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Abstract
Objective: To study tumor size and stage alteration at diagnosis during the first period of mammography
screening and describe the sequence in the assumed size reduction and follow increase in small tumors
Study Design: Three randomized samples of breast cancers were sorted out from 1993, 1995, and 1997
and a control group from 1987 two years before screening was introduced in 1989. Among 2090 patients from the
Stockholm Cancer Center database 1011 representing the screened age 50-60 years were analyzed in the two age
groups 50-59 and 60-69 years. Tumor size was grouped as: <=10 mm, 10-20 mm, and >20 mm. The interrelations
between these size groups was followed three times during 5 years.
Results: In the 1993 sample a significant reduction in tumor size > 20 mm was observed compared to the
control group (P<0.001) and was accompanied by an increase in tumors for intermediate tumor size 10-20 mm in
the screened age group 60-69 years (P<0.05). There was a significant increase of more favorable tumor stages
(Stage I) (P<0.02) and reduction in Stage IIA (P<0.001). In 1995 a similar but reduced tendency was found and in
1997 the difference found so far was equilibrated but a significant increase in tumors ≤ 10mm appeared for the first
time in the screened age group 60-69 years.
Conclusion: The reduced numbers of tumors > 20 mm found after start of screening explains that screening
has yielded about 50% of such tumors compared to the controls of which most are tumor stage II-III. At the same
time as screening continues there is first a transient increase in intermediate tumors size and finally an increasing
numbers of small tumors ≤ 10 mm resulting in more favorable tumor stages.

Keywords: Mammography screening; Tumor size; Overdiagnosis;
Tumor regression
Introduction
Mammography screening has resulted in both a reduced death
rate from breast cancer [1,2] and an increase in the incidence of breast
tumors [3-6]. Tumors are diagnosed at a smaller size and lower grade,
resulting in more frequent implementation of breast-conserving surgery
and reduced mortality [7]. Because ductal carcinomas in situ (DCIS)
are reportedly being more frequently diagnosed since the introduction
of mammography screening, there is controversy as to what proportion
of these tumors would have reached a clinical stage during the affected
women’s lifetimes [8,9]. Consequently, the possibility of overdiagnosis
of breast cancer is being debated [10,11].
Since mammography screening was introduced in 1989 in the
Stockholm Gotland County of Sweden for women aged 50–69 years,
the age group for screening has been extended; by 2005 it included
women aged in their forties and, by 2012, older women up to 74 years
of age. Participation in general mammography screening has remained
at a level of 70% since its introduction. Including women attending
private centers into the investigation, in total 85–90% underwent
one mammography investigation in the previous 2 years during 1994
and 1995, a time period from which data in this study were derived
[12]. We recently reported that larger breast tumors (>20 mm) were
less frequently diagnosed after the first 2 years of screening (1991),
whereas approximately 8 years thereafter a significantly increased
number of small tumors (≤ 10 mm) were diagnosed [13]. Mean tumor
size, cellular genomic instability, and proliferative activity of cancer
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cells we reported to be decreased in tumors diagnosed among women
aged 60–69 years in comparison with unscreened patient populations
(1) younger than 50 years and (2) 70 years and older. Furthermore,
survival was improved [13]. The sequence of changes in size resulted
in a transient redistribution in favor of tumors 10–20 mm in size and a
reduction in the size interval of 20 mm or more. The Stockholm breast
cancer 5-year screening trial in 1981 revealed a more favorable tumor
stage (decrease in tumor stage II-IV abbreviated II+ tumors) in the
study population compared with the control clinically detected breast
tumor population investigated 2.5 years after the start of the study [14].
On subdivision according to age, this phenomenon was observed only
in the age group 50–59 years old in the study group ranging in age
from 40 to 64 years, suggesting that the more favorable tumor stages
appeared in the second age decade of screened women. We found a
similar effect in the age group 60–69 years old in a screened sample of
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women aged 50–69 years [13]. Furthermore, in the Stockholm breast
cancer screening trial there was an increase the first 2 years in stage
II+ tumors, with the peak within the first year, in the study group
compared with the control group. This finding was interpreted as a
hidden stage II+ tumor group within the control group, representing
a spontaneous regression of these tumors. The aim of this study was to
determine the time that elapsed before increased numbers of smaller
tumors (≤ 10 mm) were diagnosed, the duration of the period during
which more numerous intermediate-sized tumors were diagnosed and
further analyze the problem with the “hidden stage II+ tumors in a
none screened population.

Materials and Methods

Sample year
1987
≤10 mm

1993

p

50-60
n=10

10–20 mm

n=32

n.s.
n.s.

Ʃ

n=32

n.s.

n=18

p

n=22

0.08

n=43

n=59

n.s.

<0.05

n=25

n=16
13.3%

<0.05

55.7%

n=38

1987
60-70

20.7%

43.4%
n.s.

1993
60–70

18.2%

43.2%
>20 mm

P

50–60

13.6%

<0.001

n=54

38.4%

23.6%

45%

n=74

n=99

n=106

n=120

100%

100%

100%

100%

n.s., not significant
Table 1: Distribution of three tumor size intervals of two age groups in 1993.
Sample year
Age group, years
≤10 mm

p

50-60
n=10

10–20 mm

n=32

n.s.

Ʃ

n=32

p

n=34

n.s.

n=81

n.s.

n=64

p

n=22

n.s.

n=60

n.s.

n=31

n=16
13.3%

0.08

53.1%
n.s.

1987
60-70

19.5%

45.3%
n.s.

1995
60–70

19.0%

43.2%
>20 mm

1995
50–60

13.6%

50-60

≤10 mm

n=10
n=32

n.s.

n=32

n=33

n.s.

n=90

n.s.

n=54

n=30

n.s.

n=61

<0.05

n=30

n=16
13.3%

n.s.

50.4%
n.s.

1987
60-70

24.8%

50.8%
0.06

p

60–70

18.6%

43.2%
>20 mm

1997

p

50–60

13.6%
10–20 mm

1997

n=50
41.7%

0.001

n=54

43.2%

30.6%

24.8%

45.0%

n=74

n=177

n=121

n=120

Ʃ

n.s., not significant

n=50
41.7%

0.01

n=54

43.2%

35.7%

27.4%

45.0%

n=74

n=179

n=113

n=120

100%

100%

100%

100%

n.s., not significant
Table 2: Distribution of three tumor size intervals of two age groups in 1995.
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Screening and Tumor Size 1993
n = 399

60

50

Percent

40
30

20
Controls 1987
50<=age<60
60<=age<70
Controls 1987

10
0

<=10

10<size<=20

>20 mm

Figure 1: Tumor size data from 1993, 4 years after the introduction of
screening, representing a maximum of three screening events. Compared
Figure
with1 prescreening control data, in the 60–70 year age group there is a
significant reduction in tumors >20 mm (p<0.001) and a significant increase in
intermediate-sized tumors (10–20 mm) (p<0.05). The control data are shown
for the age group 50–59 years to the left and the age group 60–69 years to
the right.

n=50
41.7%

43.2%

1987

Age group, years

p

Table 3: Distribution of three tumor size intervals of two age groups in 1997.

In this cross-sectional study diagnosed with breast cancer aged 50–
69 years were analyzed according to data recorded from randomized
samples in the years 1993 (n=455), 1995 (n=608), and 1997 (n=617),
and a control sample from 1987 (n=410), 2 years before the start of
screening. From this sample, 989 patients with breast cancer aged 50–
69 years were investigated. The data were analyzed in two subgroups
according to age at cancer diagnosis (50–59 and 60–69 years), in
which the elder group had a greater possibility to reach a higher
rate of mammography screening events and reveal a stronger effect.
The frequencies of three tumor size ranges were investigated: ≤10
mm, 10–20 mm, and >20 mm. The numbers of tumors in each age
group were counted and the distribution into the three size ranges is
numerically presented in Tables 1-3, with percentage values calculated;
thus, the sum for each age group is 100%. The data from the tables
are illustrated in three histograms (Figures 1-3) showing the alteration
in size frequency related to screening. Data for the screened subjects
were compared with data for unscreened subjects from 1987 in the
corresponding age groups (50–59 and 60–69 years), flanking the study
groups in the figures and tables. In particular the diagnoses of DCIS
were counted.

Age group, years

Sample year
1987

Tumor stage
To investigate how change in tumor size distribution interfered
with tumor stage, five stages related to the tumor size interval used
in the figures were selected as follows, in line with the classification
practiced during the early 1990s: (1) Stage Ia-b with tumor size ≤ 10
mm, no axillary lymph node metastasis (ALNM=0), and no distant
metastasis (DM) (Ia 0 <5 mm and Ib 5-10 mm); (2) Stage Ic with tumor
size 10-20 mm, ALNM=0, and DM=0; (3) Stage IIA with tumor size 1020 mm, and ALNM 1–3 positive nodes with DM=0; (4) Stage IIB with
tumor size 20–50 mm, and ALNM >3 positive nodes and DM=0; and
(5) Stage IIIA with tumor size >50 mm and ALNM <9 positive nodes.

Statistical analysis
Statistical calculations were performed using the STATISTICA
software package (StatSoft Inc., Tulsa, OK, USA). Statistical significance
for categorical variables was calculated using the chi-squared test. The
percentage values represented in the figures are compared with the
control values for 1987 in each size interval; a value of p<0.05 was
regarded as statistically significant.
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53,5 years and for the groups aged 60-69 years 63,6, 64, 63,6, and 64,5
years. Tumor size was missing in 6 patients 1993, in 2 patients 1995, in
15 patients 1997 and 10 patients in 1987.

Screening and Tumor Size 1995
n = 486

60

Compared with control data from 1987, in 1993, 4 years after the
introduction of screening, there was a significant reduction in numbers
of tumors >20 mm among patients aged 60–69 years, accompanied
by a simultaneous and significant increase in tumors 10–20 mm in
size (Table 1). There was no significant difference in the frequency of
tumors ≤10 mm in size in comparison with the controls. Tumor sizes
>20 mm in subjects aged 50–60 years in 1993 were slightly reduced, but
did not differ significantly relative to control data (Figure 1).

50

Percent

40
30
20
10
0

Control 1987
50<=age<60
60<=age<70
Control1987

<=10

10<=size<20

>20 mm

Figure 2: Tumor size data from 1995, 6 years after the introduction of
screening,
representing a maximum of four screening events. Compared with
Figure
2
the 1987 controls, there is a significantly smaller proportion of tumors >20 mm
in the 60–70 year age group (p<0.01); this difference is not significant in the
50–60 year age group. In the age group 60–69 years, the tumor size interval
10–20 mm is still increased but not to a significant extent (p=0.08). The control
data are shown for the age group 50–59 years to the left and the age group
60–69 years to the right.

Screening and Tumor Size 1997

In the subjects from 1995, tumors of 10-20 mm still revealed
a higher percentage than the 1987 controls for the age group 60–69
years; however, this difference was no longer significant. A slight
increase in small tumors (≤10 mm) was found, but was not significant.
The percentage of tumors >20 mm in the 50–60 year age group was
apparently starting to decrease, but this change was not yet significant
(Table 2 and Figure 2).
In 1997, 8 years after the introduction of mammography screening,
the percentage of tumors >20 mm was significantly smaller in 60–69
year age groups and close to become significant in the 50-59 year
age group. In patients aged 60–69 years, for the first time since the
introduction of screening there was a significant increase in tumors ≤10
mm in size (Table 3 and Figure 3). The percentage of DCIS diagnosed
during these years was 4.4% in 1993, 4.3% in 1995, and 3.9% in 1997.

n = 492

60

Tumor stage

ALNM

1993

p

50-59 y
Stage Ia-b

50

0

14

≤10 mm
Stage Ic

Percent

40

Stage IIA

30

0

25

Stage IIB

Control 1987
50<=age<60
60<=age<70
Control 1987

<=10

10<=size<20

<20 mm

Figure 3: Tumor size data from 1997, 8 years after the introduction of
screening,
representing a maximum of five screening events. Tumors >20 mm
Figure
3
are still significantly less frequent in the study age group 60–69 years than
in the 1987 controls (p<0.001). In the 50–60 year age group it approaches
significance (p=0.06). The frequency of small tumors (≤ 10 mm) is significantly
greater in the 60–69 year age group than in the controls (p<0.05). The control
data are shown for the age group 50–59 years to the left and the age group
60–69 years to the right.

Permission to analyze the patients’ data was obtained from the
Ethical Committee Nord, Karolinska Institute (2013/707-31/3).

Stage III

<0.02

18

>3

8

0.001

1

7
9%

n.s.

12%
<9

47
59%

27%

20–50 mm

10

0

1–3

19
24%

38%

10–20 mm

20

n.s.

21%

10–20 mm

1993
60-69 y

5
6%

n.s.

2

>50 mm

2%

2%

Ʃ

66

80

ALNM, axillary lymph node metastasis
Table 4: Distribution of tumor stages of the two study groups in 1993.
Tumor stage

ALNM

1997

p

50-59 y
Stage Ia-b

0

≤10 mm
Stage Ic

0

54

1–3

26

n.s.

8

38
43%

n.s.

21%
>3

23
26%

45%

10–20 mm
Stage IIB

n.s.

24%

10–20 mm
Stage IIA

29

1997
60-69 y

15
17%

n.s.

Results
Patients in the age group 50-69 years (n=1011) were distributed
to the control and study groups as: 1987 (n=197), 1993 (n=211), 1995
(n=293), and 1997 (n=313). The mean ages in 1993, 1995, 1997 and the
control group 1987 for patients aged 50-59 years were 53,8, 53,9, 54 and

>50 mm

3%

4%

Ʃ

121

89
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Stage III

7%

9

20–50 mm
<9

4

9%
n.s.

5

ALNM, axillary lymph node metastasis
Table 5: Distribution of tumor stages of the two study groups in 1997.
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Tumor stage alterations
The samples from 1993 and 1997 were compared according to the
five tumor stages presented in Materials and Methods (Tables 4 and
5). In 1993 a significant increase in tumor stage Ic was found in the age
group 60–69 years in the tumor size interval between 10 and 20 mm,
along with a significant reduction in tumor stage IIA for patients aged
60–69 years, in line with the frequency change seen in Figure 1. This
finding indicates a significant trend toward a more favorable tumor
stage. However, in 1997 this difference cannot be seen, signifying a
periodic change.

Discussion
The study shows that the effect of mammography screening begins
during the first years to yield mainly large tumors > 20 mm in the
second screened age group 60-69 years (Fig. 1, Table 1), the group
invited most times to screening. As a side effect of this the intermediate
sized group (10-20 mm) increased significantly. This phenomenon is
transient and lasted in this study up to 4 years after introduction of
screening. It disappeared completely when small tumors ≤ 10 mm
started to increase in 1997 (Fig. 3, Table 3). According to the time
course of screening, a reduction of tumors >20 mm was seen 1993 in
the age group 50–60 years old (Figure 3 and Table 3) and approaches
significance in 1997.
In the 10–20 mm tumor size interval (1993) there is a significant
increase in stage Ic in the age group 60–69 years compared with the
age group 50–59 years (p<0.02) (Table 4) and a reduction in stage IIA
tumors (p=0.001). In tumors >20 mm there was a reduction in the stage
II+ tumors, from 14% to 8% (Table 4). The samples were too small to
show significance. A stronger effect of screening was also found in our
study regarding parameters reflecting tumor biology and survival [13]
in addition to redistribution of tumor size and change in tumor stage.
A limitation in this study is that we have no detailed information
of the number of mammography screening events attended from each
invited patient. However, the follow-up during 1994 and 1995 in the
Stockholm area showed that when the numbers of women invited to the
general screening program every second year and those visiting private
radiology centers for screening were combined, they together reached a
high level of 85–90% for those who had undergone one mammography
screening in the previous 2 years [12]. This high and balanced result
justified the conclusion that women in the elder age decade for screening
(60–69 years) had been invited for and had undergone screening more
often than their younger counterparts (50–60 years old) that should be
the case if participation in screening was high.
Why it takes up to 8 years before an increase in small tumors is
seen at diagnosis in the study group might be explained by the fact
that it is easier to detect slight changes on X-rays when there are some
previous radiographs available for comparison. The mean tumor size
has been gradually reducing the longer screening has been in practice,
progressively focusing more on smaller tumors; however, the numbers
of DCIS have not increased during the study period.

Conclusion
The issue as to whether mammography screening diagnoses
breast tumor that should have regressed spontaneously is based on the
detection of an increase in tumors, with more tumor stages II+ in the
study population than in women with clinically detected breast tumor
at the first year after the start of screening [12]. However, as shown in
this study, mammography screening has initially yielded tumors larger
than 20 mm (Figure 1 and Table 1), most of which are II+ stage tumors
mainly due to the size. A similar result was seen 1991 [13]. It means
J Cancer Sci Ther
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that the “hidden tumors” are those tumors we do not observe in the bar
> 20 mm as compared to the control (Fig.1-3) and this occurred already
1991[13]. An observation of more favorable tumor stage was found
in the second screened age decade (60–69 years) in our own as well
as the referred study [14]. By 1997 the initial differences between the
age groups had disappeared, confirming the transient behavior of this
phenomenon. However, small tumors start to increase. The percentage
of DCIS is not increased in this study, but that is not astonishing since
the tumors ≤ 10 mm has just started to increase.
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