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Breast cancer is the most common cancer affecting women worldwide, with about 1.4 
million new cases diagnosed each year (1). The incidence of breast cancer is about four-
fold higher in developed countries (2). However, it has been shown that in low and mid-

dle-income populations, the number of breast cancer cases is increasing at a faster rate com-
pared with high-income countries (3). In Turkey, breast cancer incidence is 46.8/100,000 and 
has more than doubled in the last two decades due to a westernizing life style and aging (1, 4). 
The Bahçeşehir Breast Cancer Screening Program is a population-based organized screening 
program that began in 2008, in which asymptomatic women aged between 40–69 years are 
screened for 10 years biannually. In this prospective study, we aimed to determine whether the 
mammographic findings of screen-detected cancers correlated with histopathologic findings 
and discuss the efficacy of breast cancer screening in a developing country. 

Methods 
Study population 

Screening mammography was performed in women aged 40–69 years who lived in 
Bahçeşehir and who accepted the screening invitation. Pregnant women, women with a 
previous diagnosis of breast cancer and women who had a mammography in the last two 
years were excluded. Screening was registered to the Bahçeşehir Breast Cancer Screening 
Center between January 2009 and October 2014 every two years in three screening rounds. 
An approval by Institutional Review Board of Bahçeşehir University was obtained. National 
Health Authorities were informed and approval was obtained. Each eligible woman signed 
a written informed consent form. 
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B R E A S T  I M AG I N G
O R I G I N A L  A R T I C L E

PURPOSE 
Bahçeşehir Breast Cancer Screening Program is a population based organized screening pro-
gram in Turkey, where asymptomatic women aged 40–69 years are screened biannually. In this 
prospective study, we aimed to determine the mammographic findings of screen-detected can-
cers and discuss the efficacy of breast cancer screening in a developing country. 

METHODS 
A total of 6912 women were screened in three rounds. The radiologic findings were grouped as 
mass, focal asymmetry, calcification, and architectural distortion. Masses were classified accord-
ing to shape, border, and density. Calcifications were grouped according to morphology and 
distribution. Cancers were grouped according to the clinical stage. 

RESULTS 
Seventy cancers were detected with an incidence of 4.8/1000. Two cancers were detected in oth-
er centers and three were not visualized mammographically. Mammographic presentations of 
the remaining 65 cancers were mass (47.7%, n=31), calcification (30.8%, n=20), focal asymmetry 
(16.9%, n=11), architectural distortion (3.1%, n=2), and skin thickening (1.5%, n=1). The numbers 
of stage 0, 1, 2, 3, and 4 cancers were 13 (20.0%), 34 (52.3%), 14 (21.5%), 3 (4.6%), and 1 (1.5%), re-
spectively. The numbers of interval and missed cancers were 5 (7.4%) and 7 (10.3%), respectively. 

CONCLUSION 
A high incidence of early breast cancer has been detected. The incidence of missed and interval 
cancers did not show major differences from western screening trials. We believe that this study 
will pioneer implementation of efficient population-based mammographic screenings in devel-
oping countries.
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Screening procedure 
A full-field digital mammography system 

was used (Selenia, Hologic). Bilateral mam-
mograms were obtained including medio-
lateral oblique (MLO) and craniocaudal (CC) 
projections. All examinations were double 
read by two independent radiologists (A. K. 
and O. C.) with eight years of experience who 
were blinded to each other’s interpretations. 
Mammographic findings and breast paren-
chymal patterns were assessed in accordance 
with the Breast Imaging Reporting and Data 
System (BIRADS) of the American College 
of Radiology (ACR) (Reston, 2003). The final 
decision was made according to the highest 
BIRADS score. When there was a discrepancy 
between the readers as to whether to fol-
low-up or perform a histopathologic confir-
mation, the final assessment was determined 
in consensus. Women with mammograms 
categorized as BIRADS 0 (incomplete, need 
additional imaging assessment) were re-
called for additional work-up including spot 
compression and magnification mammo-
gram, or ultrasonography (US). A follow-up 
US was performed to all women with type 3 
and 4 breasts during a period not exceeding 
two weeks following the first round screen-
ing mammogram. The histopathologic con-
firmation for BIRADS scores of 4 and 5 lesions 
was made using a US-guided core (14-gauge) 
needle biopsy (n=20), vacuum assisted large 
core (11-gauge) stereotactic (VALCS) biopsy 
(n=11), wire-guided excisional breast biopsy 
(n=2), and excisional breast biopsy (n=37). 

Outcome measurements 
The women were grouped according to age 

as 40–49 and 50–69 years. For each breast, the 
localization of mammographically-detected 

abnormalities were grouped as upper-outer, 
upper-inner, lower-outer, and lower-inner 
quadrants, central, retroareolar, and axillary. 
The radiologic presentation of cancers were 
classified as mass, focal asymmetry, calcifica-
tion, and architectural distortion. 

Masses were classified according to their 
shape, border, and density. The shape of 
masses were grouped as round, oval, lob-
ular, and irregular. The borders of masses 
were grouped as well-circumscribed, mi-
crolobular, obscured, irregular, and spicu-
lated. The density of masses were classified 
as high, intermediate, low density, and 
fat-containing. Calcifications were grouped 
as heterogeneous, amorphous, pleomor-
phic, and fine linear according to their mor-
phology. The distribution of calcifications 
were grouped as diffuse, regional, clustered, 
segmental, and linear. The presence or ab-
sence of axillary lymph nodes were not-
ed. Mass was considered as the dominant 
finding in mammograms with a finding of 
mass associated with calcification. Cancers 
were also grouped according to the clinical 
stage to assess the distribution of early and 
invasive cancers as follows: stage 0 (in situ 
cancer), stage 1 and stage 2 (early invasive 
cancer), stage 3 (locally advanced cancer) 
and stage 4 (metastatic cancer).

The radiologic findings of interval can-
cers (cancer detected in women who were 
referred to the screening center with symp-
toms within one year of the last round with 
a negative mammogram) and missed can-
cers (cancer detected after a negative mam-
mogram) were assessed.

Statistical analysis 
The continuous distributions of variables 

were evaluated with Kolmogorov-Smirnov 
test. In addition, Spearman’s correlation 
analysis, chi-square test, Mann-Whitney U, 
and the Fisher-Freeman-Halton tests were 
performed. The statistical significance lev-
el was determined as P < 0.05. All analyses 
were performed using SPSS program ver-
sion 11.0 (SPSS Inc.). 

Results 
A total of 6912 women were screened be-

tween January 2009 and October 2014, and 
14485 bilateral mammographies were per-
formed. A total of 70 cancers were detected, 
yielding an incidence of 4.8/1000. Two can-
cers were detected in other centers but the 
radiologic findings could not be obtained. 
Three cancers were solely detected under 
US and could not be visualized on mam-
mography. Therefore, the statistical analysis 
was performed on a total of 65 cancers.

The number of cancers detected in the 
40–49-year age group and the 50–69-year 
age group were 32 (45.7%) and 38 (54.3%), 
respectively. Of 68 cancers, 39 (57.3%) were 
located in the right breast and 29 (42.6%) 
were in the left breast. Cancers were located 
in the upper-outer quadrant (n=45, 66.2%), 
upper-inner quadrant (n=6, 8.8%), low-
er-inner quadrant (n=4, 5.9%), lower-outer 
quadrant (n=3, 4.4%), retroareolar (n=3, 
4.4%), central (n=3, 4.4%), and axillary (n=4, 
5.9%). Axillary lymphadenopathy was pres-
ent in seven cases (10.2%) on mammogram. 

In the first screening round, US was per-
formed in women with type 3 and 4 breast 
parenchyma by the same radiologist who 
read the mammograms. All three cancers 
detected solely under US had type 3 breast 
parenchymal pattern, presenting a mass 
obscured by dense glandular parenchyma. 

Of the 65 mammographically-detected 
cancers, the majority presented as a mass 
(n=31, 47.7%), followed by calcification (n=20, 
30.8%), focal asymmetry (n=11, 16.9%), ar-
chitectural distortion (n=2, 3.1%), and skin 
thickening (n=1, 1.5%) as shown in Table 1. 
Of the 32 cancers detected in women aged 
40–49 years, three were not visible on mam-
mogram and were detected solely under 
US. The mammographic presentation of the 
remaining 29 cancers were as follows: mass 
(n=3, 44.8%), calcification (n=10, 34.5%), fo-
cal asymmetry (n=5, 17.3%) and architectural 
distortion (n=1, 3.4%). In women aged 50–69 
years, 38 cancers were detected of which, 
two were detected in external centers and ra-
diologic findings could not be obtained. The 
mammographic findings of the remaining 36 
cancers were as follows: mass (n=18, 50.0%), 
calcification (n=10, 27.8%), focal asymmetry 
(n=6, 16.6%), and architectural distortion 
(n=1, 2.8%). In one woman (2.8%), only skin 
thickening was detected (Table 1). 

Two patients presented with focal asym-
metry associated with calcifications; these 
patients were included in the calcification 
group because the calcifications were more 
remarkable. The characteristics of cancers 
presenting with a mass and calcifications 
are shown in Table 2. In one patient with a 
type 4 breast parenchyma, the only mam-
mographic finding was skin thickening. 
Cancer was detected using US, which re-
vealed a periareolar irregular solid mass. 

The distribution of histopathologic types 
of cancers are shown in Table 3. Cancers 
were staged as stage 0 (n=13, 20.0%), stage 
1 (n=34, 52.3%), stage 2 (n=14, 21.5%), 
stage 3 (n=3, 4.6%), and stage 4 (n=1, 
1.5%). Of the total stage 0 and 1 cancers, 15 
(31.9%) presented as calcifications, whereas 
22 (46.8%) presented as a mass. 

Main points

•	 The purpose of this prospective study was 
to determine whether the mammographic 
findings of screen-detected cancers correlated 
with histopathologic findings. In addition, we 
aimed to discuss the efficacy of breast cancer 
screening in a developing country. 

•	 Population-based organized screening 
studies have shown that the burden of breast 
cancer decreases after the implementation of 
screening in developing countries. With the 
introduction of mammographic screening,  
breast cancer is detected in earlier stages, and 
there is a tendency towards more favorable 
prognosis. 

•	 We believe that this study will pioneer 
implementation of efficient population-
based mammographic screening in other 
countries.



The radiologic and histopathologic cor-
relation of tumor dimension was evaluated 
only for masses. The median diameter of 31 
mammographically-detected masses was 
16 mm (range, 6.0–47 mm), whereas the 
histopathologic median tumor diameter 
was 15 mm (range, 5.0–35 mm). Therefore, 
the radiologic assessments significantly 
correlated with the pathologic findings 
(r=0.675, P = 0.0001). The distribution of 
6912 mammograms according to parenchy-
mal pattern type 1, 2, 3, and 4 was 41.1%, 
40.9%, 15.8%, and 2.2%, respectively. The 
breast parenchymal patterns of the 56 
breast cancer patients that were detected 
in our center were as follows: type 1 (n=15, 
26.8%), type 2 (n=36, 64.3%), type 3 (n=3, 
5.4%), and type 4 (n=2, 3.6%). Cancers that 
presented as a mass were mostly seen in 
type 2 breast parenchymal pattern followed 
by types 1, 3, and 4, respectively. Calcifica-
tions were mostly seen in type 2 followed by 
type 1, type 4 and type 3, respectively. The 
distribution of radiologic findings according 
to breast parenchymal pattern is shown in 
Table 4. Of the 68 cancers, 56 (82.4%) were 
detected in routine screening rounds, five 
(7.4%) were interval cancers and seven 
(10.3%) were missed cancers. 

Of five patients with interval cancers, 
one patient (20%) with symptoms of breast 
pain was seen at our screening center four 
months before her routine screening round, 
and a focal asymmetry in a type 1 breast 
parenchymal pattern was detected on a 
follow-up mammogram. Two interval can-
cers (%40) were detected in type 2 breast 
parenchyma. Of those, one was detected 
in an external center one month before the 
third screening round, which presented as 
calcification. The second woman had a pal-
pable breast mass one year following the 
screening before the round was completed, 
and a de novo mass was detected in the fol-
low-up mammogram (Fig 1). One (20%) in-
terval cancer, which was detected in a type 
3 breast, presented as a palpable mass six 
months before the second round. Finally, 
one of the interval cancers was detected 
in a patient with a complaint of nipple dis-
charge in a type 4 breast nine months after 
screening, and presented with retroareolar 
focal asymmetry.

Of the seven missed cancers, one (14.3%) 
was detected in a type 1 breast parenchy-
mal pattern that presented as focal asym-
metry. It was misinterpreted as asymmetric 
glandular parenchyma following a spot 
compression mammogram. Three missed 
cancers (42.9%) were detected in type 2 
breast parenchyma. Of these three, two 
presented as a mass and one presented as 

an architectural distortion. The remaining 
two (28.6%) were detected in type 3 and 
one (14.3%) in type 4 breasts, and all pre-
sented as calcification (Fig 2). 

Discussion
Accurate preoperative detection of tumor 

size plays a major role because the surgical 
approach depends on the relation between 
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Table 1. Distribution of radiologic findings of screen detected cancers according to age groups

	 40–49 years	 50–69 years	 Total

Radiologic presentation of cancers (n=65)*	 n (%)	 n (%)	 n (%)

Mass	 13 (44.8)	 18 (50.0)	 31 (47.7)

Calcifications	 10 (34.5)	 10 (27.8)	 20 (30.8)

Focal asymmetry	 5 (17.3)	 6 (16.6)	 11 (16.9)

Architectural distortion	 1 (3.4)	 1 (2.8)	 2 (3.1)

Skin thickening	 0 (0.0)	 1 (2.8)	 1 (1.5)

Total	 29 (100.0)	 36 (100.0)	 65 (100.0)

No significant difference was found between the age groups (P = 0.984, Fisher-Freeman-Halton test).
*Three cancers could not be visualized on mammography, while  two cancers were detected in other centers and the 
radiologic findings could not be obtained.  

Table 2. Characteristics of screen-detected cancers that presented as mass and calcification

Mass (n=31)	 n (%)

Shape	

	 Irregular	 26 (83.9)

	 Round	 3 (9.7)

	 Oval	 2 (6.4)

Margin	

	 Spiculated	 15 (48.4)

	 Irregular	 14 (45.2)

	 Well-defined	 2 (6.4)

	 Microlobular	 0 (0.0)

	 Obscured	 0 (0.0)

Density	

	 Dense	 19 (61.3)

	 Intermediate density	 10 (32.3)

	 Low density	 2 (6.4)

	 Fat containing	 0 (0.0)

Calcification (n=20)	

Type	

	 Pleomorphic	 8 (40.0)

	 Heterogeneous	 6 (30.0)

	 Amorphous	 6 (30.0)

	 Fine linear	 0 (0.0)

Distribution	

	 Segmental	 15 (75.0)

	 Regional	 5 (25.0)

	 Diffuse	 0 (0.0)

	 Clustered	 0 (0.0)

	 Linear	 0 (0.0)
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tumor size and breast size, particularly when 
planning breast conservation therapy or 
neoadjuvant chemotherapy (5). According 
to the guidelines, histologic examination 
is the gold standard for the accurate tumor 
dimension measurements. However, mam-

mography and US examinations are taken 
into consideration in deciding the therapeu-
tic approach and can be supported by mag-
netic resonance imaging in selected cases 
(6, 7). In our study, there was a significant 
correlation between mammographic and 

histologic tumor size in women aged 50–69 
years. However, accurate measurement of 
the lesions was reported to be difficult in 
mammograms due to tissue superposition 
and the lesion masking effect of two-di-
mensional imaging (7). We believe that the 
decreased parenchymal density in this age 
group had an incremental role in accurate 
measurement of tumor size.

The correlation between the mam-
mographic appearance of the tumors and 
prognosis has become especially import-
ant after settlement of organized screening 
programs that enable earlier detection of 
cancers. The characteristic mammographic 
presentations of breast cancer include mass, 
microcalcification, architectural distortion 
and focal asymmetry. Tumors with different 
clinical and pathologic characteristics have 
different mammographic manifestations 
that lead to variable prognoses. It has been 
stated that mammographic features can ac-
curately be used as independent predictors 
for long-term outcome with a recommen-
dation that the mammographic features of 
breast cancer should be taken into consid-
eration during treatment planning especial-
ly for T1a and T1b tumors (8). Although the 
screening programs are successful in detect-
ing small tumors leading to good prognosis, 
there is still a small number of women who 
die of early tumors. Tabar et al. (8) showed 
that women with casting microcalcifica-
tions had a poor prognosis and proposed 
that these women should undergo adju-
vant chemotherapy. In our study, cancers 
that presented as calcifications were mostly 
pleomorphic with a segmental distribution. 
Additionally, the majority of tumors that pre-

Table 4. Distribution of radiologic findings of screen detected cancers according to breast paren-
chymal pattern

		                                   Breast density n (%)

	 Type 1 	 Type 2	 Type 3	 Type 4 
Radiologic findings	 almost 	 scattered	 heterogeneously	 very 
(n=65)	 entirely fat  	 fibroglandular	 dense	 dense	 Total

Mass	 9 (56.3)	 19 (48.7)	 2 (33.3)	 1 (25.0)	 31 (47.7)

Calcification	 4 (25.0)	 13 (33.3)	 1 (16.7)	 2 (50.0)	 20 (30.8)

Focal asymmetry	 3 (18.8)	 6 (15.4)	 1 (16.7)	 1 (25.0)	 11 (16.9)

Architectural distortion	 0    	 1 (2.6)	 1 (16.7)	 0	 2 (3.1)

Skin thickening	 0	 0	 1 (16.7)	 0	 1 (1.5)

Total	 16 (100)	 39 (100)	 6 (100)	 4 (100)	 65 (100)

Table 3. Histopathologic types of screen-detected cancers 

Histopathologic type of cancers 	 n (%)

Invasive ductal	 41 (58.6)

DCIS	 12 (17.1)

DCIS intracystic papillary carcinoma	 1 (1.4)

Invasive lobular	 10 (14.3)

Mixed	 2 (2.9)

Tubular carcinoma 	 3 (4.3)

Mucinous carcinoma	 1 (1.4)

Total	 70 (100)

Figure 1. a–d. Left negative mammogram with a type 2 parenchymal pattern in an asymptomatic woman in 2011 (a, b). In 2012, a developing mass was 
detected in the upper-outer quadrant with an obscured inferior medial border (c, d).

ca db



sented as calcifications were Stage 0 and 1 
tumors. However, tumors that presented 
with mass or focal asymmetry were mostly 
stage 1 cancers marking a little right shift. 
According to our data, in screen-detected 
cancers, the earliest tumors were those that 
are presented with calcifications. Screen-de-
tected tumors presenting with calcifications 
may have a more favorable prognosis be-
cause calcification is thought to be one of 
the possible indicators of the presence of 
early breast carcinoma (9). We believe that 
this finding may be evaluated in more com-
prehensive screening series. 

In our study, the screened women were 
grouped according to age distribution as 
40–49 years and 50–69 years, and the dis-
tribution of mammographic features were 
delineated accordingly. The number of tu-
mors that presented as a mass was slight-
ly higher in women aged 50–69 years. The 
second most remarkable radiologic finding 
was calcification, which showed a higher 
proportion in women aged 40–49 years.  

In our study, 7.4% of the cancers were de-
tected in the interval period between two 
consecutive screening rounds. The Malmö 
mammographic screening trial suggested 
that interval cancers are more aggressive and 
have a lower survival rate (10). However, no 
significant difference was found in other se-
ries (11, 12). The presence of interval cancers 
may be due to failure of mammographic de-
tection because of their small dimension or 
obscured lesions that cannot be visualized 
in dense breasts. Interval cancers have been 
associated with factors such as younger age, 
dense breast parenchyma, premenopausal 
status, and hormone therapy (13–15). In our 
study interval cancer rate was not significant-
ly different between the age groups. We also 
assessed the radiologic presentation of the in-
terval cancers. Of the five interval cancers, two 
presented as focal asymmetry, two as mass 
and one as calcification. In a recent study, the 
most common finding of screened interval 
cancers at presentation was found to be a 
focal asymmetry (16). In the current study, a 
statistical comparison could not be made due 
to the low number of interval cancers.

The proportion of mammographically 
missed cancers ranges from 4% to 34% (17, 
18). Failure to detect tumors in mammog-
raphy is reportedly due to many factors, 
including increased parenchymal density, 
which obscures the subtle findings of malig-
nancy (18, 19). Cancers are shown to be more 
frequently missed in dense breast parenchy-
ma (20). Additionally, the relative low density 
of missed cancers compared with surround-
ing tissue was also attributed as a cause of 
missed cancers (17). In our study, 43% of the 
missed cancers were detected in type 2, and 
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Figure 2. a–c. Left craniocaudal and mediolateral oblique mammograms with a type 3 parenchymal 
pattern. The segmented pleomorphic microcalcifications in the upper-outer quadrant were missed 
by two readers (a, b). Panel (c) shows the retrospective digitally magnified view of the missed 
calcifications.  

c

a b
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43% in type 3 breast parenchyma, which is 
inconsistent with the literature. One cancer 
was detected in a type 4 breast. Cancers in 
type 2 breast may have been missed at a 
higher rate because of a false sense of over-
confidence in mammographic sensitivity 
in less dense breasts, particularly in type 2 
breast parenchyma. Considering that we 
saw the highest number of screen-detected, 
interval, and missed cancers in type 2 breast 
parenchyma, we believe that readers should 
be more cautious about missing a tumor fo-
cus especially in type 2 breasts.

In our series, the most common presen-
tation of missed cancers was calcification, 
followed by mass. One missed cancer was 
retrospectively interpreted as a focal asym-
metry and one as an architectural distortion. 
In the review of the United Kingdom Coor-
dinating Committee on Cancer Research 
Frequency Trial, granular microcalcifications 
and deformity were two of the three most 
frequent presentations of missed cancers in 
screened women (21). In another study with 
a large number of screen-detected tumors in 
women aged 40–48 years, calcification and 
deformity were the most frequently detect-
ed signs (22). We retrospectively detected 
that calcifications were missed due to misin-
terpretation and the tendency of the readers 
to follow-up rather than take action for his-
topathologic confirmation. In accordance 
with the literature, the next most frequent 
presentation of missed cancers was a mass 
in our study. For mass lesions, an additional 
US was performed, and we think that, due 
to a similar reason as with calcifications the 
readers probably interpreted the masses as 
benign and a short-term follow-up was per-
formed. We believe that our findings might 
be confirmed in the following rounds with 
higher numbers of screen-detected cancers. 

Since sensitivity of mammography de-
creases in dense breasts, all women with 
type 3 and 4 parenchymal breast patterns 
underwent a follow-up US examination. A 
supplemental breast US in screened wom-
en increases the cancer detection rate by 
2.391/1000 in women with dense breasts 
when compared with mammography alone 
(23, 24). We believe that US screening of 
dense breasts may have an incremental val-
ue for the detection of small and node-neg-
ative early cancers; a comprehensive series 
addressing the value of adding US in the 
survival of these women is required. 

Delayed diagnosis of breast cancer is a 
crucial factor that increases mortality rates. 
Population-based organized screening stud-
ies have shown that the burden of breast 
cancer has decreased after the implementa-
tion of these screens in developing countries 
(25). With the introduction of mammograph-

ic screening, breast cancer is detected in 
earlier stages, with a tendency towards more 
favorable prognosis. This, in turn, will lead to 
a more gentle therapeutic approach, hence 
decreasing the use of chemotherapy. In the 
current study, most of the breast cancers 
were detected at earlier stages. We believe 
that this finding could be used as a basis to 
construct organized screening programs in 
developing countries.

The limitation of this study is that; not 
all types and distributions of calcifications 
were detected. There was no case ithaf 
clustered and fine-linear calcifications as 
well as diffuse distribution. We believe 
that this was due to the limited number of 
screen-detected cancers and this may be 
overcome in future comprehensive studies 
that have increased number of cancers with 
all types of calcifications. 

In conclusion, this is the first organized 
breast screening study in Turkey. Our breast 
cancer incidence was similar to those ob-
tained in western screening trials; there 
were no major differences in terms of missed 
and interval cancer rates. Screen-detected 
breast cancers had different characteristics 
in younger and older age groups. We believe 
that this study will pioneer implementation 
of efficient population-based mammograph-
ic screening in other developing countries.
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