combined with ultrasound, then the sensitivity is highest (95.1%), but the specificity results very low (at
32.7%), whereas the PPV and NPV are comparable to mammography and ultrasound alone, among all patients.

Table 3. Diagnostic value of mammography and ultrasound for malignant breast lesions

. Sensitivity (%, Specificity (%, Positive predictive Negative predictive
Imaging test Age 95% ClI) * 950 Cly value (%, 95% ci) value (%, 95% ci)
Allages 593 (51.8-665)  71.2 (56.9-82.9) 87.8 (80.7-93.0) 33.3 (24.7-42.9)
;‘;fs 26(07-138) 857 (63.7-96.9) 25.0 (0.6-80.6) 32.7 (20.7-46.7)
Mammography ‘)‘/‘Za‘ig 446 (313-585)  75.0 (47.6-92.7) 86.2 (68.3-96.1) 27.9 (15.3-43.7)
y>e§(r’s 932 (85.8-975)  46.7 (213-73.4) 91.1(83.3-96.1) 53.8 (25.1-80.8)
Allages  87.4(816-91.8)  50.0 (35.8-64.2) 85.9 (80.1-90.6) 53.1 (38.3-67.5)
yj;fs 842 (68.8-940)  42.9 (21.8-66.0) 72.7 (57.2-85.0) 60.0 (32.3-83.7)
Ultrasound ‘:Za?g 100.0 (93.6-100)  50.0 (24.6-75.4) 87.5 (76.9-94.5) 100.0 (63.1-100)
yzg(r’s 80.7 (70.9-88.3)  60.0 (32.3-83.7) 92.2 (83.8-97.1) 34.6 (17.2-55.7)
Allages  95.1(908-97.7)  32.7 (20.3-47.1) 83.2 (77.4-88.0) 65.4 (44.3-82.8)
5 842(688940)  286(113522) 68.1 (52.3-80.9) 50.0 (21.1-78.9)
Mammography and 4)1/5-60
ultrasound Vs 1000(936-100) 375 (15.2-656) 84.8 (73.9-92.5) 100.0 (54.1-100)
y:g?s 96.6(90.4-99.3)  33.3 (11.8-61.6) 89.5 (81.5-94.8) 62.5 (24.5-91.5)

*Mammaography and ultrasound BI-RADS dichotomized into low malignancy risk (score 3-4A) and high malignancy risk
(score 4B-4C-5).

There was a strong positive significant correlation between the age of the patients and mammography
BI-RADS score (Spearman’s rho 0.813, p<0.001), whereas this association was moderate for the combined
mammaography-ultrasound BI-RADS score (Spearman’s rho 0.411, p<0.001) and weaker for ultrasound BI-
RADS score (Spearman’s rho 0.237, p<0.001). The size of the tumor was moderately positively and
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significantly associated with mammography, ultrasound and combined BI-RADS scores (Spearman’s rho

0.451, 0.368, 0.371, respectively, p<0.001 in all cases) as presented in Table 4.

Table 4. Bivariate correlations between age and tumor size with BI-RADS scores of imaging tests
Test Mammography BI-RADS  Ultrasound BI-RADS  Mammography + Ultrasound BI-RADS
Age (years) 0.813 (<0.001) * 0.237 (<0.001) 0.411 (<0.001)
Tumor size (mm) 0.451 (<0.001) 0.368 (<0.001) 0.371 (<0.001)
*Spearman’s rho coefficient and p-value (in parentheses)

In order to better understand the diagnostic value of mammography and ultrasound and their

combination, receiver operating characteristic (ROC) curve was run and the results are shown in Table 5.
Judging from the area under the curve, the combination of mammography and ultrasound seems a better test

compared to mammography alone or ultrasound alone.

Table 5. Area under the ROC curve
Asymptotic 95% confidence interval
Upper bound

Test result variable Area Standard error Asymptotic significance Lower bound
Mammography BI-RADS  0.710 0.036 <0.001 0.639 0.782
Ultrasound BI-RADS 0.825 0.032 <0.001 0.763 0.888
Mammography +
Ultrasound BI-RADS 0.846 0.030 <0.001 0.786 0.906

The ROC curve as shown in Figure 1 confirms that ultrasound is better than mammography, and both
tests can distinguish affected patients significantly better than just guessing. A mammography BI-RADS score
higher than 4A is associated with a 59.3% sensitivity and 71.2% specificity; the corresponding sensitivity and
specificity for ultrasound are 87.4% and 50%, whereas for the combination of both tests the respective figures

are 95.1% and 32.7%. A mammography BI-RADS score higher than 4B is associated with a 57.7% sensitivity
and 76.9% specificity; the corresponding sensitivity and specificity for ultrasound are 86.3% and 65.4%,

whereas for the combination of both tests the respective figures are 94% and 51.9%.
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Figure 1. ROC Curve for mammography, ultrasound and mammography + ultrasound of malignant
breast lesions

Based on coordinates of the precision-recall curve (PRC), again it seems that the combination of
mammography with ultrasound is superior to both ultrasound and mammography alone since the
mammography-ultrasound PRC is closer to the upper right corner compared to the separate ultrasound and
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mammaography PRCs as shown in Figure 2. A mammography-ultrasound BI-RADS score higher than 4A is
associated with a 95.1% sensitivity and 83.2% precision (PPV). The corresponding sensitivity and PPV for
ultrasound are 87.4% and 85.9% and for mammaography 59.3% and 87.8%.

Source of the curve
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Figure 2. Precision-recall curve for mammography, ultrasound and mammography + ultrasound of malignant
breast lesions

During breast tissue biopsy, minor complications (such as pain) were detected in three patients or
1.3% of all participants. Pain was controlled with the application of analgesics, orally administered, and these
patients were kept under observation for about one hour. This is the first study reporting the validity parameters
(sensitivity, specificity, positive predictive value and negative predictive value) of mammography, ultrasound
and the combination of both methods in patients (both men and women) with breast symptoms and lesions in
Albania. The actual findings suggest that, overall, the combination of mammography with ultrasound, provides
the highest sensitivity (95.1%) compared to ultrasound alone (87.4%) or mammaography alone (59.3%) for the
correct detection of high-risk breast lesions (BI-RADS score 4B-4C-5); however, combining mammography
and ultrasound results in a much lower specificity (32.7%) compared to ultrasound (50%) or mammography
(71.2%) alone. Sensitivity of the tests varies significantly with age, with ultrasound having higher sensitivity
among younger patients (<45 years and 45-60 years) whereas mammography had a higher sensitivity in patients
>60 years old. The combination of mammography and ultrasound resulted in a higher sensitivity than each
separate test for any age group. However, the specificity of ultrasound and especially of the combined test, was
lower than that of mammography. There was a moderate significant correlation between mammography and
ultrasound (Spearman’s rho 0.325) and a slight, yet significant, agreement beyond chance (Kappa statistic
0.182, p<0.001) between the two tests. The mammography BI-RADS score was strongly positively and
significantly increased with age, whereas the associations of ultrasound and combined test BI-RADS scores
with age were weak to moderate. The associations with the tumor size were moderate, positive and significant
for all the three tests. Overall, the findings of this study suggest that the combination of mammography and
ultrasound is more useful in diagnosing malign breast tumors compared to each method separately.

Our findings are in general in concordance with previously published literature. For example, a study
in Kosovo that compared the accuracy of mammography and ultrasound among 546 women with breast
symptoms, reported that ultrasound had a higher sensitivity than mammography in younger women
(<45 years) whereas mammography’s sensitivity was superior to ultrasound in women older than 60 years [12].
In Kosovo the sensitivity of ultrasound and mammography was 72.6% and 52.1%, respectively [12], findings
that are similar to our figures (87.4% and 59.3%, respectively). However, the specificity of ultrasound and
mammography in the Kosovo study was 88.5% and 73.9%, respectively [12], whereas the corresponding
figures in our study were lower: 50% and 71.2%, respectively.

In another study of 210 patients with breast masses, the sensitivity of mammography, ultrasound and
their combination were 72.6%, 68.9% and 84.9%, respectively, whereas the corresponding specificity was
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43.9%, 48.6% and 43% [13]. The especially low specificity of ultrasound in our study could be explained by a
number of factors but, to our opinion, the most important factor could be the insufficient training of the
professionals conducting ultrasound examinations in Albania. The specialization in diagnostic imaging is
limited to a few seats per academic year at the premises of University Hospital Center “Mother Theresa”; for
example, only five seats were available during the 2018-2019 academic year, even though lately this number
has increased to about 10 per year. On the other hand, there is no information on how individuals get such
training abroad or other certified (or not) providers within the country, and the quality of later trainings is also
unknown.

As explained in the methodology section, the patients included in our study came with already
conducted mammography and ultrasound, and only CNB was performed in the premises of UHC “Mother
Theresa”. Since ultrasound and mammography tests have been conducted largely by different professionals,
then the low specificity of these tests (especially ultrasound) could reflect the inter-observer differences: the
professionals conducting ultrasound examination might have been too “eager” to detect a breast cancer or they
might have been in doubt about the mass detected by ultrasound and marked it as “positive” in order to be
definitively checked by needle biopsy. Other reasons for the low specificity of ultrasound might include the
body composition of patients, i.e. in obese patients ultrasound could be more problematic [12], [14]. Another
reason for the low ultrasound specificity could be the advanced stage of the patients examined: among 234
patients, 77.8% of them had a CNB confirmation of malignancy; this means that the prevalence of the disease
is very high among our study population. Given that generally the specificity tends to be lower when the
prevalence of the disease is higher [15], then this could partly explain the low specificity of ultrasound in our
study. As a conclusion to this point, more research is needed to highlight the reasons behind the low specificity
of breast lesions ultrasound in Albania. For example, a qualitative study could be designed to explore in depth
why and based on what criteria the imaging professionals refer a woman (or a man) for diagnostic imaging
tests, including subjective and personal dimensions involved in the process; this could be accompanied by a
quantitative study that might compare readings of different such professionals and assess the inter-observer
reliability.

On the other hand, the fact that a considerable proportion of patients with breast lesions in Albania
are relatively young (<45 years old) might point out to the inadequateness of prevention efforts, a sub-optimal
effectiveness of information and awareness raising campaigns in Albania as well as an inadequate training of
health care staff at all levels of the heatlh system to suspect and/or detect breast lesions. These elements
constitute a serious clinical and public health concern with a high impact on affected individuals in Albania.

One the most important challenges of researchers is determining which method is most effective to
examine breast tumors. Currently, protocols recommend women over 40 to undergo mammography. However,
this method has its own limitations. For example, mammography is insufficient for women with more dense
breasts, because the sensitivity during examination diminishes due to the increased density of the glandular
tissue, while women with increased glandular tissue have higher risk to breast cancer [10], [16]; in these cases,
the doctor that interprets the mammography plays a crucial role [17], [18]. Therefore, the recommendation is
to combine mammography with ultrasound to be able to better detect breast tumors, including those not
detected by mammography [14], [19]-[21].

Other studies confirm that the combination of ultrasound and mammography increases the diagnostic
accuracy of breast tumors [13], [22]. Combining mammography and ultrasound in breast cancers increased the
sensitivity from 62% (mammography only) to 81% in women with dense breasts [22]. Meanwhile, in the
patients that had had a mammography, but also had an ultrasound, it was noted that the sensitivity jumped from
74% to 79 % [19], [22].

The accuracy of the BI-RADS is debatable. The BI-RADS system is useful to discern malign and
benign tumors, but its scale of accuracy is still debatable given the varied experience of radiologists. The
classification itself has differences [22]. In essence, BI-RADS is a radiological classification and as such it
does not take into account some important clinical or prognostic factors [23]. Furthermore, the BI-RADS
system of classification has a high level of inter- and intra-observer variability, especially with regard to Bl-
RADS 3-4 categories, with the BI-RADS category 3 showing the most inter-observer variability [23]-[25].
Such errors could result from the inability to detect a lesion, especially in dense breast, the mis-interpretation
of a detected lesion, and the tendency to classify benign changes as BI-RADS category 4 or 5 or wrongly
considering suspicious lesions as benign [24]. The actual study highlighted some of these issues, given the
variations of validity parameters (sensitivity, specificity, positive and negative predictive value) across imaging
tests. Despite these fluctuations, this study suggested that the combination of both breast mammography with
breast ultrasound increases the diagnostic accuracy of breast tumors. Lastly, even though it has its own
limitations, the BI-RADS classification system constitutes and important element of quality assurance in
imaging examination and for the interpretation and communication of the results (through the standardization
of mammographic reports) [23], [26].
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The use of ultrasound evaluation helps distinguishing malign and benign lesions of the breast by
limiting the number of CNBs. In BI-RADS 3 lesions, where the danger of malignity is under 2%, there is a
recommendation of a six-month follow up with ultrasound, but also mammography when that is deemed
reasonable [27], [28]. In the case of BI-RADS 4 lesions, which are doubtful, CNB is recommended. CNB is
also recommended for BI-RADS 5 lesions, spiculated lesions and/or lesions with pleomorphic
calcification [29]. Complications during the CNB procedure are minimal and very rare [30], when the
procedure is done by experienced interventional radiologists.

4. CONCLUSION

The combination of mammography and ultrasound seems to increase the diagnostic accuracy of breast
tumors among Albanian patients. It is indispensable to further train the radiologists in Albania and strengthen
their skills in reading radiological images and standardize the language they use to classify breast lesions. In
addition, there is need for comprehensive interventions to raise the awareness of the public and health
professionals about prevention and early detection of breast lesions.
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