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ARTICLE
Epidemiology

Impact of mammographic screening and advanced cancer
definition on the percentage of advanced-stage cancers in a
steady-state breast screening programme in the Netherlands
Linda de Munck 1,2, Sabine Siesling1,3, Jacques Fracheboud4, Gerard J. den Heeten5,6, Mireille J. M. Broeders5,7 and
Geertruida H. de Bock2

BACKGROUND: To estimate the percentages of advanced-stage breast cancers (BCs) detected during the course of a steady-state
screening programme when using different definitions of advanced BC.
METHODS: Data of women aged 49–74 years, diagnosed with BC in 2006–2015, were selected from the Netherlands Cancer
Registry and linked to the screening registry. BCs were classified as screen-detected, interval or non-screened. Three definitions of
advanced BC were used for comparison: TNM stage (III–IV), NM stage (N+ and/or M+) and T size (invasive tumour ≥15mm).
Analyses were performed assuming a 10% overdiagnosis rate. In sensitivity analyses, this assumption varied from 0 to 30%.
RESULTS: We included 46,734 screen-detected, 17,362 interval and 24,189 non-screened BCs. By TNM stage, 4.9% of screen-
detected BCs were advanced, compared with 19.4% and 22.8% of interval and non-screened BCs, respectively (p < 0.001). Applying
the other definitions led to higher percentages of advanced BC being detected. Depending on the definition interval, non-screened
BCs had a 2–5-times risk of being advanced.
CONCLUSION: Irrespective of the definition, screen-detected BCs were less frequently in the advanced stage. These findings
provide evidence of a stage shift to early detection and support the potential of mammographic screening to reduce treatment-
related burdens and the mortality associated with BC.

British Journal of Cancer (2020) 123:1191–1197; https://doi.org/10.1038/s41416-020-0968-6

BACKGROUND
Breast cancer (BC) is the most common cancer among women,
and tumour stage at diagnosis is important to overall survival.1–3

Early diagnosis results in a mean lower tumour stage, which allows
for better treatment options and ultimately reduces mortality.
Although BC screening by mammography was introduced based
on these arguments, there is ongoing debate as to whether
screening affects the occurrence of advanced-stage BC.4–6

In a previous study, we studied the incidence rates of advanced
stage, and found that there was a lower incidence of advanced
BCs in screened women than in non-screened women, with
estimates of 38 and 94 BCs per 100,000 women, respectively.7

Most other studies have assessed the rates of advanced BCs in
the total target population and/or have compared the percen-
tages of early and advanced BCs in screen-detected versus other
cancers.8–11 However, these studies used different definitions for
BC staging, making the true differences in percentage difficult
to compare. Comparison has been further complicated by the
potential for overdiagnosis. This is defined as the detection by

screening of a BC (ductal carcinoma in situ or invasive carcinoma)
that would never have presented clinically during a woman’s
lifetime.12 A more favourable ratio between tumours of early
and advanced stages can result not only from a reduction in
the number of advanced BCs because of early detection
and treatment, but also from an increase in overdiagnosis.
At present, the extent of this overdiagnosis is unclear, with
estimates ranging from 0 to 52%,13–18 and levels sitting at ~10%
in the Netherlands.13,18

When comparing the published percentages of advanced BCs,
reported differences in the impact of mammographic screening
might, at least partly, be attributable to the varying definitions
of advanced tumours. Therefore, we aimed to estimate the
percentages of advanced BC in a steady-state biennial screening
programme when using different definitions for advanced stage.
We also wanted to assess the impact of different assumptions of
overdiagnosis on the estimated percentages of advanced BC.
These results will contribute to a clear perspective of what already
has been published on this topic.
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METHODS
Study design
This population-based study included all women aged 49–74
years diagnosed with BC (invasive cancers and ductal carcinomas
in situ) between January 1, 2006 and December 31, 2015.
We used data from the Netherlands Cancer Registry (NCR),
hosted by the Netherlands Comprehensive Cancer Organisation
(IKNL),1 and linked them to data from the Netherlands Breast
Cancer Screening Registry. Percentages were compared between
screen-detected, interval and non-screened cases of BC, using
three definitions of advanced BC (i.e., TNM, NM and T-size
staging). The Central Committee on Research involving Human
Subjects determined that this study did not require approval
from an ethics committee. The study was approved by the
Privacy Review Board of the NCR.

Study population
We selected women aged 49–74 years who were diagnosed with
BC (invasive and ductal carcinoma in situ) between January 1,
2006 and December 31, 2015 from the NCR. Their data were linked
to those in the Netherlands Breast Cancer Screening Program. The
linkage data identified women screened between January 1, 2004
and December 31, 2015, to cover a period of at least 24 months
before BC diagnosis. Given that the screening programme invited
women for biennial screening, the 24-month threshold before
diagnosis was considered important when defining the detection
mode (i.e., the relation between BC diagnosis and the screening
programme). For example, a woman diagnosed with BC in 2006
could have been screened in 2004 or 2005 and categorised
with interval cancer, whereas if she had not attended the
screening programme, the cancer would be categorised as a
non-screened BC.
We excluded women diagnosed after their prevalent screen on

the basis that screening is not a once-only event. Furthermore, we
excluded women with lobular carcinoma in situ because this is not
considered malignant. Women diagnosed with BC in 5 years
before the current diagnosis were also excluded to minimise
interference from hospital follow-up visits. For women with
synchronous BC, only the most advanced cancer was included.

Definitions of BC groups and cases
We defined three groups of BC: screen-detected, interval and non-
screened. Screen-detected BCs included cases diagnosed within
24 months after being recalled for further diagnostic workup due
to a positive screening result; interval BCs included cases
diagnosed within 24 months after a negative screening result,
which indicates no recall necessary. Non-screened BCs included
those diagnosed in women at a screening interval beyond the
planned 24 months (i.e., not recently screened) or never attended
screening, as we were not able to divide these two groups.
Cases of advanced BC were identified using three definitions:

TNM staging, NM staging and T-size staging. Using the TNM
classification, stages III–IV were defined as advanced cancer, and
stages 0–II were defined as early cancer.19,20 Based on NM staging,
tumours with positive lymph nodes and/or metastasis (N+ and/or
M+) were defined as advanced NM stage, and tumours without
positive lymph nodes or metastasis (N0M0) were defined as early
NM stage.21 When using the tumour size only, an advanced T-size
stage was defined as the presence of an invasive tumour
measuring ≥15mm, whereas an early T-size stage was defined
as either a tumour measuring <15mm or as a ductal carcinoma
in situ (regardless of size).22 For each definition, BCs of unknown
stage are included in the description of the cohort characteristics,
but not in the statistical analyses. Furthermore, in sensitivity
analyses, additional definitions of advanced TNM stage were
included, in which advanced TNM stage was defined as stage
IIB–IV (compared with 0–IIA) or as stage II–IV (compared with
stage 0–I).

Data sources
Data were accessed from the NCR and the Netherlands Breast
Cancer Screening Program. In the Netherlands, all new cancer
cases are registered in the NCR, which contains data on patient,
tumour and treatment characteristics for all in situ and invasive
malignancies diagnosed since 1989. The main source of notifica-
tion for the NCR is the Nationwide Histopathology and
Cytopathology Data Network and Archive (PALGA).23 After the
NCR has been notified, specially trained registration clerks visit
hospitals to collect information on patient and tumour character-
istics, including the stage and treatment data, directly from
patient records. Tumour topography, morphology and grade were
coded according to the International Classification of Diseases for
Oncology, 3rd edition.24 Staging is classified according to the TNM
Classification of Malignant Tumours, using the sixth edition until
2009 and the seventh edition thereafter.19,20

The population-based Netherlands Breast Cancer Screening
Program has been operational since 1990, initially inviting women
aged 49–69 years for a biennial screening examination, but
including women aged 70–74 years from 1998 onwards.25 All
mammographic examinations are performed by specialist radio-
graphers and are double-read by accredited radiologists. Recall for
further diagnostic workup is indicated if the screening examina-
tion is incomplete (i.e., Breast imaging reporting and data system
[BI-RADS] 0) or if there are suspicious or malignant findings (i.e., BI-
RADS 4 or 5).26,27 Between 2003 and 2010, screen-film mammo-
graphy has gradually been replaced by full-field digital mammo-
graphy.28 Permission for linkage to the NCR was requested from
women when they attended screening. This was based on an opt-
out option, which was used by 0.02% of all women screened.29

The impact of overdiagnosis
To consider the impact of possible overdiagnosis in our main
analysis, we assumed an overdiagnosis estimate of 10%, consistent
with that reported in the Netherlands.13,18 By definition, over-
diagnosis only occurs in BCs that are detected by screening in an
early stage. For all three definitions of advanced BC, we performed
separate calculations to correct for overdiagnosis and performed
separate analyses. For all screen-detected BCs, we assumed that 10%
of the total sample was overdiagnosed, and then excluded this
number at random from the early screen-detected BCs. However,
given that the true overdiagnosis rate is unknown, and that
published estimates differ substantially, we performed sensitivity
analyses in which the assumed overdiagnosis estimates were 0 and
30%.30 The adjustments for overdiagnosis resulted in a lower total
number of screen-detected BCs and in a higher percentage of
advanced screen-detected BCs. To check whether exclusion was
performed at random, the baseline characteristics of the remaining
screen-detected BCs were compared with the original sample
(Supplementary Table 1).

Statistical methods
The percentage of advanced cancers in the screen-detected, interval
and non-screened BC groups was compared by the Chi-squared test.
Univariable and multivariable logistic regression analyses were used
to estimate differences in the percentage of advanced disease
among the three subgroups, controlling for age at diagnosis, year of
diagnosis and socioeconomic status (SES). Data for the multivariable
analyses are reported as odds ratios (ORs) with their 95% confidence
intervals (95% CIs). Age at the time of diagnosis was categorised as
49–59, 60–69 and 70–74 years, with the age category 60–69 years
defined as the reference group. SES was determined by education,
household income and labour market status, based on postal codes,
and categorised as high (reference) medium and low SES.31

Statistical significance was set at a P value of <0.05, and all tests
were two-sided. Analyses were performed using the STATA Software
Package, Version 14.1 for Windows (Stata Corporation LP, College
Station, TX, USA).
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RESULTS
Participants
In our main analysis, we included 88,285 BC cases, of which
46,734 were screen-detected, 17,362 were interval and 24,189
were non-screened (Fig. 1). Note that among the 51,927 initial
cases of screen-detected BCs, we excluded 5193 cases based
on the assumption of a 10% overdiagnosis rate, leaving
46,734 screen-detected cases. Median time between a negative
screening result and interval cancer diagnosis was 14 months
(interquartile range 10 months). The baseline characteristics are
shown in Table 1.

Advanced TNM stage (stages III and IV)
Based on TNM staging, 4.9% of screen-detected BCs were
advanced (Table 2, Fig. 2). More cancers were diagnosed as being
advanced stage in the interval (19.4%) and non-screened (22.8%)
cohorts (P < 0.001). Multivariable logistic regression indicated that
compared with screen-detected BC, there was an increased risk of
the interval and non-screened BCs being advanced, with ORs of
4.67 (95% CI, 4.41–4.94) and 5.76 (95% CI, 5.47–6.07), respectively
(Fig. 3). In sensitivity analyses using additional definitions of
advanced TNM stage, the results remained similar (Supplementary
Figs. 1 and 2).

Advanced NM stage (N+ and/or M+)
Based on NM staging, 21.2% of BCs were advanced in the screen-
detected cohort, compared with 41.0% and 39.1% in the interval
and non-screened cohorts, respectively (P < 0.001, Table 2).

Analysis confirmed that interval and non-screened BCs were more
often advanced, with the respective ORs of 2.53 (95% CI,
2.44–2.64) and 2.34 (95% CI, 2.26–2.43) (Fig. 2). Compared with
TNM staging, the percentage of advanced cancers based on NM
staging was higher for all detection modes, and the ORs for
advanced BC were almost halved in the interval and non-screened
cohorts (Figs. 2 and 3).

Advanced T size (invasive tumours ≥15mm)
When defining advanced BCs as invasive disease measuring ≥15
mm (i.e., by T size), 37.6% of BCs in the screen-detected cohort
were considered advanced (Table 2, P < 0.001). The percentages of
advanced BCs in the interval (69.1%) and non-screened (58.2%)
cohorts were also significantly higher (P < 0.001). Compared with
the screen-detected cohorts, the ORs for advanced BC based on T
size were 3.68 (95% CI, 3.54–3.82) for the interval cohort and 2.29
(95% CI, 2.21–2.37) for the non-screened cohort (Fig. 3). Compared
with TNM staging, the percentage of advanced BC identified by T-
size staging was higher for all detection modes, and the ORs for
advanced T-size BC were lower in the interval and non-screened
cohort.

The impact of different rates of cancer overdiagnosis
The effect of overdiagnosis was further explored by assuming
either no overdiagnosis (0%) or higher overdiagnosis estimates
(30%). However, regardless of the estimate used, the percentages
of advanced cancers remained significantly higher in the interval
and non-screened BC cohorts (Fig. 2).

108,523 women with breast cancer,
aged 49–74 years,
diagnosed in 2006–2015

93,478 women with breast cancer

Excluded (n = 15,045)

Excluded (n = 5193)

– 10% assumed overdiagnosis (n = 5193)

Screen-detected
(n = 51,927)

Screen-detected
(n = 46,734)

Non-screened
(n = 24,189)

Interval
(n = 17,362)

- Prevalence screening (n = 11,385)
- Lobular carcinoma in situ (n = 577)
- Breast cancer diagnosed in 5-year period
  before diagnosis (n = 3083)

Fig. 1 Flow chart of included patients. We included 88,285 BC cases, of which 46,734 were screen-detected, 17,362 were interval and 24,189
were non-screened. We excluded 5193 cases from the 51,927 initial cases of screen-detected BCs based on the assumption of a 10%
overdiagnosis rate.
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When assuming no overdiagnosis, the percentages of
advanced disease decreased in all instances: for TNM staging,
it changed from 4.9 to 4.4% (Fig. 2, Supplementary Table 2), for
NM staging, it changed from 21.2 to 19.0% and for T-size
staging, it changed from 37.6 to 33.7%. Compared with screen-
detected BC, the ORs for advanced stage were also significantly
higher for interval and non-screened BCs when using all
definitions (Supplementary Fig. 3). Overdiagnosis only affected

the percentage of screen-detected BC, and the percentages of
advanced-stage BC remained similar in the interval and non-
screened cohorts.
In contrast to the 0% estimate, defining 30% of all screen-

detected BCs as overdiagnosed resulted in an increase in the
percentages of advanced screen-detected BC compared with the
10% assumption. However, for all three definitions of advanced
stage, the percentage of advanced BCs in the screen-detected

Table 1. Breast cancer characteristics for each detection cohort.

Screen-detected Interval Non-screened Total p value*

N % N % N % N

Age

Mean (IQR) 63 (58–68) 61 (56–67) 60 (53–67)

49–59 15,610 33.4 6989 40.3 11,211 46.3 33,810 <0.001

60–69 22,192 47.5 7795 44.9 9107 37.6 39,094

70–74 8932 19.1 2578 14.8 3871 16.0 15,381

Year

2006 3631 7.8 1598 9.2 2156 8.9 7385 <0.001

2007 3976 8.5 1618 9.3 2261 9.3 7855

2008 4051 8.7 1661 9.6 2393 9.9 8105

2009 4127 8.8 1698 9.8 2467 10.2 8292

2010 4526 9.7 1756 10.1 2301 9.5 8583

2011 4850 10.4 1832 10.6 2354 9.7 9036

2012 5241 11.2 1825 10.5 2415 10.0 9481

2013 5490 11.7 1737 10.0 2513 10.4 9740

2014 5349 11.4 1865 10.7 2691 11.1 9905

2015 5493 11.8 1772 10.2 2638 10.9 9903

SES

High (8–9–10) 14,486 31.0 5562 32.0 7623 31.5 27,671 <0.001

Medium (4–5–6–7) 18,681 40.0 7014 40.4 9472 39.2 35,167

Low (1–2–3) 13,567 29.0 4786 27.6 7094 29.3 25,447

Total 46,734 100 17,362 100 24,189 100 88,285

IQR interquartile range, SES socioeconomic status.
*Chi-squared test.

Table 2. Percentages of early and advanced disease in each detection cohort, reported by definition of advanced-stage breast cancer.

Screen-detected Interval Non-screened Total p value*

N % N % N % N

TNM stage

Early stage (St 0–I–II) 44,368 95.1 13,953 80.6 18,578 77.2 76,899 <0.001

Advanced stage (St III–IV) 2272 4.9 3353 19.4 5491 22.8 11,116

Unknown 94 56 120 270

NM stage

Early stage (N0M0) 35,391 78.8 9012 59.0 12,886 60.9 57,289 <0.001

Advanced stage (N+ and/or M+) 9514 21.2 6270 41.0 8285 39.1 24,069

Unknown 1829 2080 3018 6927

T stage

Early stage (<15mm) 28,467 62.4 4976 30.9 8858 41.8 42,301 <0.001

Advanced stage (invasive ≥15mm) 17,133 37.6 11,107 69.1 12,353 58.2 40,593

Unknown 1134 1279 2978 5391

Total 46,734 17,362 24,189 88,285

*Chi-squared test.
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cohort remained significantly lower than in the interval and
non-screened cohorts. The ORs for advance stage remained
significantly higher for interval and non-screened BCs when using
all definitions (Supplementary Fig. 4).

DISCUSSION
Screen-detected cancers were less often diagnosed at an
advanced stage compared with interval and non-screened
cancers, regardless of the definition used for advanced BC.
Indeed, compared with the screen-detected cohort, the interval
and non-screened cohorts were 2–3 times and 2–5 times more
likely to be advanced BC, respectively. When exploring the impact
of overdiagnosis, even with the assumption of a 30% over-
diagnosis estimate, there remained significantly higher percen-
tages of advanced BCs in the interval and non-screened cohorts.
Several studies have been performed to identify the percen-

tages or incidence rates of early and advanced BC identified by
screening, based on individual data.5,8,9,11,14,32–34 Using different
definitions of advanced stage, each of these studies has shown
lower percentages of advanced BC in screen-detected cohorts.
Furthermore, studies that have used TNM staging11,33,34 have
showed larger differences in advanced BC than those that have

used NM staging,8,9,14 which is consistent with our results. One
study of advanced BC reported comparable differences when
using definitions comparable to those in the current research.32

Comparing ever-screened women to non-screened women aged
50–64 years, they reported an OR of 0.41 when defining advanced
BC as stage IIB or higher, and 0.67 when using the NM-stage
definition. The current study shows a direct comparison of the
effect of breast screening on the percentage of advanced stage for
each definition. Our results indicate that the larger differences
found in other studies using TNM stage are indeed partly
attributable to the definition used.
Overdiagnosis results in an artificial decrease in the percentage

of advanced cancers. Such a decrease can result from an actual
reduction in the number of advanced tumour stages or from an
increase in the number of early tumour stages, which itself may be
due to overdiagnosis. Most likely, both factors contributed to the
reduction in advanced BC seen in our study. In previous research,
we showed that there was a substantially lower incidence rate of
advanced cancers among screened compared with non-screened
women, and this difference in incidence rate was unaffected by
overdiagnosis.7 However, most studies that published percentages
to date have concluded that overdiagnosis does play a role. In the
present study, we assumed a 10% rate of overdiagnosis among

80%

Advanced TNM-stage

Overdiagnosis range 0–30%

Non-screened

Screen-detected

Interval

Advanced NM-stage Advanced T-size
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Fig. 2 Percentages of advanced breast cancers over time in the screen-detected, interval and non-screened cohorts by three definitions
of advanced stage. The solid line indicates the screen-detected cancers assuming 10% overdiagnosis. The shaded area then indicates the
percentage assuming 0% overdiagnosis (lower limit) to 30% overdiagnosis (upper limit).

Screen-detected

D
efinition:

T
N

M
-stage

N
M

-stage
T-size

0 1 2

Odds ratio* for advanced stage breast cancer
OR

1

4.67 4.41 – 4.94

5.47 – 6.07

2.44 – 2.64

2.26 – 2.43

3.54 – 3.82

2.21 – 2.37

5.76

2.53

2.34

3.68

2.29

95% Cl
3 4 5 6 7

Non-screened

Non-screened

Non-screened

Interval
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Interval

Fig. 3 Odds ratios for advanced breast cancer between different cohorts by the three definitions of advanced stage. Data are for the
interval and non-screened cohorts compared with the screen-detected cohort. *Multivariable analyses corrected for age, year of diagnosis and
socioeconomic status. 95% CI, 95% confidence interval.
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screen-detected cancers to study the percentage of women with
advanced BC accurately in the Dutch population.
A potential limitation of this study is that we had no information

about women with a higher-than- average risk for BC (e.g., those
with BRCA1/2 mutations or a high familial risk), so we cannot
confirm if these women attended screening. However, because
women younger than 49 years were not included, we doubt that
this will have affected our conclusions. A second limitation is that
participation in the screening programme is voluntary, meaning
that certain factors may have influenced attendance. Although
women with a low SES have lower attendance rates,35 we
identified that this subgroup was more likely to be diagnosed with
advanced cancer and corrected for SES in the multivariable
analysis. In addition, the overall influence of bias due to self-
selection, on the effectiveness of the Dutch screening programme,
has been shown to be minor.36 Finally, we obtained no structural
information about breast density, which is known to reduce
mammographic detectability, and to increase the risk of BC.37,38

Unfortunately, the extent of this effect on our results is unknown.
The major strengths of this study are the population-based design

covering the entire country, and the fact that we were able to link
data from the cancer registry to those from the screening registry at
the individual level. The same study population was also used for all
definitions, enabling a direct comparison of the effect of breast
screening on the percentage of advanced stage for each definition.
Furthermore, BC cohorts were classified as screen-detected, interval
and non-screened based on actual data for screening attendance.
To minimise interference with hospital checkups, we only included
first and second cancers diagnosed at least 5 years after the first BC,
we only studied the effects of BC stage in a steady-state situation
and we excluded women diagnosed after their prevalent screen.
Although the exact magnitude of overdiagnosis cannot be known
for certain, we were able to show a consistent effect of screening on
advanced BC for a wide range of overdiagnosis rates.

CONCLUSION
Irrespective of the definition used for advanced BC, screen-
detected cohorts show lower rates of advanced BC than interval
and non-screened cohorts. Our results support the hypothesis
that mammographic screening causes a stage shift towards the
diagnosis of early breast cancer stages, giving it the potential to
reduce BC-related mortality and treatment-related burdens.
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