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Report
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Summary
A population-based study was performed to compare the characteristics of clinically detected breast cancers and
cancers detected by the Dutch screening program. To determine whether differences are most likely to be explained
by earlier diagnosis or by the detection of biologically different cancers in the screening program, comparisons
were stratified according to tumor size. Data were obtained from the population-based Eindhoven Cancer Registry.
During the period 1996–1999, 568 screen-detected and 630 clinically detected invasive breast cancers were available for analysis. Compared with patients with clinically detected breast cancer, women with screen-detected breast
cancer had smaller tumors (P < 0.0001), were more likely to have negative lymph nodes (P < 0.0001), tumors
with a positive estrogen (P = 0.007) or progesterone (P = 0.019) receptor status and a lower mitotic activity
index (P = 0.009). In the group with cancers ≤1.0 cm the screen-detected were more likely to have negative
estrogen receptors (P = 0.027). The group with screen-detected tumors 1.1–2.0 cm across were more likely to
have positive estrogen and progesterone receptors (P = 0.005 and P = 0.044, respectively) and tended to have
a lower mitotic activity index (P = 0.078). No significant differences were found between screen-detected and
clinically detected breast cancers of 2.1–3.0 cm across. After adjustments for tumor size, most of the differences
between clinically detected and screen-detected breast cancers disappeared, suggesting that screen-detected breast
cancers represent tumors in an earlier phase of their development, not a biologically different class.
Introduction
Patients with breast cancer detected by mammography
screening have smaller tumors and are less likely
to have lymph node metastases, compared to those
presenting clinically [1–11]. In addition, more in situ
cancers and tubular cancers are generally found by
mammography screening [1, 2, 5, 12]. Studies comparing the malignant potential of screen-detected and
clinically detected breast cancers have yielded contradictory conclusions regarding the biological nature of
screen-detected cancers [1–4, 6, 8, 13]. Assuming that
fast growing tumors – presenting as interval cancers –

are more likely to be missed by screening, one would
expect the cancers detected by screening to be less aggressive than the cancers detected clinically, provided
an adjustment is made for tumor size. Lower aggressiveness of cancers found by screening than of control
cancers would indicate overdiagnosis or length-time
bias, but not earliness of diagnosis.
To study the biological aggressiveness of screendetected breast cancers, we compared the pathological
nodal status, estrogen and progesterone receptor status
and the mitotic activity index (MAI) of 568 breast
cancers detected by the Dutch screening program
with those of 630 control cancers detected clinically
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Table 1. Characteristics of screen-detected and clinically detected invasive breast tumors in patients of 50–69 years of
age, diagnosed in the period 1996–1999 (n = 1198)
Characteristic

Method of detection

P-value

Screen-detected (n = 568)

Clinically detected (n = 630)

%

No.

%

No.

Age group
50–59
60–69

47
53

269
299

57
43

358
272

0.0004

Pathological tumor size, pT (cm)a
≤1.0
1.1–2.0
2.1–3.0
>3.0

29
52
13
6

158
282
70
35

17
41
23
19

100
237
135
109

<0.0001

Number of positive lymph nodesb
0
1
2 or 3
>3

72
13
8
8

404
70
42
43

57
16
12
15

323
93
68
87

<0.0001

Estrogen receptorc
Positive
Negative

82
18

307
68

74
26

338
119

0.007

Progesterone receptord
Positive
Negative

75
25

208
68

67
33

237
118

0.019

Mitotic activity index (MAI)e
<10
≥10

74
26

175
61

63
37

152
89

0.009

Extensive intraductal component (EIC)f
No
Yes

80
20

453
111

82
18

483
108

0.54

a 72 missing.
b 68 missing.
c 366 missing.
d 567 missing.
e 721 missing.
f 43 missing.

during the same period (i.e., 1996–1999). To determine whether differences can be explained by earlier
diagnosis or by the detection of biologically different
cancers, comparisons were made according to tumor
size.
Patients and methods
Patients
The southeast Netherlands, a region of about
2500 km2 with a population of about 1 million inhabi-

tants (6% of the Dutch population), is served by eight
community hospitals and one Department of Radiotherapy. The region is covered by the population-based
Eindhoven Cancer Registry, which has been recording
data on all newly diagnosed cancer patients since 1955
according to international guidelines. Data are collected by the cancer registry from copies of the pathology
reports of all 10 pathologists in three laboratories
and from the medical records of the eight community
hospitals and the Department of Radiotherapy.
A mammographic screening program, offering biannual screening for women 50–69 years old, was first
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Table 2a. Characteristics of screen-detected and clinically detected invasive breast tumors ≤1.0 cm across in patients of
50–69 years of age, diagnosed in the period 1996–1999 (n = 258)
Characteristic

Method of detection

P-value

Screen-detected (n = 158)

Clinically detected (n = 100)

%

No.

%

No.

Age group
50–59
60–69

46
54

72
86

64
36

64
36

0.004

Number of positive lymph nodesa
0
1
2 or 3
>3

84
8
7
2

128
12
10
3

83
11
2
3

74
10
2
3

0.35

Estrogen receptorb
Positive
Negative

80
19

75
18

93
7

65
5

0.027

Progesterone receptorc
Positive
Negative

82
18

47
10

85
15

34
6

0.74

Mitotic activity index (MAI)d
<10
≥10

81
19

48
11

85
15

34
6

0.64

Extensive intraductal component (EIC)e
No
Yes

78
22

124
34

72
28

69
27

0.22

a 6 missing.
b 95 missing.
c 161 missing.
d 159 missing.
e 4 missing.

introduced in southeast Netherlands in 1991 and finally reached total coverage in 1996. The program is
performed at five screening units, of which four are
mobile.
Since 1984, detailed information has been recorded by the Eindhoven Cancer Registry on each
woman diagnosed with breast carcinoma, such as type
of surgery, clinical, mammographic and postoperative
tumor sizes in millimeters, mammographic findings
and estrogen and progesterone receptor status. In 1996
the Eindhoven Cancer Registry started documenting
the mode of detection (i.e., screen- or non-screendetected) as well as additional tumor characteristics,
such as the mitotic activity index (MAI) and the presence of an extensive intraductal component (EIC).
Mode of detection could be easily deduced from the

clinical notes of the screening units in the medical
files of the hospital to which the patients were referred for further diagnosis and treatment. However,
for most patients no information could be obtained
about the screening round during which the tumor had
been detected.
Estrogen and progesterone receptors were determined by means of immunohistochemistry. For this
study, tumors coded as ‘weakly positive’ in the pathology reports were considered to be positive. In all
pathology laboratories, the MAI was defined as the
number of mitotic figures in 10 adjacent high-power
fields (HPF) [14]. The mitotic figures were counted
in the most cell-rich areas of the invasive tumor margins, avoiding necrotic areas. The tumors were divided
into two categories: <10 and ≥10 mitotic figures/HPF.
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Table 2b. Characteristics of screen-detected and clinically detected invasive breast tumors 1.1–2.0 cm across in patients
of 50–69 years of age, diagnosed in the period 1996–1999 (n = 519)
Characteristic

Method of detection

P-value

Screen-detected (n = 282)

Clinically detected (n = 237)

%

No.

%

No.

Age group
50–59
60–69

48
52

134
148

61
39

144
93

0.003

Number of positive lymph nodesa
0
1
2 or 3
>3

74
12
7
7

207
33
21
20

69
12
10
9

158
28
24
20

0.55

Estrogen receptorb
Positive
Negative

84
16

166
31

72
28

124
48

0.005

Progesterone receptorc
Positive
Negative

77
23

114
34

66
34

86
44

0.044

Mitotic activity index (MAI)d
<10
≥10

75
25

99
33

64
36

65
36

0.078

Extensive intraductal component (EIC)e
No
Yes

86
14

240
40

85
15

200
36

0.76

a 8 missing.
b 150 missing.
c 241 missing.
d 286 missing.
e 3 missing.

The intraductal component was considered extensive
if the number of ducts with intraductal cancer in breast
tissue directly adjacent to the primary tumor was ten
ducts or more (EIC+). Tumors consisting predominantly of DCIS with focal areas of invasion were also
classified as EIC+.
Between January 1, 1996 and December 31, 1999,
1507 patients with breast cancer were diagnosed. The
patients were staged according to the TNM system of
the UICC [15].
Statistics
The chi-square test was used to compare the characteristics of the tumors detected by the screening
program or clinically. Stratified analyses according to
tumor size were performed to adjust for the differ-

ences in tumor size between the screen-detected and
the clinically detected cases.

Results
The mode of detection of the tumor was known for
1358 of the 1507 patients who were diagnosed in the
period 1996–1999. Of these 1358 patients, 676 had
screen-detected and 682 had clinically detected breast
cancer. Of the screen-detected cancers, 108 (16%)
were non-invasive, versus 52 of the clinically detected
tumors (8%). All further analyses were restricted to
the 1198 patients with invasive breast cancer.
The general characteristics, according to the mode
of detection, are presented in Table 1. Women with
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Table 2c. Characteristics of screen-detected and clinically detected invasive breast tumors 2.1–3.0 cm across in patients
of 50–69 years of age, diagnosed in the period 1996–1999 (n = 205)
Characteristic

Method of detection

P -value

Screen-detected (n = 70)

Clinically detected (n = 135)

%

No.

%

No.

Age group
50–59
60–69

47
53

33
37

51
49

69
66

0.59

Number of positive lymph nodesa
0
1
2 or 3
>3

54
23
10
13

37
16
7
9

37
23
19
21

48
30
24
27

0.093

Estrogen receptorb
Positive
Negative

77
23

37
11

70
30

74
32

0.35

Progesterone receptorc
Positive
Negative

59
41

24
17

64
36

58
32

0.52

Mitotic activity index (MAI)d
<10
≥10

55
45

17
14

56
44

34
27

0.93

Extensive intraductal component (EIC)e
No
Yes

81
19

57
13

83
17

111
23

0.80

a 7 missing.
b 51 missing.
c 74 missing.
d 113 missing.
e 1 missing.

screen-detected breast cancer had smaller tumors
(P < 0.0001), were more likely to have negative
lymph nodes (P < 0.0001), tumors with a positive estrogen (P = 0.007) or progesterone (P =
0.019) receptor status and a lower MAI (P = 0.009)
(Table 1).
The differences in number of positive lymph
nodes, steroid receptor status, MAI and breastconserving surgery almost all disappeared when adjustments were made for tumor size. In Tables 2a–c
the characteristics are shown for screen-detected and
clinically detected breast cancer according to tumor
size. For screen-detected tumors ≤1.0 cm the proportion with positive estrogen receptors was lower (P =
0.027) (Table 2a). Screen-detected tumors 1.1–2.0 cm
across were more likely to have positive estrogen and

progesterone receptors (P = 0.005 and P = 0.044,
respectively) and tended to have a lower MAI (P =
0.078) compared to clinically detected breast cancers (Table 2b). No significant differences were found
between screen-detected and clinically detected breast
cancers of 2.1–3.0 cm across (Table 2c).

Discussion
After adjustment for tumor size, most of the differences in nodal status, steroid receptor status, and MAI
between clinically detected and screen-detected breast
cancers disappeared. Thus, our results support the hypothesis that breast cancers diagnosed at screening
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hardly differ biologically from those presenting clinically, but are in fact the same lesions detected at
an earlier stage of their natural history. The same
conclusion was drawn by other authors, based on
similar findings [2, 8, 16, 17]. Moreover, biological
aggressiveness and tumor size showed the same relationship in screen-detected as in clinically detected
breast cancers.
The large number of screen-detected and clinically
detected cancers in our study allowed us to make comparisons according to tumor size. When considering
these results it should be realised that the number of
patients in the subgroups became small and that the
large number of tests for possible associations carries
the added risk that apparently significant differences
will occur by chance alone. Moreover, interpretation
of the results is complicated by the fact that our screendetected cancers are a mixture of cancers detected
during the first, second and third screening round and
that we were not able to make a distinction between
these subgroups. It seems likely that slow growing tumors – with a long preclinical phase – will be much
more common in the first screening round, whereas
in later rounds more aggressive and faster growing
tumors will be detected that were not yet visible on
the mammogram of the first round. This hypothesis
is supported by a Finnish study, which found similar
results of DNA flow cytometry for cancers diagnosed
in the second and third screening round and for controls, whereas cancers diagnosed in the first round
had a lower malignant potential compared to controls
[8]. Some studies, which only included breast cancers detected during the first round of mammographic
screening (i.e., prevalent cases), found more favorable
tumor characteristics after adjustment for tumor size
[3, 10]; that is, for any given size, screen-detected
cancers were associated with fewer lymph node metastases and were less likely to have a high MAI, a high
S-phase fraction, tumor necrosis or a negative estrogen or progesterone receptor status than those detected clinically. Comparison with several other studies,
which were also based largely on prevalent cases, is
complicated by the fact that no adjustment for tumor
size was made [1, 2, 6]. In a study of Holland et al.,
the proportion of patients with nodal metastases was
only 17.4% in the first screening round but increased
to 30% in the second round [11]. In the Dutch national
screening program, however, the proportion of patients with positive lymph nodes was higher in the first
screening round than in the second (27% v.s. 23%)
[18]. Part of this difference might be attributed to the

interval between screens, which was 3 years for the
UK program and 2 years in the Dutch program.
We have no explanation for the phenomenon
that screen-detected breast cancers <1 cm were more
likely to have negative estrogen-receptors (p = 0.027)
than clinically detected tumors, whereas screendetected breast cancers 1.1–2.0 cm across were less
likely to have negative estrogen-receptors than clinically detected tumors. These are the only findings
which might contradict our statement that screendetected breast cancers are of the same biological class
as clinically detected cancers.
Among the patients presenting with breast cancer outside the screening program we could make no
distinction between interval cancers and cancers in
non-participants or lapsed participants. The participation rate of the Dutch screening program was between
70 and 80%. Nation-wide data have demonstrated that
one-third of the cancers among participants of the
program are detected between screening rounds [19],
which would mean that of all breast cancers in the
age group of 50–69 years about 25% develops in the
non-participants.
Women with a positive screening mammogram but
a negative outcome after further diagnostic procedures
in the hospital will have undergone clinical followup visits. If a cancer was detected later on, it might
have been classified as an interval case and not as a
screen-detected case, which has probably led to some
underreporting of the proportion of screen-detected
cases. There is ample evidence that rapidly growing
and aggressive cancers explain a substantial portion of
mammographic failures [20, 21].
We agree with the conclusions of Hakama et al.
that monitoring of the aggressiveness of screendetected and clinically detected cancers can help to
overcome length–time bias and overdiagnosis and that
clinical indicators, mainly the size of the cancer, imply
early diagnosis [8]. Effectiveness of a screening program could thus be doubted when the proportion of
patients with well-differentiated tumors remains high
relative to the proportion among the patients with clinically detected breast cancer; in that case increasing
the proportion of screen-detected breast cancers is necessary to augment the effect of screening on mortality.
According to the findings of Hakama et al., length–
time bias (i.e., screen-detected cancers having a lower
malignant potential than clinically detected cancers,
after adjustment for tumor size) is likely to play a
much bigger role in the first screening round than in
subsequent rounds.

Breast cancers found by screening
In conclusion, our results are in line with the view
that breast cancers found by mammographic screening do represent tumors at an earlier stage at their
development and not a biologically different class.
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