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Abstract
Introduction: Mammographic screening results in diagnosis of less advanced
breast cancer (BC). A meta-analysis of randomized clinical trials confirmed
that BC screening reduces mortality. In 2007, the National Breast Cancer
Screening Program (NBCSP) was established in Poland with the crucial aim
of reducing mortality from BC. The purpose of this study was to assess the
impact of participation in the NBCSP on prognosis.
Material and methods: A single institution, non-randomized retrospective
study was undertaken. The study population comprised 643 patients with
BC treated in the Department of Surgical Oncology (DSO) at the Medical University of Gdansk over a 4-year period, from 01.01.2007 until 31.12.2010.
Patients were divided into two groups: group A – patients who participated
in the NBCSP (n = 238, 37.0%); and group B – patients who did not participate in the NBCSP (n = 405, 63.0%).
Results: Statistical analysis revealed that group A displayed a less advanced
AJCC stage (more patients in AJCC stage I, p = 0.002), lower tumor diameter
(more patients with pT1, p = 0.006, and pT < 15 mm, p = 0.008) and a lower
incidence of metastases to axillary lymph nodes (more patients with pNO,
p = 0.01). From 2009 to 2010 the NBCSP revealed a statistically significant benefit – significantly more patients in stage 0 + I (60.7% vs. 48.8%,
p = 0.018) and with tumors pT < 15 mm (48.8% vs. 35.1%, p = 0.011) were
observed in group A.
Conclusions: The study results revealed the beneficial impact of the NBCSP.
Superior prognostic factors and favorable staging were observed in women
who participated in the NBCSP.
Key words: breast cancer, screening, mass screening, prognostic factors,
AJCC staging, prognosis.

Introduction
Breast cancer (BC) is a major global health problem. BC is the most
common cancer in women worldwide. Despite decreasing mortality, it
is still the most frequent cause of death among women suffering from
cancer [1]. Early stage diagnosis of neoplasms is a crucial factor responsible for improvements in treatment. Screening mammography is the
leading method of early diagnosis of BC [2]. In a meta-analysis of 8 randomized clinical trials comprising over 600,000 women, Gøtzsche and
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Percentage

Nielsen evaluated that performing mammography
in women in the 50 to 69 age group, over a 2- or
3-year interval, reduced mortality from BC by approximately 10% to 25% [3].
When comparing Poland to Nordic and Western
European countries or the USA, significantly inferior survival was found. According to EUROCARE-4,
5-year survival rates in Western European countries are approximately 90%, whereas in Poland
the rate is 77.4% [4]. The major causes of inferior
survival are ineffective early diagnostics and poor
registration for surgical treatment with advanced
BC. This result is caused by lack of knowledge of
BC prophylaxis, low participation in screening and
an ineffective health system, which causes delays
in treatment [5–7].
In January 2007, due to the great success of
mass breast cancer screening programs (MBCS)
throughout the world, the Polish Health Minister
established a Poland-wide, unified National Breast
Screening Program (NBCSP – In Polish: Populacyjny
Program Wczesnego Wykrywnia Raka). In order to
manage the NBCSP, 16 regional centers were established with the program headquarters located
at the Maria Sklodowska-Curie Memorial Cancer
Center and Institute of Oncology in Warsaw. All
of the mammography centers participating in the
program were obliged to use the Computerized
System of Monitoring Prophylaxis (CSMP), which
contains complete personal data, case histories
and mammography results for all patients. The
program was available to women aged 50 to 69
years without symptoms of BC who, in the last
2 years, had not undertaken a mammogram. The
NBCSP operated according to the principles of active screening. The National Health Fund posted
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Figure 1. Participation in the NBCP in Pomeranian
Region (years 2007–2010)

written invitations addressed to eligible patients
identified with the CSMP. Every mammography
scan was analyzed independently by two radiologists adequately trained according to the NBCSP
principles and scored with a quality assurance
system – BIRADS (Breast Imaging Reporting and
Data System). The fundamental aim of the NBCSP
is to reduce mortality from BC to the level obtained in leading European countries.
This present study is an attempt to assess the
influence of the NBCSP on AJCC (American Joint
Committee on Cancer) staging in patients suffering from BC.

Material and methods
A single-institution, non-randomized, retrospective study was undertaken. The inclusion
criteria were: invasive or in situ breast carcinoma
and female gender, age from 50 to 69 years. From
women eligible to attend the NBCSP in the Pomeranian Region in 2007 over 57 500 (33.1%) women participated in the NBCSP, in 2008 over 62 500
(36.0%), in 2009 over 58 800 (33.9%), and in 2010
over 79 000 (45.5%) (Figure 1). From 01.01.2007
to 31.12.2010, 3650 women suffering from BC
were detected in the Pomeranian region in all age
groups, including 1042 (28.7%) who attended the
NBCSP (Table I).
The study population comprised 743 patients
with BC treated in the Department of Surgical
Oncology (DSO) in the Medical University of
Gdansk over a 4-year period, from 01.01.2007 to
31.12.2010. Age ranged from 50 to 69 years; the
median was 58.8 years. Clinical and histopathological data (including tumor histology, tumor size
and axillary lymph nodes status) were collected
from medical history and histopathology databases. All patients were then checked using the CSMP
in order to establish whether they participated in
the NBCSP.
From 338 patients who participated in the
NBCSP, 100 patients were excluded from the study
because they reported BC symptoms (palpable
mass in breast) in the CSMP questionnaire. Patients were then divided into two groups: group A –
patients who participated in the NBCSP (n = 238,
37.0%); and group B – patients who did not participate in the NBCSP (n = 405, 63.0%) (Figure 2).

Table I. Presentation of BC patients detected in Pomeranian Region from 2007 to 2010 divided into participants
and non-participants of the NBCSP (N-NBCSP)
2007

2008

2009

2010

∑

NBCSP

249 (29.9%)

190 (24.3%)

265 (27.7%)

338 (31.7%)

1042 (28.7%)

N-NBCSP

582 (70.1%)

591 (75.7%)

690 (72.3%)

725 (68.3%)

2588 (71.3%)

∑

831 (22.8%)

781 (21.5%)

955 (26.3%)

1063 (29.2%)

3630

Variable
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Statistical analysis
All clinical data and study results were categorized, collected and stored in a computer database
in the Microsoft Excel program. For the statistical
analysis of data, Statistica (StatSoft, version 10.0)
and the R (version 2.15.0) prop. test function with
Yates’ continuity correction were used. Quantitative data such as frequency of incidence were
expressed as a percentage (%) with one decimal
place. The null hypothesis was rejected at a significance level of p < 0.05. Quantitative variables
were studied using the χ2 test for comparing proportions, and ordinal variables were compared
using the Mann-Whitney U-test. In order to compare group A with group B we used one-tailed
tests with the null hypothesis that group A has
the same or lower proportion. There were very few
(ca 4.5%) missing data, and we have no reason to
suspect that missingness depends on the unobserved values.

Results
There were more patients with BC participating
in the NBCSP in AJCC stage I (45.8% vs. 34.1%, p =
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Figure 2. The number of presentations of patients
with BC treated in the DSO between 2007 and 2010

0.002), whereas there were fewer patients in stages II and III in the NBCSP group (stage II – 30.7%
vs. 36.0%, p = 0.096; stage III – 11.8% vs. 14.8%,
p = 0.166). In stage 0, the percentage was almost
equal (9.2% vs. 10.9%, p = 0.698) (Table II).
In 2007, AJCC staging in patients in both groups
was comparable. After 4 years of the NBCSP, the
percentage of tumors increased in stage 0 (3.8%
vs. 17.3%) and stage I (38.5% vs. 48.2%), and decreased in stage II (40.4% vs. 22.2%), and in stage III

Table II. Presentations of BC patients treated in the DSO divided into groups A and B depending on the stage
according to AJCC, size of tumor and metastasis to regional lymph nodes
Variable

Group A
(N = 238, 37.0%)

Group B
(N = 405, 63.0%)

P-value
(χ2 test, one-sided)

0

22 (9.2%)

44 (10.9%)

0.698 (H0: A ≤ B)

I

109 (45.8%)

138 (34.1%)

0.002 (H0: A ≤ B)

II

73 (30.7%)

146 (36.0%)

0.096 (H0: A ≥ B)

III

28 (11.8%)

60 (14.8%)

0.166 (H0: A ≤ B)

IV

–

–

–

6 (2.5%)

17 (4.2%)

pT1

139 (64.3%)

192 (53.3%)

0.006 (H0: A ≤ B)

pT2

60 (27.8%)

134 (37.2%)

0.012 (H0: A ≥ B)

pT3

4 (1.9%)

8 (2.2%)

0.500 (H0: A ≤ B)

pT4

3 (1.4%)

12 (3.3%)

0.874 (H0: A ≤ B)

Unknown

10 (4.6%)

14 (3.9%)

pN0

145 (67.1%)

213 (59.0%)

0.010 (H0: A ≤ B)

pN1

47 (21.8%)

86 (23.8%)

0.884 (H0: A ≤ B)

pN2

14 (6.5%)

28 (7.8%)

0.088 (H0: A ≥ B)

pN3

9 (4.2%)

23 (6.4%)

0.787 (H0: A ≤ B)

Unknown

1 (0.4%)

11 (3.0%)

AJCC stage:

Unknown
Tumor size (pT):

Regional lymph nodes (pN):
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(15.4% vs. 11.1%) for group A. In contrast, in
group B the same trends were observed, although
on a lesser scale: an increase in the percentage
of tumors in stage 0 (5.6% vs. 14.4%) and stage I
Table III. Presentation of BC patients treated in the
DSO in groups A and B relating to the AJCC staging
in the years 2007 and 2010
Group

AJCC stage

2007

2010

0

2 (3.8%)

14 (17.3%)

I

20 (38.5%)

39 (48.2%)

II

21 (40.4%)

18 (22.2%)

III

8 (15.4%)

9 (11.1%)

Unknown

1 (1.9%)

1 (1.2%)

0

6 (5.6%)

16 (14.4%)

I

36 (33.7%)

40 (36.1%)

II

44 (41.1%)

37 (33.3%)

III

18 (16.8%)

12 (10.8%)

Unknown

3 (2.8%)

6 (5.4%)

A

B

(33.7% vs. 36.1%), and a decrease in stage II (41.1%
vs. 33.3%) and in stage III (16.8% vs. 10.8%)
(Table III).
Statistically significant differences between
groups are observed as we add stage 0 to I and
stage II to III (group A, stage 0 + I – 56.4% vs. group
B, stage 0 + I – 46.9%, p = 0.013). Moreover, statistically significant differences between groups are
observed as we combine results from 2009 with
2010 (group A, stage 0 + I, 2009 + 2010 – 60.7%
vs. group B, stage 0 + I, 2009 + 2010 – 48.8%,
p = 0.018) (Table IV).
More patients with tumors up to 2 cm were
found in the NBCSP group, whereas more patients
with tumors from 2 to 5 cm and with pT4 were
recorded in the group not participating in the
NBCSP (pT1 – 64.3% vs. 53.3%, p = 0.006; pT2 –
27.8% vs. 37.2%, p = 0.012; pT4 – 1.4% vs. 3.3%,
p = 0.874). When comparing the two groups with
regard to tumor size, patients with a diagnosis of
carcinoma in situ were not taken into consideration. During the years between 2007 and 2010,
an increase in the percentage of tumors < 15 mm

Table IV. Presentations of BC patients treated in the DSO in groups A and B relating to the AJCC staging in the
years 2007–2010
Year

AJCC stage

Group A

Group B

P-value
(χ2 test, one sided)
(H0: A ≤ B)

2007

O+I
II + III

22 (43.1%)
29 (56.9%)

42 (40.3%)
62 (59.6%)

0.439

2008

O+I
II + III

24 (58.6%)
17 (41.4%)

36 (50.7%)
35 (49.3%)

0.272

2009

O+I
II + III

32 (53.3%)
28 (46.7%)

48 (44.4%)
60 (55.6%)

0.172

2010

O+I
II + III

53 (66.2%)
27 (33.8%)

56 (53.3%)
49 (46.7%)

0.052

2007 +
2008

O+I
II + III

46 (50%)
46 (50%)

78 (44.6%)
97 (55.4%)

0.237

2009 +
2010

O+I
II + III

85 (60.7%)
55 (39.3%)

104 (48.8%)
109 (51.2%)

0.018

∑

O+I
II + III

131 (56.4%)
101 (43.6%)

182 (46.9%)
206 (53.1%)

0.013

Table V. Presentations of BC patients treated in the DSO in groups A and B relating to the occurrence of tumors
< 15 mm between 2007 and 2010
Year

Group A

Group B

P-value (χ2 test, one sided)
(H0: A ≤ B)

2007

17 (35.4%)

30 (30.3%)

0.331

2008

16 (44.4%)

22 (37.9%)

0.341

2009

30 (52.6%)

39 (39.8%)

0.083

2010

29 (45.3%)

28 (30.8%)

0.037

2007 + 2008

33 (39.2%)

52 (33.1%)

0.2081

2009 + 2010

59 (48.8%)

66 (35.1%)

0.011

∑

92 (44.9%)

118 (34.4%)

0.008
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was observed in group A (2007 – 35.4%, 2010 –
45.3%); this is in contrast to group B results (2007
– 30.3%, 2010 – 30.8%) (Table V).
Fewer patients with metastases to axillary
lymph nodes were recorded in the group of patients with BC participating in the NBCSP (group
A), while more patients with pN3 were observed in
the group not participating in the NBCSP (group B)
(pN0 – 66.7% vs. 61.8%, p > 0.05, and pN3 – 2.9%
vs. 5.3%, p > 0.05) (Table II).

Discussion
It is widely recognized that longer survival is associated with participation in screening programs
due to the diagnosis of cancers at an earlier clinical stage [8–14]. A meta-analysis of 8 randomized
trials, published by Autier, showed a linear correlation between the reduction in advanced cancers
and increase in survival rate due to MBCS [8]. In
this study we observed similar findings. In group
A, a higher percentage of patients in stage I (according to AJCC) (p = 0.002) was observed, whereas lower percentages were observed in stages II
(p = 0.09) and III (p = 0.166) (Table II). However,
the number of advanced cancers, despite the favorable trends presented in this study (stage III:
group A – 11.8%, group B – 14.8%), is still far too
high when compared to the developed countries
of Western Europe [15–21].
In recent years, some reports questioning the
influence of MBCS on lowering mortality in patients with BC have appeared in the literature [3,
22–26]. An increase in stages 0 and I cases, as well
as precancerous lesions of BC, was found due to
MBCS. However, attention was drawn to the great
complexity of this issue in a review paper by Autier [23, 24]. Analysis of the MBCS results lasting
more than seven years (undertaken in the Netherlands, the USA, Sweden and the UK) did not confirm a reduction in the percentage of advanced
forms of cancer, and the authors interpreted the
observed decrease in mortality as a result of progress in diagnosis and treatment methods [24].
Key randomized clinical trials confirming the
impact of screening on survival rates were carried
out in the 1990s. During that time, the use of hormone therapy treatment for BC began on a large
scale, which could have had a significant impact
on the results obtained [3, 27–31]. Gøtzsche, Nielsen and Burton et al. obtained similar findings in
their studies [3, 31]. Kalager observed a reduction
in mortality in a group of women participating in
MBCS, as well as in a group not participating in
MBCS, in Norway (7.2/100 000 vs. 4.8/100 000,
respectively), and thus concluded that screening
was only responsible for about 33% of the reduction in mortality [32]. Moreover, in Jorgensen’s
study a decrease in mortality was not observed

following an MBCS program in Denmark as well
as in Mukhtar’s study concerning United Kingdom
MBCS [25, 26]. Esserman, using epidemiological
data from the SEER from the USA, stated that
MBCS indeed contributes to an increase in the detection of less advanced BC, but does not reduce
the number of highly advanced cases of BC [33].
The conflicting reports described in the literature
necessitate further careful analysis of the effectiveness of MBCS.
In the analyzed material, from 2007 to 2010,
we observed a comparable percentage of non-invasive ductal breast cancers (DCIS – ductal carcinoma in situ, grade 0 according to the AJCC); the
difference was small and not statistically significant (Table II). It should be noted that in the countries covered by MBCS there was a significant increase in the occurrence of BC in the form of DCIS
[34]. In 2010, a significant increase in the percentage of DCIS was observed in group A (17.3%), as
well as in group B (14.4%) (Table III). The results
obtained in this study are inconsistent with the
references cited in the literature. This may be due
to the fact that the NBCSP was too short and/or
because of the low participation of women in the
program. In randomized trials, effects of mammography screening were observed about 5 years
after screening was introduced [35].
In the UK in 2010, the percentage of newly diagnosed DCIS was 20% [36]. In a study comparing
the efficacy of screening in Vermont (USA) and
Norway in the years 1988 to 1993, the proportion
of DCIS in the group covered with screening was
24% and 18%, respectively [37]. According to the
EORTC guidelines by Perry, accepted by the European Parliament as well as the WHO regarding
quality of BC screening, the percentage of DCIS
in the initialization phase of an MBCS program
should be more than 10% [38]. In 2010, group A
reached the recommended level. In the years to
follow, we expect a further increase in the percentage of patients with DCIS. Similar observations
were reported for MBCS in other European countries [34, 39].
With the introduction of the NBCSP, the AJCC
staging of BC in patients varied substantially between 2007 and 2010 (Tables III and IV). In 2007,
the staging in both groups was comparable. Over
the years, in groups A and B the percentage of less
advanced cancers increased, but in group A the results were far more favorable. In group A, the decrease in stage II and III cancers was 23.1% in total
(p = 0.015), and in group B it was only 12.9% (p =
0.082). Moreover, the NBCSP achieved statistically
significant differences between study groups as
we add results from the year 2009 to 2010 (p =
0.018) (Table IV). Similar findings were observed
in Sweden following the introduction of MBCS in
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1977. After 7 years of MBCS a decrease of about
25% in stage II and III cancer was found [16].
It has been proven that BC patients participating in screening programs have a smaller tumor
size, a lower histological grade, and a lower probability of metastasis to axillary lymph nodes [40,
41]. However, the impact of MBCS on reducing
the diameter of tumors is not clear and requires
a thorough analysis [24, 42]. Due to the fact that
a mammogram performed within MBCS enables
the detection of tumors but not metastasis to axillary lymph nodes, this indicator should be treated as pivotal in the assessment of the impact of
screening on disease progression of patients with
BC [24].
In this study, a higher percentage of pT1 tumors (p = 0.006) and a lower percentage of pT2
(p = 0.012) and pT4 (p = 0.874) tumors were
found in women participating in the NBCSP (Table II). According to Perry, it is recommended that
the proportion of tumors smaller than 15 mm be
assessed; the acceptable level for this is 50% [38].
However, group A does not meet this criterion, as
the percentage of tumors < 15 mm was 44.9%.
When comparing this feature, group A had a significantly higher proportion of women with this
feature than group B (p = 0.008). In addition, the
percentage of tumors smaller than 15 mm gradually increased in group A, while in group B the
same level was more or less maintained (Table V).
Despite the fact that the NBCSP is in an initiation
phase, in 2010 results obtained in the Pomeranian Province were superior to the UK (45.2% vs.
41.0%). However, in the population undertaking
MBCS in Norway and the USA between 1997 and
2003, this percentage was 68% [36, 37]. In the
case of tumors < 20 mm in group A, the percentage was 64.3% (2010 – 67.2%), while in group B
it was 53.3% (2010 – 53.7%) (Table II). In comparison to other countries, the results obtained in
the NBCSP should be considered unsatisfactory;
in the UK the percentage of tumors < 20 mm was
78.4%, in Norway and the USA it was 84%, and in
Canada in the years 1980 to 1985 the percentage
was 60% [26, 36, 37].
In this study, a greater percentage of patients
without metastases to axillary lymph nodes was
found in participants in the NBCSP (p = 0.010)
(Table II). According to the recommendations of
Perry, the acceptable percentage of patients without metastases to axillary lymph nodes should
be 70% (in MBCS participants) [38]. In this study,
neither group met this recommendation (group A
– 67.1%, group B – 59.0%) (Table II). In 2010, the
percentage of patients with pN0 was 73.1% in
group A and 70.5% in group B. In contrast to the
significant differences in the case of tumor size in
patients participating in MBCS in Poland, the USA
and Norway, the percentage of patients with me-
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tastases to the lymph nodes in this study is similar
to those found throughout the world. In the USA,
between 1997 and 2007, the percentage of patients with pN0 was 72.5%, and in Norway it was
75.0% [37]. In a study evaluating the Canadian
MBCS from 1980 to 1985, the percentage of pN0
patients covered by the program was 67%, and in
the group without screening it was 58%; however,
this difference was not statistically significant [28].
Significant differences were observed in patients
in the UK, with far more favorable results in the
group undertaking MBCS (77.5% vs. 50%) [36].
In conclusion, the obtained results indicate
the validity of the implementation of NBCSP.
Patients without BC symptoms undertaking the
NBCSP were characterized by favorable prognostic factors. More cancer patients in stage I, with
tumors up to 2 cm and without metastases to
axillary lymph nodes were observed. Statistically
significant differences between study groups were
observed after 4 years of the NBCSP. Despite the
ongoing debate in the literature regarding profits
and flaws of MBCS, it seems necessary to increase
the participation of patients in the NBCSP, in light
of the obtained results. Moreover, inclusion of
women in the age groups 40–49 and 70–74 in
breast cancer screening in Poland (as in the UK,
USA, Sweden, etc.) should be considered.
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