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abstract

PURPOSE The Turkish Bahçeşehir Breast Cancer Screening Project was a 10-year, organized, population-based
screening program carried out in Bahçeşehir county, Istanbul. Our aim was to examine the biologic features and
outcome of screen-detected and interval breast cancers during the 10-year study period.

METHODS Between 2009 and 2019, 2-view mammograms were obtained at 2-year intervals for women aged
40 to 69 years. Clinicopathological characteristics including ER, PR, HER2-neu, and Ki-67 status were analyzed
for those diagnosed with breast cancer.

RESULTS In 8,758 screened women, 131 breast cancers (1.5%) were detected. Themajority of patients (82.3%)
had prognostic stage 0-I disease. Contrarily, patients with interval cancers (n = 15; 11.4%) were more likely to
have a worse prognostic stage (II-IV disease; odds ratio [OR], 3.59, 95% CI, 0.9 to 14.5) and high Ki-67 scores
(OR, 3.14; 95% CI, 0.9 to 11.2). Interval cancers detected within 1 year were more likely to have a luminal B
(57.1% v 31.9%) and triple-negative (14.3% v 1%) subtype and less likely to have a luminal A subtype (28.6% v
61.5%; P = .04). Patients with interval cancers had a poor outcome in 10-year disease-specific (DSS) and
disease-free survival (DFS) compared with those with screen-detected cancers (DSS: 68.2% v 98.1%, P = .002;
DFS: 78.6% v 96.5%, P = .011).

CONCLUSION Our findings suggest the majority of screen-detected breast cancers exhibited a luminal A subtype
profile with an excellent prognosis. However, interval cancers were more likely to have aggressive subtypes such
as luminal B subtype or triple-negative cancers associated with a poor prognosis requiring other preventive
strategies.
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INTRODUCTION

Meta-analyses of randomized studies have demon-
strated that mammography screening decreased
breast cancer mortality in women aged 39 to 59 years
and age 60 to 69 years by approximately 15% and
32%, respectively.1 A recent meta-analysis of 60
studies in Europe also reported a mortality reduction
ranging between 33% and 43% for Northern Europe,
43% and 45% for Southern Europe, and between
12% and 58% for Western Europe.2 In recent years,
there has been much debate on the benefit of
mammographic screening related with overdiagnosis
and overtreatment.3-6 Screen detection was associated
with increased disease-specific survival (DSS) com-
pared with symptom-detected breast cancer, in-
dependent of early stage and favorable prognostic
clinicopathological factors.7-12 This stage-adjusted re-
duction in breast cancer mortality has been partially
attributed to higher detection rates on screening of

slow-growing, indolent tumors with low metastatic
potential that would never cause symptoms or death.13

Screen-detected cancers are more often smaller tu-
mors that are lymph node negative, estrogen receptor
(ER)-positive, and of low grade, compared with interval
cancers.14-16 Studies using the prognostic molecular
subtypes defined by expression profiling (ie, luminal,
HER2-positive, and basal) have shown that screen-
detected tumors are more likely to be luminal A
subtype and less likely to be basal-like, consistent with
improved outcomes.12

In Turkey, as a developing country bridging eastern
Europe and the Middle East region, there are currently
no nationwide, organized, population-based mam-
mographic screening programs, and mostly opportu-
nistic screening has been performed.17,18 the Turkish
Bahçeşehir Breast Cancer Screening Project is a 10-
year, organized,population based screening program
(between 2009 and 2019) carried out in women aged
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40 to 69 years who live in one of the largest counties of
Istanbul, Turkey. The study closed at the end of 2019.19,20

The aim of our study was to examine the clinicopathological
and biologic features of screen-detected and interval tu-
mors among breast cancers detected during the 10-year
study in the present Turkish breast screening program and
determine its effect on breast cancer stage shift.

METHODS

Study Population

All patients with breast cancer detected during the
Bahçeşehir Breast Cancer Screening Project were included
in the study. Screening was performed for 8,758 women
registered to the Bahçeşehir Breast Cancer Screening
Center between January 2009 and January 2019 every
2 years in 5 to 10 sequential rounds. However, women
with a family history of breast cancer underwent annual
mammographic screening. Approval of the Institutional
Review Board of Istanbul University was obtained. National
Health Authorities were informed and approval was ob-
tained. Each eligible woman signed a written informed
consent.

Screening Procedure

Data from the first invitation to screening was defined as the
starting point. Two views, (mediolateral oblique), and
craniocaudal, of each breast were obtained. All examina-
tions were double read by 2 independent radiologists who
were blinded to each other’s interpretations. The discordant
cases were also evaluated by a third experienced breast
radiologist for the definitive final decision. Mammographic
findings and breast density were classified according to
Breast Imaging Reporting and Data System (BI-RADS) of
the American College of Radiology.21

Women with a mammogram classified as BI-RADS 0 were
recalled for additional imaging workup, including spot
compression and magnification views, ultrasonography, or
magnetic resonance imaging (MRI). In case of suspicious
abnormality or one highly suggestive of malignancy (BI-
RADS 4 or 5 cases) in the final report, the radiologists
decided on whether to proceed to an additional workup

such as core needle aspiration biopsy guided by ultraso-
nography (14-16 gauge), or a vacuum-assisted, large-core
(9-10 gauge) stereotactic biopsy. The diagnostic process
was completed within 4 weeks to minimize the period of
uncertainty. Patients with a diagnosis of cancer were re-
ferred to university hospitals for treatment, including sur-
gery, chemotherapy, hormone therapy, and radiotherapy.
Patients underwent regular follow-up every 3 to 6 months
for 5 years after completion of their therapies, and were
seen yearly after 5 years after diagnosis.

According to the European Union Breast Cancer Screening
Quality Guidelines, screen-detected cancers were defined
as breast cancers that were mammographically detected
in the first or a subsequent screening rounds. Interval
cancer is defined as symptomatic cancer diagnosed within
24 months of a negative screening by mammography with
or without additional assessment, including ultrasonogra-
phy in selected cases. Furthermore, missed cancers were
defined as the diagnosis of cancer after a false-negative
mammogram.

Clinicopathological Characteristics

The following clinical and pathologic factors, along with
intrinsic subtypes of breast cancer (ie, luminal A, luminal B,
nonluminal HER2, and triple negative), were analyzed: age,
tumor localization, the histopathological type, histologic
grade, lymphovascular invasion, nodal status, multifocality,
and ER, progesterone receptor (PR), and HER2-neu
overexpression. ER or PR positivity was considered posi-
tive in any nuclear staining ≥ 1%. HER2-neu overex-
pression was considered either by immunohistochemistry
3+ or fluorescent in situ hybridization or silver-enhanced
in situ hybridization positivity. The proliferative index Ki-67
was defined as the percentage of immunoreactive tumor
cells of the total number of cells counted. The intrinsic
subtypes of the tumor were defined as follows and as re-
vised recently22,23: luminal A: ER+ or PR+, HER2-neu (−),
Ki-67 , 20% (low proliferative activity); luminal B: ER+ or
PR+, HER2-neu (+), Ki-67 ≥ 20% (high proliferative
activity); nonluminal: HER2+, ER−, PR−, HER2-neu (+); triple
negative: ER−, PR−, HER2-neu (−).

CONTEXT

Key Objective
The prognosis and distinguishing pathologic features of interval cancers were investigated to outline their different char-

acteristics in the first, organized, population-based screening program in Istanbul, Turkey.
Knowledge Generated
In 8,758 women screened after age 40 years biannually, themajority of the 131 cancers were detected at prognostic stage 0-1.

Patients with interval cancers (11%) presented with a more advanced stage, poor prognosis, and higher Ki-67 scores.
Relevance
Interval cancers of more aggressive subtypes and with a poor prognosis may require other early detection and prevention

strategies.
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The AJCC Cancer Staging Manual, 8th edition, was used in
the staging of patients considering the ER, PR, and HER2-
neu expressions of tumors to determine the prognostic
stage of patients’ disease, in additional to anatomic stage.24

Statistical Analysis

To assess the associations between the documented var-
iables and interval cancer status, each parameter was
tested by using the Fisher exact test or χ2 test in 2-tailed
univariate analyses. To explore the clinicopathological
characteristics of true interval cancers, the radiologically
missed cancers (n = 9) were excluded from the study
cohort in categorical statistical analysis. Independent var-
iables included the various clinicopathologic variables. In
addition, binary logistic regression analysis was used to
assess the significant associations associated with interval
cancer detection rate. The dependent variable was the
interval cancer detection rate. Results were reported as
odds ratio (OR) with 95% CIs.

Furthermore, Kaplan-Meier survival analyses were per-
formed to examine the disease-free survival (DFS) and DSS
rates to determine the factors associated with prognosis in
patients with invasive breast cancer. Log-rank test was
used to analyze the difference between 2 groups to
compare the prognostic effect of different variables. Ra-
diologically missed cancers were excluded from the study
cohort in log-rank test analyses to explore the prognostic
effect of true interval cancer compared with other prog-
nostic factors, including clinicopathological factors. Cox
regression analyses were used to assess the hazard ratio of
factors associated with prognosis. A P ≤ 0.05 was con-
sidered statistically significant. The SPSS, version 17.0
(IBM, Armonk, NY) was used in statistical analyses.

RESULTS

A total of 131 breast cancers (1.5%) were detected. The
median patient age was 52 (range, 40-73) years. Of the 131
patients with breast cancer, 52 (39.7%) were younger than
50 years, and the remaining 79 patients were older than
50 years. Of 131 cancers, 15 (11.5%) were true interval
cancers that were detected after a negative screening by
digital mammography within 24 (range, 0-23) months; 9
patients had radiologically missed cancers. Of 15 interval
cancers, the majority (n = 9; 60%) were detected within
1 year (range, 0-11 months) after a negative biennial
screening.

No significant difference was found between screen-detected
and interval cancers with regard to demographic features,
including age younger than 50 years, menopausal status,
family history, use of hormone replacement therapy, and
body mass index (Table 1). Screen-detected cancers were
more likely to be found in the initial screening rounds,
whereas interval cancers were more likely to be detected in
the subsequent rounds, even though this difference did not
reach statistical significance (47.7% v 26.3%, respectively;
P =. 169; Table 1).

Of 128 patients who underwent surgery, the majority
(n = 103; 80.5%) underwent breast conservation with or
without sentinel lymph node biopsy (SLNB), whereas only
38 patients (29.7%) had axillary lymph node dissection
(ALND) with or without SLNB the axillary procedure
(Table 1). Furthermore, patients with interval cancers were
more likely to undergo axillary dissection when compared
with the screen-detected group (ALND in screen-detected
group: 25.5% v ALND in interval cancer group: 53.8%;
P = .049), which may be due to the increased initial clinical
and/or pathologic presentation with axillary lymph node
positivity (Table 2). Even though there was a trend for an
increase in breast-conserving surgery rate in the screen-
detected group, no significant difference was found in
terms of breast operation type between the 2 groups.

Of 131 tumors, 114 (87%) were invasive cancers and 17
(13%) were ductal carcinoma in situ (DCIS). All DCIS tu-
mors were detected in patients with screen-detected
cancers (Table 2). Although there was an increased
trend for a histopathology having an invasive ductal com-
ponent, lymphovascular invasion, and multifocality and
multicentricity in the interval cancers, compared with
screen-detected cancers, there was no statistical signifi-
cance between the groups (Table 2). The majority of pa-
tients with screen-detected cancers (87%) had prognostic
stage 0-1, whereas 64.3% of patients with interval cancers
had an early prognostic stage. Patients with screen-
detected cancers were more likely to present with a tu-
mor in an early anatomic stage and prognostic stage,24

whereas interval cancers presented in more advanced
stages, as expected (Table 2).

Among invasive cancers, 91.4% were ER+ or PR+,
whereas 15% were HER2-neu (+) and 64.5% had low Ki-
67 levels (, 20%). In terms of molecular subtypes, most of
the invasive cancers were either luminal A (59.5%) or
luminal B (31.5%), whereas other nonluminal HER2
(6.3%) and triple-negative cancers (2.7%) were detected
less frequently (Table 3). Patients with interval cancers
detected within 11 months of a negative screening were
more likely to have highmammographic density, high Ki-67
positivity, and luminal B tumors, and less likely to have
luminal A tumors, even though these associations did not
reach statistical significance (Tables 1 and 3).

In logistic regression analysis, interval cancers were as-
sociated with more-advanced prognostic stages (prog-
nostic stage II-IV v stage 0 and I; OR, 3.59; 95% CI, 0.9 to
14.5) and high Ki-67 positivity (Ki-67 ≥ 20% v , 20; OR,
3.14; 95% CI, 0.9 to 11.2) compared with patients with
screen-detected cancers.

Outcome

Median follow-up was 58 (range, 12-124) months. Of all
cases (n = 131), 10-year DFS and DSS rates were
94.6% and 96%, respectively. None of the patients with
DCIS had a recurrence; the 5-year DSS and DFS rates were
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both 100%. However, the 10-year DSS and DFS rates were
92.4% and 93.5%, respectively, for patients with invasive
cancer. Patients with interval cancers (Fig 1) with a initial

axillary positivity, tumor. 2 cm, multifocal andmulticentric
tumors, and with a more-advanced prognostic stage (ie,
stage II-IV) were more likely to have a poorer DFS compared

TABLE 1. Demographic and Clinical Factors Associated With Interval Breast Cancer in the Bahçeşehir Study

Demographic or Clinical Factor
No. of Patients
(N = 131)

Screen-Detected Cancer
(n = 107)

Interval Cancera,b

(n = 15) P c
Interval Cancerb,d

(n = 9) P e

Age, years

Median (range) 52 (40-73) 52 (40-71) 53 (46-73) .994 53 (46-73) .832

40-49 52 (39.7) 42 (39.3) 5 (33.3) .781 3 (33.3) .999

50-69 79 (60.3) 65 (60.7) 10 (66.7) 6 (66.7)

Menopausal statusf .999 .999

Premenopausal 67 (51.1) 55 (51.4) 8 (53.3) 5 (55.6)

Postmenopausal 64 (48.9) 52 (49.6) 7 (46.7) 4 (44.4)

Family history of breast cancer .746 .216

Positive 30 (22.9) 24 (22.4) 4 (26.7) 4 (44.4)

Negative 101 (77.1) 83 (77.6) 11 (73.3) 5 (55.6)

Hormone replacement therapyf (n = 64) .999 .563

Positive 16 (19.1) 13 (25) 2 (28.6) 0 (0)

Negative 48 (80.9) 39 (75) 5 (71.4) 4 (100)

BMI .773 .493

≤ 25 43 (32.8) 35 (32.7) 4 (26.7) 4 (44.4)

. 25 88 (67.2) 72 (67.3) 11 (73.3) 5 (55.6)

Mammographic density, % .255 .118

, 75 123 (93.9) 101 (94.4) 13 (86.7) 6 (75)

≥ 75 8 (6.1) 6 (5.6) 2 (13.3) 2 (25)

Screening round .169 .177

Initial 59 (45) 51 (47.7) 4 (26.3) 2 (22.2)

Subsequent 72 (55) 56 (52.3) 11 (73.7) 7 (77.8)

Surgery type (n = 128)g

Breast surgery: .242 .334

Breast-conserving surgery 103 (80.5) 89 (84) 9 (69.2) 5 (71.4)

Mastectomy 25 (19.5) 17 (16) 4 (30.8) 2 (28.6)

Axillary surgery .049 .088

ALND− 90 (70.3) 79 (74.5) 6 (46.2) 3 (42.9)

None (in cases with DCIS) 2 (1.6) 2 (1.9) 0 (0) 0 (0)

SLNB only 88 (68.7) 77 (72.6) 6 (46.2) 3 (42.9)

ALND+ 38 (29.7) 27 (25.5) 7 (53.8) 4 (57.1)

SLNB and ALND 29 (22.7) 20 (18.9) 7 (53.8) 4 (57.1)

ALND 9 (7) 7 (6.6) 0 (0) 0 (0)

NOTE. Data are reported as No. (%) unless otherwise indicated.
Abbreviations: ALND, axillary lymph node dissection; BMI, body mass index; DCIS, ductal carcinoma in situ; SLNB, sentinel lymph node biopsy.
aAll cancers detected after a negative biennial screening within 2 years (range, 0-23 months).
bRadiologically missed cancers (n = 9) were excluded from the analysis.
cComparative analyses between screen-detected and all interval cancers.
dAll cancers detected after a negative biennial screening within 1 year (range, 0-11 months).
eComparative analyses between screen-detected and interval cancers.
fAnalyzed in postmenopausal patients.
gData on 2 patients with advanced disease without surgery who only received chemotherapy, and missing data regarding a patient’s detailed pathology

report that could not be received were excluded from the analysis.
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TABLE 2. Histopathological Characteristics Associated With Interval Cancers

Tumor Characteristic
No. of Patients (%)

(N = 131)a
Screen Detected

(n = 107)
Interval Cancerb,c

(n = 15) P d
Interval Cancerc,e

(n = 9) P f

Tumor size, cm .052 .007

≤ 2 (T0 and T1) 99 (75.6) 84 (78.5) 8 (53.3) 3 (33.3)

.2 (T2-4) 32 (24.4) 23 (21.5) 7 (46.7) 6 (66.7)

Tumor type .216 .609

DCIS 17 (13) 17 (15.9) 0 (0) 0 (0)

Invasive cancer 114 (87) 90 (84.1) 15 (100) 9 (100)

Tumor type .457 .346

Invasive lobular 19 (16.8) 16 (18.2) 1 (7.1) 0 (0)

Other 94 (83.2) 74 (81.8) 13 (92.9) 8 (100)

Tumor type .172 .329

DCIS 17 (13.1) 17 (15.9) 0 (0) 0 (0)

Invasive cancer subtypes

Invasive ductal carcinoma 78 (60) 61 (57) 10 (71.4) 6 (75)

Invasive lobular carcinoma 19 (14.6) 16 (15) 1 (7.1) 0 (0)

Mix 5 (3.8) 3 (2.8) 2 (14.2) 1 (12.5)

Tubular 4 (3.1) 4 (3.7) 0 (0) 0 (0)

Other 7 (5.4) 6 (5.6) 1 (7.1) 1 (12.5)

Modified histologic grade
(invasive cancer) (n = 123)

.712 .604

1 and 2 95 (88) 72 (82.8) 9 (75) 4 (66.7)

3 28 (12) 15 (17.2) 3 (25) 2 (33.3)

Lymphovascular invasion (invasive cancer) .271 .598

Negative 86 (76.3) 68 (79.1) 8 (66.7) 4 (66.7)

Positive 27 (23.7) 18 (10.9) 4 (33.7) 2 (33.3)

Tumor foci .155 .629

Unifocal 99 (77.3) 85 (80.2) 8 (61.5) 5 (71.4)

Multifocal and multicentric 29 (22.7) 21 (19.8) 5 (38.5) 2 (28.6)

Initial presentation with axillary positivityg .131 .106

Yes 43 (33.1) 31 (31) 7 (50) 5 (62.5)

No 87 (66.9) 76 (69) 7 (50) 3 (37.5)

Anatomic stage24 .141 .074

0 17 (13.1) 17 (15.9) 0 (0) 0

I 65 (50) 55 (51.4) 6 (42.9) 4 (50)

II 30 (23.1) 23 (21.5) 4 (28.6) 1 (12.5)

III 16 (12.3) 10 (9.3) 4 (28.6) 3 (37.5)

IV 2 (1.5) 2 (1.9) 0 (0) 0

Early anatomic stage (stage 0-I v II-IV) .083 .024

Yes 82 (63.1) 72 (67.3) 6 (42.9) 2 (25)

No 48 (36.9) 35 (32.7) 8 (57.1) 6 (75)

Prognostic stage24 .053 .027

0 17 (13.1) 17 (15.9) 0 (0) 0

I 90 (69.2) 76 (71) 9 (64.3) 4 (50)

II 8 (6.2) 5 (4.7) 1 (7.1) 1 (12.5)

III 13 (10) 7 (6.5) 4 (28.6) 3 (37.5)

IV 2 (1.5) 2 (1.9) 0 (0) 0

(Continued on following page)
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with other patients (Table 4). Similarly, patients with interval
cancers (Fig 2) with a initial axillary positivity and luminal A
tumors were more likely to have a worse DSS compared
with other patients (Table 4). Among patients with prog-
nostic stage I, those with interval cancers were more likely
to have a worse 10-year DFS and DSS compared with other
patients with screen-detected cancers.

DISCUSSION

In recent years, the effectiveness of breast cancer
screening has been strongly debated with regard to over-
diagnosis and overtreatment.3 Many studies have found

that screen-detected cancers have more favorable clini-
copathologic factors and prognosis that might be associ-
ated with a different tumor biology compared with interval
cancers.8-16,25-36 Patients with a screen-detected cancer
were more likely to have a low- or even an ultra–low-risk
tumor compared with interval cancers assessed by the
70-gene signature.25,26 Specific copy number imbalances
were also noted in screen-detected breast cancers asso-
ciated with more favorable, indolent tumor genotypes
and might contribute to the survival advantage associ-
ated with screening.27 Therefore, we investigated the molec-
ular subtypes and clinicopathological characteristics and

TABLE 2. Histopathological Characteristics Associated With Interval Cancers (Continued)

Tumor Characteristic
No. of Patients (%)

(N = 131)a
Screen Detected

(n = 107)
Interval Cancerb,c

(n = 15) P d
Interval Cancerc,e

(n = 9) P f

Early prognostic stage (stage 0-I v II-IV) .044 .020

Yes 107 (82.3) 93 (86.9) 9 (64.3) 4 (50)

No 23 (17.7) 14 (13.1) 5 (35.7) 4 (50)

NOTE. Data are reported as No. (%) unless otherwise indicated.
Abbreviation: DCIS, ductal carcinoma in situ.
aMissing data regarding a patient’s detailed pathology report that could not be received were excluded from the analysis.
bAll cancers detected after a negative biennial screening within 2 years (range, 0-23 months).
cRadiologically missed cancers (n = 9) were excluded from the analysis in categorical analyses.
dComparative analyses between screen-detected and all interval cancers.
eAll cancers detected after a negative biennial screening within 1 year (range, 0-11 months).
fComparative analyses between screen-detected and interval cancers.
gAxillary positivity: pathologic nodal status for operable breast cancer and clinical for locally advanced breast cancer.

TABLE 3. Molecular Subtype Analysis of Screen-Detected and Interval Invasive Breast Cancers
Tumor Characteristica Total Screen-Detected Cancer Interval Cancerb,c P d Interval Cancere P f

Invasive cancer

ER+ 103 (91.2) (n = 113) 84 (93.3) (n = 90) 12 (85.7) (n = 14) .293 7 (87.5) (n = 8) .460

PR+ 93 (82.3) (n = 113) 75 (83.3) (n = 90) 11 (78.6) (n = 14) .706 6 (75) (n = 8) .624

HER2/neu (+) 17 (15) (n = 113) 14 (15.6) (n = 90) 2 (14.3) (n = 14) .999 1 (12.5) (n = 8) .999

Ki-67 (≥ 20%) 38 (35.5) (n = 107) 29 (33) (n = 88) 7 (58.3) (n = 12) .112 5 (71.4) (n = 7) .093

Molecular subtype (n = 111) (n = 96) (n = 12) .259 (n = 7) .039

Luminal A 66 (59.5) 59 (61.5) 5 (41.7) 2 (28.6)

Luminal B 35 (31.5) 30 (31.25) 5 (41.7) 4 (57.1)

Nonluminal HER2/neu 7 (6.3) 6 (6.25) 1 (8.3) 0 (0)

Triple negative 3 (2.7) 1 (1) 1 (8.3) 1 (14.3)

Luminal type (ER+ or PR+) 106 (91.4) (n = 116) 87 (93.5) (n = 93) 12 (85.7) (n = 14) .281 7 (87.5) (n = 8) .449

Luminal A type 66 (59.5) (n = 111) 56 (61.5) (n = 91) 5 (41.7) (n = 12) .221 2 (28.6) (n = 7) .118

Luminal B type 35 (31.5) (n = 111) 29 (31.9) (n = 91) 5 (41.7) (n = 12) .525 4 (57.1) (n = 7) .221

NOTE. Data are reported as No. (%) unless otherwise indicated.
Abbreviations: ER, estrogen receptor; PR, progesterone receptor.
aMissing data regarding a patient’s detailed pathology report that could not be received were excluded from the analysis.
bAll cancers detected after a negative biennial screening within 2 years (range, 0-23 months).
cRadiologically missed cancers (n = 9) were excluded from the analysis.
dComparative analyses between screen-detected and all interval cancers.
eAll cancers detected after a negative biennial screening within 1 year (range, 0-11 months).
fComparative analyses between screen-detected and interval cancers.
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prognosis of cancers detected in our organized, population-
based Bahçeşehir Screening Project.

Breast cancer subtypes were identified by microarrays and
immunohistochemistry and identified as luminal A, luminal
B, nonluminal HER2-neu, and triple-negative tumors.22,23

Of those, luminal A tumors were associated with the most
favorable clinical outcome. Previous studies demonstrated
that the distribution of the molecular subtypes differed in
screen-detected breast cancer compared with symptom-
atic cancers found outside of mammographic screening.
Sihto et al12 reported that in the age group 50 to 69 years
old, luminal type A was more common (73.3%) among
screen-detected cancers compared with 63.8% of cancers
found outside mammography screening, whereas the
HER2+/ER− type was rare (5.7%) among screen-detected
cancers. Crispo et al28 also reported increased detection
rate of luminal A type cancers among screen-detected
breast cancers compared with symptomatic ones. A sig-
nificantly higher proportion of cases expressed PgR and
had a Ki67 ≤ 20% among screen-detected cancers
compared with symptomatic tumors (78.1% v 68%,
P = .04; and 57.1% v 44.1%, P = .02, respectively). The
majority of patients (64.5%) in our study had low Ki-67
scores (, 20%), consistent with the findings from the Sihto
et al study,12 along with other reports.28-30 In an analysis of
. 13,000 patients with breast cancer in the Turkish
Federation of Breast Diseases Society Breast Cancer
Registry, the luminal A molecular subtype was 62%, the
luminal B was 15%, HER-2 neu was 8.5%, and triple-
negative breast cancers were 15% in those patients with
disease detected outside screening programs.18 In con-
cordance with these studies, our results also show that the
majority of the cancers detected in screening are luminal
(91.4%) or even luminal A molecular subtype (59.5%),

which is biologically the most favorable low-risk breast
cancer, whereas the nonluminal HER2-neu subtype and
triple-negative breast cancers were relatively rarely de-
tected in our screening program. Furthermore, there was
a trend toward an increased rate of triple-negative and
luminal B type cancers and decreased rate of luminal A
type tumors among interval cancers, compared with
screen-detected group, consistent with reports from pre-
vious studies.29-32

Mammographic screening detects breast cancer at an early
stage associated with improved survival rates.16,33 In the
recent analysis of the Turkish Federation of Breast Diseases
Society Breast Cancer Registry, the rates of DCIS and stage
I breast cancer at diagnosis were 4.7% and 27.5%,
respectively.37 However, in our study, we detected at least
a 2.5-fold increased rate in DCIS (13.1%) and almost a
2-fold increased rate of stage I breast cancer (50%) during
our mammographic screening program. In 2017, the
eighth revised edition of the TNM system was introduced,
incorporating the prognostic-stage tables in addition to the
traditional anatomic-stage tables by considering biomarker
expressions such as ER, PR, and HER2-neu expression. In
a recently published validation study, authors reported the
prognostic stage provides more accurate prognostic in-
formation than does the anatomic stage alone, thus sup-
porting the use of prognostic stage in breast cancer
staging.38 In the current study, cancer in the majority of
patients (82.3%) was detected at an early prognostic stage
(0-I), and patients with interval cancers were more likely to
have a worse prognostic stage (OR, 3.59; 95% CI, 0.9 to
14.5) with high Ki-67 scores (OR, 3.14; 95% CI, 0.9 to
11.2) compared with screen-detected cancers. Of note,
patients with larger tumors, axillary positivity, multifocal/
multicentric disease, more-advanced prognostic stage,
nonluminal A tumors, and interval cancers were more likely
to exhibit worse 5-year DSS and DFS, similar to what has
been reported in some studies.13,35 The poor prognosis
associated with interval cancers has been suggested to be
attributed to stage migration, depending on the higher
incidence of larger size and axillary positivity. In this study,
interestingly, we demonstrated a survival advantage in
screen-detected cancers compared with interval cancers
among patients with prognostic stage I. However, these
findings seem to be contrary to those of O’Brien et al,39

who did not demonstrate any survival difference between
interval cancers (n = 927) and screen-detected cancers
(n = 3,078) after adjusting for some variables, including
stage, grade, and tumor subtype.

Similar to other studies,12,30,33 we also found that inter-
val cancers more likely presented with larger tumor and
with axillary positivity than did screen-detected cancers.
In our screening program, the majority of patients with
screen-detected tumors chose breast conservation (84%)
and SLNB alone (73%). Similarly, in the Sihto et al study,12

the surgical approach tended to be more conservative
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FIG 1. Among patients with invasive cancer, those with interval
cancers had a shorter disease-free survival compared with those with
screen-detected cancers (interval cancer, 78.6% v screen-detected
cancer, 96.5%; P = .011). Radiologically missed cancers (n = 9) and
missing data (n = 5) were excluded from the analysis.

Long-Term Results of Turkish Breast Screening Project

JCO Global Oncology 1109

Downloaded from ascopubs.org by 85.153.238.31 on March 5, 2022 from 085.153.238.031
Copyright © 2022 American Society of Clinical Oncology. See https://ascopubs.org/go/authors/open-access for reuse terms.



in the screen-detected group compared with women
who were symptomatic at diagnosis (88.0 v 74.7%;
P = .005). Furthermore, interval cancers detected
within 1 year after a negative screening in our study
were more likely to be associated with dense breasts,
in concordance with Sala et al,40 who also found an
association of interval cancers with more-advanced
stage, denser breasts, and higher percentages of triple-
breast cancers.

We previously demonstrated that our population-based,
organized screening project was feasible for women be-
tween ages 40 and 49 years in Turkey, with an attendance
rate of 88.3% in the first round.20 The overall cancer de-
tection rate was 4.8% per 10,000 women, and DCIS, stage I
cancer, and axillary-node positivity rates were 22%, 61%,
and 17%, respectively. Upon our findings that more than
half of the patients had their cancer detected when they
were younger than the age of 50 years in the first round in

TABLE 4. Demographic and Histopathological Factors Associated With Prognosis in Invasive Breast Cancer Detected in the Turkish Bahçeşehir
Screening Program
Prognostic Factor (n = 105)a 10-Year DSS (%) P 10-Year DFS (%) P

Age, years .281 .480

, 50 89.6 90.9

. 50 98.3 96.2

Tumor size, cm .062 .014

≤ 2 97.1 98.1

. 2 88.5 82.7

Modified histologic grade .188 .191

1 and 2 97.1 98.2

3 90 90

Lymphovascular invasion .307 .418

Negative 97.1 98

Positive 92.9 92.9

Tumor foci .102 .022

Unifocal 96.7 98

Multifocal and multicentric 88.9 84

Ki-67 (. 20%) .06 .241

Yes 90.2 92.5

No 100 97.7

Initial presentation with axillary positivity (pathologic
and clinical for LABC)

.02 .007

Yes 85.6 84.6

No 100 100

Prognostic early stage (stage I v II-IV) .367 .05

Yes 95.9 97

No 88.9 80

Interval cancer .002 .011

Yes 68.2 78.6

No 98.1 96.5

For prognostic stage I (n = 86): interval cancer .0001 .0001

Yes (n = 10) 58.3 74.1

No (n = 76) 100 100

Luminal A type breast cancer .036 .131

Yes 100 97.7

No 87.5 89.2

Abbreviations: DFS, disease-free survival; DSS, disease-specific survival; LABC, locally advanced breast cancer.
aPatients with invasive cancer were considered in survival analyses. Radiologically missed cancers (n = 9) were excluded from the analysis.
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2011, the Turkish Ministry of Health revised the national
cancer-screening standards in 2012, recommending

breast cancer screening be initiated at age 40 years instead
of age 50 years and biennially up to age 69 years. Under
this strategy, cancer in most of our patients was diagnosed
at an early anatomic (63.1%) and prognostic (82.3%) stage
in the current study. In addition, our screening program
also was cost-effective in Turkey, which may be attrib-
uted to the early treatment modalities.41 Studies are
needed to investigate whether our results might be rele-
vant and adaptable to other Asian countries to establish
policy recommendations on breast cancer early-detection
strategies.42,43

In conclusion, our findings suggest that the majority of
screen-detected breast cancers mostly exhibit luminal A
subtype, in concordance with previous studies from de-
veloped countries. However, more aggressive subtypes
such as triple-negative cancers are less likely to be detected
by mammographic screening programs and may require
other imaging modalities, including abbreviated breast
MRI.44 We are conducting an ongoing trial of abbreviated
breast MRI to screen women with dense breasts. New
strategies are required for improved screening in devel-
oping countries.
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Şahin, Beyza Özçınar, Erkin Aribal, Vahit Özmen
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Vatandaş, Vahit Özmen
Data analysis and interpretation: Neslihan Cabioğlu, Sibel Özkan Gürdal,
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We thank the Bahçeşehir Breast Screening Facilities; Ayten Balıkçıoğlu,
MD; Nursen Has; Sevil Sevinç; Deniz Doğan Özkanlı; Ahu Özdemir; and
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FIG 2. Among patients with invasive cancer, those with interval
cancers had a shorter disease-specific survival compared with those
with screen-detected cancers (interval cancer, 68.2% v screen-
detected cancer, 98.1%; P = .002). Radiologically missed can-
cers (n = 9) andmissing data (n = 4) were excluded from the analysis.
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