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This thesis aimed to evaluate each stage of the Dutch cervical cancer screening pro-
gramme, from invitation to clinical care, as well as the overall screening programme 
with a focus on the transition from cytology-based screening to hrHPV-based screening.

Overall screening process

On the whole, the implementation of hrHPV-based screening in the Netherlands has 
been successful; our research presented in this thesis indicates that, following imple-
mentation, the programme performed as expected based on modelling. The implemen-
tation of the new hrHPV-based screening programme required substantial change to 
many processes and procedures in the programme and coordination of many different 
organisations. The switch to hrHPV-based screening across the first quarter of 2017 in all 
screening organisations should be seen as a success for all parties involved. Monitoring 
and evaluation of the transition from cytology-based screening to hrHPV-based screen-
ing has been able to provide insights to policymakers and health services managers 
about areas in which the programme could be further optimised.

What was the impact of implementation of the hrHPV-based screening programme 
on short-time programme indicators?
In Chapter 2.1, we investigated what the impact of implementation of the hrHPV-based 
screening programme was on short-time programme indicators. The implementation of 
hrHPV-based screening has led to an increase in CIN 2+ detection, with an correspond-
ing increase in unnecessary referrals. The increased CIN 2+ detection rate was achieved 
by a higher positivity rate (increased from 5% in the cytology-based programme to 
9% in the hrHPV-based programme; p < 0.001) and higher referral rate (from 1% in the 
cytology-based programme to 3% in the hrHPV-based programme; p < 0.001). However, 
more women who were referred did not have a clinically significant lesion. Our analysis 
found that the driver of unnecessary referrals was increased referrals amongst women 
with ASC-US/LSIL cytology, with an approximately 60% increase in the number of refer-
rals needed to detect one CIN 2+/CIN 3+ lesion in this group. This indicates that too 
many women with low-grade lesions that are not clinically significant are being referred 
to the gynaecologist in the new hrHPV-based programme.

The increase in referral rates has also been seen in the Australian hrHPV-based screen-
ing programme. Australia also implemented nationwide hrHPV-based screening in 2017. 
Although there are differences between the Dutch and Australian programmes, both in 
programme dynamics (number of lifetime screens, included ages, triage algorithms) and 
background risk (as Australia implemented hrHPV vaccination in 2007), analysis of the 
first results of the Australian programme (though not based on nationwide data) also 
found that the direct referral rate (2.6%) was substantially higher than in the previous 
cytology-based programme (0.8%).1 While, in both screening programmes, this was not 
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unexpected based on modelling, it is an area of possible optimisation for the Dutch 
programme now that implementation is complete. We explored this further in Chapter 
4.2.

Is the new hrHPV programme still considered to be more cost-effective than the 
cytology-based screening when using the results of the first year of the hrHPV-
based screening programme to calculate cost-effectiveness?
In Chapter 2.2, we found that the cost-effectiveness of the hrHPV-based screening pro-
gramme is still superior to cytology-based screening even when taking into account the 
lower-than-expected participation rates observed in Chapter 2.1. Our results show that 
hrHPV-based primary screening is estimated to decrease cervical cancer mortality (-4%) 
and incidence (-1%) compared to the old programme. Despite an increase in unneces-
sary referrals (+172%), hrHPV-based screening still results in more QALY’s gained (+13%). 
The hrHPV-based programme was more cost-effective than cytology-based programme, 
costing 46% less per QALY gained; €12,225 per QALY gained for hrHPV-based screen-
ing versus €22,678 per QALY gained for cytology-based screening. Our results support 
modelling done prior to implementation of the programme.2 3

Chapter 2.2 showed that the total costs of the hrHPV-based programme were 21% 
lower than the old programme, which is mainly driven by lower costs of primary screen-
ing. This is due to a lower number of lifetime screening tests – from seven per woman 
in the cytology-based programme to as low as five per woman in the hrHPV-based pro-
gramme. Extending the screening interval from five to ten years for hrHPV-based screen-
ing is considered to be safe for women aged 40 years and older who test hrHPV negative, 
based on analysis of the POBASCAM trial.4 However, it is still unclear how women will 
respond to extended screening intervals once they are implemented. Various studies of 
acceptability of extending screening intervals have found that women are more likely 
to accept extended intervals if they are recommended by their healthcare provider5 6 or 
if more information and education is provided about the rationale for extending inter-
vals.7 8 These studies investigated the willingness of women to have screening intervals 
extended up to five years. A screening interval of 10 years is considerably longer, and the 
feasibility of implementing extended screening intervals will partly depend on whether 
Dutch women will find this extension acceptable.

Also related to extended screening intervals, the differences seen between the 
clinician-collected test and self-sampling may impact on the implementation of the 10 
year screening interval. Although the exact impact of the differences in hrHPV positivity 
on the test characteristics is still unclear, if self-sampling has a lower sensitivity for CIN 
2+ than clinician-collected testing, extending the screening interval for women who 
used self-sampling and tested hrHPV-negative may not be advisable. This may impact 
the cost-effectiveness of the hrHPV-based programme, as more women would need to 
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be re-invited at ages 45 and 55. Further cost-effectiveness modelling should investigate 
this issue.

What factors (both personal and organisational) are related to attendance, and 
which factors are related to the drop in attendance rates between the old and new 
screening programmes?
We saw in Chapter 2.1 that attendance in the new hrHPV-based screening programme 
was in 2017 lower than in the old cytology-based programme. In 2018,9 attendance rates 
were still lower than in the old programme. We aimed in Chapter 3.1 to investigate the 
decline in participation rates further, particularly focusing on whether the decline in 
participation could be explained by personal characteristics of women in the eligible 
cohort or by organisational factors.

Attendance rates did vary by personal characteristics of women; women who were 
employed (60.8%), married (62.9%), Dutch (61.2%), in the highest income bracket 
(63.4%), living in households with four persons (65.3%) and women who were invited 
by their GP (69.8%) had the highest attendance rates. Like in other organised European 
screening programmes, we found that attendance in the Dutch programme was lower 
amongst women with a migration background,10-13 women in lower income brackets11 14 
and women who live alone or are not married.12 14 15 However, our analysis found that 
personal characteristics were not associated with the decline in attendance in the 
programme. By adjusting for the organisation that sent the invitation (i.e. the GP or 
the screening organisation), the differences in attendance rates between 2014-2015 
and 2016 and between 2014-2015 and 2017-2018 were explained in some screening 
organisations, indicating that removing self-inviting GPs from the programme has had 
some impact on attendance rates.

Targeted strategies for increasing attendance rates
Bongaerts and colleagues identified that targeted strategies for subpopulations had 
been shown to impact on participation in the cervical cancer screening programme in 
the Netherlands.16 Women who do not attend screening are not a homogenous group, 
and therefore, multiple strategies may need to be adopted to reach all women. Marlow 
and colleagues used the Precaution Adoption Process Model to propose five categories 
of cervical cancer screening non-attenders: women unaware of screening, women unen-
gaged by screening, women who were undecided, women who had decided not to be 
screened and women who intended to participate, but did not.17

Women who are unaware, unengaged or undecided about cervical cancer screening 
may not have received, or engaged with, the relevant information materials to make 
an informed choice about participation. Korfage and colleagues found that providing 
women with an information leaflet about cervical cancer screening increased knowl-
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edge and informed decision making.18 Women in the Netherlands already receive a leaf-
let about the cervical cancer screening programme with their invitation, but ensuring 
women engage with, and understand, the material is challenging.

Women who do not participate despite intending to may require different interven-
tions to motivate attendance. Interviewing non-attenders in the English cervical cancer 
screening programme, Marlow and colleagues found that practical barriers, such as 
being busy with work, caring responsibilities or inconvenient clinic opening hours pre-
vented women who intended to participate from acting on their intentions.19 Forgetting 
to make an appointment was the primary reason given for non-attendance in a sample 
of Dutch non-participants.20 Offering more convenience for these women could help 
reduce the so-called ‘intention-behaviour gap’.21 Barriers to making an appointment, 
such as finding it difficult to get through to one’s general practice by phone, are possibly 
experienced by Dutch women who wish to be screened. Employing new technologies, 
such as online booking systems, could help facilitate participation. One study found that 
women who reported more barriers to participation were more likely to want to book 
their screening using an app or website.22 Another possible way to reduce barriers would 
be for general practices to offer after-hours walk-in clinics for screening that could be 
accessed without an appointment. Although these would be difficult to implement in 
the Netherlands on a national level, general practices could be encouraged to offer such 
services.

The ideal participation rate for cervical cancer screening will never be 100%, because 
some women make an informed choice that screening is not beneficial for them. Women 
who actively choose not to participate in cervical cancer screening have been shown to 
decline screening for several reasons. Bennett and colleagues found that active decliners 
were more likely than intenders to: a) perceive that their risk of cervical cancer was low 
due to sexual behaviour, b) report that they had more important things to worry about 
than screening, and c) to have weighed up the risks and benefits and decided screening 
is not relevant for them.23 Oscarsson and colleagues found that although many reasons 
were found for non-attendance, these could be grouped into three themes; ‘I do not 
need to’, ‘I do not want to’ and ‘I do not give it priority’.24 As with the intenders, some 
active decliners may respond to making screening more convenient. Self-sampling is 
one possible intervention to reduce barriers. Being sent a unsolicited self-sampling kit 
increased participation amongst Dutch non-attenders25 and was identified as preferable 
to the current English screening programme in a study of non-attending young English 
women.26

However, as discussed in Chapter 3.1, the availability of self-sampling has not resulted 
in increased participation in the Dutch screening programme. This is likely a result of the 
need to order a kit, which adds additional steps (which could be barriers) from invitation 
to participation. Sending self-sampling kits directly to women who do not respond to 
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the initial screening invitation may increase attendance. However, the impact of this 
change would need to be carefully tested, perhaps in a small pilot, prior to implementa-
tion in order to evaluate if it would increase participation and what the impact on cost 
and waste would be.

Impact of definition of attendance
One limitation of our study in Chapter 3.1 was that we used a standard definition of 
attendance (15-month attendance rates). This definition has been used in the annual 
short-term monitoring of the programme. However, it may be that this period was too 
short to capture participation in the new programme, given the phased implementation 
in 2017 and the delay period of four months between ordering the self-sampling kit 
and receiving it. We did an additional analysis aimed at investigating whether the de-
cline in participation is due to delayed participation in the new hrHPV-based screening 
programme. We did this by exploring different definitions of attendance. We aimed to 
investigate if extending the number of months included in the calculation of the partici-
pation rate would result in comparable participation rates in 2014-2015 and 2017-2018.

We used the same ScreenIT/CIS dataset described in Chapter 3.1 and defined atten-
dance as participation in the screening programme at any date from the start of the year 
of invitation to a censor date, starting at 12 months (1 January up to, and including ,31 
December), increasing the inclusion period in three-month increments to 36 months. 
Exact dates for each increment and invitation year can be found in Table 1.

Figure 1 shows attendance rates for periods 2014-2015, 2016 and 2017-2018 with ex-
tending inclusion periods for primary screens. Even after 36 months from the start of the 
invitation year, the attendance rate in 2017-2018 does not catch up with the attendance 

Table 1: End dates for investigating definition of participation rates

Invitation year

Participation
rate period

2014 2015 2016 2017 2018

12 months 31/12/2014 31/12/2015 31/12/2016 31/12/2017 31/12/2018

15 months 31/03/2015 31/03/2016 31/03/2017 31/03/2018 31/03/2019

18 months 30/06/2015 30/06/2016 30/06/2017 30/06/2018 30/06/2019

21 months 30/09/2015 30/09/2016 30/09/2017 30/09/2018 30/09/2019

24 months 31/12/2015 31/12/2016 31/12/2017 31/12/2018 31/12/2019*

27 months 31/03/2016 31/03/2017 31/03/2018 31/03/2019 *

30 months 30/06/2016 30/06/2017 30/06/2018 30/06/2019 *

33 months 30/09/2016 30/09/2017 30/09/2018 30/09/2019 *

36 months 31/12/2016 31/12/2017 31/12/2018 31/12/2019* *

* Last screen recorded in the dataset was 20 November 2019, therefore these cells are censored.
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rate in 2014-2015. This analysis suggests that using 15-month attendance rates did not 
affect the results in Chapter 3.1 and shows that participation in the new hrHPV-based 
programme remains lower over time than in the last years of the old cytology-based 
programme.

Other possible organisational factors
There were other changes to programme policies and procedures that we were unable 
to include in our study that could also have contributed to a declining participation 
rate. Another possible driver of the drop in attendance rates is the fact that gynaecolo-
gists are also no longer able to take screens within the screening programme, although 
the impact of making this change may be small. Having to take the invitation letter to 
the screening appointment, as discussed in Chapter 3.1, may also act as a barrier to 
screening. One reason that the letter is required is that it contains personalised stickers 
that need to be attached to the ThinPrep vial, making it easier to process the screening 
test in the laboratory. A possible solution would be to allow GPs to print these stickers 
themselves or obtain a unique identification number that could be written on the vial 
from a secure online portal. This would still allow the women to be screened within the 
programme without their letter and would not interrupt the processes in the screening 
labs.

Figure 1: Attendance rate by increasing inclusion period by year of invitation
NB. Attendance rates in 2017-18 after 24 months are based only on data from 2017. Last date of screening 
in the dataset is in November 2019.
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Untangling the reasons for non-participation to increase uptake
The dynamics driving participation in organised cancer screening programmes are com-
plex. While there have been some studies conducted in the Netherlands looking at the 
characteristics of non-attenders (including Chapter 3.1) and the reasons for not attend-
ing, there has been no research published on whether the reasons for non-attendance 
have changed since the implementation of hrHPV-based primary screening. Future 
research should be conducted to understand the reasons for non-attendance within 
the hrHPV-based programme. This type of information could help guide programme 
managers to select interventions that would have the greatest impact on the participa-
tion rate.

Test and referral

Are ratings of cytology slides by cytotechnicians influenced by the knowledge of 
hrHPV status?
Our small study, described in Chapter 4.1, into the potential impact of the knowledge 
of HPV status by cytotechnicians indicates that the knowledge of hrHPV status has 
some influence on the rating of cytology slides with low-grade abnormalities. If these 
slides are, in fact, normal, then ‘upwards ratings’ of slides may further contribute to the 
increased number of unnecessary referral in the new hrHPV-based programme. The 
reason this phenomenon was important to investigate is that all cytology slides that 
are now analysed in the new hrHPV-based programme are hrHPV-positive. As such, 
cytotechnicians are indirectly aware of the HPV status of every slide.

It seems that when slides are known to be hrHPV positive, cytotechnicians may err 
on the side of caution when reading slides. This results in them rating slides with fea-
tures not related to cervical dysplasia as ASC-US, when without knowledge of hrHPV 
status, the slide may have been rated as normal. Such errors may be, in part, caused 
by cognitive biases. Confirmation bias, which is the tendency to seek out informa-
tion that supports a belief or hypothesis that one already holds,27 may be influencing 
decision-making in these cases. Making these judgements with the knowledge of hrHPV 
status is understandable, especially with knowledge of the natural history of cervical 
cancer and the causal role of hrHPV in cervical dysplasia. Interpreting cytology slides, 
by nature, is somewhat subjective, meaning good training and quality control are vital. 
Therefore, ongoing training and assessment of the accuracy of cytology ratings by both 
cytotechnicians and pathologists has been conducted since the implementation of the 
new programme, as well as monitoring the quality of cytology. These activities should 
continue in order to ensure quality remains high.
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What are the options for optimising the triage algorithm of the hrHPV-based 
screening programme within the current parameters of the programme?
Given the high number of unnecessary referrals from the new hrHPV-based screening 
programme, optimisation of the triage algorithm may be required to minimise potential 
harms. Any new triage algorithm would need to reduce unnecessary referrals with little 
to no impact on cervical cancer incidence and mortality and be easy to implement within 
the current laboratory procedures. In Chapter 4.2, we found that the most effective way 
to reduce unnecessary referrals with the technology and expertise available now is to 
implement HPV 16/18 genotyping and possibly to increase the interval to repeat test-
ing from six to 12 months. Specifically, we found a reduction in unnecessary referrals of 
45% by adjusting the conditions for referral to ‘HPV16+ and ASC-US+’ and ‘HPV18+/HPV 
other high-risk types+ and HSIL+’, while also extending the interval between the cytol-
ogy negative primary test and the repeat test from six to 12 months. This was achievable 
with an estimated 2% increase in cervical cancer incidence and no increase in mortality.

Recent observational data further supports implementation of HPV 16 genotyping 
at a minimum, due to the increased risk of CIN 3+ following a HPV 16 infection.28 As the 
HPV test system that is currently used in the Dutch programme is already capable of 
HPV 16/18 genotyping, there would be few costs and almost no infrastructure changes 
required for such a change. Given the number of key events on the horizon for the Dutch 
programme (including the second screening round, extended screening intervals, entry 
of partly vaccinated cohorts and re-tendering of tests), making large-scale changes to 
the triage algorithm involving new technologies is inadvisable at the moment. More 
needs to be known about test performance and the underlying disease risk in the 
population to make more complex changes to the triage algorithm. Because of this, 
implementation of HPV16/18 genotyping is the most logical step for optimising the 
triage algorithm on the short-term.

What is the risk of cervical and other gynaecological cancers following AGC 
on cervical cytology and is this higher than the risk following squamous cell 
abnormalities of comparable severity?
Results from our study in Chapter 4.3 suggest that women who have AGC on cervical 
cytology are at higher risk of both cervical and other gynaecological cancers compared 
to squamous cell abnormalities of comparable severity. This suggests that women who 
have an AGC on cervical cytology need to be referred directly. In the new hrHPV-based 
screening programme, this is already occurring for women who are hrHPV-positive with 
AGC on cervical cytology.

The detection of endometrial and ovarian cancers through cervical cancer screening 
in the Netherlands is not monitored. These incidental findings could be seen as a harm 
of screening (as we put forward in Chapter 6.1) for a number of reasons. Firstly, women 
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are not giving informed consent for being tested for these cancers when participat-
ing in cervical cancer screening. Secondly, incidentally-detected cancers may lead to 
overdiagnosis, especially in older women. However, incidental findings may also benefit 
women, allowing them to receive diagnosis and treatment for a cancer that may have 
otherwise been detected at a later stage. In women aged over 50 years with AGC, the 
risk of an endometrial cancer cancer after a severe AGC abnormality was particularly 
high. These cancers are not associated with hrHPV infections. One study found that HPV 
positivity of AGC cytology differed depending on the type of AGC abnormality detected; 
AGC cytology with a concurrent squamous abnormality had the highest HPV positivity 
rate (84%), with AGC cytology with atypical endometrial cells having a 0% HPV positivity 
rate.29 Because of this, we anticipate that the implementation of hrHPV-based screening 
will lead to a reduction in the number of AGC cytology smears seen every year. This will 
be driven by a reduced number of AGC diagnoses related to non-HPV-related malignan-
cies in older women.

Other issues with testing and referrals
Differences between self-sampling and clinician-collected sampling
The availability of self-sampling for all women who wish to request a kit is one of the 
most unique aspects of the hrHPV-based programme in the Netherlands. In most set-
tings, self-sampling is used as a strategy for encouraging participation in non-responders 
only. In Chapter 2.1, we observed that the hrHPV positivity rate was different between 
the self-sampling test and the clinician-collected test, and amongst women directly 
referred and followed-up, there was a higher proportion of CIN 2+ detected amongst 
self-test users. These results were surprising given the previous studies conducted in 
the Netherlands found the hrHPV positivity rate to be either comparable30 or higher31 in 
self-samples compared with clinician-collected testing. Both of these studies were con-
ducted within the screening programme, so were expected to provide a good indication 
of how the test would perform in the real-life setting. The results in Chapter 2.1 may be 
due to differences in the types of women using the self-sampling test in the screening 
programme compared to previous studies or may be due to differences in the technical 
work-up of the tests within the programme completed to previous studies.

It is possible that differences exist between women using self-sampling and women 
who are screened by their GP. However, the fact that the overall participation rate is 
actually lower in the new screening programme32 and the results of Chapter 3.1 sug-
gest the characteristics of women did not impact on the decline in participation rates, 
it can be speculated that self-sampling is largely reaching the population of potential 
attenders (i.e. women who would have attended the screening programme with or 
without the offer of self-sampling). Modelling suggests that a gain in health benefits 
by implementing self-sampling depends on increasing overall participation, particularly 
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amongst women who were high-risk never-attenders, and on limiting the number of 
‘switchers’, i.e. women who have previously been screened by the GP.33 To maximise the 
benefits of self-sampling in the programme, more active approaches may be needed 
to reach non- and never-attenders, as previously discussed in Chapter 3.1 and section 
“Targeted strategies for increasing attendance rates”. However, it is still unclear if women 
using self-sampling are potential attenders (i.e. women who would have otherwise at-
tended by being screened by their GP) or non-attenders (i.e. women who would not 
have attended without the offer of self-sampling).

An alternative explanation for the difference between the two tests is that there is a 
difference in the way the tests are used within the screening programme versus previ-
ous studies of PCR self-sampling. The IMPROVE trial used a different clinician-collected 
test than is used in the screening programme,30 which could explain why there is a dif-
ference between the results of the trial and the screening programme. The VERA study, 
which tested the concordance between self-sampling and the clinician-collected test 
in a sample of screening programme responders, used the same tests as used in the 
screening programme. This study showed that self-sampling resulted in a higher hrHPV 
positivity than in the clinician-collected samples.31 The results in Chapter 2.1 in a com-
parable population show the exact opposite result. It is possible that, although the test 
and the technology are the same, processes within the screening laboratories result in 
the difference between the two tests. In the VERA study, the self-sampling dry brushes 
were processed in 4.5mL of ThinPrep medium, whereas in the screening programme, 
self-samples are processed in 20mL of ThinPrep medium. Dilution with 20mL of medium 
may have resulted in a lower sensitivity for hrHPV in self-samples. Investigating possible 
differences should be a priority for further research.

Diagnosis and treatment

What are the trends in CIN management and treatment following referral following 
the Dutch cervical cancer screening programme, and are these trends in line with 
the clinical guidelines?
In Chapter 5.1, we investigated CIN management and treatment following referral 
from the Dutch cervical cancer screening programme, and whether these were in line 
with the clinical guidelines. Our study showed that both over-and under-treatment was 
occurring following referral from the old cytology-based screening programme. Of par-
ticular concern was the overtreatment observed amongst certain groups who received 
see-and-treat management following referral. Our analysis suggests that there is room 
for improvement with compliance to the practice guidelines.

Our findings have been supported by an independent report on treatment and man-
agement of CIN in the ‘Sensible care’ (Zinnige Zorg) programme run by Zorginstituut 
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Nederland. Researchers at Zorginstituut Nederland also found overtreatment of CIN 1 
lesions and substantial variation in the follow-up of women who were referred. They 
concluded that the clinical guidelines should be followed more closely. Estimates from 
their report suggest that there could be substantial savings for the Dutch healthcare 
system (€1.3 million in direct costs and €1 million in indirect costs) if the following issues 
were addressed: fewer women unnecessarily treated for CIN 1 and CIN 2; more women 
treated for CIN 3; clarity and uniformity of the follow-up pathways for women with CIN; 
variations in these pathways reduced, and; improvements in patient information to 
facilitate shared decision-making.34 Ensuring that the CIN 1 and CIN 2 treatment guide-
lines are more closely followed is of more importance since the implementation of the 
new programme, as more women with low grade lesions are referred. Early indications 
reassuringly suggest that this increase in unnecessary referrals has led to an increase 
in overdiagnosis, but not overtreatment.35 However, given that many of the potential 
harms of screening identified in Chapter 6.1 can occur in the diagnosis and treatment 
stage of screening, regular monitoring of compliance with guidelines remains essential.

Improving programme monitoring with colposcopy data
In Chapter 2.1, we observed an increase in the rates of women who are referred, but 
do not comply with this referral advice, in the new hrHPV-based screening programme. 
In cases where women are referred from the screening programme with low-grade 
lesions and are found to have a normal colposcopic image, there is no indication to 
have any further tests at the initial colposcopy appointment. The increase we observed 
may not be a true increase in non-compliance, but caused by a lack of information in 
the current database used for monitoring and evaluation (PALGA). For these women, 
their colposcopy attendance is not recorded in PALGA because there was no cytological 
or histological test taken. Therefore, these women appear as lost-to-follow-up in the 
monitoring of the programme. Information about attendance at colposcopy, as well as 
detailed information about diagnostic or therapeutic procedures (including motivations 
for deviating from clinical guidelines), would add great value to both short-term moni-
toring of the programme and longer-term evaluation of changes in clinical practice. In 
the Dutch colorectal cancer screening programme, information about each colonos-
copy performed in the programme is recorded in a gastroenterology clinical database 
and combined with data on invitations from the screening programme and pathology 
information from PALGA, amongst other data, to ensure that there is a comprehensive 
overview of all aspects of the programme.36 A clinical database for colposcopy does not 
exist in the Netherlands. Building and implementing a national registry of colposcopy 
information that could be linked back to the ScreenIT system would provide more com-
plete information about follow-up, diagnostics and treatment from women following 
referral from screening.
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Future challenges and opportunities in the Dutch cervical cancer screening 
programme

Second screening round in 2022
In 2022, women who were invited for, and participated in, the first screening round in 
2017 will be invited for their second round of hrHPV-based screening. We expect that 
in the second round of screening, there will be fewer CIN 2+ lesions detected (as seen 
in the POBASCAM trial37), as the first screening round detects prevalent disease and 
subsequent rounds detect incident disease. Monitoring of the results from the second 
round will be important for assessing if the sensitivity of clinician-collected sampling 
and self-sampling are equivalent to one another. CIN 2+ detection in the second round 
amongst women who participated in both screening rounds should be compared by the 
test type used in the first round. Additionally, the first opportunity to investigate interval 
cancers will occur following the second screening round. Interval cancers are a proxy for 
lack of sensitivity in the programme, as interval cancers indicate a missed premalignant 
lesion in the prior screening round. Most interval cancers in the Dutch programme are 
diagnosed at or shortly following the next screening round.38 Comparing this indica-
tor by test type will also be important for understanding the performance of each test 
within the programme.

Vaccinated populations entering the screening programme
In 2023, the first partly-vaccinated cohort of women will enter the Dutch cervical cancer 
screening programme. In the Dutch vaccination programme, two doses of the bivalent 
vaccination are offered to 12/13-year-old girls. Girls who are 15 years and wish to be 
vaccinated are offered three doses. In Scotland, the effect of HPV vaccination on CIN de-
tection has already been observed, with an 88% reduction in CIN 2+ detected in partly 
vaccinated cohorts compared with unvaccinated cohorts.39 There were also herd im-
munity effects observed, although the Scottish vaccination coverage rates were higher 
than observed in the Netherlands. In Sweden, the cumulative incidence of cervical 
cancer amongst young vaccinated women was found to be significantly lower than in 
young unvaccinated women ( Adjusted IRR: 0.37 (95% CI: 0.21–0.57)).40 With similar dras-
tic reductions in disease prevalence expected in the Netherlands as well, the landscape 
for cervical cancer screening and prevention will shift, necessitating a rethink of the 
current screening paradigm. Modelling by Naber and colleagues found that the number 
of lifetime screens that are cost-effective depends on herd immunity rates. In a situation 
in which there is 50% herd immunity or higher, a less intense screening strategy (three 
instead of eight lifetime screens) was optimal.41 Careful consideration needs to be given 
to what the most optimal screening strategy will be in the coming decades, and changes 
should be made to the programme to prevent over-screening where necessary.
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Elimination of cervical cancer in the Netherlands
The WHO announced in 2018 that it would draft a global strategy for the elimination of 
cervical cancer in the Netherlands. Elimination of cervical cancer is defined as less than 
four cases per 100,000 women. The WHO strategy covers primary, secondary and tertiary 
prevention strategies (as discussed in Chapter 1), defining the following targets that 
every country must reach by 2030:
•	 90% coverage of HPV vaccination of girls;
•	 70% coverage of screening (70% of women are screened with high-performance 

tests by the ages of 35 and 45 years) and 90% treatment of precancerous lesions;
•	 Management of 90% of invasive cancer cases.42

In the Netherlands, there is still more work to do to meet these targets for both screen-
ing and vaccination coverage. HPV vaccination coverage in the 2004 cohort was 45.5%,43 
far below the target set of 90% by the WHO. In one large modelling study looking at the 
impact of these strategies in low- and middle-income countries, high HPV vaccination 
coverage was required for elimination over the long-term.44 As such, increasing vaccina-
tion coverage is essential to elimination of cervical cancer in the Netherlands. Increasing 
participation in cervical cancer screening is also important to expediting elimination. 
The current attendance rate (57.6% in 20189) is also lower than the WHO targets, but the 
difference between the target and the attendance rate is narrower than that for HPV vac-
cination coverage. An association between vaccination of daughters and the screening 
behaviour of mothers has been shown in a Dutch cohort, which found that girls’ vac-
cination status was positively associated with the mothers’ screening attendance.45 This 
association can be seen in regional participation rates; the provinces of North Brabant, 
Gelderland and parts of Overijssel and North Limburg have high participation rates in 
both screening and HPV vaccination (Figures 2 and 3).

Many of the factors have been shown to influence participation in the HPV vaccination 
programme in the Netherlands are regionally specific, suggesting that a more tailored, 
regional approach to increasing participation in both programmes may be beneficial. 
One of the main predictors of vaccination uptake is religion and faith. Conservative Prot-
estants often live in specific geographical regions in the Netherlands and tend to refuse 
vaccinations on religious grounds.45 Identifying as religious was found to be a strong 
predictor of declining the HPV vaccination.47 Areas with active anti-HPV vaccination 
groups also had lower rates of vaccine uptake.48 Paradoxically, increased use of local me-
dia by the community health services (in Dutch: gemeenschappelijke gezondheidsdienst 
or GGD) was associated with lower participation rates compared with no media use.48 
Collaboration between GGD’s and local schools and clinicians (GPs or gynaecologists) 
has shown to have a positive influence on participation.48 Just as discussed in Chapter 
3.1, GPs seem to play an important role in both screening and vaccination in the Nether-
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lands, and should continue to be involved in both programmes. Local collaborations to 
build trust and understanding between those eligible for screening and vaccination and 
the organisations offering these interventions may be useful in increasing participation 
rates going forward.

Conclusions

•	 The first results of the new hrHPV-based screening programme were consistent with 
expectations based on modelling.

•	 HrHPV-based primary screening results in higher CIN 2+ detection in round one of 
screening, at the expense of more unnecessary referrals.

Figure 2: HPV vaccination coverage, girls in birth cohort 2004, by city council region and province, 2019. Image 
source: Volksgezondsheidenzorg.info.46 Data source: RIVM- Dienst Vaccinvoorziening en Preventieprogramma’s. 
Grey lines denote city council regions, black boundaries denote borders of provinces.
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•	 Despite higher than expected hrHPV positivity rates and lower participation rates, 
the new hrHPV-based screening programme is more cost-effective than the old 
cytology-based screening in the Netherlands.

•	 The fall in the participation rate in the new hrHPV-based programme is partly due to 
removing self-inviting GPs from the invitation policy.

•	 The number of unnecessary referrals could be reduced by implementing HPV16/18 
genotyping to the triage algorithm and extending the interval to triage cytology 
from six to 12 months.

Figure 3: Participation in the Dutch cervical cancer screening programme by city council region, 2012. Image 
source: Volksgezondsheidenzorg.info. Data source: Regional screening organisation. Colours denotes the at-
tendance rates within city council regions. Lighter purple denote lower attendance and darker purple denotes 
higher attendance.
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•	 Women with AGC on cervical cytology have a higher risk of both cervical and other 
gynaecological cancers than women with squamous-cell abnormalities of compa-
rable severity.

•	 Knowledge of the hrHPV status of a cytology slide may lead to ‘upwards rating’ of 
slides, particularly from NILM to ASC-US.

•	 Following referral from the old cytology-based programme, both over- and under-
treatment occurred.

Recommendations

•	 HPV genotyping should be implemented to reduce unnecessary referrals. This could 
be done without adding new technologies to the current programme infrastructure.

•	 The possibility of re-introducing the use of self-inviting general practices to the 
programme should be investigated.

•	 Further research should be conducted to understand why women do not participate 
in the new hrHPV-based screening programme. Findings from these studies should 
be used to inform strategies aimed at increasing participation.

•	 Implementing a colposcopy data collection system should be considered. This infor-
mation should be linked to the national programme monitoring system to ensure 
complete monitoring of clinical care following referral from screening.

•	 Regular monitoring of harms of the screening process should be done by integrating  
datasets for clinically-reported issues (under- and overtreatment, incidental findings, 
obstetric complications) and implementing a ‘patient experience’ survey programme 
to measure the incidence of self-reported physical and psychological harms follow-
ing screening.

•	 The differences in hrHPV positivity between hrHPV self-sampling and clinician-
collected screening should be investigated, and this information should be used to 
inform any future changes to the implementation of self-sampling in the programme.

•	 Care should be taken to implement changes to the current programme one-by-one. 
Changing multiple aspects of the programme at once will make it challenging to 
monitor the programme, as the cause of any changes in outcomes will be more dif-
ficult to clarify.

•	 Short-term monitoring and in-depth evaluation should continue to be made a prior-
ity, given the number of key events (second screening round of the new programme, 
extended screening intervals, entry of partly vaccinated cohorts, re-tendering of 
tests) that will occur in the coming years.
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