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This thirteenth evaluation report by the Nation-
al Evaluation Team for Breast Cancer Screening in 
the Netherlands (NETB) gives details of monitoring 
and evaluation results relating primarily to the pe-
riod from 2008 to 2011. Accordingly, this report com-
plements the previous comprehensive report (the 
twelfth, published in 2009), which presented the re-
sults obtained up until 2007. In 2011 and 2012, two 
limited reports were published in folder form, to-
gether with the main monitoring results and some 
brief evaluation topics.

In the period from 2008 to 2011, the breast cancer 
screening programme in the Netherlands under-
went some major changes:
•	 In	2010,	as	part	of	the	organisational	restructuring,	

the original nine regional organisations for breast 
cancer	screening	were	reduced	to	five.	

•	 The	new	regional	organisations	for	cancer	screen-
ing are also responsible for executing cervical can-
cer screening and, from 2014, colorectal cancer 
screening. 

•	 The	 number	 of	 reading	 units	 (i.e.	 radiologists’	
groups that read the screening mammograms) was 
reduced from 28 to 16 in 2012. 

•	 The	entire	transition	to	digital	screening	mammog-
raphy took place in the period from 2008 to 2010. 
Since June 2010, all of the mammograms produced 
for the screening programme have been digital im-
ages. 

Despite these far-reaching changes, which also in-
volved a number of staff changes, the screening pro-
gramme carried on as usual, without any detectable 
loss	of	activity	or	quality	(confirmation	was	provided	
by the 2011 and 2012 NETB reports). This was made 
possible by thorough preparation, involving targeted 

training, support from all levels and national coordi-
nation by the National Institute for Public Health and 
the Environment (RIVM). 

The breast cancer screening programme is monitored 
on an annual basis. This involves an assessment of 
such key quality indicators of breast cancer screen-
ing as participation rate, referral rate, detection 
rate, false-positive rate, tumour stage distribution 
of screen-detected cancers, breast cancer incidence 
and breast cancer mortality. The results are then sub-
mitted to the Centre for Population Screening in the 
form of a report. These results are based on regional 
screening data that is submitted annually (in aggre-
gate form) to the NETB by the screening organisa-
tions. Monitoring data is not only used to assess the 
progress and quality of current population screening 
programmes. It is also used to regularly update the 
information materials given to women in the target 
population.
There are also evaluation activities, involving in-
depth analyses of monitoring data, as well as addi-
tional studies into various aspects of the screening 
programme, many of which cover periods of sev-
eral years. These activities have a range of different 
objectives. One is to determine the extent to which 
the screening programme has contributed to the ob-
served decline in breast cancer mortality (by provid-
ing evidence). Other objectives are to establish the 
extent of adverse side effects (such as overdiagnosis, 
and false-positive screening results) and to identify 
points of reference for further quality improvements. 
Another goal is to estimate the potential impact 
of upcoming developments in the diagnosis and 
treatment of breast cancer. In addition to empirical 
research, this also involves studies based on micro-
simulation models. 
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All of the evaluation topics presented in this report 
have been fully completed. This is not yet the case 
with regard to the cost effectiveness of screening in 
women below the age of 50, for which further analy-
ses are needed. To obtain a reliable impression of re-
gional and sub-regional screening outcomes, data on 
interval	cancers	must	first	be	added.	Unfortunately,	it	
is still not possible to present updated results on the 
incidence and treatment of breast cancer, as the data 
on recent years is not yet available.

The current national screening programme was in-
troduced in 1989-1990, on the basis of evidence avail-
able	at	that	time	regarding	the	beneficial	effects	of	
screening on breast cancer mortality (given a favour-
able balance of pros and cons). Nevertheless, it is es-
sential that this balance be continuously reviewed 
in the light of national and international develop-
ments. This is particularly relevant in the light of 
the ongoing debate in the medical literature, about 
breast cancer screening. This debate is not primarily 
about the Dutch breast cancer screening programme, 
instead it focuses on the most correct interpretation 
of the results obtained in mammographic screen-
ing trials during the 1970s and 1980s, versus the re-
sults of current observational studies (including the 
Dutch evaluation outcomes). Nevertheless, this de-
bate	 could	well	 reflect	 poorly	 on	 the	Dutch	 screen-
ing programme. It is, therefore, important to retain 
the capacity to effectively assess the pros and cons of 
breast cancer screening in the Netherlands in 2011. 
The authors trust that this report will make a useful 
contribution to this endeavour. 

Contents of the report

Chapter 2 presents data about the target population, 
about the invitations and about participation in the 
screening programme. Because this data becomes 
available relatively soon after the end of a reporting 
year, the report also covers 2012. Since 2008, there 
has been a moderate decline in participation rates. 
This is an added incentive to lose no time in analys-
ing the data on participation. The section concludes 
by listing possible causes for the observed changes in 
participation rates.

Chapter 3 presents the national screening outcomes 
for 1990 to 2011 in terms of referral rates, detection 
rates and tumour stages in screen-detected breast 
cancer cases. 

The	Dutch	screening	programme’s	transition	to	dig-
ital screening mammography was fully completed in 
2010. Chapter 4 supplements the previous section by 
comparing analogue and digital techniques in terms 
of the main screening results obtained. 

There was a long wait until recent data on interval 
cancers became available, but in 2012 the national 
link-up between screening and the Cancer Registry 
was	finally	established.	 In	2013,	data	became	avail-
able	 on	 interval	 cancers	 (detected	 in	 the	 first	 two	
years after screening) in the entire group of women 
screened in the period from 2004 to 2009. These re-
sults are presented in Chapter 5. 

Chapter 6 describes the changes in breast cancer mor-
tality over the past 40 years. It also summarises the 
findings	of	some	recent	Dutch	studies	into	the	rela-
tionship breast cancer mortality (which is in decline) 
and the screening programme. 

Chapter 7 lists the costs incurred by the screening 
programme for the period from 2008 to 2013, divided 
into regional and national costs. 

Overdiagnosis is considered to be one of the major 
harms of mammographic screening. However, this 
is often (quite wrongly) equated to the temporary 
increase in breast cancer incidence resulting from 
mammographic screening. Chapter 8 shows the best 
way to calculate the extent of overdiagnosis. It also 
gives best estimate for overdiagnosis in the Dutch 
screening programme. 

Chapter 9 deals with the outcomes of mammographic 
screening tests at three levels: the entire population 
being screened, subgroups, and individual partici-
pants. Longitudinal data from the Nijmegen screen-
ing programme was used for this purpose. 

Chapter 10 is both a discussion and a summary. The 
main	findings	presented	in	this	evaluation	report	are	
reviewed, then correlated with one another.
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2.1 Target population

On 1 January 2012, the Netherlands had a total of 
2,598,747 women in the 49 to 74 age group. This corre-
sponded to 30.8% of the entire Dutch female popula-
tion	(source:	Statistics	Netherlands).	In	1998,	the	first	
year in which women aged 69 to 74 also became eli-
gible for screening, this overall share was just 25.8%. 
The size of the target population increased continu-
ously from the 1990s onwards. Accordingly, in 2012, 
it was 27.3% higher than in 1998, while the total fe-
male population increased by 6.7% in the same peri-
od (ageing of the population). 

Target population, invitations and 
participation 1990 – 2012

a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a

Figure 2.1 shows the age distribution of the female 
population in the Netherlands for 1990, 2000 and 
2012. The ages of the target groups are shown be-
tween	the	horizontal	grey	lines.	Based	on	the	figure,	
it can be deduced that the size of the target group will 
stabilise over the next ten years. From then on it will 
decline as the subsequent, smaller birth-year cohorts 
become eligible for the screening programme.
Figure 2.2 shows the numbers of women in the target 
population (for each individual age in this range) for 
the period from 2007 to 2012. The peak in the plots 
corresponds to women born in the second half of the 
1940s, who are now around 65 years of age. Despite 

2

Figure 2.1
Age-distribution of the 
female population in the 
Netherlands in 1990, 2000 
and 2012, between gray 
horizontal lines targeted 
ages (Source: Statistics 
Netherlands)
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the women in question have re-registered for the 
screening programme. This means that subsequent 
invitations will not be sent to every woman who, at 
that point in time, is a member of the target group 
in	 question.	 Since	 1997	 (the	first	 year	 in	which	 de-
finitive	 non-participation	 was	 measured)	 the	 over-
all share ranged from 2% to 7% of the target group, 
per year (Figure 2.3). This overall share tripled when 
the breast cancer screening programme was expand-
ed to cover women of up to 75 years of age. It sub-
sequently fell to 4%, but increased again after 2006, 
reaching nearly 6% in 2012. This is partly due to the 
increasing number of women with breast cancer (ei-
ther screen-detected cancer or interval cancer) in the 
target population. The status of “no further invita-
tions” can only be requested by the woman in ques-
tion. Accordingly, regions tend to vary in terms of the 
level of detail that they record.

Calculation of the participation rate
The participation rate (“attendance rate”) is calculat-
ed simply by dividing the number of women who re-
spond to the invitation by the total number of women 
invited. Unlike subsequent invitations, however, ini-
tial	invitations	also	include	in	the	‘invited’	category	
those	women	who	later	definitively	withdraw	from	
the screening programme. When subsequent invita-
tions are issued these women are no longer included, 

this striking peak, the average age of the women in 
the target population (between 59.8 and 60.1 years of 
age) has remained virtually constant since 1998.

2.2 Invitations 

Definitive non-participation
In any given year, initial invitations are sent to all 
those women who have just joined the target group 
for	the	first	time.	Since	about	the	year	2000,	these	are	
mainly women who, in the year in question (depend-
ing on the screening schedule for their place of resi-
dence), will reach the age of 50 or 51. Invitations are 
also sent to a number of older women who have only 
recently taken up residence in the Netherlands. 
Some women respond to the initial invitation (or a 
subsequent invitation) by indicating that they do not 
wish to participate in the screening programme. In 
subsequent screening rounds, no further invitations 
are	 sent	 to	 these	 women	 (definitive	 non-participa-
tion). If they change their minds at a later date, they 
can always re-register. They will then be sent an in-
vitation when it is time for the next screening exam-
ination. In addition, no further invitations are sent 
to any women who report either that they are being 
treated for breast cancer or that they are still having 
clinical check-ups. Invitations will only be sent when 

Figure 2.2
Age-specific target popu-
lation 2007-2012
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2 – Target population, invitations and participation 1990–2012

so the denominator (the number of women invited) 
is, relatively, slightly smaller than is the case with in-
itial invitations, resulting in a slightly more favour-
able participation rate. 

Invitation interval
Women are invited by groups, per postcode area (or 
areas). Invitations for the next round of screening 
must be issued within 24 + 2 months of this date. It 

is not always possible to achieve this, however, due 
to	 changes	 in	 local	 authorities’	 invitation	 sched-
ules. Such changes may result from a lack of capac-
ity or from the commissioning of a new, additional 
screening unit. At the individual level, this means 
that some women will not receive subsequent invi-
tations within the prescribed period of 24 + 2 months 
(Figure 2.4). In addition, those women who move to 
another local authority area (postcode area) may re-

Figure 2.3
Proportion (%) of defi-
nite non-participation 
(defNP) 1997-2007

Figure 2.4
Proportion (%) of women 
re-invited within 22-26 
months after the previous 
invitation, 2002-2012

7%

8%

definitieve non-participatie (dNP) 
definite non-participation (dNP)

defNP

5%

6%

7% defNP

2%

3%

4%

5%

0%

1%

2%

1997 1999 2001 2003 2005 2007 2009 2011
0%

1997 1999 2001 2003 2005 2007 2009 2011

LETB/NETB, 2014

70%

80%

90%

30%

40%

50%

60%

70%

0%

10%

20%

30%

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
02

20
03

20
0 4

20
05

20
06

20
07

20
08

20
09

20
1 0

20
11

20
12

LETB/NETB, 2014



6

a a a

National evaluation of breast cancer screening in the Netherlands 1990 – 2011/2012

ceive their subsequent invitations either before or 
after this deadline. Over the past decade, about 75% 
of those women being invited to participate in their 
next screening test actually received the subsequent 
invitation on time.
In terms of being able to guarantee an average screen-
ing interval of about two years, the most important 
factor is that the women in question receive their in-
vitation to the next round of screening in good time. 
Figure 2.5 shows that the average individual screen-

ing interval for subsequent screening tests is equal 
to the average individual invitation interval. There 
are slight differences between the sets of aggregat-
ed data underpinning calculations of these average 
intervals (two-monthly periods in the case of the in-
vitation interval compared to three-monthly periods 
for the screening interval). As a result, they are not 
entirely comparable. In addition, the average invita-
tion interval may be slightly longer than the average 
screening interval. Nevertheless, after 2010, there 

2010
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Figure 2.5
Mean individual invitatio-
nal (Invit) and screening 
interval in months, 2002-
2012

Figure 2.6
Number of invited and 
screened women, and 
participation rate (%) by 
year (1990-1997: 50-69 
years; 1998-2012: 50-75 
years)
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2 – Target population, invitations and participation 1990–2012

was a further, clear reduction in the average invita-
tion interval. In 2012, it even fell below the two-year 
mark, leading to a reduction in the average individu-
al screening interval. 

2.3 Participation

A new record was set in the year 2000, when invita-
tions were sent to more than one million women. This 
rising trend continued, and in 2012 the total number 
of invitations reached 1,266,559 (Figure 2.6). The par-
ticipation rate rose gradually from 72.5% in 1990 to 
80.1% in 1998. However, it fell back slightly around 

the year 2000, when the screening programme was 
expanded to cover women of up to 75 years of age. 
From 2003 onwards it began to rise again, reaching 
a maximum of 82.4% in 2007. Since 2008, there has 
been a slight decrease of about 0.5% per year, result-
ing	in	a	figure	of	79.6%	in	2012.

The slight decline in participation rate was seen in 
all age groups. This involved both initial and subse-
quent invitations, as well as the majority of sub-re-
gions (the area covered by a reading unit). Another 
factor was an increase in the percentage of women 
who did not participate in the last two rounds of 
screening (Figure 2.7). 

Figure 2.7 Participation rate (%) A: by age group, 1990-2012; B: 1st and subsequent invitations (all ages), 1993-2012;  
C: by subregional areas, 2007-2012; D: per cent distribution of (non-)participation in two successive scree-
ning rounds, 1992-2012 (+: participation; -: non-participation)
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Table 2.1 Participation 2007-2012 first and subsequent invitations

Alle uitnodigingen / All invitations 2007 2008 2009 2010 2011 2012

Oorspronkelijke uitnodigingen
Initial invitations

1.108.163 1.120.828 1.121.185 1.193.347 1.230.577 1.266.559

  -  deelname oorspronk. uitnodiging
  -  participation initial invitations

80,9% 80,5% 80,0% 79,2% 78,4% 77,9%

Herinneringsuitnodiging 
Reminder invitation

111.298 102.813 95.152 109.519 119.462 123.110

  -  deelname herinneringsuitnodiging
  -  participation reminder

15,0% 16,2% 17,0% 17,2% 18,0% 18,3%

Totaal onderzocht / Total screened 912.679 918.885 913.483 963.740 985.805 1.008.644

Totale deelname (%) / Total participation (%) 82,4% 82,0% 81,5% 80,8% 80,1% 79,6%

Gestandaard. deelname 49-74 jaar
Age-adjusted participation 49-74 years

82,25% 81,86% 81,35% 80,61% 79,97% 79,50%

95% C.I.
(82,18%, 
82,33%)

(81,79%, 
81,94%)

(81,28%, 
81,42%)

(80,54%, 
80,68%)

(79,90%, 
80,04%)

(79,43%, 
79,57%)

Vervolguitnodigingen 
Subsequent invitations

2007 2008 2009 2010 2011 2012

Oorspronkelijke uitnodigingen
Initial invitations

984.217 999.155 999.641 1.061.833 1.101.074 1.132.885

  -  deelname oorspronk. uitnodiging
  -  participation initial invitations

81,4% 80,9% 80,5% 79,7% 79,0% 78,5%

Herinneringsuitnodiging
Reminder invitation

93.848 85.244 77.511 88.350 96.209 98.221

  -  deelname herinneringuitnodiging
  -  participation reminder

14,7% 16,2% 17,2% 17,5% 17,9% 17,8%

Totaal onderzocht / Total screened 814.705 822.570 818.304 862.130 887.043 906.666

Totale deelname (%) / Total participation (%) 82,8% 82,3% 81,9% 81,2% 80,6% 80,0%

Gestandaard. deelname 50-74 jaar
Age-adjusted participation 50-74 years

82,64% 82,17% 81,68% 80,97% 80,35% 79,80%

95% C.I.
(82,56%, 
82,71%)

(82,09%, 
82,24%)

(81,60%, 
81,76%)

(80,89%, 
81,04%)

(80,28%, 
80,43%)

(79,72%, 
79,87%)

Eerste uitnodigingen / First invitations 2007 2008 2009 2010 2011 2012

Oorspronkelijke uitnodigingen
Initial invitations

123.946 121.673 121.544 131.514 129.503 133.674

  -  deelname oorspronk. uitnodiging
  -  participation initial invitations

76,8% 76,8% 76,0% 74,6% 73,1% 72,5%

Herinneringsuitnodiging
Reminder invitation

17.450 17.569 17.641 21.169 23.253 24.889

  -  deelname herinneringuitnodiging
  -  participation reminder

16,2% 16,4% 16,2% 16,3% 18,8% 20,4%

Totaal onderzocht / Total screened 97.974 96.315 95.179 101.610 99.028 101.978

Totale deelname (%) / Total participation (%) 79,0% 79,2% 78,3% 77,3% 76,5% 76,3%

Gestandaard. deelname 49-54 jaar
Age-adjusted participation 49-54 years

79,74% 79,23% 78,73% 77,81% 76,78% 76,94%

95% C.I.
(79,51%, 
79,97%)

(79,00%, 
79,46%)

(78,50%, 
78,96%)

(77,58%, 
78,04%)

(76,55%, 
77,01%)

(76,71%, 
77,17%)

Instromers 1e screeningsronde
Newcomers 1st screening round

2007 2008 2009 2010 2011 2012

Deelname 49-50 jaar (ruw)
Participation 49-50 years (crude)

80,3% 79,8% 79,0% 78,1% 77,3% 77,1%

Deelname 49-50 (gestandaard.)
Participation 49-50 (age-adjusted)

80,3% 79,8% 79,1% 78,1% 77,3% 77,2%

95% C.I.
(80,09%, 
80,55%)

(79,54%, 
80,00%)

(78,83%, 
79,30%)

(77,88%, 
78,34%)

(77,09%, 
77,56%)

(76,96%, 
77,42%)

Deelname 49-51 jaar (ruw)
Participation 49-51 years (crude)

80,1% 79,7% 78,9% 77,9% 77,1% 77,0%

Deelname 49-51 (gestandaard.)
Participation 49-51 (age-adjusted)

79,0% 79,0% 77,9% 77,2% 75,9% 75,8%

95% C.I.
(78,78%, 
79,25%)

(78,81%, 
79,27%)

(77,64%, 
78,11%)

(76,99%, 
77,45%)

(75,63%, 
76,10%)

(75,55%, 
76,02%)

LETB/NETB, 2014
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Participation by screening round and age
Table 2.1 shows that the decline involves all types of 
invitations, as well as the number of 49-50 year olds 
who	are	enrolling	in	the	programme	for	the	first	time.	
Based on the age-adjusted (“standardised”) participa-
tion rates, this year-on-year decline in all invitations 
and in the invitations for subsequent screening tests 
is	statistically	significant	(bold	numbers).	
In the case of initial invitations, on the other hand, 
the 2012 decline was not the start of a trend. Further-
more, the standardised participation rate of 76.94% 
was slightly higher than in 2011 (76.78%), although 
this	 difference	 is	 not	 significant.	 In	 the	 case	 of	 ini-
tial invitations (which can be for women of any age), 
standardised participation can also be distorted by 
the presence of a few older women who are being in-
vited	for	the	first	time.	This	is	because	their	participa-
tion rate often differs from that of younger women. In 
2007, 6,603 women above the age of 54 were invited 
for	the	first	time	(5.3%).	After	2007	this	overall	share	
fell sharply. In 2008 there were 1,256 (1.0%) invitees, 
followed by 1,337 (1.1%) in 2009, 1,527 (1.2%) in 2010, 
1,483 (1.1%) in 2011, and 1,603 (1.2%) in 2012.
Purely in terms of the initial invitations issued to 
women in the 49-50 or 49-51 age groups who were 
enrolling	 in	the	screening	system	for	the	first	time,	
the	participation	rate	 in	2012	was	not	significantly	
different from that observed in 2011. This is all the 
more remarkable given that, in the preceding years, 
this	age	group’s	participation	rate	had	declined	much	
more than the participation rate for invitations to 
subsequent screening tests. Figure 2.8 shows that the 
participation rate associated with initial invitations 
is mainly determined by individuals aged 49 and 50. 
Together, women of these ages made up nearly 95% 

A number of sub-regions for which data was not avail-
able for the entire period were not included in Figure 
2.7, C. Furthermore, no 2011-2012 data is shown for 
sub-regions whose boundaries were re-drawn after 
2011. 
Seventy six percent of the women who were invited 
to participate in the 2010 and 2012 screening tests 
actually took part on both occasions. A further 11% 
participated in just one of the two screening rounds, 
and 13% did not take part on either of these occasions. 
Since 2007, the overall share of consistent partici-
pants has decreased slightly, while the proportions of 
non-participants and irregular participants have in-
creased slightly.

2.4 Further analysis of participation 
data

When the initial results of the 2009 reporting year 
showed a slight decline in participation rate for the 
second consecutive year, it was suspected that this 
might be an emerging trend. From then on, succes-
sive batches of participation data were retrieved at 
an earlier stage and analysed. In 2012, the NETB re-
ported to the Centre for Population Screening/RIVM 
on	factors	that	might	have	influenced	participation	
rates in the period from 2007 to 2011 (NETB, 2012). 
The question was whether, based on NETB data and 
supplementary data from the screening database, 
there was any evidence that the trend change affect-
ing participation was more pronounced than average 
in a given subgroup. Firstly a few parts of this report 
will	be	updated	here,	then	the	report’s	main	findings	
will be summarised.

Figure 2.8 Participation of newly invited young women (“newcomers”, first invitation) aged 49, 50 and 51 years, 2001-
2012
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of all initial invitees. Women aged 51 accounted for 
only 3-4% of all initial invitations.

Alternate year participation rate
As a large proportion of the women invited in any 
given year will also have been invited two years pre-
viously, it makes sense to examine trends in partici-
pation rates for that year as well. In Figure 2.9, the 
change in participation rate relative to that recorded 
two years previously is presented by screening round 
or type of invitation (A) and age (B).
For instance, total participation fell by 2% in both 
1999 and 2000, relative to 1997 and 1998. Indeed, in 
1999, participation in response to initial invitations 
was a full 6% lower than it had been in 1997 (the ac-
tual	figures	were	72.9%	and	77.9%;	Figure	2.9,	A).	At	

the time, that temporary decline was mainly attrib-
uted to the expansion of the screening programme 
to cover women of up to 75 years of age. From 1998 
onwards, that change boosted the overall share of 
older invitees with lower average participation rates. 
In recent years, the decline compared to the situa-
tion two years previously peaked at over 2% in 2010 
(compared to 2008) and in 2011 (compared to 2009). 
By 2012, it had fallen to 1.5% less participation than 
in 2010. 
In 2010 and 2011, initial invitations showed the great-
est decline in alternate year participation rates. Over 
the past ten years, however, initial invitations have 
mainly involved young women who had not been el-
igible for an invitation two years previously. Accord-
ingly, the greatest decline was seen in the 49-54 age 

Figure 2.9
Per cent change of par-
ticipation rate in given 
year (“year X”) compared 
with two years before 
(“year X-2”), 1992-2012
A: by screening round 
(first, subsequent or all 
invitations)
B: by age group
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group (Figure 2.9, B). This indicates a change in par-
ticipation	 behaviour	 that	 cannot	 have	 been	 influ-
enced by previous experiences with the screening 
programme.

Reminder invitations
Women who fail to respond to an invitation (‘origi-
nal	invitation’)	are	sent	a	reminder	letter	a	few	weeks	
later. Some of the women in question respond to this 
reminder by taking part in the screening programme. 
It has traditionally been the case that where the orig-
inal invitation resulted in a relatively low participa-
tion rate, the reminder invitation makes a relatively 
greater contribution to the overall participation per-
centage, and vice versa.
Since 1993, reminder invitations made annual contri-
butions of between 1.5% and 2.1% to the overall par-
ticipation percentage (Figure 2.10, A). With regard to 
invitations for subsequent screening tests, this per-
centage was slightly lower. Conversely, in the case of 
initial invitations, the contribution made by remind-
er invitations was consistently in excess of 2%, even 
rising to as much as 3.8% in recent years. 
Over the years, the levels of participation generated 
by reminder invitations have varied from 10% to 20% 

(Figure 2.10, B). Since 2003, the participation rate in 
response to all types of invitations (including invita-
tions for subsequent screening tests) has increased. 
The opposite is true of initial invitations over the 
same period, until 2010. From 2011 onwards, howev-
er, participation in response to a reminder following 
an initial invitation increased again, reaching 20.4% 
(the highest level ever) in 2012.
Since	the	early	years	of	the	twenty-first	century,	 in-
itial invitations have mainly involved relatively 
young women around the age of 50. Reminder invi-
tations are particularly important for this group. Its 
members tend to lead busy lives, so invitations to 
fixed	appointments	can	be	rather	inconvenient.	In	re-
cent years, screening organisations have been exper-
imenting with reminder invitations, for instance by 
no	longer	offering	a	fixed	examination	date	and	lo-
cation. The women involved can then make appoint-
ments for a time and location that suits them best. 
The rise in annual participation rates over the past 
few years, in response to reminder invitations, may 
indicate	 that	 the	modified	 invitation	policy	 is	bear-
ing fruit in this regard. From a different viewpoint, 
it is valid to ask whether the previous more ‘direc-
tive’	reminder	invitation	policy	(fixed	date	and	loca-
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Figure 2.10
Participation (%) due to 
reminder invitation:
A: contribution to the 
overall participation rate, 
and
B: participation following 
the reminder invitation
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tion) adversely affected participation rates. However, 
this question cannot be answered on the basis of the 
NETB data alone. 

Number of women who participate less
After 2007, there was a year-on-year decline in partic-
ipation rates of 0.4% to 0.7%. That equates to around 
1% over a period of two calendar years. In a popula-
tion of around 1.2 million invitees, this amounts to 
about 10,000 extra women who do not participate in 
any given year. 
In spite of increased breast-cancer detection rates, 
the continual rise in referral rates since 1996 has led 
to an increase in the number of women with false-
positive screening results. In the last few years, this 
has	affected	about	 ten	 to	fifteen	 thousand	women	
per year. Women with a false-positive result do not 
always return to the screening programme. Some 
undergo regular hospital check-ups for many years, 
which also involve clinical mammography. Others 
are	disappointed	or	dissatisfied	with	the	programme,	
due	 to	 this	 ‘false	 alarm’.	 If	 the	majority	 of	women	
with false-positive results stopped participating in 
screening programmes, this might account for the 
declining participation rate.
For this reason, the subsequent participation behav-
iour of women with a false-positive result has been 
studied since 2002. This work is supported by the Re-
gional Screening Organisation South-West and FSB 
(a foundation for general and technical cooperative 
support in the screening programme). On average, 
70% to 80% of these women are invited to partici-
pate in the next round of testing. In 2010, for exam-
ple, invitations were sent to 8,536 (75%) of the 11,415 
women who had a false-positive result in 2008. If 
every woman with a false-positive result failed to re-
spond when invited to participate again two years 

later, then the participation rate would be about 1% 
lower than the observed value (Figure 2.11). 
However, an examination of the actual participation 
behaviour of women who obtained a false-positive 
result in the previous round, reveals an entirely dif-
ferent picture (Figure 2.12). It appears that three out 
of four women with a false-positive result still partic-
ipate in the next round of screening when invited to 
do so. Indeed, such participation shows a rising trend 
over the course of time.
For many years, women with true-negative results 
(“other”) in the previous round have shown a par-
ticipation rate of around 95% (Figure 2.12). Each year, 
invitations are also issued to around 1,000 to 2,000 
women with a true-positive (TP, screen-detected can-
cer) or false-negative (FN, interval cancer). Most of 
these individuals are probably women with an inter-
val cancer of which the screening organisation was 
unaware when it issued the subsequent invitation. 
Such women participate only to a minimal extent, 
which has an adverse impact on the overall partic-
ipation rate. However, the numbers involved are so 
small that the actual effect is negligible.
Figure 2.12 also shows that the level of participa-
tion by women who did not get a true-negative re-
sult (“other”) in the previous round has always been 
low, even in the period when participation rates were 
increasing almost continuously. It is indeed remark-
able that, during the very years in which overall par-
ticipation rates begin to decline, these rates started 
to rise in women with false-positive (FP), true-posi-
tive (TP) or false-negative (FN) results. A similar trend 
was also observed by the South-Western Screening 
Organisation during a study into the determinants of 
participation. If these women had participated at the 
same level as the national average, then the nation-
al participation rate since 2004 (and probably even 

Figure 2.11
Observed (DN-NL) and 
expected (DN-FP) par-
ticipation rate (%) if all 
women with a previous 
false-positive screening 
result would not parti-
cipate
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before that) would have been 0.1% to 0.2% higher. 
Accordingly, the recent fall in the participation rate 
cannot be ascribed to women with a false-positive re-
sult.

2.5 Possible reasons for the decline in 
participation

The slight decrease in participation may have been 
caused by the screening programme itself or by the 
target group, but external factors may also be in-
volved (NETB, 2012). 
As far as the screening programme is concerned, it 
is certain that neither a re-drawing of screening re-
gion boundaries (with all of the associated changes 
in the computerised information system) nor the re-
cent increase in the number of women with false-
positive screening results has contributed to the 
decline	in	participation.	It	is	difficult	to	identify	any	
effects generated by organisational issues (possible 
problems with the location of the mobile screening 
units, changes to invitation policy) or by the revised 
and more balanced information material that has 
been available since 2007. However, there is insuf-
ficient	evidence	that	these	factors	have	contributed	
to the observed decline (Intomart-GfK, 2012). In-
creasing numbers of younger women with a famil-
ial predisposition to breast cancer have been traced 
after screening detected breast cancer in their moth-
ers and aunts. One effect of this might be that, after 
years of clinical check-ups, fewer of these women 
tend to enrol in the programme. How many women 
this involves remains to be investigated. Whether 
digital mammography leads to higher levels of per-
ceived pain is still debated, but if so, then this should 

mainly be limited to those invited to return for a sub-
sequent screening test. 
An increasing proportion of women in the target 
group	are	being	definitively	excluded	 from	 the	 reg-
ular	 invitation	process	 (definitive	non-participants),	
partly as a result of the detection of breast cancer 
during	screening.	The	 level	of	definitive	non-partic-
ipation is highest among older women. This group 
makes up a shrinking proportion of the overall target 
population, due to screening take-up in recent years 
by the numerically superior baby boom generation. 
A study has been carried out into determinants re-
lated to non-response in the breast cancer and cervi-
cal cancer screening programmes conducted by the 
South-Western Regional screening Organisation. The 
findings	showed	that	women	living	in	highly	urban-
ised areas, who were either born outside the Neth-
erlands or who are non-Western nationals, were 
proportionally more likely to drop out between the 
2007/2008 and 2009/2010 screening rounds (Blauw-
Research, 2012). However, unless this factor was sig-
nificantly	different	 in	 the	past	 (when	participation	
was still rising) it would not wholly account for (or 
contribute to) the declining participation rate. Data 
obtained by the National Evaluation Team for Breast 
Cancer Screening in the Netherlands (NETB) in the 
1990s showed that, even then, the participation per-
centage was inversely proportional to the level of 
urbanisation. Around 20,000 to 25,000 Turkish and 
Moroccan women become eligible for screening each 
year. The available data suggests that this group has 
always	 had	 a	 significantly	 lower	 participation	 rate	
(50% or less). Accordingly, only complete non-partic-
ipation by this group of women would substantially 
reduce the overall participation rate (by about 0.9%). 

Figure 2.12
Reattendance (%) depen-
ding on screening result 
in preceding round; FP= 
false-positive; TP=true-
positive; FN= false-
negative
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Women in their forties, in particular, make use of 
mammography outside the context of screening pro-
grammes, in what is known as opportunistic screen-
ing. If these individuals opt to continue with regular 
clinical	check-ups	beyond	the	age	of	fifty,	this	could	
adversely affect participation rates, especially among 
those being invited to attend their initial screening 
test. However, virtually nothing is known about the 
extent of opportunistic screening in the Netherlands. 
Since the year 2000, the incidence of breast cancer in 
women between the ages of 46 and 48 has been ris-
ing. This, together with the proportionally greater 
increase in the incidence of in situ cancers, might in-
dicate increased screening activity in this age group. 
Since the year 2000, screening programmes have 
been the subject of persistent criticism in medical 
journals and the lay media. This has allegedly led to a 
change in attitude towards screening among general 
practitioners and specialists. However, a survey com-
missioned by the Centre for screening (part of the 
National Institute for Public Health and the Environ-
ment)	has	shown	that	GPs	play	no	significant	part	in	
determining whether to take part in screening or not. 
Nothing is known about the extent to which women 
in	 the	 target	 group	 allow	 themselves	 to	 be	 influ-
enced by critical voices in the media. Nor is it known 
whether the increased focus on breast cancer care 
(partly fuelled by interest in prominent breast can-
cer patients) has reduced the perceived threat from 
breast cancer and, as a result, the perceived necessi-
ty of screening. This also applies to possible ‘compe-
tition’	from	the	upcoming	screening	programme	for	
colorectal cancer.
The last remaining possibility is that the slight de-
cline may be due to a favourable development, name-
ly that women in the target group are becoming 
increasingly better informed about the pros and cons 
of early detection and mammography screening. Re-
search has shown that the best informed women in 

this regard are those who are now becoming eligible 
for the cervical cancer and breast cancer screening 
programmes (Van Agt, 2008). If this leads to nothing 
more than well-informed, non-participation then 
this can also be seen as a positive development.
In	conclusion,	it	can	be	stated	that	no	specific	cause	for	
the observed decline in participation rates can, as yet, 
be	identified.	The	most	likely	explanation	seems	to	be	
that this is due to a combination of several different 
factors. The main recommendation is that an assess-
ment should be made of the level of opportunistic 
screening and of clinical check-ups in women with a 
familial predisposition. An investigation should also 
be carried out into whether a prolonged sequence of 
clinical check-ups does indeed deter women from en-
rolling in the screening programme.
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increase, to 986,885 (Figure 3.1). In total, nearly 15.2 
million tests have been performed since 1990, 20% 
of which were initial screening tests and 80% subse-
quent screening tests. In recent years, however, the 
overall share of initial screening tests has dropped to 
between 11% and 12%. Since 2003, the overall share 
of subsequent screening tests at intervals of 2.5 years 
or more has remained at about 4.5%. After 2008, the 
overall share of digital mammography rose sharply, 
reaching 42% in 2009 and 94% in 2010. 2011 was the 
first	year	in	which	mammography	was	entirely	dig-
ital.

This section presents the national results obtained 
by the breast cancer screening programme over 
time,	mainly	through	the	use	of	figures.	Appendix	II	
presents	the	key	results	in	a	summary	table;	detailed	
figures	 per	 year	 and	 type	 of	 screening	 test	 can	 be	
found in Appendix IV.

3.1 Screening tests

In the period from 2007 to 2009, the number of 
screening tests appeared to have stabilised, at around 
915,000. In 2011, however, there was a further sharp 

Figure 3.1
Number of initial 
screens, regular 
subsequent screens 
within 2.5 years, and 
subsequent screens 
>=2.5 years by year, 
1990-2011 (shaded 
areas: digital screening 
exams)
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ceived invitations at 24 to 25 month intervals. In 2005 
and 2011, the average individual screening interval 
was	less	than	two	years	(23.9	months;	Figure	3.3,	bot-
tom line on the x-axis).
Over the past ten years, the maximum difference 
in average interval length for regular subsequent 
screening tests was 0.8 months. While this may not 
seem much, it does mean that, within the 2.5 year pe-
riod, more than 800,000 women are screened more 
than three weeks later, possibly generating a slight 
increase in the detection rate as a result.

3.2 Screening interval

The length of the screening interval is primarily de-
pendent on the time at which previously screened 
women receive their invitations to the next screen-
ing. About 75% of women will receive invitations to 
the subsequent screening test within a period of 24 
months + 2 months.
Figure 3.2 shows the percentage of invitations per 
period of time after the last screening, from 2005 to 
2011. This shows that, in most years (with the excep-
tion of 2005 and 2011), the majority of women re-

For practical reasons, regular subsequent screening is defined as subsequent screening that is performed within a 
period of 2.5 years after the previous screening test. This seems to be a very wide margin, given that the formal 
screening interval is just two years. However, it is virtually impossible to guarantee this interval for large groups 
of women, even if invitations were to be issued at individual level. That would involve offering women a screening 
test date that is exactly two years later, moreover these individuals would preferably not be allowed to change 
this appointment. In reality, invitations to women to participate in the Dutch breast cancer screening programme 
are issued at group level (postcode areas). In the majority of cases, the date on the invitation is determined by 
the period in which the mobile screening unit can next be moved to the town or city in question. Moreover, these 
women have the option of choosing another screening test date, and it is estimated that 30% of them actually do 
so. Finally, if they move to another town or region, women can find themselves in a completely different screening 
schedule.

Figure 3.2
Per cent distribution 
of length of the mean 
individual invitational 
interval in months, 2005-
2011
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3.3 Recommendations for referral

For	 the	first	 time,	more	 than	20,000	 tested	women	
were referred to hospital for further tests in 2011. The 
actual	figure	involved	was	21,129,	or	21.4	per	1,000	
screened individuals. As Figure 3.4 shows, referral 
rates have risen continuously since 1996 (when the 
breast	 cancer	 screening	 programme	was	 first	 fully	
implemented), more than doubling in the interven-
ing period.
The referral rate is dependent on factors such as the 
type of screening test (initial or subsequent screening 
test) and the age distribution of the group of women 
being tested. In Figure 3.5, the progression of the re-

ferral rate over time (from Figure 3.4) is superimposed 
over the number of screening tests (from Figure 3.1). 
This shows that, from 1994 onwards, the majority of 
screening tests performed were subsequent screen-
ing tests (in which relatively fewer women were rec-
ommended for referral). At the same time, there was 
a fall in the average age of women attending their in-
itial screening test. This is because, from the second 
screening round onwards, in any given town or city, 
all of the women receiving their initial invitation 
will be aged around 50 (at which age they are less 
likely to be referred). These developments account, to 
some extent, for the initial decline in the referral rate 
up to 1996.

Figure 3.4
Number of referral 
recommendations and 
crude referral rate per 
1000 by year, 1990-2011

Figure 3.5
Number of screening 
examinations and 
referral rate per 1000, 
1990-2011
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However, when the referral rates for initial and regu-
lar subsequent screening tests (interval < 2.5 years) 
are examined separately, then the referral rate for 
subsequent screening tests in the early 1990s also 
appears to have declined (Figure 3.6, A). It should be 
noted that, in the interests of comparability over a 
protracted period of time, the data in question was 
adjusted for possible differences in age structure. In 
the mid 1990s, the number of cases of breast cancer 
detected by screening was considered to be too low 
(see Section 3.4), so screening radiologists were en-
couraged to boost the number of referrals. As a result, 
from 1997 onwards, referral rates began to rise again. 
The expansion of the screening programme to cover 
women of up to 75 years of age led, from 2000 to 
2001, to a temporary further increase. This was due 
to the enrolment of a number of older, previously un-
screened women (prevalence screening). From 2008 
onwards, the ever increasing use of digital screening 
tests helped to boost the referral rate still further.
In 2011, the referral rate for initial screening tests 
was 48.8 per 1,000, so it had more than tripled since 
the 1990s. In the same period, the referral rate for reg-
ular subsequent screening tests approximately dou-
bled, reaching 17.4 per 1,000 in 2011. 
The increase in referral rate can be observed across 
all age groups, in both initial and subsequent screen-
ing tests (Figure 3.7). Remarkably, in subsequent 
screening tests from 2001 onwards, the referral rate 
for women aged 50-54 (the youngest age group) is 

higher than that for women aged 55-59 (Figure 3.7, 
A). This is probably due to the fact that the average 
density of breast tissue is higher in younger women. 
With regard to the initial screening tests, the post-
1997 referral rates for women aged 55 and above 
are based on small numbers (around 4,000 per year), 
which	accounts	for	the	large	fluctuations	seen.
Women referred for follow-up
The screening organisations routinely submit their 
monitoring data on 1 October of the year following 
the reporting year. Usually, on that date, there are still 
some	regions	that	do	not	have	sufficient	full	follow-
up data for those women who have been referred. In 
recent years, the increasing number of recommenda-
tions	for	referral	has	made	it	difficult	to	obtain	and	
process all follow-up details in good time. 
The NETB has set a target of at least 95 percent de-
finitive	screening	results,	to	enable	it	to	draw	reliable	
conclusions about the progress of the screening pro-
gramme. In general, this requires that screening data 
be updated in the spring of the second year after the 
reporting year in question. 
Figure 3.8 shows the degree of completeness of the 
data on which this report is based, for the year in 
question. With the sole exception of 1990, this per-
centage for the national total (red bars) has consist-
ently exceeded 97.5%. The dark grey bars represent 
the region with the lowest percentage of follow-up 
data for the year in question. In the past, it was quite 
common for regions to present follow-up data that 
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was	less	than	95%	complete.	In	a	few	cases,	this	fig-
ure even slipped below 90%. Since 2008, however, all 
of the screening regions have been compliant with 
the 95% standard.
In some cases, further diagnostic testing does not 
yield	 a	 definitive	 screening	 result.	 Since	 2002,	 this	
has involved an average of 81 women each year, or 
about 0.5% of all those who received a recommenda-
tion for referral (Table 3.1).

In addition, account should also be taken of those 
women who have lodged an objection to the record-
ing and/or exchange of their data for evaluation pur-
poses. This has occurred on about 4,300 occasions 
since	 the	 screening	programme	was	first	 launched,	
which is equivalent to 0.026% of all the women 
screened. Over the past three years (2009-2011), how-
ever, this amounted to just 0.015% (approx. 150 per 
year) of the women screened. It is unlikely that all of 
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these women received a recommendation for refer-
ral, but this can occasionally be the case. Accordingly, 
the	number	of	women	for	whom	no	final	diagnosis	is	
obtained	would	then	be	slightly	larger	than	the	fig-
ure indicated in Table 3.1.

3.4 False-positive and true-positive 
screening results

False-positive results
The increase in the referral rate from 1998 onwards 
has boosted the number of true-positive results (TP, 
the breast cancer detection rate). It has also led to a 

proportionately much larger increase in false-posi-
tive results (FP) (Figure 3.9). In the case of regular sub-
sequent screening tests, the detection rate increased 
from 3.8 per 1,000 in 1998 to 5.9 per 1,000 in 2011. 
The corresponding increase for initial screening tests 
was from 5.3 per 1,000 in 1998 to 7.2 per 1,000 in 2011. 
At the same time, however, the false-positive rate for 
initial screening tests quadrupled, and the rate for 
subsequent screening tests doubled.
Figure 3.10 shows, however, that the increase in 
false-positive results is mainly due to cases in which 
the diagnosis is based on non-invasive diagnostic 
(imaging) methods. Around the year 2000, half of all 
false-positive results were still based on invasive di-

Table 3.1 Average number and percentage of referral recommendations per year without a final diagnosis, period 
2002-2011

Verwijsadviezen / Referral recommendations 153.047

Geen einddiagnose / Final diagnosis missing 809

Reden geen einddiagnose
Reason for missing final diagnosis

Gemiddeld per jaar (2002-2011)
Annual mean (2002-2011)

N %

overleden vóór einddiagnose / deceased before final diagnosis 5,5 0,04%

vertrokken / moving to another place 8,4 0,05%

client ziet af van nader onderzoek / diagnostic assessment not desired 17,8 0,12%

ingevuld bezwaarschrijft / no permission for follow-up 1,4 0,01%

onvolledige follow-up / incomplete follow-up 11,3 0,07%

niet verwezen of verder onderzocht / not referred or no diagnostic assessment 14,7 0,10%

geen reden / onbekend  no reason / unknown 21,8 0,14%

Totaal / Total 80,9 0,53%

LETB/NETB, 2014

Figure 3.9 True-positive (TP) and false-positive (FP) screen results per 1000 women screened for A: regular subsequent, 
and B: initial screens, 1990-2011
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agnostics (mostly needle biopsies). By around 2010, 
however, just a third of the women who received 
what, with hindsight, proved to be an unnecessary 
recommendation for referral underwent minimally 
invasive diagnostic procedures.

Positive predictive value of the recommendation 
for referral
Over the years, there has been a decline in the positive 
predictive	value	of	referral,	reflecting	the	increasing	
percentage of false-positive screening results (Figure 
3.11, standardised values). The results for subsequent 

screening tests peaked at 56% in 1992, triggering a 
gradual decline in the positive predictive value. By 
2007, this value had fallen to 33%, and it subsequent-
ly stabilised at around this level. The positive predic-
tive value of initial screening tests fell by 30% to 40% 
in the 1990s, reaching a level of 14% in 2011. 

True-positive screening results - detection rate
In 2011, the breast cancer screening programme de-
tected just over 6,000 breast cancers. The combined 
detection rate for invasive and in situ breast can-
cers was 6.2 per 1,000 women screened (Figure 3.12). 

Figure 3.10 Distribution of false-positive screen results per 1000 women screened by invasive (needle biopsy, FP-inv) 
and non-invasive (additional imaging only, FP non-inv) assessment for A: regular subsequent, and B: initial 
screens, 1990-2011

Figure 3.11 Age-adjusted positive predictive value (PPV) of recall recommendation for A: regular subsequent, and B: 
initial screens, 1990-2011
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Never before, since the beginning of the programme, 
had the detection rate exceeded 6.0 per 1,000 (in 1990 
and 1991 prevalence screening had boosted this rate 
to 6.0). The declining percentage of initial screening 
tests	in	the	first	half	of	the	1990s	cut	the	overall	detec-
tion rate to a minimum of 4.2 per 1,000. It then rose 
to	about	5	per	1,000	in	the	first	five	years	of	the	21st	
century. This was due to the rising referral rate and to 
the expansion of the screening programme to cover 
women	of	up	to	75	years	of	age.	This	figure	rose	con-

tinuously from 2005 to 2011. Indeed, the crude detec-
tion rate at the end of this period was more than 20% 
higher than it had been at the beginning.
In 2011, regular subsequent screening tests detected 
5.9 breast cancers per 1,000 women. The correspond-
ing	figure	for	initial	screening	tests	in	that	year	was	
7.2 per 1,000. This detection rate was the highest 
value ever recorded, for both types of screening test. 
Given that, in 2011, the average screening interval for 
regular	subsequent	screening	tests	was	significantly	

Figure 3.12
Number of screen-
detected (invasive and 
in-situ) breast cancers 
and crude detection rate 
per 1000 by year, 1990-
2011

Figure 3.13 Age-specific breast cancer detection rate per 1000 for A: regular subsequent, and B: initial screens, 1990-
2011 
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shorter than in previous years (23.9 months versus 
24.7 months, see Section 3.2), the breast cancer detec-
tion	rate	was	significantly	higher.	This	increased	de-
tection rate is seen in all age groups. In the case of 
subsequent screening tests, in particular, it exhibits 
clear age dependency (as opposed to the referral rate 
which, in recent years, was higher in the 50-54 age 
group than in the 55-59 age group) (Figure 3.13). The 
annual	figure	 for	 initial	 screening	 tests,	 since	2007,	
is just 4,000 to 6,000 screened women aged 55 and 
above, in whom 40-50 breast cancers were detected. 
This	 accounts	 for	 the	 erratic	 fluctuations	 in	 detec-
tion rates in the older age groups (Figure 3.13, right 
panel).

To better estimate the extent to which the detection 
rate has risen over the years, the detection rates in 
Figures	 3.14	 and	 3.15	were	 confined	 to	 those	 ages	
that were eligible for screening throughout the en-
tire period of the screening programme (50-69 for 
subsequent screening tests and 49-54 for initial 
screening	 tests).	 In	 addition,	 these	figures	were	 ad-
justed to compensate for differences in age distri-
bution. Figure 3.14 shows that the detection rate for 
both initial and subsequent screening tests has in-
deed increased. This was a two-stage process. The ini-
tial increase, which occurred in the years preceding 
and following the year 2000, was due to the Optimi-
sation Study, after which the detection rate stabilised 
at a higher level until 2005. This was followed by a 
second stage, which involved a continuous increase 
from 2006 onwards.

Figure 3.15 shows the progression of the detec-
tion rate for various tumour stages, for subsequent 
screening tests (Figure 3.15, A) and for initial screen-
ing tests (Figure 3.15, B). The 1990s mainly showed 
a rising trend in the detection of more large, inva-
sive breast cancers (> 20 mm [T2] at initial screening 
tests and >10 mm [T1c and T2] at subsequent screen-
ing tests). In subsequent screening tests, the increas-
ing detection of T1c tumours (11-20 mm in diameter) 
stabilised	for	the	first	time	in	2002-2005.	Following	a	
further slight increase, it then stabilised for a second 
time from 2009 onwards.
Since 2008, the increase in detection mainly involved 
ductal carcinoma in situ (DCIS) and small invasive 
T1a (<= 5 mm) and T1b (6-10 mm) tumours. As far as 
DCIS is concerned, this undoubtedly resulted from 
the introduction of digital mammographic screening. 
The same may also be true of the small invasive tu-
mours, as international evaluations of digital screen-
ing programmes have found similar results. However, 
these results should be treated with caution, in con-
nection with the increasing use of neo-adjuvant 
therapy from 2005 to 2010. This form of therapy com-
mences with systemic treatment to reduce the vol-
ume of the tumour, which is then removed surgically. 
This results in a situation where the histopatholog-
ical cross-section of the excised tumour is smaller 
than the cross-section seen on the preceding mam-
mogram. To some extent, therefore, the increased de-
tection of T1a and T1b tumours may be an artefact. 
This might also account for sudden stabilisation of 
the long-term increase in the detection rate for T1c 
tumours (especially in subsequent screening tests) in 
the same recent period. 

Figure 3.14 Age-adjusted overall (invasive and in-situ) breast cancer detection rate (stDR) per 1000 with 95% con-
fidence interval (95% C.I.) for A: regular subsequent screens in women aged 50-69 years, and B: initial 
screens in women aged 49-54 years, 1990-2011
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Figure 3.15 Age-adjusted cancer detection rates per 1000 with 95% confidence interval (95% C.I.) of DCIS, invasive 
T1a+T1b tumours (<= 10 mm), T1c tumours (11-20 mm) and T2 tumours (>20 mm), for A: regular subse-
quent screens (50-69 years), and B: initial screens (49-54 years), 1990-2011
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Percentage distribution in stages of screen-
detected cancers
For the sake of completeness, details of the percent-
age distribution of tumour stages are also given here. 
However, this measure is less rigorous where there 
are substantial shifts in the percentages of individu-
al fractions over time, as this creates the impression 
that a particular tumour stage is being detected ei-
ther more frequently or less frequently. Rates, on the 
other hand, provide insight into genuine increases 
or decreases in the detection rate for a given tumour 
stage. 
From 1990 to 2011, a total of almost 78,500 breast 
cancers were detected by the screening programme. 
The actual stage involved was known in 97% of these 
cases. Of these subjects, 15.4% had a DCIS. This per-
centage remained fairly constant until 2008 (13%-
15%), but it then increased to 17.4% in 2009, 20.4% in 
2010	and	19.5%	in	2011	(Figure	3.16;	see	also	Section	
4 and Appendices II and IV). In initial screening tests, 
the level of DCIS was always 2-5 percentage points 
higher. In 2010 and 2011, one quarter of all screen-
detected cancers involved a DCIS. 
Seventy-nine percent of all breast cancers detected in-
volve either a DCIS or a small invasive tumour 20 mm 
or less in diameter (T1). The remainder are mostly in-
vasive T2 tumours (21-50 mm in diameter). T3 and 
T4 tumours are relatively rare, jointly accounting for 
around 1% of all screen-detected cancers. 
Although it clearly involves smaller numbers of 
screen-detected cancers, the percentage of screen-

detected	 cancers	 that	 have	 not	 been	 classified	 ac-
cording to tumour size and tumour stage (TX) in the 
initial screening test is about twice as large as for 
subsequent screening tests (4-5% versus 2-3%). It is 
not clear what might be causing this. The subjects 
in question are mainly younger women, who have 
a relatively high chance of being given neo-adjuvant 
therapy. As a result, some of these tumours may dis-
appear	completely,	which	makes	it	difficult	to	deter-
mine the original size of the tumour.

Lymph node status associated with screen-detect-
ed cancers
Figure 3.17 shows a striking difference between the 
detection rates for lymph node positive and lymph 
node negative invasive breast cancers. The former 
group is characterised by a marked increase until 
2000, followed by a period of stabilisation from 2001 
onwards. The latter group exhibited a more gradual 
increase up to the end of 2011. 
The late 1990s saw the introduction of the sentinel 
node procedure. It is suspected that this may have ar-
tificially	boosted	the	number	of	lymph	node	positive	
breast cancers. The reason is that, unlike the earlier, 
conventional axillary lymph node dissection, only 
a few lymph nodes can be tested using the sentinel 
node procedure. Moreover, the use of increasingly so-
phisticated techniques means that these nodes can 
now be more extensively examined than ever before. 
As a result, there is now a greater chance that me-
tastasising tumour cells will be found in the lymph 

Figure 3.16 Per cent tumour size distribution of breast cancers detected at A: regular subsequent screens in women 
aged 50-69 years, and B: initial screens in women aged 49-54 years, 1990-2011
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nodes. In 1996, the International Union Against Can-
cer	 (UICC)	modified	 the	 international	 classification	
of mammary carcinomas, introducing new codes for 
microinvasion and isolated tumour cells. The post-
2001 stabilisation of the detection rate for lymph 
node positive mammary carcinomas indicates that 
the increase seen in the preceding years can indeed 
be ascribed to the introduction of the sentinel node 
procedure. 
A	more	difficult	question	to	answer	is	why	the	detec-
tion rate for lymph node negative breast cancers is 
increasing. This may be due to the disproportionate 
improvement in the detection rate for small invasive 
tumours, which are predominantly lymph node neg-
ative. It may also be evidence of an increasing back-
ground incidence of breast cancer.

The authorities responsible for monitoring screening 
for breast cancer in the Netherlands did not take ac-
count of the sentinel node procedure until around the 
year 2000. At that point, the screening regions were 
asked to separately register any lymph node nega-
tive breast cancers that were detected purely by sen-
tinel node procedures. Within a few years, it emerged 
that sentinel node procedures had been performed 
in more than half of all screen-detected cancers (Nsn, 
Figure 3.18). 
Of the screen-detected cancers found in recent years, 
75% were lymph node negative and about 25% were 
lymph node positive. At around 30%, there were 
slightly more lymph node positive carcinomas in the 
initial screening tests. Two thirds were lymph node 
negative	 (Figure	 3.18,	A).	 In	 four	 out	 of	 five	 lymph	
node negative breast cancers, lymph node status was 
determined solely on the basis of a sentinel node pro-
cedure.

Figure 3.17 Age-adjusted lymph node positive (N+) and lymph node negative (N-) invasive breast cancer detection 
rates per 1000 women screened with 95% confidence interval (95% C.I.) for A: regular subsequent (50-69 
years), and B: initial screens (49-54 years), 1990-2011
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3.5 Regional (and sub-regional) 
differences in screening results

In the past, the NETB also regularly included region-
al screening results in its reports. However, organi-
sational	 restructuring	 towards	 the	 end	 of	 the	 first	
decade of the 21st century made it impossible to re-
liably	 reconstruct	 the	 regions’	 screening	 results	 for	
protracted periods of time. Moreover, it seemed to be 
more useful to examine and compare screening re-
sults by reading unit (RU) rather than by region. 
A start was made in 2013, with an analysis of results 
by	RU	for	the	period	from	2002	to	2011.	The	first	re-
sults were presented to a Focus Group that had been 
called in by the Executive Board. One preliminary 
finding	was	that	the	referral	rate,	false-positive	rate,	
and	 positive	 predictive	 value	 of	 RUs’	 recommenda-
tions	for	referral	per	year	often	deviate	significantly	
from the national average for the same year, while 
this is not usually the case with the detection rate. 
Additionally,	the	RUs’	results	over	the	years	seem	to	
fluctuate	inconsistently,	so	it	is	difficult	to	assess	an	
RU	on	the	basis	of	a	single	year’s	data.	When	assess-
ing an RU over a protracted period, however, account 
must again be taken of the organisational and per-
sonnel changes that have occurred over time. Simi-
larly, reducing the number of RUs from 28 to 16 has, 
in some cases, resulted in major changes to the com-
position of the radiologist groups in the remaining 
RUs. 

Given that the analyses in question have yet to be 
concluded, it would be inappropriate to include a 
more extensive presentation of results per RU at this 
point. The example shown below (Figure 3.19) indi-
cates how the results per RU can be compared. This 
approach	also	facilitates	coordination	with	findings	
presented in the quality reports issued by the Na-
tional Expert and Training Centre for Breast Cancer 
Screening (LRCB).
The	figure	depicts	age-adjusted	referral	and	detection	
rates over a 10-year period (2002-2011), by RU, with 
95%	 confidence	 intervals	 (vertical	 bars)	 for	 regular	
subsequent screening tests (Figure 3.19, A and C) and 
for initial screening tests (Figure 3.19, B and D). The 
red line shows the national average with a 95% con-
fidence	interval	(red	dotted	line)	for	the	same	period.	
If	 the	confidence	 interval	around	an	RU	value	does	
not overlap with that of the national average, this 
would	represent	a	significantly	anomalous	result.	It	
can	be	concluded	from	the	figure	 that	RUs’	 referral	
rates	 often	 deviate	 significantly	 from	 the	 national	
average referral rate. Yet this only occurs sporadically 
with detection rates. 

However, it is important to make some observations 
at this point. For instance, some RUs do not have 
comprehensive data for the entire 10-year period, as 
it was not always possible to disaggregate regional 
screening data by RU, and because some RUs had not 
been operating throughout the entire period. In ad-
dition,	 the	 geographical	 areas	 screened	 by	 specific	

Figure 3.18 Per cent distribution of lymph node status (Nsn = negative sentinel node) and distant metastases of inva-
sive screen-detected breast cancers at A: regular subsequent screens in women aged 50-69 years, and B: 
initial screens in women aged 49-54 years, 1990-2011
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RUs have changed. Also, there have been personnel 
changes within the radiological staff. These factors 
need to be taken into account when interpreting the 
results. It may be more useful to examine the results 

over a shorter period of time, for example, four years 
(two to three screening rounds). The interval cancers 
should also be involved in the analysis, to obtain a re-
liable impression of the RUs’ performance.

Figure 3.19 Age-adjusted referral recommendation (A, B) and (invasive + in-situ) breast cancer detection rate (C, D) per 
1000 2002-2011 with 95% confidence interval by reading unit (n=28) for A, C: regular subsequent screens 
in women aged 50-74 years, and B, D: initial screens in women aged 49-54 years.

 Red lines: national mean value 2002-2011 with confidence interval.
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In the period from 2004 to 2010, all of the screen-
ing organisations switched to digital mammogra-
phy. This Chapter evaluates the performance of the 
screening programme in this period of transition – in 
terms of referral rate, detection rate, and positive pre-
dictive	value	(PPV)	–	by	comparing	the	figures	from	
the various reading units. A single reading unit as-
sesses the tests from various screening units. De-
pending on the extent to which digitisation has been 
adopted, the screening tests submitted to a reading 
unit will either be purely analogue, a mixture of an-

alogue and digital, or purely digital (once all of the 
units involved have completed the transition). 
It is this consideration that underpins the compari-
son between reading units. The screening tests are 
classified	into	the	following	three	groups:	1.	Digital	
(DM), 2. Analogue from a reading unit that also as-
sesses digital (SFM), 3. Analogue from a reading unit 
that still only assesses analogue (SFM only). The 
analyses	are	stratified	by	age	(49-54	and	55-74)	and	
screening round (initial screening test and regular 
subsequent screening test).

Table 4.1 Point estimates of recall recommendation (referral), detection rate and positive predictive value by study 
group (2004-2010) with 95% confidence interval (95% C.I.)

DM-group SFM-group SFM-only-group

Verwijscijfer   /   Recall rate
N per 1000 95% C.I. N per 1000 95% C.I. N per 1000 95% C.I.

2004 332 3,39 (3.05; 3.77) 2.659 1,50 (1.45; 1.56) 8.208 1,28 (1.25; 1.31)
2005 742 2,23 (2.08; 2.40) 2.248 1,41 (1.35; 1.47) 8.656 1,35 (1.33; 1.38)
2006 852 2,13 (2.00; 2.28) 2.165 1,42 (1.36; 1.48) 9.902 1,56 (1.53; 1.59)
2007 1.397 2,24 (2.13; 2.36) 2.714 1,57 (1.51; 1.63) 10.806 1,75 (1.72; 1.79)
2008 1.740 2,00 (1.91; 2.09) 5.764 1,59 (1.55; 1.63) 7.841 1,88 (1.84; 1.92)
2009 7.319 2,02 (1.97; 2.07) 6.448 1,73 (1.69; 1.77) 2.270 1,83 (1.75; 1.90)
2010 16.981 1,99 (1.96; 2.02) 801 1,50 (1.40; 1.61)

Detectiecijfer   /   Detection rate
N per 1000 95% C.I. N per 1000 95% C.I. N per 1000 95% C.I.

2004 60 6,53 (5.07; 8.40) 877 4,98 (4.66; 5.32) 2.981 4,67 (4.51; 4.84)
2005 174 5,43 (4.68; 6.30) 706 4,46 (4.14; 4.80) 3.042 4,77 (4.61; 4.95)
2006 211 5,41 (4.73; 6.19) 686 4,47 (4.15; 4.82) 3.254 5,15 (4.98; 5.33)
2007 398 6,38 (5.78; 7.03) 876 5,05 (4.73; 5.39) 3.274 5,31 (5.13; 5.50)
2008 475 5,47 (5.00; 5.99) 1.965 5,42 (5.18; 5.66) 2.243 5,39 (5.17; 5.61)
2009 2.121 5,82 (5.57; 6.07) 2.077 5,54 (5.31; 5.78) 613 4,92 (4.54; 5.32)
2010 5.035 5,89 (5.73; 6.06) 195 3,67 (3.19; 4.22)

Positief voorspellende waarde   /   Positive predictive value
% (95% C.I. % (95% C.I. % (95% C.I.

2004 18% (0.15; 0.23) 35% (0.33; 0.37) 38% (0.37; 0.39)
2005 26% (0.23; 0.30) 34% (0.32; 0.36) 36% (0.35; 0.37)
2006 27% (0.24; 0.30) 33% (0.31; 0.35) 35% (0.34; 0.36)
2007 30% (0.28; 0.33) 34% (0.32; 0.35) 32% (0.31; 0.33)
2008 29% (0.27; 0.32) 35% (0.34; 0.37) 31% (0.30; 0.33)
2009 31% (0.30; 0.32) 35% (0.34; 0.36) 29% (0.28; 0.31)
2010 32% (0.32; 0.33) 27% (0.24; 0.30) - -

LETB/NETB, 2014
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While there was an initial sharp rise in the digital 
group’s	referral	rate,	in	subsequent	years	this	tailed	
off to a level just above that of the analogue groups. 
The	final	referral	rate	was	20	per	1,000	screening	tests.	
Throughout the period of the study, the detection rate 
in the digital group exceeded that of the analogue 
groups, reaching a level of 6 per 1,000 screening tests 
in 2010. The low initial value of the PPV was a direct 
result of a high referral rate and a stable detection 
rate. A falling referral rate boosted the PPV to 32% in 
2010 (Table 4.1).

Significantly	more	cases	of	ductal	carcinoma	in	situ	
(DCIS) were detected in the digital group, regard-
less	 of	 age	 or	 screening	 round.	 Significantly	 fewer	
T1c and T2+ tumours were detected in older women 
(Figure 4.1). The results varied from one region to an-
other. This variation was not constant, nor did it di-
minish during the study period. 
The initial rise in the referral rate had also been ob-
served	in	previous	studies	(Bluekens	et	al,	2012;	Ne-
derend	at	al,	2012;	Karssemeijer	et	al,	2009;	Bluekens	
et al, 2010). The rapid fading of this effect is a direct 
result of the extra training on digital screening pro-
vided by the National Expert and Training Centre for 
Breast Cancer Screening (LRCB). Ultimately, the re-

ferral rate and detection rate obtained with digital 
screening were higher at the end of the study peri-
od, but – in international terms – the referral rate for 
a two-yearly screening programme is still quite low 
(Otten	et	al,	2005;	Vigeland	et	al,	2008;	Hambly	et	al,	
2009;	Vinnicombe	et	al,	2009;	Del	Turco	et	al,	2007;	
Domingo	 et	 al,	 2011;	Van	Ongeval,	 2007,	 Sala	 et	 al,	
2009;	Skaane	&	Skjennald,	2004).	The	LRCB’s	advice	
to reading units is that they should aim for a referral 
rate of 20 per 1,000 screening tests. 
The detection and treatment of DCIS prevents (at 
least, in part) the detection and prevention of inva-
sive	 tumours	 later	 in	 life.	 This	 is	 confirmed	by	 the	
smaller number of T1c and T2+ tumours found in 
older women. The full effect of early detection may 
not yet have been achieved. On the other hand, there 
is a risk that some cases diagnosed as DCIS will have 
been wrongly detected and treated (or over-treat-
ed). The additional instances of DCIS detection might 
also result from the detection of biologically indo-
lent tumours that would never have been discovered 
without screening (Gelder et al, 2011). All in all, dig-
ital screening performs at least as well as analogue 
screening, and it seems to offer the prospect of de-
tecting	significant	numbers	of	smaller	tumours.

Figure 4.1 Tumour stage distribution (%) by age group (A,B) and by screening round (C,D). Tumour classes: T1a = 
tumour size 0-5 mm; T1b = 6-10 mm; T1c = 11-20 mm; T2+ >20 mm 
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In	2012,	the	first	successful	national	link-up	was	es-
tablished between a screening database (of women 
who were tested in 2004) and the Netherlands Can-
cer	Registry’s	database,	for	the	purpose	of	tracing	in-
terval cancers. In the last six months of 2012, once it 
had been established that the results of this link-up 
presented a realistic picture of the incidence of inter-
val cancers, a link was established with a database 
containing the details of women screened from 2005 
to 2009. In May 2013, the joint screening organisa-
tions submitted to the NETB databases containing 
the comprehensive screening results for 2004 to 2009. 
These databases contain details of all the interval 
cancers diagnosed within a minimum period of two 
years following the most recent screening test. 
In the past, such link-ups were periodically es-
tablished at regional level between the screening 
organisations and the corresponding regional Com-
prehensive Cancer Centre. However, details of the in-
terval cancers for all of the regions (of which there 
were nine at that time) were limited to the 1990 to 
1993 screening years. For the 1994 to 1999 screening 
period, details were available of interval cancers in 
eight of the nine regions. For the period from 2000 
to 2001, this fell to seven regions, in 2002 there were 
just	 six,	 and	 in	2003	only	five.	 From	2007	onwards,	
in anticipation of an upcoming nationwide link-up, 
more and more regions abandoned the idea of a link-
up at regional level. 
This means that, to date, it has generally been nec-
essary to impose restrictions on the interpretation of 
interval cancer results, as these were not complete 
at national level. For instance, the possibility of se-
lection bias had to be taken into account. Now that 
national data on interval cancers is complete, past 
results can be assessed for the presence of such bias, 

and	there	is	reason	to	be	confident	that	future	link-
ups will be implemented effectively. 
This section starts by presenting the ‘interval cancer 
results	for	2004	to	2009’.	This	should	be	read	as	inter-
val cancers diagnosed in women within a period of 
at least two years after a screening test carried out in 
the period from 2004 to 2009. The results for 2004 to 
2009 will be compared to those from the preceding 
period (1990 to 2003) of the screening programme. 

Discrepancies with data from Section 3  
(Screening results)
As the data on interval cancers was not selected from 
the	 screening	 organisation’s	 database	 until	 many	
(4	to	7)	years	 later,	some	of	 the	figures	do	not	 fully	
match the screening results presented in Section 3. 
The latter are based on the monitoring data which, at 
that time, were supplied from one year to eighteen 
months after the end of the reporting year in ques-
tion. Until 2009, this data was obtained from individ-
ual regional databases. 
In about 2009, the various regional screening data-
bases were merged into a single national database. 
However, the regional screening organisations con-
tinue to administer their own records. This merger 
has led to a slight shift from initial invitations and 
initial screening tests to subsequent invitations and 
subsequent screening tests. This is because, in the 
past, regional screening organisations were not al-
ways aware whether or not a woman had previous-
ly been invited and/or screened in another region. 
Once	the	regional	files	had	been	merged,	cases	of	this	
kind	were	detected	and	classified	as	subsequent	 in-
vitations or subsequent screening tests. As a result, 
the national database contains about 5-7% fewer ini-
tial invitations and initial screening tests and 1-2% 
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Table 5.1 Crude screening results including interval cancers by type of screening examination, time period 2004-2009

A. Alle screeningsonderzoeken / All screening examinations

2004-2009
Borstkanker +

Breast cancer +
Borstkanker -

Breast cancer -
Gescreend
Screened

PVW (%)
PPV (%)

32,7%

Screen + 29.530 60.772 90.302
Verwijscijfer /1000
Referral rate /1000

16,7

Screen -- 11.855 5.306.582 5.318.437
Fout-positief /1000
False-positive /1000

11,2

41.385 5.367.354 5.408.739
Detectiecijfer /1000
Detection rate /1000

5,5

Programma-
sensitiviteit

Programme
specificity

Intervalkankers /1000
Interval cancers /1000

2,2

LETB/NETB, 2014
71,4% 98,9%

Prevalentie
Prevalence

7,7

B. Eerste screeningsonderzoeken / Initial screens

2004-2009
Borstkanker +

Breast cancer +
Borstkanker -

Breast cancer -
Gescreend
Screened

PVW (%)
PPV (%)

17,9%

Screen + 3.784 17.331 21.115
Verwijscijfer /1000
Referral rate /1000

32,9

Screen -- 1.636 618.506 620.142
Fout-positief /1000
False-positive /1000

27,0

5.420 635.837 641.257
Detectiecijfer /1000
Detection rate /1000

5,9

Programma-
sensitiviteit

Programme
specificity

Intervalkankers /1000
Interval cancers /1000

2,6

LETB/NETB, 2014 69,8% 97,3%

C. Reguliere vervolgscreeningen / Regular subsequent screens (<2.5 years)

2004-2009
Borstkanker +

Breast cancer +
Borstkanker -

Breast cancer -
Gescreend
Screened

PVW (%)
PPV (%)

37,3%

Screen + 23.737 39.838 63.575
Verwijscijfer /1000
Referral rate /1000

14,0

Screen -- 9.620 4.465.779 4.475.399
Fout-positief /1000
False-positive /1000

8,8

33.357 4.505.617 4.538.974
Detectiecijfer /1000
Detection rate /1000

5,2

Programma-
sensitiviteit

Programme
specificity

Intervalkankers /1000
Interval cancers /1000

2,1

LETB/NETB, 2014 71,2% 99,1%

D. Vervolgscreeningen >=2,5 jaar / Subsequent screens >=2.5 years

2004-2009
Borstkanker +

Breast cancer +
Borstkanker -

Breast cancer -
Gescreend
Screened

PVW (%)
PPV (%)

35,8%

Screen + 2.009 3.603 5.612
Verwijscijfer /1000
Referral rate /1000

24,6

Screen -- 599 222.297 222.896
Fout-positief /1000
False-positive /1000

15,8

2.608 225.900 228.508
Detectiecijfer /1000
Detection rate /1000

8,8

Programma-
sensitiviteit

Programme
specificity

Intervalkankers /1000
Interval cancers /1000

2,6

LETB/NETB, 2014 77,0% 98,4%

PVW:  positief voorspellende waarde
PPV:  positive predictive value

more subsequent invitations or subsequent screen-
ing tests. 
From 2009 onwards, the national database also sup-
plied monitoring data, and there were only minimal 
differences in the number of screening tests com-
pared to the 2013 interval cancer data. The differ-
ences in question result from the regular cleansing 

of databases. In addition, both the longer follow-up 
period after screening and the link-up itself have 
brought extra screen-detected cancers to light. On an 
annual basis, this amounts to about 3% more screen-
detected cancers, or an increase in the detection rate 
of about 0.2 per 1,000 women screened. 
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5.1 Interval cancers in screened individ-
uals from 2004 to 2009

Crude interval cancer rate in screened individuals  
2004-2009
In the period from 2004 to 2009, a total of 5.4 million 
screening tests were carried out, which led to 90,302 
(16.7 per 1,000) recommendations for referral and, ul-
timately, to the detection of 29,530 breast cancers (5.5 
per	1,000;	Table	5.1	A).	This	resulted	in	a	predictive	
value of 32.7% and a false-positive rate of 11.2 per 
1,000 women screened.
In	addition,	within	the	first	two	years	after	screening	
11,855 interval cancers (invasive and in situ) were 
diagnosed, which amounts to 2.2 per 1,000 women 
screened. Programme sensitivity was 71.4% and 
programme	 specificity	 98.9%.	 In	 the	 initial	 screen-
ing tests, the interval cancer rate was 2.6 per 1,000 
(Table 5.1, B). Hence, despite the higher detection rate 
of 5.9 per 1,000, this is higher than in regular subse-
quent screening, where the interval cancer rate was 
2.1 per 1,000 at a detection rate of 5.2 per 1,000 (Table 
5.1, C). In accordance with this, both programme sen-
sitivity	 and	 programme	 specificity	 were	 lower	 for	

initial screening tests than for regular subsequent 
screening tests (69.8% versus 71.2% and 97.3% ver-
sus 99.1%). 
Nearly 230,000 subsequent screening tests (4.2% of 
all tests) were performed after an interval period 
of 2.5 years or more (Table 5.1, D). While this group 
probably consists largely of women who skipped a 
round of screening, its exact composition – in terms 
of the length of the interval period involved – is un-
known. As breast cancers can grow for extended 
periods of time, the chance of detecting them (8.8 de-
tected breast cancers per 1,000) is greater than the 
national average. The same is true of the probabili-
ty	of	diagnosing	an	 interval	cancer	 in	the	first	 two	
years after screening (2.6 per 1,000). Nevertheless, 
this group has the highest programme sensitivity, at 
77.0%. This group distorts the programme sensitivity 
of the whole range of screening tests, but in a mod-
erately favourable way. In the period from 2004 to 
2009, however, the annual percentage of subsequent 
screening tests at an interval of 2.5 years remained 
stable at 4.0% to 4.5%.
Figure 5.1 shows the progression of the detection rate, 
the interval cancer rate (including in situ cancers) 

Figure 5.1
Age-adjusted detection rate 
per 1000 (DetR), interval cancer 
rate per 1000 (ICR) and pro-
gramme sensitivity (%, Progr. 
sens.) with 95% confidence 
intervals for
A: all screens 2004-2009, 
B: regular subsequent screens, 
and
C: initial screens
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and programme sensitivity from 2004 to 2009, in the 
first	two	years	after	screening	for	all	tests,	for	initial	
screening tests and for regular subsequent screening 
tests. These results have been adjusted for differences 
in the age distribution of women being screened over 
the years. As part of this adjustment, women aged 55 
and above at the initial screening test were exclud-
ed from the analysis. This involves small numbers of 
older women per age group. These individuals have 
a disproportionately large effect on the standard ad-
justment for age, which can distort the results.
Figure 5.1 shows a clear increase in the detection rate. 
From 2007 onwards, it was higher (to a statistically 
significant	extent)	for	all	tests	and	regular	subsequent	
screening tests than in 2004. The interval cancer rate, 
however, has remained the same for many years. The 
increasing detection of breast cancers by the screen-
ing programme is boosting programme sensitivity. In 
2009, programme sensitivity for subsequent screen-
ing	tests	was	significantly	higher	than	it	was	in	2004	
(Figure 5.1, B). However, this might result from the 
increased detection of in situ cancers (DCIS) by dig-
ital	screening	towards	the	end	of	the	first	decade	of	
the 21st century (see also Sections 3 and 4). Up to the 

end of 2008, the use of digital screening tests was still 
limited, so any effect that this might have had on the 
incidence of interval cancers can be expected to be 
negligible. 
A further study of interval cancers after analogue 
and digital screening will determine whether or not 
digital screening affected interval cancers from 2009 
onwards. This study is still in progress. Nevertheless, 
a calculation of programme sensitivity based solely 
on invasive screen-detected cancers and interval can-
cers can give a useful indication in this regard. Figure 
5.2 compares overall programme sensitivity (includ-
ing in situ cancers) with sensitivity to invasive breast 
cancers alone. With regard to the latter, the increase 
in sensitivity from 2007 to 2009 was also higher. This 
suggests that digital screening did indeed have an ef-
fect on programme sensitivity.
Programme	 sensitivity	 was	 significantly	 higher	 in	
older women than in their younger counterparts, 
but age dependency is not always clearly evident be-
tween neighbouring age groups (Figure 5.3). For in-
stance, sensitivity in women aged from 50 to 54 is 
generally lower than in 49-year-olds.
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Calculation of the interval cancer rate
Interval cancer rates can be calculated in various 
ways. The standard approach is to use one of the fol-
lowing two methods:

a. based on the number of women screened
 This is the simplest method. Here, the number 

of interval cancers (numerator) in a given period 
after screening (e.g. two years) is divided by the 
number of women screened (denominator).

b. based on the number of women screened with nega-
tive screening results

 Here the numerator is the same as in method a., 
but the denominator only includes women with a 
negative screening result or referred women who 
are given a negative (benign) screening result after 
additional diagnostic procedures. Women with a 
true-positive result (screen-detected cancer) are 
excluded. As the denominator is slightly smaller 
than in a., the interval cancer rate is slightly high-
er. 

The NETB prefers a more precise method of calcula-
tion, namely
c. based on the number of woman-years at risk of de-

veloping an interval cancer
 In this method of calculation, the numerator is 

identical to a. or b. The denominator, however, 
takes account of actual follow-up. Women are only 
counted during the period in which they are actu-
ally at risk of developing interval cancers. Women 
are no longer “at risk” if they already have cancer 

(screen-detected cancer or interval cancer), have 
died, have moved house such that no follow-up 
is possible (this currently mainly means moving 
abroad, whereas in the past it could also mean 
moving to a different region), or have been re-
screened (which marks the start of a new period in 
which they are at risk of interval cancer). 

 In this connection, the follow-up period is calcu-
lated per six-month period after screening. Each 
(screened) woman can contribute up to six months 
to a six-month period, if she did not have a screen-
detected cancer (follow-up time = 0) and did not 
develop interval cancer in the six-month period 
in question, if she did not die, did not move house, 
and was not re-screened. If any of these situations 
apply then, for the woman in question, only the 
number of months up to the date of that event (di-
agnosis of interval cancer, death, moving house, 
next screening test) are counted. For those women 
who, on the basis of their age, will not receive a 
subsequent invitation, a period of up to 30 months 
can be taken into consideration, provided that no 
issues arise.

As Figure 5.4 shows, the lines of calculation meth-
ods a. and b. are virtually identical, so the difference 
between these two methods is negligible. In this ex-
ample, the interval cancer rate based on screen-neg-
ative women (method b.) is up to 0.1 per 1,000 higher 
than that based on the number of women screened 
(method	a).	In	the	first	year	after	screening,	there	is	
also only a slight difference between these methods 
and method c.

Figure 5.4
Interval cancer rates per 
1000 by half year time 
period after screening 
and different calculation 
methods a-c, all screens 
2004-2009
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In the third and fourth six-month periods after 
screening, however, the interval cancer rate based on 
women-years of follow-up at-risk (method c.) starts 
to rise. This is because a number of women have al-
ready been re-screened, more women have moved or 
died, and more women have had a diagnosis of inter-
val cancer. After two years, most women have been 
re-screened, so a relatively high number of interval 
cancers in this group in the third year after screening 
greatly reduces the denominator. Using the simpli-
fied	calculation	methods	(a.	and	b.),	however,	the	in-
terval cancer rate seems to fall in the third year. This 
is because the denominator is still as large as it was at 
the start, while interval cancers are still only found in 
a small group of women. 

Method c. provides the best picture of the develop-
ment of interval cancers over time. The Dutch pro-
gramme is the only major screening programme in 
the world where standard use can be made of this 
method. This is because the screening regions are 
linked to the computerised register of residents (mu-
nicipal personal records database, GBA). The main 
drawback is that the results cannot be compared 
with those of other countries, precisely because most 
of them do not have programmes with this capabil-
ity. 

Programme sensitivity and mammographic sensi-
tivity
Evaluations of population screening programmes 
generally involve a calculation of programme sen-
sitivity. In order to calculate mammographic sensi-
tivity (the actual sensitivity of the screening test), it 
would be necessary to know (immediately after the 
screening test) how many of those women who re-
ceived no recommendation for referral nevertheless 
had a breast cancer which was detectable by mam-
mography at that point in time. Theoretically, this 
could only be approximated by an objective system-
atic review of the screening mammograms. This is 
equally impossible. 

It is often the case that breast cancers diagnosed at a 
later point in time (e.g. a year after screening) were 
not visible on the previous screening mammogram. 
Perhaps it was not until after the screening test that 
they reached a size at which they could be detected 
by mammography. At the time of screening, mam-
mography	was	not	 sufficiently	effective.	According-
ly,	 these	 cancers	 cannot	 be	 classified	 as	“missed	 at	
screening”. 
With regard to programme sensitivity, however, 
these breast cancers – which are still “invisible” at 
screening – are also counted as interval cancers. Ac-
cordingly, the denominator of the calculation (the 
sum of screen-detected cancers plus interval can-
cers) becomes larger, thereby reducing the calculated 
sensitivity percentage. In the medical literature, pro-
gramme	sensitivity	in	the	first	year	or	in	the	first	3-6	
months after screening is often used as a proxy for 
mammographic sensitivity. From 2004 to 2009, in the 
Dutch programme, this averaged 87.9% (Table 5.2). 
Based on the systematic review of almost all inter-
val cancers during independent quality inspections 
by reading units of the National Expert and Training 
Centre for Breast Cancer Screening (LRCB), no detect-
able abnormalities were found in about 52% of inter-
val cancers. Excluding this from the 2-year sensitivity 
calculation gives a mammographic sensitivity for the 
Dutch situation of 84.0%.
At	98.9%,	programme	specificity	is	high	compared	to	
many programmes in other countries (Table 5.2). That 
means that nearly 99% of the women screened who 
did not have breast cancer received no recommenda-
tion for referral. In other words, they were quite prop-
erly	not	referred.	Specificity	is	primarily	dependent	
on the referral rate, i.e. the higher the referral rate the 
lower	the	specificity.	Despite	the	sharp	increase	in	re-
ferral rate seen in the Dutch breast cancer screening 
programme over the past few years, this is still rela-
tively low in international terms. It also accounts for 
the	high	level	of	programme	specificity.	

Table 5.2 Programme sensitivity and specificity in the 1st, 2nd and the first two years after the screening examination

Sensitiviteit / Sensitivity Specificiteit / Specificity

Onderzoeken 2004-2009
Screen examinations

1e jaar
1st year

2e jaar
2nd year

1e+2e
1st+2nd

1e jaar
1st year

2e jaar
2nd year

1e+2e
1st+2nd

   - eerste
   - initial

85,6% 79,1% 69,8% 97,28% 97,28% 97,27%

   - reguliere vervolgscr.
   - regular subsequent

87,9% 78,9% 71,2% 99,12% 99,12% 99,12%

   - vervolgscreening >=2,5 jaar
   - subsequent screens >=2.5 years

91,3% 83,1% 77,0% 98,41% 98,41% 98,41%

Alle onderzoeken
All screens

87,9% 79,2% 71,4% 98,87% 98,87% 98,87%

LETB/NETB, 2014



39

a a a

5 – Interval cancers

Tumour stage of interval cancers
Half of all the interval cancers that are diagnosed in 
the	first	two	years	after	screening	are	either	in	situ	
carcinomas (Tis) or small invasive tumours 2 cm or 
less in diameter (T1a, T1b and T1c) (Figure 5.5). This 
is	a	significantly	smaller	proportion	than	in	screen-
detected cancers (around 75%). Almost 40% are T2 
tumours (21-50 mm in diameter). DCIS accounts for 
approximately	5%,	although	it	peaked	briefly	at	7%	
in 2008.

Also, about half of all interval cancers are lymph node 
negative	(Figure	5.6).	In	four	out	of	five	cases,	lymph	
node negativity was established on the basis of a sen-
tinel node procedure alone (Nsn). In 45% of interval 
cancers, metastases are found in the lymph nodes, 
while 4% to 5% of cases have distant metastases. In 
terms of prognosis, the tumour characteristics of in-
terval cancers are clearly less favourable than those 
of screen-detected cancers.
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Figure 5.5
Tumour size distribution (%) of 
interval cancers (first two years 
after screening), all screens 
2004-2009
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Figure 5.6
Lymph node status distribution 
(%) of invasive interval cancers 
(first two years after screening), 
all screens 2004-2009
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Figure 5.7 shows the interval cancer rates per 1,000 
for various tumour stages. While these are relative-
ly stable, there has been an increase in lymph node 
negative carcinomas (T1 N- and T2+ N-). The in situ 
interval cancer rate is slightly higher after initial 
screening tests. In 2008, it even exceeded 0.2 per 
1,000	 (Figure	 5.7,	 C).	 The	 higher	 figures	 can	 be	 ac-
counted for by the fact that the subjects in question 

are young women around the age of 50, who gener-
ally have higher DCIS detection rates. However, there 
is some evidence of an increase in the number of in 
situ interval cancers. This points to a percentage of 
tumours that were found by chance during mam-
mography, possibly partly in connection with oppor-
tunistic screening. After all, in situ cancers tend not 
to cause clinical symptoms.

Figure 5.7 Age-adjusted interval cancer rates per 1000 by tumour stage for 
 A: all screens 2004-2009, 
 B: regular subsequent screens, and
 C: initial screens
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5.2 Interval cancers in screened 
individuals from 1990 to 2009

After 1993, the available national data on interval 
cancers was not complete, as at least one of the nine 
regions was unable to supply it. The assessment of 
the progression of interval cancer rates (Figure 5.8, A), 
and programme sensitivity (Figure 5.8, B) from 1990 
onwards is limited to individuals in the 50-69 age 
group. It has been adjusted for possible differences in 
age distribution. As they are based on less complete 
national data, the results for the period from 2000 
to	 2003	 are	 presented	 separately	 in	 the	 figures,	 by	
means of a dotted line (Appendix V).
For	the	first	10	years,	Figures	5.8	A	and	B	show	an	in-
crease in the interval cancer rate and a decrease in 
programme sensitivity. However, this is partly due to 
a probable underreporting of interval cancers in the 
early 1990s, before link-ups had been established at 
regional level. There was almost certainly some un-
der-reporting in 2003. In that year, various regions 
supplied data on interval cancers relatively soon 
after the end of the two-year interval, before full de-
tails on interval cancer were known. 
Given the uncertainty about the reliability of in-
terval	cancer	rates	 in	the	first	decade	of	the	screen-
ing programme, it would be premature to conclude 
that the pre-2004 increase resulted from the sup-
posed increase in the background incidence of breast 

cancer. This hypothesis is more likely for the period 
from 2004 to 2009. At that time, despite a continu-
ous rise in breast cancer detection rates, there was 
no decline in interval cancer rates. During this peri-
od, programme sensitivity (averaged for all screens) 
remained constant. That could also mean that there 
is a greater incidence of breast cancer. That in turn 
would	mean	that	the	screening	programme’s	higher	
breast cancer detection rate cannot be solely attribut-
ed	to	improved	performance,	in	terms	of	a	modified	
referral pattern. Instead, it would also be partly due 
to a greater “supply” of breast cancers. 
Workers in England (Dibden et al, 2013) reported a 
decline in the number of interval cancers following 
the standard use of four exposures (two-view). The 
veracity of this claim will be tested during the up-
coming assessment period in particular, even though 
the proportion of complete tests in most regions also 
started to rise in this period, following the launch of 
digitisation. 
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6.1 Trends in breast cancer mortality in 
the Netherlands 

Figure 6.1 shows the trend in breast cancer mortality 
among various age groups in the Netherlands, from 
1969 to 2012. To better understand the trends, the 
age-adjusted mortality rate per 100,000 women (ESR), 
derived on the basis of the European Standard Popu-
lation, is plotted on a logarithmic scale. In the course 

of more than 40 years, breast cancer mortality in all 
age groups has declined, but the progression of this 
decline is not identical for all ages. For instance, in the 
first two decades (1970-1980) among women aged 50 
and above, breast cancer mortality increased slightly 
or remained constant. The decline did not take effect 
until after 1990. In women below the age of 50, breast 
cancer mortality was already in decline from 1970 to 
1990. It subsequently fell even more strongly.

Figure 6.1
Age-adjusted breast 
cancer mortality rates 
per 100,000 (ESR) 
1969-2012 (logarithmic 
scale) (source: Statistics 
Netherlands)
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The difference between younger and older women, 
in terms of the progression of the decline in breast 
cancer mortality, suggests that there are a variety of 
causes. The introduction of adjuvant systemic treat-
ment for breast cancer (in premenopausal women) 
in the 1970s, contributed to a reduction in breast 
cancer mortality. The same may be true of the hor-
mone therapy that became widely used in the 1980s, 
in the treatment of postmenopausal women with 
breast cancer. Under-treatment of the oldest groups 
of women may account for the increase in breast can-
cer mortality among these individuals at that time. 
During the same period, mortality among women 
aged 50-69 remained virtually unchanged. Unfortu-
nately, no national data on breast cancer incidence is 
available for the period prior to 1990. However, data 
from the former SOOZ (Cooperative Body of Hospitals 
for Oncology) cancer registry in Eindhoven indicate 
that breast cancer incidence has been rising since the 
early 1970s. 

Figures 6.2, A and 6.2, B show the percentage change 
in	 breast	 cancer	mortality	 in	 specific	 periods	 (four	
and two periods respectively) between 1970 and 
2011, for the various age groups. Three-year averag-
es of breast cancer mortality are used (1969-1971 for 
1970, 1979 to 1981 for 1980, 1989 to 1991 for 1990, 
1999 to 2001 for 2000, and 2010 to 2012 for 2011) to 
smooth	out	the	effects	of	random	fluctuations.	The	
bars of solid colour indicate that the change in breast 
cancer mortality in the corresponding period is sta-
tistically	significant.	With	the	outline-only	bars	this	
is not the case. 
In women aged 40-49, breast cancer mortality in all 
four periods fell between 1970 and 2011, albeit that 
there	was	no	significant	decline	between	1980	and	
1990 (Figure 6.2, A). In all other age groups, there was 
a	 non-significant	 increase	 in	mortality	 for	 at	 least	
one ten-year period prior to 1990.

Figure 6.2
Per cent change of the 
age-specific breast 
cancer mortality rate 
(per 100,000, ESR) during 
A: four periods (1970-
1980, 1980-1990, 1990-
2000, 2000-2011), and 
B: two time periods 
(1970-1990, 1990-2011); 
blank bars: change non-
significant 
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When comparing the situations before and after 
1990, it is noticeable that, in women below the age 
of	 50,	 there	 was	 already	 a	 substantial	 and	 signifi-
cant reduction in breast cancer mortality prior to 
1990. Yet in the same period, mortality was still in-
creasing among women aged 50 and above (Figure 
6.2, B). In the 21 years since 1990, breast cancer mor-
tality among older women has also fallen, by about 
30%. This is slightly lower than the recent 35-38% de-
cline in younger women, but compared to the previ-
ous twenty year period this change in breast cancer 
mortality is much less pronounced than that seen in 
women aged 50-84. In the youngest group, the de-
cline in breast cancer mortality has hardly changed 
since the period from 1970 to 1990. In the 40-49 age 
group, this has fallen by a further 13% since 1990. 

However,	it	is	difficult	to	say	whether	the	decline	in	
mortality that started back in 1970 can be solely at-
tributed to the arrival of adjuvant chemotherapy. It 
may, in part, have been due to the increasing use of 
mammography and ultrasound in symptomatic pa-
tients during that period. At that time, this was com-
bined with a steadily growing awareness that a real 
problem was developing with regard to breast can-
cer. This involved the pronouncements of oncologists 
and surgeons, who were inclined to refer patients 
with any kind of palpable abnormality (regardless of 
its nature) to a hospital, rather than awaiting devel-
opments. This led to trial mammography screening 
programmes in Utrecht and Nijmegen in 1975 and, 
ultimately, from 1990 onwards, to the national breast 
cancer screening programme.

Critics of this programme often focus solely on the 
period during which the screening programme has 
been in existence. They view the greater percentage 
reduction in breast cancer mortality in young women 
as “proof” that mammographic screening contrib-
utes nothing to the decline in breast cancer mortality. 
However, this does not explain the sudden change in 
the trend of breast cancer mortality in women aged 
50 and above that coincided with the introduction of 
the screening programme. Previous studies that used 
sophisticated trend analyses, right down to local au-
thority level, indicate that the change in the progres-
sion of breast cancer mortality in postmenopausal 
women is indeed associated with the introduction 
of the mammography screening programme (Otto et 
al,	2003;	Otten	et	al,	2008).	For	instance,	breast	cancer	
mortality among women aged 55-74 switched from 
an annual increase of 0.3% to an annual decrease of 
1.7%.	The	timing	of	this	trend	reversal’s	tipping	point	
coincided exactly with the moment when the screen-
ing programme was introduced in the local authority 
in question (Otto et al, 2003).

6.2 Recent Dutch studies on breast 
cancer mortality 

In association with the National Evaluation Team 
for Breast Cancer Screening in the Netherlands, a 
number of detailed studies have recently been car-
ried out to further determine the contribution made 
by screening for breast cancer to the reduction in 
breast	 cancer	mortality.	 This	 information	 is	 briefly	
recapitulated below.

6.2.1 Case control studies

Limburg
A case-control study is used to compare the participa-
tion rates of women who had died of breast cancer to 
those of women who had been invited to attend for 
screening. The difference in participation between 
these two groups indicates the extent to which 
screening cuts the mortality rate. 
In 2010, a case-control study was conducted in the 
province of Limburg. This study used data on every 
woman who, from 1989 to 2006, had been invited to 
participate in screening in this province (Paap et al, 
2010). A group of 118 women, who had died of breast 
cancer in 2004 or 2005, was selected from this popu-
lation of invited individuals. Each of these cases was 
matched to a control subject (or referent) who had 
been born in the same year as the case in question, 
who lived in the same area, who was free of breast 
cancer at the time the case was diagnosed, and who 
was	still	alive	at	the	time	of	the	case’s	death.	An	anal-
ysis of the screening history of these case-control sets 
showed a reduction in mortality of 70% in screened 
versus unscreened women (OR = 0.30, 95% CI 0.14-
0.63).
Case-control studies suffer from the potential draw-
back that estimates of the effect in question could be 
affected by self-selection bias. In terms of their risk of 
dying from breast cancer, the group of women who 
do take part in screening programmes may not be 
entirely comparable to those who decide not to par-
ticipate. For instance, women participating in screen-
ing programmes may lead healthier lives. This alone 
could mean that they are at lower risk of dying from 
breast cancer. Using the incidence-based mortality 
method, we have calculated a correction factor to ad-
just for this. The correction factor was derived from 
a group of unscreened women and a group of un-
invited women. We selected both groups from the 
Dutch	screening	programme’s	 lengthy	 implementa-
tion period (1990-1995), during which time some of 
these women did not receive an invitation. The ex-
tent of any self-selection can be determined by com-
paring the breast cancer mortality in each of these 
groups (unscreened versus uninvited). If the number 
of deaths in the as yet uninvited group was much 
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lower than that in the group of non-participants, for 
example, this would suggest that the women who 
deliberately chose not to take part in the screening 
programme did indeed have a higher risk of breast 
cancer mortality than those who choose to partici-
pate.
The outcome of the case-control study can be adjust-
ed for self-selection using the formula developed by 
Duffy (Table 6.1) (Duffy et al, 2002). After adjustment 
for self-selection bias, the decline in mortality in the 
province of Limburg was 76% (OR = 0.24, 95% CI 0.24 
to 0.58).
Correction	factors	were	calculated	for	a	total	of	five	
screening regions in the Netherlands, which all dif-
fered from one another (Table 6.2) (Paap et al, 2011). 
This shows that it is necessary to determine sepa-
rate correction factors for self-selection for each indi-
vidual country or region. In three regions (including 
Limburg), correcting for self-selection did not change 
the outcome of the case-control study. The effect in 
the other two regions was to enhance the effect of 
screening, i.e., to yield a slightly greater reduction 
in mortality. However, in the light of all the region-
al	correction	factors,	the	influence	of	self-selection	in	
the Netherlands is very limited.

The South-west Netherlands region
The main goal of breast cancer screening is to reduce 
breast cancer mortality. Since 1997, there has been a 
significant	 decrease	 in	 breast	 cancer	mortality,	 but	
the effect of screening on breast cancer mortality 
cannot be determined using trend analysis. Accord-

ingly, a case-control study was carried out that also 
took	 account	 of	 an	 individual’s	 screening	 history,	
treatment and cause of death. This study compared 
the screening history of a group of women who died 
of breast cancer (cases) with that of a control group 
of women who did not succumb to this disease (con-
trol subjects). 
This study used data on every woman (N=375,086) 
who had been invited to participate in a screening 
programme in the South-west Netherlands region 
from 1990 to 2003 (Otto et al, 2012). A total of 755 
breast cancer deaths (cases) were included (women 
who died of breast cancer from 1995 to 2003). For each 
case,	five	individuals	were	selected	from	the	pool	of	
suitable control subjects, based on their vital status 
(still	alive	at	the	time	of	the	case’s	death),	who	had	
been free of breast cancer prior to the date on which 
the case was diagnosed with breast cancer. In addi-
tion, at the time of the last invitation, the control sub-
jects must have been the same age as the case. They 
must also have the same year of birth as the case, the 
same year of initial invitation, and the same number 
of invitations. This gave a total of 3,739 control sub-
jects.
With regard to the cases, 29.8% had been diagnosed 
as a result of a screening test, while 34.3% had an in-
terval cancer. The remaining 35.9% of the diagnoses 
involved women who had never participated in the 
screening programme. In the group of control sub-
jects (i.e. who had not died of breast cancer, but who 
had had the same screening opportunities) 18.1% 
had never participated in the screening programme.

Table 6.1 Odds ratio corrected for self-selection bias

Formule van Duffy
Formula Duffy p Ψ D

r
  / (1-(1-p)D

r
)

Met Ψψ = ongecorrigeerde odds ratio (95% CI)
 non-adjusted odds ratio (95% CI)

0.30 (0.14-0.63)

p = deelnamepercentage in Limburg
 participation rate in Limburg

0.82

D
r
 = correctiefactor voor zelfselectie in Limburg (95% CI)

 Factor for correcting self-selection (95% CI)
0.84 (0.58-1.21)

Gecorrigeerde OR (95% CI)
0.82 x 0.30 x 0.84 / (1-0.18 x 0.84)
0.24 (0.10-0.58)

LETB/NETB, 2014

Table 6.2 Correction factors for self-selection bias for five screening regions in the Netherlands

Regio
Region

Borstkankersterfgevallen / persoonsjaren
Breast cancer deaths / person years Rate ratio 

(95% CI) *
Niet-gescreend / Not-screened Niet-uitgenodigd / Not invited

BBNN 36 / 73 412 702 / 917 668 0.64 (0.46 - 0.90)

SKP IKA 117 / 179 463 798 / 937 692 0.77 (0.63 - 0.93)

SKsL 39 / 63 341 189 / 282 716 0.92 (0.65 - 1.30)

SBBZWN 54 / 68 867 726 / 1 003 423 1.08 (0.82 - 1.43)

SVOKON 99 / 103 358 216 / 244 204 1.08 (0.85 - 1.37)

* Getallen staan niet voor reductie in borstkankersterfterisico als in Tabellen 6.1 en 6.3
   Does not mean reduction in breast cancer mortality risk as in Tables 6.1 and and 6.3

LETB/NETB, 2014
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The relationship between participation in screen-
ing and risk of breast cancer mortality was estimat-
ed by calculating the odds ratio (OR) (Table 6.3). This 
shows that 477 (63.2%) of the cases had participated 
in screening in the period up to three invitations be-
fore the diagnosis of breast cancer. The correspond-
ing	figure	for	the	control	subjects	was	2,893	(77.4%).	
The odds ratio was 0.45, which amounts to a 55% re-
duction in breast cancer mortality after participat-
ing in screening. It should be noted that women who 
participate in screening may differ from those who 
do not, in terms of their risk of developing breast can-
cer and of dying from this disease. Accordingly, in 
this study too, the OR was adjusted for possible self-
selection bias, in accordance with the previously de-
scribed method (Duffy et al, 2002). When adjusted for 
self-selection bias, the OR is 0.51, i.e. there is a 49% 
reduction in breast cancer mortality. This outcome 
is consistent with the results obtained for screened 
women in randomised screening trials and other 
case-control studies.

6.2.2 Breast cancer mortality by birth cohort
Changes in breast cancer mortality in the Nether-
lands are often viewed over extended periods of time 
(see Figure 6.1). However, changes in breast cancer 
mortality can also be viewed in birth cohorts. A birth 
cohort is a group of women who were all born in the 
same period, and who are monitored over time.
Figure 6.3 shows breast cancer mortality in birth co-
horts that were never invited to participate in breast 
cancer screening (Figure 6.3, A) and for those that 
were (Figure 6.3, B). Figure 6.3, A clearly shows that 
breast cancer mortality increases with age, and that 
it is higher in women who were born more recent-
ly. In addition, Figure 6.3, B shows that breast cancer 
mortality fell after the introduction of the screening 
programme. This effect was already visible in the 
first	five	 years	 after	 the	 introduction	 of	 the	 screen-
ing programme. It continues on beyond the age of 75, 
the point at which women cease to participate in the 
screening programme. 

Table 6.3 Odds-ratio for risk of breast cancer death, adjusted for age at first invitation

Cases 
Cases

N

Controles
Controls

N
OR (95% CI)

OR (95% CI) 
gecorrigeerd*

adjusted*

Niet deelgenomen
Non-participants

278 (37%) 846 (23%)

Wel deelgenomen
Participants

477 (63%) 2,893 (77%) 0.45 (0.37-0.54) 0.51 (0.40-0.66)

* Gecorrigeerd voor zelf-selectie bias / *Adjusted fors self-selection bias LETB/NETB, 2014

Figure 6.3 Breast cancer mortality rates per 100,000 person years for birth cohorts (A) uninvited and (B) invited to parti-
cipate in the national mammographic screening programme (Ripping et al., 2013)
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Breast cancer mortality among women over the age 
of 75 is thus lower than might be expected on the 
basis of Figure 6.3, A. This can be attributed to the 
fact that a screening programme does not have an 
immediate effect on breast cancer mortality. In other 
words, women who have already been diagnosed in 
the screening programme do not die immediately 
but several years later, if at all. Accordingly, the re-
duction	in	breast	cancer	mortality	is	small	in	the	first	
few years following the introduction of the screening 
programme, but this continues if women are no long-
er invited for screening.
A major advantage of the birth cohort approach 
compared	 to	 the	more	 conventional	‘age	over	 time’	
graphs is that it makes the indirect, delayed effect of 
screening for breast cancer more visible and more 
easily	measured.	In	addition,	these	figures	also	show	
that the reduction in breast cancer mortality due to 
the screening programme cannot simply be estimat-
ed by examining breast cancer mortality in the age 
group that is invited for screening (50-75). It is also 
necessary to include the reduction in breast cancer 
mortality among women over the age of 75. Finally, 
Figure 6.3, B also shows that for women below the 
age of 50, the more recently they were born, the lower 
their breast cancer mortality. One possible explana-
tion for this is the combination of improved therapy 
and early detection (due to greater awareness and 
to the use of mammography outside the context of 
screening programmes). 

However, the use of trend studies to determine the 
effect of mammography screening on breast cancer 
mortality	does	present	a	number	of	difficulties.	This	
is because other factors, such as therapy, change over 
time. The birth cohort approach does nothing to alle-
viate this problem. Therefore, attempts to determine 
the effect of screening on breast cancer mortality 
will continue to rely on other types of studies, such as 
case-control studies.

6.2.3 Effects of screening and adjuvant therapy on 
breast cancer mortality

Although breast cancer mortality has been in de-
cline since the introduction of screening, this cannot 
be automatically attributed to the effects of the pro-
gramme alone. During the same period there have 
also	been	significant	improvements	in	the	treatment	
of breast cancer, particularly in terms of adjuvant 
therapy. Accordingly, the effects of screening and ad-
juvant therapy are evaluated together. The Micro-
simulation Screening Analysis (MISCAN) model has 
been used to model both the introduction of screen-
ing and the use of endocrine therapy, chemotherapy 
and a combination of the two by age group and tu-
mour stage (De Gelder, 2012). This model suggested 
that adjuvant therapy achieved a 13.9% reduction 
in breast cancer mortality (15.3% in the 50-74 age 
group) in 2007 (Figure 6.4). Screening reduced this by 
a further 15.7% (20.9% in the 50-74 age group).

Figure 6.4
The predicted breast cancer 
mortality in the age group 50-74 
years in the following scenarios:
•blue line: without screening and 
without adjuvant therapy
•green line: without screening 
and with adjuvant therapy
•red line: with screening and with 
adjuvant therapy
•triangles: observed breast 
cancer mortality
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From 2008 to 2012, as previously stated, a number of 
major changes took place in the breast cancer screen-
ing programme. The analogue screening was com-
pletely replaced by digital screening. The programme 
has also been fundamentally reorganised at region-
al level. One effect of this has been that boundaries 
have been re-drawn, reducing the number of regions 
from	nine	to	five.	These	modifications	were	complet-
ed in 2012.
Regarding cost trends of the screening programme, 
a distinction can be drawn between regional costs 
(which are incurred by the screening organisations) 
and national costs. The national costs include coordi-
nation, quality assurance, monitoring and evaluation 
(including the National Expert and Training Centre 
for Breast Cancer Screening, the development of Di-
giBOB, and the National Evaluation Team for Breast 
Cancer Screening in the Netherlands). These costs 
have	now	fallen	slightly,	as	financial	support	for	Digi-
BOB terminated after the completion of digitisation.

The cost trend can be broken down into three compo-
nent trends:
•	 Increased	number	of	screening	tests;
•	 Reorganisation	 from	9	 to	5	 regions,	 completed	 in	
2012;

•	 Increasing	 percentage	 of	 digital	 screening	 (rela-
tively	more	expensive),	completed	in	2012;

The number of screening tests being given is increas-
ing, which pushes up the costs (at regional level) of 
the screening programme. From 2009 onwards, a 
reorganisation of the regions took place. The nine 
regions	were	reduced	to	five.	The	goal	is	improved	ef-
ficiency,	which	should	result	in	lower	administrative	
costs. However, the introduction of digital screening 
was relatively expensive, compared to the analogue 
screening that had been carried out previously. Since 
both trends operate simultaneously, these effects 
cannot be readily isolated.

Table 7.1 Costs of the Dutch breast cancer screening programme 2008-2013

2008 2009 2010 2011 2012 2013*

Regionaal
Regional

€ 47.269.503 48.254.227 51.549.186 54.352.534 61.511.150 61.949.746

Landelijk
National

€ 3.431.000 3.380.000 3.401.000 3.043.826 3.054.826 2.977.000

Totaal
Total

€ 50.700.503 51.634.227 54.905.186 57.396.360 64.565.976 64.926.746

Onderzoeken1

Screens1 N 918.925 911.489 975.597 995.151 1.008.049 1.015.237

* Cijfers 2013 zijn verleende bedragen en ingeschat aantal onderzoeken.
   Figures 2013 are estimates.
1 Aantal vastgestelde onderzoeken waarop bekostiging is gebaseerd.
   Number of approved screening examinations on which costs are based.

LETB/NETB, 2014
Bron / Source: RIVM 2013
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The reorganisation was completed in 2012, resulting 
in the stabilisation of operating costs. Also, the 2012 
digitisation has full nationwide coverage, leading to 
a sharp increase in the number of digital screening 
tests used (and to a corresponding fall in the use of 
cheaper analogue screening tests). In 2012, in partic-
ular, this resulted in a one-off increase in costs. 
This	trend	is	also	reflected	in	the	cost	per	screening	
test. The regional cost per screening test increased 
from	2011	to	2012	from	€54.62	to	€61.02.	The	corre-
sponding total cost (including the national compo-
nent)	rose	from	€57.68	to	€64.05	per	screening	test,	
which amounts to an increase of 12%. In the previ-
ous year, the increase was 3.4%. In 2011, due to the 
uneven development of both the reorganisation and 
the rollout of digitisation, the costs per screening test 
among the various regional screening organisations 
ranged	from	€52.71	to	€55.15.	
The regions were compensated for this retrospective-
ly (actual costing). From 2012 onwards, actual costing 
was based solely on realised volume but not anymore 

on regional price per screening test. From 2012 on-
wards, the regional cost per screening test remained 
constant. As a result, the total cost of the screening 
programme is affected only by the rising trend in the 
number of screening tests performed.

Conclusions

•	 The	cost	per	screening	test	has	increased	in	recent	
years, due to digitisation. However, the lower ad-
ministrative costs resulting from the reorganisa-
tion have had a dampening effect on this increase 
in cost. Without further analysis, however, these 
concurrent effects cannot be separated from one 
another. 

•	 In	2012,	the	total	cost	per	screening	test	stabilised	
at	€64.

•	 Since	 2010,	 there	 has	 been	 a	 steady	 increase	 in	
total annual costs, mainly driven by the increasing 
number of screening tests.

Table 7.2 Mean regional and national costs per screening exam, 2008-2013

2008 2009 2010 2011 2012 2013*

Regionaal
Regional

€ 51,44 52,94 52,84 54,62 61,02 61,02

Landelijk
National

€ 3,95 3,82 3,54 3,06 3,03 2,95

Totaal
Total

€ 55,39 56,76 56,38 57,68 64,05 63,97

* Cijfers 2013 zijn verleende bedragen en ingeschat aantal onderzoeken.
   Figures 2013 are estimates.

LETB/NETB, 2014
Bron / Source: RIVM 2013
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Overdiagnosis means diagnosing a disorder in a sit-
uation	where	 the	person	 involved	gains	no	benefit	
from this diagnosis. Asymptomatic individuals are 
diagnosed and treated for a disease, while in hind-
sight it is clear that they would never have been trou-
bled by the disease in question. The debate about 
overdiagnosis	involves	many	fields	of	medicine,	such	
as asthma, thyroid problems and prostate cancer. In 
the case of population-based screening programmes, 
too, overdiagnosis can occur, resulting in overtreat-
ment. This is considered to be one of the main harms 
of mammography screening. 
Overdiagnosis of breast cancer occurs because screen-
ing detects tumours that would never have come to 
light if the women in question had not taken part in 
the screening programme. In such cases, while a pre-
clinical stage of the tumour is certainly present, it 
would not have produced clinical symptoms during 
life and the woman in question would have died of 
other causes, without ever being aware that she had 
breast cancer. There is a particular risk of overdiagno-
sis in the case of non-invasive tumours (ductal carci-
noma in situ, DCIS), slow-growing invasive tumours, 
and tumours that may even regress. Since almost all 
breast tumours are treated, overdiagnosis will result 
in unnecessary treatment (overtreatment).
It is not easy to estimate the extent of overdiag-
nosis involved in any given population screening 
programme. After all, there is no way of knowing 
whether the tumour would have been diagnosed later 
on if the woman in question had not participated in 
screening. Thus, for any given individual, it is not pos-
sible to determine in advance whether a tumour has 
been overdiagnosed. Nor are there any tumour mark-
ers that can be used to determine this matter. 
Published estimates of overdiagnosis range from 0% 
to 54% of all diagnosed tumours (Biesheuvel et al, 

2007;	De	Gelder	et	al,	2011;	Jorgensen	and	Gotzsche,	
2009;	Morrell	et	al,	2010).	These	widely	differing	es-
timates are mainly caused by differences and inac-
curacies in the methods used to estimate the scope 
of overdiagnosis, and by differences in the denomi-
nators by which overdiagnosis is expressed. In this 
chapter, we will show how the level of overdiagno-
sis can be determined. We will also indicate the esti-
mated level of overdiagnosis in the Dutch screening 
programme.

The theory of overdiagnosis

Screening leads to a temporary increase in the inci-
dence of breast cancer in the age group that has been 
invited to participate in screening. This is mainly be-
cause screening causes diagnoses to be made at an 
earlier stage than would otherwise have been the 
case. The initial screening test detects tumours that 
are part of the large group of asymptomatic, pre-clin-
ical tumours present in the population at that point 
in time. This causes an immediate increase in inci-
dence (Figure 8.1). Even during subsequent screening 
tests, the prior detection of tumours will still cause 
more tumours to be diagnosed than would have been 
the case if screening had not taken place. The extra 
tumours detected in the age group in which women 
are invited to participate in screening are referred to 
as the “excess” incidence. If the screening programme 
has already been running for several years, then 
the age group above the invited group will exhib-
it a lower incidence than if screening had not taken 
place.	This	is	referred	to	as	the	“deficit”	incidence.	Pre-
viously diagnosed tumours cannot subsequently be 
detected clinically. If there was no overdiagnosis, the 
excess incidence would be of exactly the same mag-
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nitude	as	the	deficit	incidence.	In	practice,	this	is	not	
the case. We see that the excess incidence is slightly 
larger	than	the	deficit	incidence.	This	difference	cor-
responds to the level of overdiagnosis, or the extra 
breast cancers that would not have been diagnosed 
in the absence of screening. Diagnosis takes place 
earlier as a result of screening. The time difference 
involved is referred to as the lead time. The average 
lead time has been estimated at 2 to 4 years (Duffy et 
al,	2008;	Puliti	&	Paci,	2009),	but	there	are	some	major	
exceptions. Randomised controlled trials in which 
the control group is not screened would provide a 
suitable setting in which to determine overdiagno-
sis. However, this is now no longer feasible, due to 
the widespread use of mammography. For that rea-
son, observational studies and simulation studies are 
needed to estimate the level of overdiagnosis.

A model for estimating overdiagnosis 

The level of overdiagnosis can be determined by 
comparing the life courses of non-screened women 
with that of a comparable group of screened women. 
Overdiagnosis	 can	 then	 be	 quantified	 through	 the	
use of micro-simulation with the help of the MISCAN 
model. This model was created in the 1980s by the 
Department of Public Health at Erasmus MC. Since 
then, it has been further developed and continuous-
ly updated with the latest results of the Dutch breast 
cancer screening programme, together with interna-
tional data on the effect of screening on breast can-
cer	mortality	(De	Gelder	et	al,	2011;	Groenewoud	et	

al,	2007).	The	model	 simulates	women’s	 life	 course,	
the natural history of breast cancer, and the screen-
ing programme. The natural history of breast cancer 
is modelled as a progression from preclinical screen-
detectable DCIS to preclinical T1A, T1B, T1C and T2+. 
At each of these pre-clinical stages, a tumour can pro-
duce symptoms that can lead to its diagnosis. Next 
the screening programme is simulated, and screen-
ing detects tumours in a number of women. The av-
erage duration of the tumour stages, the probabilities 
of transition between various preclinical stages, the 
sensitivity of the screening test, survival following 
diagnosis and treatment, and the improvement in 
survival due to detection by screening are estimat-
ed using data obtained by the Dutch screening pro-
gramme between 1990 and 2006 and by Swedish 
breast	cancer	screening	trials	 (Bjurstam	et	al,	2003;	
Nystrom	et	al,	2002;	Tabar	et	al,	2000).	To	estimate	
overdiagnosis in the Netherlands, the female Dutch 
population (between the ages of 0 and 100) in 1989 
(the year before the start of the breast cancer screen-
ing programme) is simulated. Participation rates by 
year and age corresponded to the gradual build-up 
of the programme in the Netherlands. The model in-
corporates a rising background incidence of 1.4% per 
year, corresponding to the increase in the number of 
women with risk factors and to increased alertness 
in terms of the symptoms and diagnosis of breast 
cancer. The model generates a reliable estimate of 
incidence in the period from 1990 to 2000. From the 
year 2000 onwards, the estimated incidence is slight-
ly lower than the observed incidence. 

Figure 8.1 Schematic picture of excess and deficit incidence. The solid line is the incidence by age in the absence of 
screening and the dashed line the incidence by age in the presence of screening. When women are screened 
between age 50 and 69 years, the incidence will increase in that age group (excess), especially in women who 
are invited for the first time. After age 70 the incidence is lower (deficit). (Boer et al., 1994)

 

Boer et al., Lancet 1994
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Estimates of overdiagnosis

The Dutch breast cancer screening programme can be 
divided	into	three	phases.	The	first	of	these	was	the	
1990-1998 implementation phase, in which women 
between the ages of 50 and 69 were invited to par-
ticipate. The second was the 1998 to 2002 expansion 
phase, in which invitations were also sent to women 
in	the	70	to	74	age	group.	The	third	and	final	phase	

was the steady-state phase, from 2002 onwards, in 
which the number of screening tests remained more 
or less the same. Using the MISCAN model, incidence 
was predicted per 5-year age group for every year up 
to 2006, in situations with and without screening 
(Figure 8.2) (De Gelder et al, 2011). From the moment 
that	the	screening	programme	first	started,	in	1990,	
incidence among women of screening age has been 
rising. 

Figure 8.2 Predicted breast cancer incidence by 5-year age group. The dashed line is the predicted incidence in the 
absence of screening, the solid line in the presence of screening.
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At the end of the implementation phase, there was a 
slight fall in this excess incidence (Figure 8.3), while 
the	deficit	incidence	started	to	rise	(Figure	8.4).	The	
expansion of the screening programme to cover 
women of up to 74 years of age led to a large increase 
in incidence within the 70-74 age group. This caused 
excess	incidence	to	rise	again,	and	deficit	incidence	to	
fall. During the steady-state phase, excess incidence 
among	women	of	screening	age	falls,	while	deficit	in-
cidence in the 74-79 and 80-84 age groups rises.
The number of overdiagnosed tumours is calculat-
ed based on the difference between excess incidence 
and	deficit	incidence.	This	is	then	expressed	as	a	per-

centage of all detected tumours. In the implementa-
tion phase, the percentage of overdiagnosis increased 
from 1% of all detected tumours to 11% in 1993. Over-
diagnosis subsequently fell to 5% before the screen-
ing programme was expanded to cover women of up 
to 74 years of age. This expansion raised the level of 
overdiagnosis to 10% in 1999. After that, the level of 
overdiagnosis fell to 2.8% in 2006 (Figure 8.5). A fur-
ther reduction of overdiagnosis cannot be ruled out. 
Any estimate of overdiagnosis is, therefore, high-
ly dependent on the implementation phase of the 
screening programme. For a proper analysis, it also 
depends on the period for which data is available. Re-

Figure 8.3
Predicted number of breast cancers 
in the presence and absence of scree-
ning in the age group until the age of 
last screen (0-69 years until 1998 and 
0-74 years from 1998). The difference 
is the excess incidence.

Figure 8.4
Predicted number of breast cancers 
in the presence and absence of 
screening in the age group above the 
age of last screen (69-100 years until 
1998 and 74-100 from 1998). The 
difference is the deficit incidence.
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Figure 8.5
The estimated overdiagnosis as 
percentage of all tumors that would 
have been diagnosed in the absence 
of screening in the ages 0-100.
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liable estimates can only be made if the screening 
programme in question has been in a steady-state 
phase for a number of years. 
Overdiagnosis is often also expressed as a percentage 
of the total number of tumours detected in women 
in the screening age-range. The model mentioned 
above gave an estimate of 9.7% for the Netherlands 
in 2006. 

Overdiagnosis in observational studies

A recently published literature review examined all 
13 observational studies of overdiagnosis in Euro-
pean breast cancer screening programmes (Puliti et 
al, 2012). In each study, overdiagnosis was expressed 
as a percentage of expected incidence in the absence 
of screening. Checks were also made to determine 
whether these studies made adjustments to allow 
for the two main forms of bias involved in estima-
tions of overdiagnosis: an increase in the underlying 
incidence of breast cancer and lead time. Studies that 
effectively adjusted for these two forms of bias pro-
duced much lower estimates of overdiagnosis, rang-
ing from 0% to 10% (Figure 8.6). Those studies that did 
not effectively adjust for bias, if at all, produced esti-
mates of overdiagnosis ranging from 0% to 54%. An 
independent UK-based review panel was appointed 
in	2011	to	evaluate	the	benefits	and	harms	of	breast	
cancer screening. It concluded that many observa-
tional studies use inappropriate methodology when 
making estimates of overdiagnosis (Independent UK 
Panel on Breast Cancer Screening, 2012).

Conclusion

Of all the breast cancers detected each year in the 
Netherlands, 2.8% are the result of overdiagnosis due 
to the screening programme. The higher estimates 
found in the literature are often based on inappropri-
ate adjustments for the rise in the underlying inci-
dence of breast cancer and for the lead time.
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9

The outcomes of mammographic screening tests can 
be determined separately for each round of screen-
ing. It is also possible to examine broad trends span-
ning several rounds. This is done at the level of the 
population being screened. 
Evaluation can also be targeted at individual partic-
ipants. Longitudinal data analyses are then used to 
show whether women complete the entire sequence 
of 13 screening tests between the ages of 50 and 
75. One intermediate variant of evaluation shows 
the screening outcomes for subgroups in terms of 
breast cancer risk. These include for instance groups 
with dense mammographic patterns. This covers 
about 15% to 20% of all the women taking part in 
screening. In addition to making the assessment of 
mammograms	more	 difficult	 –	 resulting	 in	 poorer	
accuracy (more false-positive and false-negative re-
sults) – mammographic density is also a risk factor 
for breast cancer.

In this section, the screening outcomes are analysed 
at three levels: total population screened, subgroup 
and individual participants. Longitudinal data from 
the Nijmegen screening programme (from the year 
2000 onwards) was used for this purpose. 

9.1 Performance of the screening test at 
population level

Table 9.1 lists the most important Dutch screening 
outcomes from 1990 to 2009, at population level (see 
Sections 2-5). In the period from 1998 to 2001, the 
post-screening	 referral	 rate	was	 significantly	 lower	
than in 2009: 1.2% versus 1.9%. This increase was due 
to the switch to a less restrictive referral policy (in 
response to a national evaluation study), and to the 
gradual introduction of digital screening. (Verbeek et 
al., 2013)
The proportion of women in whom a mammary car-
cinoma is detected has also increased, from 0.5% 
to 0.6%. At the same time, the less restrictive refer-
ral policy has caused the positive predictive value of 
mammographic screening to fall from 42% to 30%. 
The Screening Odds Ratio (SOR) is a unit of meas-
urement	that	expresses	a	screening	test’s	screening	
power as a single number. This shows the ratio of the 
chance (Odds) that someone with a positive test re-
sult will actually have the disease in question, com-
pared to this probability (Odds) for someone with a 
negative test result. The higher the SOR, the greater 
the	screening	test’s	discriminating	power.	A	SOR	of	

Screening outcomes
Information for the population, subgroups and individual participants

Table 9.1 Breast cancer screening outcomes in the Netherlands, period 1998-2001 and 2009

Uitkomst % / Outcome %
Periode / Period

1998-2001 2009

Opkomst / Participation 78,7 81,5

Huisartsverwijzing / Referral recommendation 1,2 1,9

Invasief onderzoek / Invasive assessment 0,7 0,9

Detectie van mammacarcinoom / Screen detected cancer 0,5 0,6

Foutpositieve mammografie-uitslag / False positive result 0,7 1,3

Intervalkanker / Interval cancer 0,2 0,2

LETB/NETB, 2014
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200, for example, means that the chance that an in-
dividual with a positive test result will actually have 
the disease in question is two hundred times greater 
than for an individual with a negative test result. 
The SOR is a composite measure that incorporates 
the breast cancer detection rate and the incidence 
of interval cancers, as well as the frequency of false-
positive and true-positive mammograms. Instead of 
the frequency of disease (see Table 9.1), however, the 
odds are used, i.e. the ratio of the frequency of disease 
to its complement. The screening outcomes of Table 
9.1 are shown in Table 9.2 as breast cancer frequency 
rates, both for women who have been referred and 
for those who have not. This can be used to calculate 
the odds of breast cancer and the odds ratio.
For women who have been referred, the odds of de-
veloping breast cancer are equivalent to 0.5% / 0.7%. 
For those who have not been referred, the odds of de-
veloping breast cancer are equivalent to 0.2% / 98.6%. 
Both odds can then be divided by one another: this is 
the Odds Ratio. Here, this Screening Odds Ratio (SOR) 
is 352. This means that referred women are 352 times 
more likely to have breast cancer than non-referred 
women. 

In the case of diagnostic tests that are routinely used 
in contemporary clinical practice, a SOR of between 
2 and 20 would be quite normal. A SOR > 200 is the 
objective in screening situations. Anything less and 
adverse situations will arise involving excessive 
numbers of referrals, and a screening test with a poor 
predictive value.
In the period from 1998 to 2001, based on this crite-
rion, mammographic screening in the Netherlands 
had a perfectly acceptable SOR. By 2009, the SOR 
value	had	fallen	to	226.	This	was	because	the	figure	
for false-positive referrals had almost doubled in the 
space of 10 years, from 0.7% to 1.3%. 

Table 9.2 Referral recommendations and screen detected breast cancer in the Netherlands, period 1998-2001 and 
2009 per 100 screened women

Borstkanker < 2 jr na screening /  
Breast cancer < 2 yrs after screening

1998-2001 2009

Verwijzing %  / Referral % Ja / Yes Nee / No Totaal / Total Ja  / Yes Nee / No Totaal / Total

Ja / Yes 0,5 0,7 1,2 0,6 1,3 1,9

Nee / No 0,2 98,6 98,8 0,2 97,9 98,1

Screening Odds Ratio (SOR) (0,5/0,7) : (0,2/98,6) (0,6/1,3) : (0,2/97,9)

SOR = 352 = 226

LETB/NETB, 2014

9.2 Subgroup analysis: Influence of 
mammographic density on the 
Screening Odds Ratio (SOR)

In terms of mammographic density, mammograms 
can	be	classified	into	one	of	two	types.	The	first	type	
has a dense pattern, containing many mammograph-
ically dense structures corresponding to substan-
tial quantities of glandular and connective tissue in 
the breast. The second type has a translucent pattern, 
that	‘lights	up’	due	to	the	relative	abundance	of	fat	
compared to the limited quantity of glandular and 
connective tissue. Based on 2001-2002 data from the 
former SVOKON region, a SOR of 339 was calculated 
for dense patterns. The SOR value for lucent patterns 
was 915. During that period, the overall SOR was 518.
Figures 9.1 to 9.3 below provide an update to the 
SVOKON study, using more recent data from the four 
rounds of screening in Nijmegen from 1999-2000 to 
2005-2006. 
The effect of mammographic density is explored in 
terms of referral rate, detection rate and the inci-
dence of interval cancers.
As mentioned earlier, we can summarise the detec-
tion rate, the incidence of interval cancer, and false-
positive results (referral rates, respectively) in the 
SOR. The values for lucent and dense breast pat-
terns are summarised in Table 9.3. The trend is clear. 
Where	overall	sensitivity	is	around	70%,	specificity	in	
excess	of	99%,	and	the	SOR	is	‘around’	200,	the	num-
bers for for the subgroup of women with dense pat-
terns on screening mammograms are less favourable 
than for women with lucent breast patterns, where 
the screening performance is more than satisfactory.



61

a a a

9 – Screening outcomes

Table 9.3  Influence of mammographic density on mammographic sensitivity, specificity and the ScreeningOddsRatio, 
averages 1999-2006.

Sensitiviteit / Sensitivity Totaal / Total 70%

lucent 80%

dense 60%

Specificiteit /  Specificity Totaal / Total 99,3%

lucent 99,7%

dense 98,5%

SOR Totaal / Total 400

lucent 600

dense 200

LETB/NETB, 2014
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Figure 9.1
Referral recommendations for 
women by mammographic den-
sity, 1999-2006. 
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Figure 9.2
Detection rates for women by 
mammographic density, 1999-
2006.
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Incidence of interval breast 
cancer for women by mammo-
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9.3 Interval cancers in the population 
and subgroups

The more sensitive the screening test used, the great-
er the number of smaller tumours that will be detect-
ed. As a result, the number of interval cancers would 
be expected to fall. Data from the 1999-2006 screen-
ing rounds in Nijmegen is summarised in Figure 9.4 
below. This shows the cumulative incidence of inter-
val cancers (per 1,000 women screened) in the 24-
month period following a negative screening test.
The number of interval cancers gradually increases 
until, within a period of two years, it reaches an inci-
dence of 2 per 1,000. This means that screened women 
with a negative screening mammogram have a 0.2% 
risk of developing an interval cancer.
In this scenario, it is not possible to determine wheth-
er the cancer resulted from a tumour that was ‘missed 

at	screening’	or	whether	it	is	a	‘de	novo’	tumour.	The	
only	way	to	find	out	is	to	conduct	a	revision	study,	as	
the National Expert and Training Centre for Breast 
Cancer Screening does in its periodic independ-
ent quality inspection rounds of the central reading 
units.	 At	 the	 time	 of	 screening,	 these	 ‘de	 novo’	 tu-
mours would not yet have reached the preclinically 
detectable phase. Clearly, however, they subsequent-
ly underwent a rapid process of development, caus-
ing them to manifest as interval cancers.

In Figure 9.5, interval cancer occurrence for each 
breast pattern (dense and lucent) is presented sep-
arately. The cumulative incidence is 1.3 per 1,000 in 
women with lucent breast tissue compared to 6.0 per 
1,000 in women with dense breast tissue. 
Incidence density is calculated by dividing the num-
bers of interval cancers by the number of years for 
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Table 9.4 Life-time risk for breast cancer diagnosis (invasive and in situ)

Jaar 
Year

Startleeftijd 
Starting age

Risico op borstkanker (95%-BI)
Life-time risk of breast cancer (95%-CI)

1991 0 jaar / year 11,2%  (10,9-11,4)

50 jaar/ year 9,5%  (9,3-9,7)

70 jaar/ year 5,1%  (4,9-5,3)

2001 0 jaar/ year 13,8%  (13,6-14,1)

50 jaar/ year 11,9%  (11,6-12,1)

70 jaar/ year 6,3%  (6,1-6,6)

2011 0 jaar/ year 15,7%  (15,5-16,0)

50 jaar/ year 13,5%  (13,3-13,8)

 70 jaar/ year 7,0%  (6,8-7,2)

LETB/NETB, 2014

which the screened women have been under obser-
vation. The detection rate divided by this incidence 
density provides a unit of measurement for the dura-
tion of the detectable pre-clinical phase. This is 3.25 
years for women with a dense breast pattern, com-
pared to more than 7 years in the case of a translu-
cent pattern. Accordingly, the screening test evidently 
performs better for the latter group. More than three 
quarters of participants have lucent mammograph-
ic breast patterns. These numbers also mean that 
the lead time (the number of years that diagnosis is 
brought forward due to screening) is greater in lucent 
patterns than in the case of cancers that develop in a 
mammographically dense matrix.

Lead time as an alternative performance measure
The goal of screening is to prevent women dying from 
breast cancer by detecting as many cases as possible, 
as early on as possible. In more technical terms, it is 
to detect cases of breast cancer at the earliest possible 
point in time relative to the moment of symptomatic 
diagnosis. Since symptoms usually appear when tu-
mours reach a diameter of 20 mm, just how sensitive 
is screening in the case of preclinical screen-detecta-
ble carcinomas with a circumference of 15 mm or a 
diameter of 5-10 mm, for example?
Another legitimate question is how much earlier can 
tumours of this size (with diameters of 5, 10, 15 mm 
etc.) actually be detected? Also, what is the theoretical 
maximum limit of early detection (in years) in a sce-
nario where participants are screened every day? The 
theoretical value in question is expressed in terms of 
the	length	of	a	carcinoma’s	preclinical	screen-detect-
able phase (PCDP). Reference is made to this in Fig-
ures 9.4 and 9.5 above.
The	concept	of	‘lead	time’	(LT)	is	used	to	describe	the	
distribution of the actual length of time involved in 
‘earlier	detection’.	A	simple	rule	of	thumb	is	that	lead	
time (e.g. 2-3 years) is half the length of the PCDP (e.g. 
4-6 years). In reality, lead times (growth rates) have 
an exponential distribution. The screening tests that 

perform best will have longer LTs and PCDPs. This 
will also correspond to a greater reduction in the an-
ticipated breast cancer mortality rate.
To substantiate the latter statement, as a measure 
of	a	screening	test’s	performance,	its	lead	time	must	
also be externally validated against the correspond-
ing reduction in breast cancer mortality. Given suf-
ficient	longitudinal	epidemiological	data	on	women	
with a screen-detected cancer or an interval cancer, it 
is a relatively straightforward matter to derive accu-
rate estimates of the lead time involved. Incidental-
ly, this goal is now within reach at both regional and 
national level. That, in turn, will enable the lead time 
and Screening Odds Ratio (SOR) to be effectively cal-
culated at regional and subregional level.

9.4 Individual risk of breast cancer

It is legitimate to screen for breast cancer because 
this disease represents a major public health prob-
lem. Another argument in favour of screening is that 
breast cancer has a huge impact on the individuals 
concerned. At the start of the screening programme 
in 1990, 8,451 women in the Netherlands were di-
agnosed with invasive breast cancer and 258 with 
ductal carcinoma in situ. Twenty years later, in 2010, 
the numbers involved were 13,257 and 1,760 respec-
tively. Incidence rates can be calculated by breaking 
these incidence levels down by age and by linking 
them to population levels. Based on these age-spe-
cific	incidence	rates,	the	method	described	by	Ellen	
Paap (Paap et al, 2008) can be used to determine indi-
vidual	risks	of	breast	cancer.	Our	updated	figures	for	
the Netherlands are shown in Table 9.4.
The lifetime risk of breast cancer rose from 11% in 
1991 to almost 16% in 2011. For 50-year-old women, 
the risk is now 13.5%. At 7%, 70-year-olds, too, are still 
at moderate risk of developing breast cancer. Over 
the same period, the risk of dying of breast cancer 
(determined using the same method) fell from 4.7% 
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Figure 9.6
Age related cumulative risks 
of false-positive referral in 
relation to screen-detected 
and interval cancers (histori-
cal cohort).

Otten et al., Ann Oncol 2013

to	3.7%.	However,	these	figures	cannot	be	used	to	cal-
culate the extent to which the introduction of screen-
ing has reduced the risk of mortality. 

The changes in risk are undeniably related to the 
breast cancer screening programme for women aged 
50 to 75. The outcomes of screening in terms of indi-
vidual risks accumulated over 13 rounds of screening 
are discussed in the following paragraph. In addition 
to the chance that a cancer will be detected during 
screening, this also covers the likelihood of a referral, 
the chance of a false-positive screening test through-
out the entire process, and the risk of interval cancer. 

9.5 Information for the women invited 
to participate: cumulative risks

This paragraph is based on the paper entitled Like-
lihood of early detection of breast cancer in relation 
to false-positive risk in life-time mammographic 
screening: population-based cohort study (Otten JDM, 
Fracheboud J, den Heeten GJ, Otto SJ, Holland R, de 
Koning HJ, Broeders MJM, Verbeek ALM. Annals of 
Oncology, 2013, with editorial by Njor SH and von 
Euler-Chelpin M). 

Cumulative risk of carcinoma (or screen-detect-
ed cancer) and false-positive referrals in “regular” 
participants
Once every two years, every woman in the Nether-
lands between the ages of 50 and 75 receives an in-
vitation to participate in the screening programme. 
This equates to a maximum of 13 such invitations in 
their	total	‘screening	life’.	In	2011,	21	women	out	of	
every 1,000 screened were referred for further tests. 
Six of these individuals were subsequently found to 
have breast cancer (true-positive referral), while the 

remaining 15 did not (a false-positive referral). What, 
then,	are	an	individual’s	cumulative	risks	of	various	
screening outcomes if they participate in 13 consec-
utive screening tests? It is important for individuals 
to weigh up such information when taking decisions 
about whether or not to participate in the screen-
ing programme. The same applies to policy decisions 
concerning the structure, organisation, and funding 
of regional or national screening programmes. To cal-
culate these risks, we used data from the Nijmegen 
screening programme for the period from 1975 to the 
present. 
The probabilities of different screening outcomes 
over a total of 13 screening rounds are estimated for 
a historical cohort, a recent cohort screened using an-
alogue mammography (based on 5 full rounds), and 
a cohort that was screened using digital mammogra-
phy (based on a pilot study).

Cumulative screening outcomes over 13 rounds: 
historical cohort
In 1975, 3,539 women around the age of 50 partici-
pated in the Nijmegen screening programme. During 
the subsequent 24 years (13 rounds of screening), 157 
women were referred once and 4 were referred twice, 
resulting in the detection of 74 cases of breast cancer. 
Forty-eight women were diagnosed with breast can-
cer in the interval between two screening tests (in-
terval cancer).
The cumulative risks of a screen-detected cancer, an 
interval cancer, or a false-positive referral through-
out the 13 consecutive rounds are shown in Figure 
9.6. 
At the initial screening test, there was a greater like-
lihood of a false-positive referral than of being found 
to have breast cancer (1.1% versus 0.6%), while the 
long-term risk of breast cancer was actually higher 
(4.2% versus 5.3%). The risk of an interval cancer was 
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Table 9.5 Cumulative risks for recall and breast cancer diagnosis for a 50 year old woman based on 13 screening exa-
minations

Long-term risks early  
period* (95% CI)

Extrapolation of the rates in 
current cohort† (95% CI)

Expected figures in digital 
mammography§

Recall 9.3% (7.8 to 10.7) 14.5% (11.5 to 17.5) 22.2%

Screen-detected breast cancer 5.3% (4.1 to 6.5) 6.9% (4.2 to 9.6) 7.1%

invasive 4.4% (3.2 to 5.7) 5.5% (3.1 to 7.9) 5.6%

invasive cancer <15 mm 2.3% (1.5 to 3.2) 3.7% (0.9to 6.4) data not available

Interval cancer 3.7% (1.5 to 5.8) 2.9% (1.5 to 4.2) data not available

False-positive recall 4.2% (3.3 to 5.1) 7.3% (5.5 to 9.0) 16.1%

invasive assessment‡ 1st exam 0.8% (0.5 to 1.1) 0.9% (0.7 to 1.1) data not available

invasive assessment 13 exams 2.4% (1.7 to 3.1) 2.6% (1.7 to 3.4) data not available

LETB/NETB, 2014

* Early period (historical cohort): first screening in 1975, extrapolation for 13 examinations are based on 10 examinations.
† Current cohort: first screening examination in the period 1997–2006, extrapolation for 13 examinations are based on observations of 

5 examinations from the early and current screening period.
‡ Invasive work-up: invasive clinical examination like fine needle aspiration cytology, core needle biopsy or surgical biopsy.
§ Calculation based on figures from a digital pilot study from Netherlands, Utrecht. See original article (Otten et al.,2013).

fairly stable from round to round, amounting to 3.7% 
after 13 rounds.

Cumulative risks (after 13 screening tests): histori-
cal cohort versus current participants 
Table 9.5 shows the cumulative risks for different 
endpoints. The historical cohort (13 rounds starting 
in 1975) is in column 2, the more recent period of an-
alogue screening (1997-2006) is in column 3, while 
column 4 gives estimates for the digital screening sit-
uation.
When compared to historical data from the trial 
mammography	screening	programme	(the	first	few	
decades of the Nijmegen programme), the cumula-
tive risk across 13 screening tests of being referred at 
least once rose from 9.3% to 14.5%. This also boosted 
the cumulative risk of at least one false-positive re-
sult, from 4.2% to 7.3%. At 7.3%, this risk is still much 
lower than in neighbouring countries, where ana-
logue mammography is associated with a false-pos-
itive	rate	in	excess	of	20%	(Hofvind	et	al,	2012);	See	
Figure 9.7 for the cumulative risks of a false-positive 
referral in a number of international studies (circles) 
and in various scenarios (lines). The differences be-
tween countries can be largely accounted for by dif-
ferences in referral rates (Njor et al, 2007 and Fletcher 
et al, 2005).
The expectation is that, with the advent of digit-
al screening, the cumulative risk of a false-positive 
referral will rise to about 16% (NL-u in Figure 9.7). 
However, this is still below the level seen in other 

countries, where false-positive rates of 30% or more 
are seen (Del Turco et al, 2007, and Sala et al, 2009). 

At 6.9%, the cumulative risk of a true-positive result 
(breast cancer detected by screening) is currently 
about the same as the risk of a false-positive referral 
(7.3%). At the initial screening test, the ratio of true-
positive results to false-positive ones is 1 to 2. Thus, 
the more frequently a woman undergoes screening 
tests, the more favourable the ratio. In addition, the 
long-term risk of an invasive screen-detected can-
cer where the tumour is <15 mm in size, increases 
from 2.3% to 3.7%. Women with such small tumours 
have a normal life expectancy (Otten et al, 2010). This 
means that (with proper treatment) approximately 
67% (3.7%/5.5%, Table 9.5 present cohort) of women 
with an invasive screen-detected cancer have the 
same life expectancy as women without breast can-
cer. 
Today, the estimated cumulative risk of an interval 
cancer	has	dropped	to	2.9%.	Yet	in	the	first	decades	
of the trial programme in Nijmegen it was still 3.7%. 
This gives a more favourable ratio of screen-detected 
cancer to interval cancer (it was 3:2, and is now 5:2). 
All in all, the policy of more frequent referrals has de-
livered a higher cumulative chance of detecting early 
breast cancer and a reduced risk of an interval cancer. 
This is at the expense of a slight increase in the risk 
of at least one false-positive result, a risk that will in-
crease still further in the digital situation and with 
further increases in referral rates.
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Otten et al., Ann Oncol 2013

Figure 9.7
Cumulative risk of false-
positive recall for various 
scenarios (lines, rates origi-
nating from IARC Handbooks 
of Cancer Prevention. Studies 
(black dots), cf. supplemen-
tary Table 2, available at 
Annals of Oncology online)

9.6 Summary

•	 While	 trend	studies	 into	 the	 incidence	of	disease	
tackle the situation at population level, there is 
also a demand for individual risk estimates. “Eve-
rything depends on participating and referred 
women being given the correct information by the 
healthcare professionals involved” see a submitted 
comment in response to Verbeek et al, 2013. The 
answer is as follows: A 50-year-old woman who is 
about to commence the series of 13 mammograph-
ic screening tests that will end when she turns 75, 
will face the following: a 6.9% chance of one car-
cinoma	 being	 detected	 during	 screening;	 a	 7.3%	
chance of a false-positive referral, and 2.9% chance 
of an interval cancer.

•	 An	evaluation	of	national	and	regional	screening	
data has yielded information on the extent of in-
tended and unintended effects of screening. It 
would	be	useful	to	express	‘performance’	in	terms	
of a single unit of measurement or as a number, to 

allow comparisons to be made over time, between 
regions, or within subgroups. The SOR (or Screen-
ings Odds Ratio) was introduced in the XIth NETB 
report (2005), to meet this very need. The SOR for 
the 15% to 20% of participants with dense mam-
mographic patterns is markedly lower than it is for 
women with lucent breast patterns. Following the 
completion of the transition to full digital screen-
ing, it is recommended that similar SOR studies 
take place in the Netherlands.

•	 Next,	 we	 focused	 on	 another	 performance	meas-
ure that places greater emphasis on anticipated 
mortality reduction. Epidemiological information 
on detection rates and interval cancer rates can 
be used to estimate the length of the preclinically 
detectable phase and the lead time. As improving 
screening tests enable us to discover and treat car-
cinomas at ever earlier points in their development, 
relative to the moment at which they would give 
rise to symptoms, the more likely it is that death 
from mammary carcinoma will ultimately be en-
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tirely preventable. A clear relationship has been 
found between lead time and mammographic den-
sity.

•	 A	cross-sectional	data	analysis	at	aggregated	pop-
ulation level and individual longitudinal data 
analysis can generate information of relevance to 
policymakers, as well as background information 
for all those who are considering whether or not to 
participate	in	screening.	Details	of	the	significance	
of mammographically dense breast patterns are 
shown above. A similar type of evaluation is im-
portant with regard to issues such as co-morbidity, 
breast cancer in the family, socioeconomic status 
(SES), and urban/rural or other regional character-
istics.	This	has	placed	the	topic	of	risk	stratification	
firmly	on	the	agenda.
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10
Discursive summary

Cancer is the number one cause of death in the Neth-
erlands. The most common form of cancer in women 
is breast cancer. Twenty-nine percent of all cancers in 
women are forms of breast cancer. In the late 1980s, 
women in the Netherlands had a “lifetime” risk of al-
most 5% of dying from breast cancer.
Over	 the	 past	 twenty-five	 years	 there	 has	 been	 a	
steady improvement in the effectiveness of breast 
cancer treatment. The introduction of breast cancer 
screening meant that increasing numbers of women 
could be diagnosed at ever earlier stages. Randomised 
trials and observational studies have conclusively 
proven that early treatment is more effective than 
late treatment. The risk of metastasis, which cannot 
be cured, is considerably smaller in the case of small 
tumours than it is with large tumours. If the tumour 
is surgically removed while it is still small, this re-
duces risk of metastasis. Improvements in treatment 
are helping to increase the cure rate for patients with 
metastases (and micrometastases). Depending on 
the age of the patient, these have about the same ef-
fect on survival as early detection.

There is an ongoing debate about the pros and cons 
of breast cancer screening. And rightly so. The Dutch 
programme costs nearly 65 million euros per year, i.e. 
64 euros per screening test. Nearly 1.3 million women 
receive an invitation, which means that 31% of the 
female population belongs to the target population. 
If these women are asked to consider an invitation to 
a free screening test, they are entitled to understand 
the full implications of their decision. Hence the need 
for a more comprehensive NETB report giving details 
of the main pros and cons involved. In 2014, this 13th 
evaluation report presents the results of the 15 mil-
lion screening tests that have been carried out in 

the Netherlands since the start of the screening pro-
gramme in 1990. 

While just as many screens have, by now, been car-
ried out in other countries, the level at which we are 
capable of evaluating the Dutch programme is quite 
exceptional. The parameters involved include par-
ticipation rate, referrals, detection rates and stages 
of diagnosis. The infrastructure associated with in-
dividual invitations in the Netherlands, which ena-
bles	data	(with	the	individual’s	consent)	to	be	linked	
to	data	from	the	screening	files,	the	Cancer	Registry	
and Statistics Netherlands (more than 95% complete 
follow-up), makes it possible to evaluate the most im-
portant measures of outcome. In this way, a number 
of crucial questions can be asked and answered. How 
much of the decline in breast cancer mortality in the 
Netherlands is due to early detection and treatment? 
How many breast cancers are missed during screen-
ing? How many of the women diagnosed with (and 
treated for) breast cancer would have remained undi-
agnosed (and untreated) if they had not participated 
in the screening programme? 
A	nationwide	 link-up	made	 it	possible,	 for	 the	first	
time, to measure the effects in those women who 
were screened in 2004-2009, for a period of up to two 
years after their last invitation. The screening pro-
gramme also underwent some major changes. These 
involved	a	reorganisation	into	five	screening	regions,	
changes	 in	 the	 radiologists’	 groups	 who	 evaluate	
screening mammograms, and the complete transi-
tion to digital screening.

In the period from 1990 to 2011, 80% of the women in-
vited accepted the invitation. Initially, only 0.8% were 
referred for further testing. This currently stands at 
2.1%, which is still a very modest referral rate by in-



70

a a a

National evaluation of breast cancer screening in the Netherlands 1990 – 2011/2012

ternational standards. Three obvious reasons can be 
given for this change over time: the introduction of 
screening for women aged 69-74, a deliberate policy 
of referring more women with subtle mammograph-
ic abnormalities (prompted by a study into how to 
optimise the programme [NETB, 2002]), and the in-
troduction of digital screening. 
Since 2007, there has been a slight decrease in par-
ticipation rate, from 82.4% to 79.6% in 2012. We have 
not been able to identify a clear cause for this. The 
participation	rate	stabilised	for	the	first	time	in	2012,	
among the newly invited group of women (aged 
49-51). An issue that is more important than the par-
ticipation rate itself is whether or not Dutch women 
are in a position to make a properly informed choice 
about whether or not to participate. A random sam-
ple survey has shown that this was indeed the case: 
Eighty-eight percent made a well-informed choice 
(Van Agt et al, 2012).

Throughout the evaluation period, a total of more 
than 78,000 cases of breast cancer were detected by 
screening. Nearly 80% of these cancers are invasive, 
only 2 cm or less in diameter, or involve a non-inva-
sive form of breast cancer. Forty percent are actually 
invasive tumours 1 cm or less in diameter, or non-
invasive tumours, which cannot be detected by pal-
pation. Moreover, 75% of invasive tumours show 
no metastasis to the lymph nodes. We also see that, 
since 2001, the rising trend in the incidence of lymph 
node	positive	(N+)	tumours	(age	49-69)	has	flattened	
out, while the incidence of lymph node-negative (N-) 
tumours continues to increase. In general, the inci-
dence of breast cancer in the Netherlands (independ-
ent of the screening programme) is increasing by 
about 1.4% per year, due to changes in risk factors.
After the implementation stage of the screening 
programme, 88% of all screens involve subsequent 
screening tests (in women who have already been 
screened). In this summary, we want to focus prima-
rily on these subsequent screening tests (conducted 
within the standard period of 2.5 years after a previ-
ous screening). In the most recent period (2007-2011), 
nearly 4 million regular subsequent screening tests 
have been conducted. The referral rate increased 
slightly from 1.5% to 1.7%, while breast cancer de-
tection per 1,000 screened individuals rose from 5 
to 6. The increase mostly involves small invasive tu-
mours	(T1a,b;	1	cm	or	less)	and	non-invasive	tumours	
(DCIS). 
There is a 33% chance that breast cancer will be de-
tected in women who are referred (and who partic-
ipated in previous screens). In the recent past, this 
has remained fairly stable. The introduction of dig-
ital screening initially led to a sharp increase in the 
number of referrals. In two-thirds of those women 
who have been referred and found not to have breast 

cancer, this disease can now be excluded with a high 
degree of certainty, using only non-invasive (imag-
ing) diagnostics. 

The goal of screening is to draw a sharp distinction 
between individuals who are at high risk of the dis-
ease (who need to be referred for (legitimate) fur-
ther diagnosis), and individuals who are at relatively 
low risk, who should not be referred at this point in 
time. Referring more women can lead to more early 
detection and treatment of breast cancer. However, 
referring too many women leads to anxiety and un-
necessary diagnostic assessment in women who are 
at low risk. The latter situation can be prevented by 
referring relatively few women. However, this also 
prevents the possible early detection of breast can-
cer in women who are at risk, and who stand to ben-
efit	from	early	treatment.	In	the	Netherlands,	there	is	
a relatively high threshold for referral. This is due to 
the centralised training courses associated with ac-
creditation for the Dutch screening programme, to 
the radiologists themselves, and to feedback about 
women who have been referred and about those who 
have not. How well is the Dutch breast cancer screen-
ing programme currently performing in this regard?

In subsequent screening tests carried out from 2004 to 
2009, 984 of every 1,000 women screened were cor-
rectly given good news (“In your case, no evidence 
of	 breast	 cancer	 has	 been	 found”).	 In	 another	 five	
women, further diagnosis revealed the presence of 
breast cancer. Another three subjects are referred for 
suspected cancer which, following a needle biopsy, is 
found to be benign (“false-positive biopsy”) and six 
others found to be benign after additional imaging 
only. In a further two women, breast cancer is detect-
ed in the two years following the mammogram. 
Following negative screening results, not all of the 
breast cancers discovered in the subsequent screen-
ing interval are cases that were ‘missed at screen-
ing’.	Some	will	be	breast	cancers	that,	during	the	last	
screening test, were not yet detectable using existing 
techniques. In the intervening period, these cancers 
will have grown to the point at which they can be de-
tected. In the Dutch screening programme, test sensi-
tivity	(a	test’s	ability	to	actually	detect	the	presence	of	
breast cancer) is currently 88% or above. This has in-
creased slightly with the advent of digital screening. 
Test	specificity	(the	performance	of	the	Dutch	screen-
ing programme in terms of not referring women who 
do not have breast cancer for further testing) is 99%, 
which is a very high level. This means that referred 
women are 200 times more likely to have breast can-
cer than non-referred women.

These calculations and conclusions were made possi-
ble by the large-scale link-up of individual screening 
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files	 to	 data	 from	 the	Netherlands	 Cancer	 Registry	
of the Comprehensive Cancer Centre of the Nether-
lands (IKNL), which was a very time-consuming and 
labour-intensive exercise. However, this work made 
it possible to analyse data on nearly 12,000 women 
who were diagnosed with breast cancer in the period 
between two screening tests (interval cancer). Over 
time, the interval cancer rate per 2,000 woman-years 

“at risk” has increased slightly, from 2.0 to 2.3. How-
ever, given that the risk of breast cancer has gradu-
ally risen, a slight increase in the number of cases 
of breast cancer – even in a screening interval – is 
to be expected. It appears that programme sensitiv-
ity (“how well is the two-year programme perform-
ing?”) has stabilised, and that – in recent years – it 
has even improved slightly. 

What	are	the	ultimate	benefits	of	this	policy,	in	terms	
of breast cancer mortality? And is there any way to 
measure this? Fortunately, breast cancer mortality 
in women has fallen in recent years, both in younger 
individuals and in middle-aged and elderly women. 
From 1969 until the start of the breast cancer screen-
ing programme in the Netherlands, however, there 
was a visible increase in mortality in the age group 
that today is invited to participate in population 
screening. Yet trend analyses like this cannot be used 
to identify the underlying causes of this phenome-
non. In more sophisticated analyses at local author-
ity level, we have concluded that the limited (0.3%) 
annual increase in breast cancer mortality among 
women	aged	55	to	74	has	now	changed	into	a	signifi-
cant (1.7%) annual decline, and that the tipping point 
for every local authority in the Netherlands occurred 
immediately after the start of local screening (Otto 
et al, 2003). 
If we narrow down the focus even further, i.e. to the 
level	 of	 the	 individual,	we	find	 that	women	 in	 the	
Netherlands who have been screened are only half 
as likely to die of breast cancer (due to earlier diag-
nosis and treatment) as those who do not participate 
in	the	screening	programme.	This	figure	has	already	
been adjusted to allow for the possibility of a high-
er breast cancer mortality risk among non-partici-
pating women. Indeed, clinical studies conducted in 
the Netherlands have shown that “participation in 
screening” is an independent (positive) prognostic 
factor (Mook et al, 2011). That is to say, women whose 
breast cancer is detected during screening have more 
favourable survival rates than those with tumours of 
the same stage that are detected in clinical settings.

Surely, over this period, there have also been improve-
ments in the treatment of breast cancer? The above-
mentioned	analyses	clearly	reveal	the	specific	effect	
of screening, which leads to the earlier treatment of 
smaller breast tumours. Another method of analy-

sis involves the simultaneous modelling of screening 
and treatment in the Dutch population. This is based 
on randomised controlled trials (both for screening 
and treatment) and on treatments and screens that 
were actually administered. In the 50-74 age group, 
it has been shown that improved treatments have 
cut mortality by at least 15%, while earlier detection 
accounts for 21%. For the entire female population 
between the ages of 0 and 100, it is estimated that 
improved treatment currently prevents 700 deaths 
per year (including relatively young individuals). The 
corresponding	figure	for	participation	in	the	nation-
al screening programme (in women aged 50-74), is 
775 prevented deaths per year. Despite the increased 
incidence	of	breast	cancer,	a	Dutch	woman’s	risk	of	
dying of this disease has now fallen to less than 3%. 

What are the most important harms of mammogra-
phy screening? The detection of breast cancer in cases 
where, in retrospect, this was not necessary, is one 
major harm. An effective screening is one that brings 
forward the time of diagnosis. However, this also 
means that very slow-growing breast cancers may be 
detected that would not otherwise have come to light 
(for example, because the woman in question would 
previously have died of another disease). In statistical 
terms,	this	means	that	there	is	always	a	significant	
rise in the number of breast cancers detected at the 
start of screening. When the target group in question 
is no longer invited for screening, this will be offset 
by a fall in the number of clinically diagnosed breast 
cancers. For this purpose, the programme must be in a 

“steady state” period. Accordingly, for the Netherlands, 
it was not until 2006 that the true extent of what, in 
retrospect, proved to be unnecessarily detected cases 
of cancer could be calculated. This amounted to 3% of 
all breast cancers diagnosed that year in the Nether-
lands, or up to 10% of the cases of breast cancer that 
were detected by screening. 
Most of these diagnoses involve non-invasive carci-
noma (DCIS), of which a large part might be overdiag-
nosed. This is because, on average, such cancers take a 
long time to become invasive. Moreover, the majority 
of the least malignant variants never go on to devel-
op into invasive (and therefore dangerous) tumours. 
Digitisation resulted in a sharp increase in DCIS, 
which now accounts for 20-25% of all the breast can-
cers detected. Some of these lesions, especially those 
that occur at a relatively young age, can progress to a 
fatal invasive form. Here, there is a clear case for in-
tervention. However, in most cases of DCIS, the mer-
its of intervention remain unclear. Ideally, therefore, 
a randomised trial should be started in which not all 
forms of DCIS detected by screening need to be treat-
ed immediately, and are instead actively monitored.
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In 2012, an independent committee in the United 
Kingdom reported on the strength of the evidence 
in favour of screening for breast cancer (in the UK). 
The	conclusion	was	clear:	significant	health	gains	can	
be achieved. There are also a number of harms (Mar-
mot et al, 2012). For many women, the pros outweigh 
the cons. The committee found that a number of im-
portant	 published	 studies	 were	 not	 sufficiently	 ro-
bust, as these had either used very high estimates of 
overdiagnosis, or very low estimates of effect. These 
studies presented relationships between pros and 
cons that were mainly based on past randomised tri-
als, that were calculated prior to the start of the pro-
gramme in the United Kingdom (with more referrals 
and less frequent screens), and that largely exclud-
ed current results obtained in ongoing breast cancer 
screening programmes from the analyses. 

The results of 15 million screens in the Netherlands 
that are presented here, together with an independ-
ent evaluation of key indicators and key outcomes, 
indicate a favourable balance between the pros and 
cons of breast cancer screening in the Netherlands. 
The Health Council of the Netherlands endorses this 
finding	 in	 its	 recently	 published	 evaluation,	which	
addresses the Dutch results obtained by the National 
Evaluation Team for Breast Cancer Screening in the 
Netherlands. We advise women to make their own 
judgements on this matter. Screening will have no re-
percussions for most of the women who participate. 
A rather small proportion will be affected by harms, 
but a slightly larger proportion will gain some very 
important	benefits.	At	the	time	that	the	invitations	
are issued, it is not possible to predict who belongs to 
which group. 
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Appendix I Screening regions

As of 1 January 2010, 21 screening organisations providing cervical and breast cancer screening were merged 
into	five	new	foundations	for	cancer	screening,	each	focused	on	a	specific	region:	North,	East,	South,	South-West	
and Mid-West. 

Cancer screening foundation Reading units from 2012* onwards

Northern Regional Population Screening Organisation
Queridolaan 5
Postbus 425
9700 AK Groningen

Groningen
Meppel

Eastern Regional Population Screening Organisation
Zutphenseweg 51
7418 AH Deventer
Postbus 2107
7420 AC Deventer

Apeldoorn
Doetinchem
Nijmegen

SouthernRegional Population Screening Organisation
•	Eindhoven	site
 Postbus 690
 5600 AR Eindhoven
 Larixplein 5
 5616 VB Eindhoven
•	Maastricht	site
 Australiëlaan 12
 6199 AA Maastricht-Airport

Maastricht
Breda
Eindhoven
Venlo

South-Western Regional Population Screening Organisation
Postbus 91163
3007 MD  Rotterdam
Maasstadweg 124
3079 DZ  Rotterdam

Den Haag (tot 2013: Leiden)
Dordrecht
Goes
Rotterdam

Mid-West Regional Population Screening Organisation
Hoogoorddreef 54-e
1101 BE Amsterdam

Amsterdam
Amsterdam
Utrecht

* once totalled 28 reading units
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Appendix II Main results

LETB xiii Bijlagen II-IV 140123.xlsx / Bijl_2 LETB/jf - 21-8-2014

1990-
19971

1998-
2006

2007 2008 2009 2010 2011 1990-2011

Doelgroep per jaar (x 1000)2

Targeted per year (x 1000) 2 733 - 813
1.021-
1.164

1.183 1.204 1.227 1.250 1.275 --

Uitnodigingen
Invitations

4.071.120 9.210.600 1.108.163 1.120.828 1.121.185 1.193.347 1.230.577 19.055.820

Totale deelname
Overall participation

78,2% 80,7% 82,4% 82,0% 81,5% 80,8% 80,1% 80,0%

Heruitnodiging binnen 24 ± 2 maanden
Re-invitation within 24 ± 2 months

-- -- 78,3% 73,9% 75,2% 72,7% 71,8% 73,8%

Deelnametrouw3

Re-attendance 3 91,8% 92,6% 93,8% 93,5% 93,1% 92,6% 92,5% 92,7%

Screeningsonderzoeken4

Screen examinations 4 3.128.241 7.371.443 911.547 918.578 911.441 961.765 986.885 15.189.900

  - eerste / initial 47% 14% 12% 12% 12% 12% 11% 20%
  - vervolg / subsequent  < 2,5 jaar 51% 80% 84% 84% 84% 84% 84% 75%
  - vervolg / subsequent  >= 2,5 jaar 1,6% 5,9% 4,0% 4,1% 4,0% 4,4% 4,7% 4,5%
  - digitaal / digital  (% van totaal / of total ) -- 1,2% 7% 10% 42% 94% 100% 17%
Gemiddeld screeningsinterval (maanden)
Mean individual screen interval (months)

24,1 24,3 24,6 24,7 24,7 24,7 23,9 24,3

Einduitslag screening bekend
Final screen result known

97,7% 98,3% 97,8% 99,0% 98,9% 98,2% 98,9% 98,9%

Verwijsadviezen
Recalls (referral recommendations)

30.901 97.010 16.414 16.752 17.413 19.406 21.129 219.025

Verwijscijfer per 1000 gescreende vrouwen
Recall (referral) rate per 1000 women screened

9,9 13,2 18,0 18,2 19,1 20,2 21,4 14,4

Verwijsadviezen opgevolgd (v.a. 2002)
Response to recall (referral) (as of 2002)

-- 99,5% 99,7% 99,7% 99,7% 99,8% 99,7% 99,7%

Fout-positieve uitslagen per 1000 gescreende vrouwen
False positive results per 1000 women screened

5,1 8,3 12,5 12,7 13,4 14,3 15,2 9,3

  -  na niet-invasieve diagnostiek per 1000 gescreende vrouwen
      after non-invasive assessment per 1000 women screened

2,4 4,8 8,0 8,3 6,8 9,0 9,9 5,2

  -  na invasieve diagnostiek per 1000 gescreende vrouwen
       after invasive assessment per 1000 women screened

2,5 3,2 4,2 4,2 3,9 5,0 5,1 3,3

Screeningscarcinomen
Screen-detected cancers

14.966 36.289 4.999 5.110 5.190 5.667 6.108 78.329

Borstkankerdetectie per 1000 gescreende vrouwen
Breast cancer detection per 1000 women screened

4,8 4,9 5,5 5,6 5,7 5,9 6,2 5,2

PVW5 verwijsadvies
PPV 5  recall (referral recommendation)

48% 37% 30% 31% 30% 29% 29% 36%

In-situ carcinoom (DCIS)
Ductal carcinoma in situ

14,3% 14,3% 15,1% 14,8% 17,3% 20,4% 19,5% 15,4%

Invasieve carcinomen
Invasive breast cancers

83,7% 84,1% 83,2% 84,3% 81,2% 78,7% 77,9% 82,9%

Tumormorfologie onbekend
Tumour morfology unknown 2,1% 1,6% 1,7% 0,9% 1,6% 0,9% 2,5% 1,7%

(Gemiddelde) Totale kosten per jaar (mln €)
(Average) Annual total cost (million €)

18,5 39,0 49,1 50,9 51,7 55,0 57,7 34,7

Kosten per onderzoek (€)
Cost per screen examination (€)

47,43 45,03 53,77 55,39 56,76 56,38 57,97 48,41

Invasieve borstkankerincidentie /100 000 (ESR)6

Invasive breast cancer incidence /100 000 (ESR) 6 279,6 306,7 329,5 330,4 325,3 330,1 339,0 302,3

In-situ borstkankerincidentie /100 000 (ESR)6

In situ breast cancer incidence /100 000 (ESR) 6 26,5 40,2 47,6 49,1 56,3 64,3 63,7 38,8

Borstkankersterfte /100 000 (ESR)6

Breast cancer mortality /100 000 (ESR) 6 91,6 76,7 67,0 70,4 64,7 65,2 64,6 79,7

Borstkankersterfte t.o.v. 1986/88 (50-74 jaar)
Breast cancer mortality comp. with 1986/88 (50-74 years)

- - -28,8% -25,2% -31,3% -30,7% -31,3%

Borstkankersterfte t.o.v. 1986/88 (55-79 jaar)7

Breast cancer mortality comp. with 1986/88 (55-79 years) 7 - - -28,1% -24,4% -31,0% -29,9% -31,3%

 1  Leeftijd 49-68 jaar; vanaf 1998 49-75  -   Ages 49-68 years; as of 1998 49-75 years
 2  Bron: CBS  -  Source: Statistics Netherlands
 3   Berekend over laatste twee screeningsronden  -  Calculated over last two screening rounds
 4   Uitgevoerde onderzoeken in verslagperiode (ongeacht de uitnodigingsdatum)  -  Performed screening examination in reported time period (irrespective of invitation date)
 5   PVW: positief voorspellende waarde  -   PPV: positive predictive value
 6   Voor leeftijdscategorie 50-74 jaar (Bron: www.ikcnet.nl; ESR = Europees Standaardcijfer)  -   For age category 50-74 years (source: www.ikcnet.nl; ESR = European Standardised Rate)
 7   Rekening houdend met later optredend effect (lag time )  -   Taking delayed effect (lag time) into account 

LETB/NETB,  2014
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Appendix III Participation 1990-2012
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Appendix IV Results 1990-2011
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National evaluation of breast cancer screening in the Netherlands 1990 – 2011/2012
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National evaluation of breast cancer screening in the Netherlands 1990 – 2011/2012
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Appendix VI Evaluation tables, concepts

Evaluation tables
Aggregated annual data (evaluation tables) supplied 
by the regional screening organisations are used for 
the national evaluation of the breast cancer screen-
ing programme. After checking this data for com-
pleteness and consistency, the National Evaluation 
Team for Breast Cancer Screening in the Netherlands 
(NETB) imports it into a national database, for further 
analysis. 

The A tables contain regional-level data on the tar-
get population, and on the numbers of invitations is-
sued, together with details about participation and 
non-participation. The A tables are based on the in-
vitations to screening tests scheduled to take place in 
the reporting year in question. The A-tables draw a 
distinction between initial and subsequent screen-
ing rounds. Subsequent screening rounds involve 
women who have received two or more invitations to 
the screening programme. This is independent of any 
previous participation.

The B-tables are based on the actual number of tests 
carried out by the regions in the reporting year in ques-
tion and the subsequent screening results (recom-
mendations for referral, further diagnosis, size and 
lymph node status of the detected breast tumours). 
Screening	 tests	 are	 classified	 into	 initial	 screening	
tests (independent of the number of previous invi-
tations) and subsequent screening tests, in which the 
previous test took place less than 2.5 years before (= 
regular subsequent screening tests) or subsequent 
screening tests at intervals of 2.5 years or more.

Definition of age and target group
The	national	 evaluation	 uses	 the	 same	 age	 classifi-
cation system as Statistics Netherlands (CBS), which 
is	based	on	an	individual’s	age	at	0:00	on	1	January	
of a given year. Until 1997, the target group was de-
fined	as	women	who,	in	the	reporting	year	in	ques-
tion, are at least 50 years of age and no older than 69. 
From 1998 onwards, women aged from 70 to 75 were 
included (3 rounds of screening). The current target 
group consists of all women from 50 to 75 years of 
age. At the beginning of the reporting year in ques-
tion, these women must be at least 49 years of age 
and no more than 74 (the age used for evaluation 
purposes). Screening does not strictly correspond to 
calendar years, moreover women have the option of 
rescheduling their appointment. As a result, it often 
happens that some women are screened at the age 
of 75. 

Participation rate
Calculations of the participation rate are based on 
the number of invitations sent (excluding reminder 
invitations, so only the original invitations are count-
ed). In the initial round of screening, this number 
corresponds to the number of women in the target 
group (give or take a few individuals) whose invita-
tions	were	not	sent,	as	the	organisation	was	notified	
of their death before the invitations were actually 
posted. In the subsequent rounds (screening rounds 2 
and later), a relatively larger number of women were 
not sent an invitation. These were women who, in an 
earlier round, had indicated (for various reasons) that 
they did not wish to receive any further invitations. 
This means that the group of women who are actual-
ly invited for further testing is smaller than the target 
group. As a result, in comparison with the invitations 
for an initial screening test, there is a slight bias in fa-
vour of the participation rate. 

Tracing interval cancers
Interval	cancers	are	detected	by	 linking	the	files	of	
those women who have been screened in a given 
year	to	the	Cancer	Registry’s	database.	In	connection	
with	the	official	2-year	screening	interval,	this	 link-
age can only take place in the third year after the end 
of the screening year (reporting year) in question. If a 
positive correlation is found between linked records, 
a check is made to determine whether or not these 
do indeed relate to the same woman, and whether 
an interval cancer or a screen-detected cancer is in-
volved. The breast cancer in question is then tagged 
in	the	Cancer	Registry	database	with	a	code	‘I’	or	‘S’.	
In the case of interval cancers, the period (in months) 
since the last screening test is recorded.

Evaluation tables on the incidence and treatment 
of breast cancer
Each year, with the help of the regional screening 
organisations,	 the	 regional	 cancer	 registries	 fill	 in	
separate evaluation tables for data from the Cancer 
Registry. These C tables give details of new cases of 
breast cancer (incidence) by age and, where applica-
ble, by relationship with the breast cancer screening 
programme	 (‘screening	 relationship’).	D tables give 
details of the primary and adjuvant therapy of mam-
mary carcinomas, by age and screening relationship. 
It	is	necessary	to	link	the	population	screening	file	to	
that of the Cancer Registry (see also interval cancers) 
in order to assess whether the registered breast can-
cer was detected by screening or whether it was di-
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agnosed in a woman who had been screened at some 
time in the past (interval cancer).
Given that this linkage is primarily intended for trac-
ing interval cancers, and that allowance has to be 
made for a screening interval of at least two years, 
the	C	and	D	tables	cannot	be	completely	filled	in	until	
approximately three years after the reporting year in 
question.

Unlike the Cancer Registry, the national evaluation is 
not	based	on	a	subject’s	actual	age	at	diagnosis	(‘in-
cidence	 date’	 Cancer	 Registry),	 but	 on	 their	 age	 at	
0:00 on 1 January of a given year, in analogy with the 
other	evaluation	tables.	In	addition,	the	definition	of	
mammary carcinomas used by the National Evalua-
tion Team for Breast Cancer Screening in the Neth-
erlands (NETB) may differ slightly from that used by 
the Netherlands Cancer Registry, in terms of a few, 
rare morphological types.

TNM-classification

The NETB uses a simplified classification system for breast cancer tumour size and lymph node status, derived from 
the TNM classification system developed by the Union for International Cancer Control (UICC). The ‘T’ stands for the 
size of the primary tumour (‘size’), the ‘N’ for the regional lymph nodes and the ‘M’ for the occurrence of tumour 
tissue elsewhere in the body (distant metastases). 

T categories used:
Tis (DCIS) Primary tumour only (Ductal) Carcinoma in situ
T1a Invasive tumour, largest diameter <= 0.5 cm
T1b Invasive tumour, largest diameter >0.5 cm and <= 1 cm
T1c Invasive tumour, largest diameter >1 cm and <= 2 cm
T1r Invasive tumour, largest diameter <= 2 cm (no classification into T1a, T1b or T1c)
T2 Invasive tumour, largest diameter >2 cm and <= 5 cm
T3 Invasive tumour, largest diameter >5 cm
T4 Invasive tumour, all sizes with invasion of chest wall and/or skin
Tx Size of primary tumour cannot be determined

N categories used (involves invasive tumours):
N- (or N0) No tumour tissue in the regional lymph nodes 
Nsn No tumour tissue (metastases) in sentinel node 
N+ Tumour tissue (metastasis) in regional lymph nodes / sentinel node 
Nx No lymph nodes examined 

M categories used (in accordance with the UICC’s TNM classification):
M0 No distant metastasis
M1 Demonstrable distant metastasis

In general, pTNM (the post-surgical or pathological TNM) is used. If this is not available, then cTNM (the clinical TNM) 
is used instead. That involves the determination of tumour size and lymph node status during diagnosis. 

The first decade of the 21st century witnessed the rise of neo-adjuvant therapy, which is designed to achieve a pre-
operative reduction in tumour volume. If such volume reduction is successful, however, pT and pN will no longer 
reliably indicate the tumour’s size and lymph node status during screening tests. Up until the end of 2011, this may 
have led to an underestimation of average tumour size. With effect from the start of 2012, cTNM was used instead 
of pTNM in these cases.
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Appendix VII The Dutch breast cancer screening programme – definitions

The Dutch nation-wide breast cancer screening 
programme
The screening programme is co-ordinated by the 
Centre for Population-based screening of the Nation-
al Institute for Public Health and the Environment 
(Rijksinstituut voor Volksgezondheid en Milieu, RIVM) 
and	 financed	 by	 the	 Ministry	 of	 Health,	 Welfare	
and Sport. Quality control and ongoing monitoring 
have been entrusted respectively to the National Ex-
pert and Training Centre for breast cancer screening 
(NETC) and the National Evaluation Team for Breast 
cancer	screening	(NETB).	The	five	(up	to	2010	nine)	
screening regionsare responsible for actually per-
forming the screens. Each region boasts 2 to 4 read-
ing	 units	where	 the	 films	 are	 read	 that	 have	 been	
made in the screening units. 
The programme for women aged 50-69 years has 
been gradually implemented in the Netherlands 
during 1989-1997 and during 1998-2001 extended 
up to the age of 75. The personal data of the eligi-
ble women are provided by the municipal popula-
tion registers (since 1996 fully computerised). Every 
two years, they get a personal invitation letter with a 
fixed	appointment	for	a	screen	examination	in	one	of	
the approx. 60, mostly mobile, screening units. Non-
responding women are issued a reminder after two 
or three months. Before the implementation of dig-
ital mammography, an initial screen consisted of 
two-view mammography, whereas in subsequent 
rounds an oblique view was taken only as a stand-
ard;	additional	cranio-caudal	views	were	taken	only	
on indication Since 2013 all screening examinations 
consist of a two-view mammography. The radiogra-
pher	checks	the	films	on	the	spot;	if	necessary,	repeat	
or	additional	mammograms	are	made.	All	films	are	
independently read by two radiologists, who must 
reach consensus to refer the woman for further clini-
cal assessment. All the women examined receive the 
result of the screening in writing within ten work-
ing	days;	in	the	event	of	a	positive	result,	the	general	
practitioner is informed in advance.

Evaluation data
The NETB annually collects regional tabulated data 
on invitations, participation (attendance), screen 
examinations, referrals, assessment and screen-de-
tected breast cancers including tumour stage. Data 
on interval cancers and breast cancer incidence and 
therapy	are	obtained	after	linking	a	file	of	screened	
women	to	the	file	of	the	national	cancer	registry.	(In	
the past linkage was carried out at regional level 
which may have led to some underreporting of inter-
val cancers in women diagnosed and treated in an-
other region than were screening took place). Due 

to an inevitable delay in the cancer registry and be-
cause of the screening interval of 2 years, records of 
women screened in a certain calendar year cannot be 
linked to cancer registry records earlier than in the 
third year after screening. Demographic and (breast 
cancer) mortality data are provided by Statistics 
Netherlands. The most common of these data can be 
downloaded directly from their website (http://stat-
line.cbs.nl/StatWeb). 

Definitions

•	Age
Women	are	 eligible	 for	 the	first	 time	 in	 the	 year	
when they will reach the age of 50, and for the last 
time when they will become 75. For the evaluation 
we generally use the age at January 1st of a given 
year, corresponding with ages 49 through 74 years.

•	 Screening	round	and	participation
The screening round corresponds with the number 
of invitations for screening of the individual 
woman regardless of her participation at the pre-
vious round(s). The participation rate is the propor-
tion of women invited for screening who attended 
the programme as a result of this invitation.

•	 Initial	and	subsequent	screening	examinations
An	 initial	 screen	 is	 the	 first	 examination	 of	 the	
woman within the screening programme. Subse-
quent screens are broken down into examinations 
performed within 2.5 years of the previous screen 
(regular subsequent screen) and examinations 
after an interval of 2.5 years or longer.

•	Referral	and	detection	rate
Screen results are based on screen examinations 
performed in a certain time period, irrespective of 
the year of invitation. The referral rate is the pro-
portion of screened women (per 1000) who get a 
recommendation for further clinical assessment. 
The detection rate is the number of referred women 
(per 1000 women screened) in whom breast can-
cer	histologically	has	been	confirmed,	or	who	have	
been regarded and treated by the surgeon as hav-
ing breast cancer. 

•	Breast	cancer,	screen-detected	and	interval	cancer
Breast	cancer	is	defined	as	primary	malignant	ep-
ithelial disorder of the mammary gland tissue, 
including	ductal	carcinoma	in	situ;	lobular	carcino-
mas in situ are regarded as benign lesions. In case of 
a second breast cancer only the one with the worst 
prognosis (when simultaneously diagnosed) or the 
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first	one	(when	consecutively	diagnosed)	is	taken	
into account. Tumour size and lymph node status 
are	 classified	 in	 accordance	with	 the	UICC	 guide-
lines. Per cent distribution of breast cancer size is 
based on all breast cancers, thus including ductal 
carcinoma	in-situ	and	unclassified	cancers.
Screen-detected carcinomas are breast cancers di-
agnosed as a result of a screening examination. In-
terval cancers refer to breast cancers diagnosed in 
screened women during the interval between two 
screening rounds and where the diagnosis does 
not follow from the screening examination. Inter-
val cancer incidence rates are presented per 1000 

woman-years follow-up of screened women, calcu-
lated from the date of the last screen to the date of 
diagnosis of the interval cancer, to the date of the 
following screening examination, or to the date of 
eventual death or departure from the region. 

•	 Expected	results
Expected results are based on outcomes of the 
MISCAN microsimulation model, serving as refer-
ence values for the national evaluation. The model 
simulates individual life histories in the absence of 
screening and calculates the changes after intro-
duction of a screening programme in terms of mor-
tality, life-years gained and cost-effectiveness.
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