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CANCER AS A PUBLIC HEALTH PROBLEM

Cancer is an imporiant public health problem. In the Netherlands, the cancer mortdlity rate was
271 per 100,000 men and 218 per 100,000 women in the year 1998 (1), or stated otherwise, 31% of all
deathsin men and 25% of all deaths in women were due to cancer in that year. These numbers are
sightty lower than the death rates for diseases of the circulatory system. In 1998, the mortality from
these diseases was 313 deaths per 100,000 men and 321 per 100,000 women. Diseases of the
respiratory system (influenza. pneumonia. chrenic lower respiratory diseases and asthmay) rank third,
with considerably lower death rates of 97 per 100,000 men and 82 deaths per 100,000 women.

In men lung, prostate and colorectal cancer were shown to be the three principal cancers,
accounting respectively for 86. 31 and 21 deaths per 100,000 men respectively. A similar pattern
was reflected in the incidence rate, which showed that the incidence of lung concer was 87, that
of prostate cancer 83, and that of colorectal cancer 35 per 100,000 men.

In women, the three cancers with the highest mortality rates are breast, lung and colorectal
cancer, which respectively accounted for 45, 25 and 22 deaths per 100,000 women in 1998. The
incidence of breast cancer was 127 per 100,000 women in 1997, while the figures for lung cancer
were 27 per 100,000 women and for colon cancer, 37 per 100,000 women (8). Breast cancer
incidence and mortality rates have been affected by the national screening programme for breast

cancer, which was launched around 1989.

In 1985, prior to the implementation of the nationwide screening programme, the incidence of
breast cancer in the Netherlands was assessed at 102 per 100,000 women on the basis of hospital
admission data. Figure 1.1.a. shows the incidence and the mortdlity in this period by age group (4).
The lifedime risk of developing breast cancer was at that time 10% and the burden of disease, as
expressed by the number of life years lost due to mortality from breast cancer, was 17,500 per
100,000 wemen.

Incidence rates for breast cancer differ worldwide (see Figure 1.2.a} {9). In general, breast cancer
incidence is highest in high-income countries. In counfries with screening programmes or

recommendations, screening will influence the incidence rate.

The incidence of cervical cancer in the Netherlands in 1965-1949, the period before the Pop smear
was introduced in the Netherlands, was 23 per 100,000 women, The incidence data were obtained
from three local registries in the (rural) province of Friesland and in the cities of Rotterdam and The
Hague. Togefher these registries covered 8% of the Dutch population (3). In Figure 1.1.b the
incidence and the mortality {national data) in this period is shown by age group. The lifetime risk of
developing cervical cancer was 2% in that period, and the life years lost due to mortality from

cervical cancer amounted to 3,500 per 100,000 women.




Figure 1.1

The incidence and mortality per 100,000 woman years for breast {a) and cervical (b) cancer fram the period
before screening for the respeclive cancers became widespread(3-5).
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Otherwise than with breast cancer, the highest incidence rates for cervical cancer occur in low-

income countries, as shown in Figure 1.2.b {9}. In countries where screening is performed, whether

onh an opporunistic or organised basis, fhe incidence may be lower.




Figure 1.2
Cverview of incidence of breost {a} and cervical (b) cancer in the word. Esfimates for the year 2000 {9}
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Figure 1.3
The pregression of chronic disease in relation to screening{2)
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SCREENING FOR CANCER

Screening as secondary prevention of cancer

The burden of disease may be reduced if prevention of the disease is possible. Two different types
of prevention can be distinguished, namely primary and secondary prevention. Primary prevention
comprises ali interventions that gim ai all presumably disease-free people at risk for the disease. By
reducing the exposure of the population to risk factors, new cases of disease are avoided.
Secondary prevention is targeted at the early stages of the disease, in which the disease is already
screen detectable, but has not yet become clinically manifest {detectable pre-clinical phase}. This
is represented by the period TO-T1 in Figure 1.3. If screening can postpone death from the disease
(12), early detection is effective. H the prognosis is not improved after screen-detection, the sole
effect of screening is the additionat time during which the patient is aware of the disease. This lead
time is indicated in Figure 1.3.

The possible method(s) for prevention differ(s) by type of cancer. For primary prevention, risk factors
of the disease must be known ond interventions must be available to reduce exposure to the risk
factors. For lung cancer, for example, smoking is an established risk factor, which means that public
campaigns against smoking constitute primary prevention against lung cancer. For the possibility of
secondary prevention several conditions must be fulfilled: a) the disease must have an identifiable
latent phase or early symptomatic stage, b) early detection musi result in a better prognosis, and ¢
an appropriate screening test must be available. Even if all these conditions are fulfilled. the effects
and costs of the intervention must be carefully weighed against total effects and costs of health
care and the cost and effects of other health interventions.

More than one method for prevention may be possible for a specific type of cancer. Next to the
non smoking campaigns that serve as a primary intervention method for lung cancer, the use of

spiral computed tomography for secondary prevention is currently under study (10,17).




Although the foregoing classification of prevention is widespread, the distinction between the
different categories of prevention is ambiguous. Detfection of cervical intraepithelial neoplasia,
which precedes invasive cervical cancer, can be classified as secondary prevention, while
treatment of the same can be considered as primary prevention of invasive cervical cancer. The
same applies to the treatment of adenomas in preventing colorectal cancer. Usually, screening is
referred to as seconddary prevention.

In several countries, screening programmes or national guidelines exist for breast and cervical

cancer. Screening for breast and cervical cancer will be discussed below.

Evaluation of cancer screening

Before o screening programime is infroduced, ifs value must be demonstrated. In the Netherlands,
this is regulated by the 1994 law on screening to protect people from screening examingtions that
have no proven benefit. To obtain a permit fo run a screening programme, it must first be shown
that the benefit of screening exceeds the risks.

Studies to evaluate cancer-screening programmes can be either experimental or observational,
Experimental studies concem randomized controlled trials, and are the only way to obfain
unbiased estimates of the effects of screening: lead-fime bias, length time bias and selection bias
do not influence the results, unlike observational studies, such as case-control studies {12}, cohort
studies and ecologic studies. Lead-fime bias occurs when comparing screen-detected cases with
clinically detected cases. For example, when comparing the survival after detection between both
groups of cases, lead-fime will cause a too favourable situation for screen-detected cases, Also,
length time bias should be taken into account by comparing screen-detected and clinically
detected cases. Length time bias is caused by the higher likelihood of detecting cases at screening
with a longer preclinical detectable phase than fast growing cases. At screening. therefore, cases
with & long sojourn fime will be overrepresented. these may have a better pragnosis than the more
aggressive cases. Comparing the prognosis of screen-detected and clinical cases will then result in
too favourable results for screening. Selecfion bias tokes place as persons deciding to participate in
screening are nof representative for the general population. For example, women partticipating in
cervical cancer screening are assumed fo be at lower risk for the disease. Using the screening
results s representative for the general population will lead te eroneocus conclusions on the
effectiveness of screening.

Experimental and observational studies are necessary to show the effectiveness of screening
programs, but they have their limitations. They give an answer to the value of a specific screening
policy in a particular situation. It is not feasible to do empirical studies for all alternative strategies.
Nonetheless, franslating these results to other screening policies or other situations is imporfant. For
example, if the effectiveness of a 2-yearly screening programme for breast cancer in women aged
50-69 for a certain country is assessed in a randomized controlled trial, a neighbouring couniry with,
for example. a lower incidence of breast cancer, a different demographic structure and different

health behaviour may be interested in whether they can expect the same effectiveness. Modelling
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may then be used fo combine the trial results with fhe data from the neighbouring country on
demography. epidemiology in the situation without screening, expected screening quality, clinical
practice as well as costs 13}, in order to obtain estimates on the effectiveness for the neighbouring
country.

By estimating the effectiveness of screening, which can be expressed in terms of reduction in
morbidity or mortality, or increase in life-expectancy, it is possible to compare the effectiveness of
different screening policies to each other, but also to compare the effectiveness of screening to
other heclth interventions. Wright and Weinsfein {14) compared the gain in life expectancy of
different preventive interventions, The effectiveness of screening is in the middie of the range of
gains in life expectancies for preventive interventions dimed at cardiovascular diseases (6-13
months} and vaccines for infectious diseases (0.01-0.26 months). However, from & public health
perspective, it is also highly refevant to consider the costs in comparing the different interventions.
In a cost-effectiveness analysis, a trade-off is made between cost and effects of interventions. To
improve the comparability of cost-effectiveness estimates between different  studies,
recommendations guiding the conduct of cosi-effectiveness analysis are developed by the Panel

on Cosi-Effectiveness in Health and Medicine (15).

Use of mathematical modelling in evaluation of cancer screening

Pidd {14) defined a model as an exiernal and explicit representation of part of redlity as seen by
the peopie who wish to use that model to understand, to change, o manage and fo coniral that
part of redlity. This general definition clso applies fo mathematical models in cancer screening.
Major uses of mathematical models in  cancer screening are for data  analysis,
evaluation/monitoring and planning/optimisation. Data analysis models are used to  test
hypotheses aboui the natural history of the disease, characteristics of the screening test and the
association between early detection and risk of dying from the cancer. Evaluation and monitoring
concern the assessment of the expected resuits of an existing screening programme. and their
comparison to the observed results. These comparisons may concermn early cutcomes of screening
pregrammes (coverage, detection rates, stage diskribuiion) and late outcomes {mortality). From
this comparison, recommendations may follow for improvements in the performance of the
screening programme or if indicated, the model may be improved. If, for example, the observed
detection rates of a screening programme are lower than expected, measures may be taken to
improve the performance of screening, or if this is not feasible, assumptions on the sensitivity of the
screening test in the model should be adapted, and consequences for the (cost-) effectiveness of
screening should be regssessed. Using modelling for planning and optimisation results in cost-
effectfiveness estimates and optimal strategies for screening programmes to be implemented in the
future.

These different uses of mathematical models in cancer screening are complementary to each

other. Estimates on disease durations and sensitivity may, for example, be implemented in

14




evaluation models and models used for planning and optimisation. Subseguently, monitoring of
screening programmes may lead to adaptations in the parameferisation of the models.

A possible classification of models used In cancer screening is suggested by Bross et al {17). They
distinguished two types: surface models and deep models. Surface models consider only events
that con be directly observed. such as clinical incidence, prevalence and mortdlity. Deep models
incorporate hypotheses on the underlying processes that determine the observed events. Deep
medels can be further grouped in analytic and simulation models. In analytic models, the
mathematical formulation of the problem can be solved, white in simulation models explicit
formuloflion is nof possible due to the complexity of the problem. The use of an analytical madel for
estimating parameters in a (simple) disease model may be feasible, but for more comprehensive
models, the simulation approach should be applied. In simulation models, far more parameters can
be used to describe the natural history of the disease, the characteristics of the screening test and
other aspects needed to answer the research question.

However, more comprehensive models should not automatically be deemed to be better.
According to Gccam’s razor an opfimum is reached using a model with as few parameters as
possible to give a plausible description of redlity. Although this optimum is not objective, it may be
used as a guideline in modelling.

A disadvantage of comprehensive models is that the input information required is often not readily
available. For parameterisation of a model, different data sources usually have to be used, and if
no data are available, a best guess is needed. It is clear that after the parameterisation of the
model, the validity of the model has to be established, before it can be used for evaluation and
prediction of the {costs and) effects of cancer screening.

Several types of validation of mathematical models can be distinguished. A first requirement is the
face validity of the model. This means that the structure of the model makes sense to people who
have a good knowledge of the problem, e.g. the clinician(s}. The internal validity of a madel is
determined by the extent to which the model reproduces the data used to estimate the
parameters for the model. Finally, the external validity concerns the comparison between
predictions of the model with empirical data that are not used for parameter estimation of the

model.

Microsimulation Screening Analysis

The MISCAN {Microsimulation $Creening ANalysis) simulation program was developed for the
evaluation of screening for disease, and has been applied to breast, cervical, colon and prostate
cancer (18,19).

In MISCAN, both the sifuation with and without screening is simulated for the same population, First,
a population is generated consisting of fictitious individual life histories without screening taking
place (Figure 1.4.g). In some of these life histories cancer may develop {Figure 1.4.b). This resulfs in

output of age- and time-specific cancer incidence and meortality. Next, screening is simulated in
15




Figure 1.4

Schematic representation of the MISCAN approach to screening for cervical cancer. Successive actions are
respectively: a} A ficfitious population of women is generated. b In some persons cervical disease will
develop, which in some cases will lead fo death from cervical cancer. ¢ Screening is simulated in the fictifious
population, d} Screening may postpone death due to early detection and cure of the disease. e} Screening
may also defect disease that cannot be cured. as a result of which the pericd during which the woman is
aware of her disease {fead time) is lengthened.
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this fictitious population {Figure 1.4.c). In some life histories preclinical lesions will be detected by
screening, which may prevent further development of the disease and subsequent decth from
cancer {Figure 1.4.d). In other life histories, detection of the disease by screening will not lead to a
better prognosis. and the patient will die at the same fime as she would have without screening
(Figure 1.4.e}. The aggregated changes in life histories constitute the effectiveness of screening. The
model specifications include demographic characteristics, the epidemiology and natural history of
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the disease, and the screening characteristics. These characteristics are adapted to the population
under study. '

Furthermore, the costs of screening. diagnostic and treatment procedures can be specified to
assess the cost-effectiveness. If the loss in quality of life in the different siages of screening and the
disease are known, the cosi-effectiveness of screening can be expressed as the costs per quality

adjusted life year gained.

SCREENING FOR BREAST CANCER

Infreduction

Some of the major established risk factors for breast cancer are a family history of breast cancer,
early menarche, late cge at first childbirth, late age at menopause, and exposure to ionizing
radiation. Most of the above are associated with only a weak or moderately elevated risk for breast
cancer (relafive risk < 3 (20)) and are hardly suitable for primary prevention, A family history of
breast cancer, particularly if a diagnosis of breast cancer was made in first-degree relatives or in
firsi-degree relatives at young age results in higher risks (20). Women with a BRCAL or BRCA 2
mutation have ¢ cumulative risk of invasive breast cancer of about 55-85%. For these women,
prophylactic mastectomy may be an option. This may then be considered as primary prevention
(21-24). Intensive screening {with or without chemoprevention) is another possibility. However it may
be possible that surveillance may well fail to detect breast carcinoma at an early. curable stage in
young women with a hereditary risk of breast cancer, because the growth rate in these women
might be rapid (25) and the density of the breast tissue at this age may complicate detection by
mammography.

The natural history can be described by a succession of several invasive stages, characterised by
the size of the tumor, the involvement of lymph nodes, and the presence of metastases. In a
number of cases. the invasive disease is preceded by the non-invasive stage known as ductat
carcinoma in situ. The early invasive stages of breast cancer are often without clear symptoms of
the disease. Only in iater invasive stages do these symptorns manifest clearly, enabling a diagnosis
of breast cancer to be made. This is usually when the woman has felt a lump or change in her
breast. Metastasis of breast cancer commonly starts to the adjacent lymph nodes in the axilla. The
likelihood of axillary-node metastasis is related to the size of the invasive cancer.

The main methods for early detection of breast cancer have been mammography and physical
examination performed by a trained health professional. Mammography screening is generally
used in screening programs for breast cancer in high-income countries. Sensitivities of
mammography of between 63% and more than 0% have been reported {26-30). Next to actuadt
differences in the manner in which screening is performed, the differences in reported sensitivity of
mammography may be caused by characteristics of the women {age, breast density) (28,29),
differences in screening methods (single vs. double view, single vs. double reading) [30) and
diifferences in the assessment of the sensifivity caused by differences in follow-up period (29.31),
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Physical examination performed by a frained health professional is sometimes used as screening
method additional to mammography or instead of mammography, with variable results. In the HIP
study performed in the 1960s in the USA, the sensitivity of physical exarminafion was estimated to be
considerably higher than the sensitivity of mammegraphy, while in the Dutch pilot projects only a
small increase in sensitivity was achieved by adding physical examination to mammaography (32).
Finally, Miller et al. found no additional effect on meortality if mammography plus physical
examination was compared to physical examination alone (33). Currently the possibility of
screening by magnetic resonance imaging {MRI) is under study. Especially in younger women
where the performance of mammography is assumed to be less than in older women, screening by
MRl may become an alfernative {34,35). Breast self-examination is another potential method of
screening, although studies on the value of breast self-examination have shown this to be relatively
ineffective [36). Offering inskruction in breast self-examination as primary screening method should,
however, be distinguished from the process by which women perceive symptoms and seek care
for them. The increase in health awareness in the last decades has improved the stage distribution

of clinically dicgnosed breast cancers.

Evaluation of breast cancer screening

The effectiveness of mammography has been investigated in several randomized controlled frials in
New York (USA}, Edinburgh ({Scofland). Canada, and Malms, Kopparberg, Ostergdtland, Stockholm
and Goteborg in Sweden. A meta-analysis of updated results of the five Swedish trials shows &
breast cancer mortality reduction of 29% in women aged 50-69 years {37).

Recently, the results of these trials were criticised (38,3%), but this criticism was convincingly rebutted
{40-43).

For women over age 70, the positive effects of breast cancer screening are estimated fo outweigh
the negative effecis until at least age 75. Exiending the upper age limit from 49 to 75 may render
the cost-effectiveness of screening less favourable than screening between ages 50-69, but might
be acceptable. Due to the disproportional rise in negative effects of screening in older women, the
estimated cost-effectiveness of screening women aged 75 and up will be reduced {44). For women

under the age of 50, the effectiveness of screening has not yet been established (41,45},

Use of mathematical modelling in evaluation of breast cancer screening

From the beginning, models for breast cancer were focussed on the influence of screening on the
disease and the effecis of different screening policies. Early on, Zelen and Feinleib (46} used an
elemeniary model o demonstrate the existence of lengih bias sampling and the way it influences
the lead iime. Many models were fitted using the results of the HIPF randomized trici, and
subsequently used for predictions of cancer strategies {32,47-55). These differed in age range,
interval between screenings, screening method (mammography, palpation and breast self
examination), and differeni screening doses for mammography. Later on, the results of other trials in
18




Figure 1.5
Structure of the MISCAN model for breast cancer
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Sweden, the Netherlands, the United Kingdom and Canada, qlso became availcble and were

used for parameterisation of models on breast cancer screening (56-59).

MISCAN breast cancer model

The buasic structure of the MISCAN breast cancer model is shown in Figure 1.5. The first state is the
state without breast cancer. During the lifetime of ¢ woman, a fransition may occur to preclinical

screen-detectable breast cancer. A preperticn of the cancers are assumed to be preceded by
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Table 1.1

important model parameters for nafural history and screening in the MISCAN breast cancer model

Mean duration (years) of preclinical stage by age

Stage 40years S0years 60years 70years
Preclinical dCIS 5.2 5.2 5.2 5.2
Preclinical Tia {fumor <= 5 mm)] 0.1 0.1 0.} 0.2
Preclinical Ttk {ftumor 6-10 mm) 0.4 0.5 0.7 0.9
Preclinical Tic {tumor 11-20 mm) 0.8 10 1.5 1.8
Preclinical T2+ [tumor > 20 mm) 0.6 08 1.1 1.4
Long-term relative survival by clinical stage and age

Age DCIs Tla Tib Tic T2+

40 1.00 0.86 0.7¢ 0.63 0.42

50 " 100 0.86 0.7¢ 0.63 0.41

&0 1.00 0.83 0.75 0.56 0.31

70 1.00 0.85 0.78 0.61 0.3%

Probability of surviving by time since diagnosis and stage

Time since diagnosis Tia Tib Tic T2+

1 year 0.94 0.95 0.95 091

3 years 0.75 0.85 0.84 0.70

5 years 0.50 0.43 0.41 0.52

7 years 0.50 0.48 0.44 0.40

10 years 0.39 0.30 021 0.30

20 years 0.20 0.18 0.15 013

30 years 0.12 0.11 0.08 0.07

50 years 0.00 0.00 0.00 0.00

Sensitivity of mammography by stage and age

Stage 40-44 years 45-49 years >= 50 years
Preclinical dCIS 24% 32% 40%
Preclinical Tla {furncr <= 5 mm) % 52% 65%
Preclinical Tikb {flumor 4-10 mm) 48% 44% 80%
Preclinical Ti¢ {tumor 11-20 mm) 54% 72% 90%
Preclinical T2+ {fumor > 20 mm) 57% 76% 95%

Reduction in risk of dying of breast cancer by stage in which {pre)cancer is detected
Reduction in risk

Stage
Preclinical dCIS

Preclinical Tia {fumor <= 5 mm)
Preclinical Tib {fumor 4-10 mm)
Preclinical Tic {tumor 11-20 mmj}
Preclinical 72+ {fumeor > 20 mm)

100%
89.2%
81.4%
56.7%
39.5%

the screen-detectable, ductal carcinoma in situ (dCIS) siate. In this stafe, regression may also
occur, Four invasive states with increasing tumeor size are distinguished: <5 mm, 6-10 mm, 11-20 mm
and > 20 mm. Invasive disease will progress through these states until clinical diagnosis or screen
detection of the disease takes place.

The most important parameters for natural history and screening in the model are presented in

Table 1.1.
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SCREENING FOR CERVICAL CANCER

Introduction

By now. HPV has been established as the main risk factor for cervical cancer. Women with negative
smear results but a positive HPV tesi result were found to have a relative risk of more than 100 to
develop high grade dysplasia compared to women with negative smear and negative HPV test
results {60,61). Classical risk factors mentioned in the literature were age at first sexual intercourse,
number of sexual partners, use of oral confraceptives, parity and smoking. These risk factors are
distributed over risk factors for acquisition of HPY infections [number of sexual partners) and
cofactors for development of cervical neoplasia among HPV infected women learly age af first
intercourse, use of oral coniraceptives, parity and smoking) (62-63).

in consideration of the risk factors for cervical cancer, a potential methed for primary prevention
may be vaccination against HPY. Therapeutic and prophylactic vaccines against HPV are now in
progress, but it will take several years before conclusions about the effectiveness of the HPV
vaccines are achieved (66).

The natural history of cervical cancer is characterised by a long preclinical detectable stage,
consisting of a pre-invasive and a pre-clinical invasive stage. The pre-invasive stage is usually
subdivided into three stages, cervical infra epithelial neoplasia (CIN) I. CIN [f, and CIN lll. The
median duration of the fotal preclinical detectable stage is assessed at about 15 years {67-70). HPV
is found in {almost) alt invasive cancers (71,72}, These HPV infections are assumed to precede the
occurrence of CIN. Another characteristic property of the natural history is the considerable part of
pre-invasive lesions that will regress. This regression is assumed to be age dependent, with the
highest regression rates at young ages {68}, This is compatible with the high prevalence of HPY and
the high clearance of HPV observed in young women (73,74),

The prognosis for {screen} detected CIN is very good. At this stage, the survival is close to 100%,
even though retreatment is necessary in up to 25% of the women initially freated for CIN because
of persistence or recurence of disease (75.76). The prognosis in the local invasive stages is also
good. This aspect, together with the long preclinical stage, combines to fulfil the conditions
necessary for effective screening (i.e. an identifiable latent phase or early symptomatic stage and
a better prognosis in case of early detection). The Pap smear is widely used as screening test,
Sensitivities for cytology have been reported that range between 29% and 80% for CIN in screening
populations (68,77-80). Next to differences in screening procedures, the difierences in sensitivity
may aiso originate from the evaluation of Pap smears, due to different cut-off points in definition of
a positive smear and cervical disease, and method of determining the sensitivity. Intensive follow-
up of slightly positive smears will lead to a higher sensitivity but decrease the specificity, and might
disturb the delicate balance between benefits, harm and costs of cervical cancer screening.
Currently, the possible role of the HPV test in primary screening is being investigated in several

longitudinal studies.
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The use of cytology or HPV fests in screening programs is not feasible in low-income countries, as
this requires a high degree of crganisation with laboratories and personnel. In these situations
{aided) visual inspection of the uterine cervix may be an clternaiive solufion (81,82},

women participating in cervical cancer screening pregrammes are found fo be af lower risk than
non-participaling women {68,83,84). However, screening results will suffer if high-risk women fail to
be reached by screening. Curently, the use of selfsampling is considered as an aliernative

screening tool for unscreened women (85).

Evaluation of cervical cancer screening

Unlike for breast cancer, no randomized controlled trhal has ever been performed for cervical
cancer. The effectiveness of cervical cancer screening has aiways been debated, a discussion
that has been fanned by the controversial results reported in the literature. Cervical cancer
screening was found to be effective in several observationat studies (86-88). A specfacular 80%
mortality drop was found in Iceland between 1965-82 (87}, The fall in mortality in Finland and
Sweden was modest {respectively 50% and 34%), while in Norway a decrease of no more than 10%
was found. These differences are comelated with the width of the target age and the coverage of
the screening programmes in the respective countries, and support the conclusion that screening is
effective in reducing the cervical mortdaiity. In England and Wales, however, no discernable impact
of screening on the mortality rate had been able to be ascertained by the mid-1980s (89).

Use of mathematical modelling in evaiuvation of cervical cancer screening

In cervical cancer screening o number of models attempt to draw inferences about the natural
history of cervical cancer. A first attempi fo study the natural history of cervical dysplasia and
carcinoma in situ was made by Barron and Richart (90.91). More sophisticated meodels were
designed in later years by Coppleson and Brown [92), Albert {93}, Brookmeyer and Day [94).
Gustafsson and Adami (67}, and van Oortmarssen and Habbema (68). These models revealed
some important features of the natural history of cervical cancer, as it became evident that the
ohserved data could not be explained without including the possibility of regression of preinvasive
cervical lesions and age-dependencies of {ransitions between stages in the model.

There are numerous models to estimate the (cost-) effectiveness of cervical cancer screening
and/or identify optimal screening policies. These models vary in comprehensiveness. Examples of
surface models are the age-period multiplicative model used by Hristova and Hakama (95) and
the regression model by Forsme et al. (96). Also, the articles of Chesebro and Everett (97}, Waugh et
al. {98,99) may be categorised as surface models, but these add some assumptions, for example,
the percentage of women with preclinical invasive disease that will develop invasive cervical
cancer.

A precursor of the recent detailed and comprehensive models, was the model of Knox (100}, A
model inciuding the mean duration of dysplasia and carcinema in situ and a false-negative rate
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Figure 1.6
Basic structure of the MISCAN model for cervical cancer
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for the screening test was used to calculate the best ages for camying out cervical cancer
screening. Examples of recent deep models on cervical cancer screening are the models of Eddy
{101}, Myers {102,103), Gyrd-Hansen {104}, and Sheriow-Johnsen {105) used for cost-effectiveness

calculations and the model of Gustafsson and Adami, which is used to estimate efficient screening

policies, The MISCAN model, which is described below in more deiaqil, is used for both cost-
effectiveness calculations and for identification of efficient screening policies for cervical cancer.
Over the past decade, several models were developed that included HPY in the natural history,
with a view fo deriving estimates of parameters for the najural history of the HPV infection and
characteristics of the HPV test, as well as to estimate the cost-effectiveness of the use of the HPV
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Table 1.2

Important mode! parameters for natural history and screening in the MISCAN cervical cancer model. (6,7}

Duration of preclinical stages

Stage Mean duration (years)
Pre-invasive neoplasia 11.8
Micro-invasive tA 20
Preclinical 1B - clinical 1B 1.9
Preclinical B - pre-clinicat [I+ 1.0
Preclinical i+ 0.9

Total pre-clinical 15.7
tong-term relative survival by clinical stage and age
Age 8 i+

< 25 years 0.70 0.20

30 years 0.8 0.50

50 years 0.81 0.50

>65 years 0.62 0.00

Probability of surviving by ime since diagnosis

Time since diagnosis Probability
1.5 years 0.64

4 years 0.21

7 years 0.14

99 years 0.00
Sensitivity of Pap smear by stage

Stage Sensitivity
Pre-invasive neoplosic 80%
Micro-invasive |A 85%
Preclinical 1B 85%
Preclinical i+ 90%
Reduction in risk of dying of cervical cancer by stage in which {(pre)cancer is detected
Stage Reduction in risk
Pre-invasive neoplasia 100%
Micro-invasive 1A 80%
Preclinical IB 40%
Preclinical 1+ 20%

test as a screening test {primary screening] or in the follow-up of screen positive women {secondary

screening) (106-111}.

MISCAN cervical cancer model

The structure of the MISCAN cervical cancer model is shown in Figure 1.6. The cancer development
process starts with a fransition to pre-invasive cervical disease {CIN). Regression of CIN may occur,
or the disease may progress to a preclinical invasive stage. Three preclinicdl invasive stages are
distinguished: la, tb and ll+ which comespond with the FIGO stages (112). In the presence of
screening, screen defection of preclinical disease may take place or the disease will surface
clinically in the stages b or I+, In recent years the HPV stage has been added. The majority of the

women developing invasive cervical cancer will have experienced an WPV infection.
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The quantification of the mest important parameters for the natural history and screening in the
cervical cancer model is given in Table 1.2. A detailed description can be found in chapter 5.

THIS THESIS

Research questions

The objective of this thesis was to investigote important questions in screening for breast and

cervical cancer. This was done by mathematical modeling, of which the usefulness was also

evaluated.

Questions to be addressed are:

I Whatis the applicability of the MISCAN breast cancer screening model in new situations?

I How much breast cancer mortality reduction can be expected in the first years after
infroduction of breast cancer screening 2

Il Which Pap smear-based cervical screening policies are op#imal with respect to cost-
effectiveness?

IV What is the cost-effectiveness of the cervical screening practice in different European countries?

V What is the incidence after negative screening in the Netherlands and does it corespond to the
results from a multicountry analysis on which most important models for cervical cancer
screening have based their assumptions?

VI What is the evidence for the (cost-) effectiveness of HPV testing in primary cervical cancer

screening?

Structure of the thesis

In Chapter 2, the screening programme for breast cancer in Navarra (Spain| is evaluated using
MISCAN on the basis of first and second round screening results.

Chapter 3 reports the breast cancer moriality reduction that might be expected in the first years of
a breast cancer screening programme. The observed mortality in the Netherlands and the Unifed
Kingdom is compared to the predicted mortality by MISCAN.

in chapter 4, the incidence of invasive carcinoma after negative screening is compared to the
incidence in a situation without screening. These results provide an indication of the performance
of the screening programme if compared to similar data of other screening programmes.
Furthermore, the results provide useful information for validation of important parameters of a
cervical cancer screening model,

In chapter 5, the costs and effecis of a large number of screening programmes for cervical cancer
are estimated using the MISCAN simutation prograrnme, resulting in identification of efficient
screening policies using data on demography, epidemiology. test characteristics and costs
representative for the Dutch situation. The background characteristics are franslated for other
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countries with respect o incidence and price level fo investigate whether the curent wide diversity
in screening programmes for cervical cancer screening could be explained.

In chapter 6, the cost-effectiveness of running cervical cancer screening programmes in the
European Union is calculoted on the basis of the observed screening intensity, consisting of
recommended number of smears per lifetime and the number of excess smears on top of these
recommendations.

Chapter 7 concerns a study on the natural history of HPV infections and the characterisiics of the
HPV test using cross-sectional data, The costs and effects of different screening sirategies are
calculated for two possible sets of parameters on the basis of these data. In the meantime
longitudinal studies are being performed.

In chapter 8, the previous study is updated by using longitudinal data that has become available in
the meantime.

In the general discussion [Chapter 9), the research questions underlying this thesis, as formutated
abeove, are answered. Furthermore, the use of modelling in breast and cervical cancer screening is

discussed.
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2

BREAST CANCER SCREENING IN NAVARRA;
INTERPRETATION OF A HIGH DETECTION RATE AT THE
FIRST SCREENING ROUND AND A LOW RATE AT THE

SECOND ROUND




SUMMARY

Objectives - Evaluating the on-going European pilot project for breast cancer screening in Navarra,
Spain, and predicting the effects and cosfs of the programme in the long run.

Methods - Observed results in Navamra, consisting of more than 100,000 screens, were compared
with expected results. A MISCAN model was used, that included demographical, epidemiciogical
and screening characteristics of Navama. Alternative assumptions on  epidemiclogical and
screening characteristics were also addressed.

Results - The observed detection rate (5.9 per 1,000 screened women) in the first round waos 18%
higher than expected; the observed rate in the subsequent round (2.9) is 17% lower than expected.
Longer pre-clinical durations, lower sensitivity or the existence of a high-risk group in Navara could
not satisfactorily explain the first and second round results together. Nevertheless, the programme
will have an imporiant health benefit for the women involved, due to an imporiant trend in
incidence in recent years and the relatively unfavourable clinical siage disifibution in Navarra. The
proportion 12+ cancers that will be prevented after 10 years of screening amounts to 36%. The
annual mortality recduction in steady state is expected to range between 17% (if the observed rates
in the second round indicate real screening performance) to 23% (if the first round indicates real
performance).

Conclusions - Our results demonsirate that a high detection rate in the first round is insufficient to
evaluate the gquality of a programme. Interval cancer rates, results of the subsequent round and
size distributions are also crucial indicators of the quality of the screening programme and should

be analysed in their specific context.
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INTRODUCTION

MNationwide breast cancer screening programmes have been initiated in countries with earlier
experience with breast cancer screening. such as Sweden, the United Kingdom and The
Netherlands (1,2). In several other countries of the European Union without such long-standing
expetience, pilot projects started in the beginning of the 1990s {3). Breast cancer screening caon
substantially reduce breast cancer mortality rates for women aged 50 and older {4.5], but it is not
evident for all European countries to have a breast screening programme. In addition to screening
characfteristics, the cost-effectiveness of a screening programme depends on demographical and
epidemiological characteristics of the country concerned. Breast cancer screening is usually
assumed as being cost-effective in countries with relatively high breast cancer incidence and
mortality rates and if mammographic guality and substantial participation rates are guaranteed.

In Navara, a region in the north of Spain, an Early Detection Programme started in 1990, This
programme is directed at women aged 45-45 years who are invited to participate every 2 years.
Striking results of the first round. in which almost 50,000 women were screened, are the high
participation rate (85%}) and high detection rates [nearly 6 per 1,000 women screened in the age
group 45-65) {8). The detection rate at the first screening in Navarra is not much different from
observed rates of & and 6.5 in Sweden (7) and The Netherlands (8), respectively, despite a much
lower background incidence. Is this a promising result?

Models taking into account specific characteristics of the region concermed have been shown to
be a valuable tool in the evaluation of a screening programme for breast cancer [4.9,10). Although
Navamra is a circumscript region, it is the first European Union project to have detailed data of 4
years of screening, consisting of more than 100,000 screens. and background information on the
region. This enabled us now to evaluate the pilot project in Navamra and to derive predictions on
the effects and costs of the programme in the long run, using a validated model on breast cancer

screening as reference (1.4.11).

MATERIAL AND METHODS

The Early Detection Programme in Navarra

The Early Detection Programme directed ot women aged 45-45 years started in March 1990 with a
4-month pifot phase to adapt the units, procedures, eftc.. and normal operation began on 1
September 1990. The first round of screening ended on 1 July 1992. The second round of screening
took place in the period 1 September 1992 to 1 July 1994. The average interval between the screen
in the first round and the one in the second round was 2.06 years. In the second round, women
aged 66 or 67 years were also invited if they had attended the first round, to give them the

opportunity to attend at least twice.
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The Mlcrosimulation $Creening ANalysis (MISCAN) approach

To evaluate the resulis of the curent screening programme, and to derive predictions on the
possible effects and costs of a long-term screening programme in Navamra, the simulation model
MISCAN was used. A detailed description is given elsewhere {4, 12). The MISCAN-model consists of 2
steps. The first step (the disease part of the program) reflects the naiural course and epidemiology
of the disease. In the model, several states of the disease are distinguished, including 4 invasive
states {T1q, Tib, Tic and T2+) with increasing fumour size {respectively £5, >5 and 210, >10 and =20
and >20 mm, respectively]. A propeortion of the invasive breast cancers is assumed to be preceded
by a screen-detectable, ductal carcinoma in situ (dCIS}, stafe. It is also possible that regression
might occur in this state. By incorporating demographical and epidemiological aspects of breast
cancer, individual life histories are generated io constitute the population of Navarra. In this
population the number of women, the cge distribution of women, the incidence of clinically
diagnosed breast cancer, the stage distribution of clinically diagnesed cancers, and the mortality
due to breast cancer and to other causes are simulated as observed in Navarra,

In the second step [the screening part of the programme), various characteristics of screening
policies can be defined, such as screening ages. interval and attendance {12). Furthermore, the
screening performance - determined by the sensifivity and specificity of the screening-test. and
improvernent in prognosis after screen-detection are defined in this pari. In the model, women with
cancer have o reduced risk of dving of breast cancer due to screen detection, depending on the
cancer size at detection. This improvement in prognosis after detection via screening was based on
the results of analyses of Swedish randomized frials (4.5} and is calculated as 1 minus the ratic of the
risk of dying of screen-defected breast cancer divided by the risk when the cancer had been
diagnesed in the absence of screening. An equal improvement in prognosis after screen-detection
is assumed for women younger than 50 years of age and those 5C years of age and older.

The results of the programme consist of the number of cases detected, the stage distribution of the
screen-detected cases and the number of interval cases. The effecis of screening, such as the
number of life-years saved and the mortality reduction, are also results of the screening part of the

programme.

Demography, epidemiology of breast cancer, screening policy and performance

of Navarra implemented in MISCAN

The 1989 population numbers in 5-year age-groups of Navarra (data not shown) were used. The
death rates in 5-year age categories due to causes other thon breast cancer in 1987-1989 were
calculated from the number of deaths of all causes [data not shown), the number of deaths due fo
breast cancer {data net shown) and the population number during this period.

An estimate for the duration of the pre-clinicat stages can be obtained from the clinical stage
distribution in @ period without screening. Breast cancer is a process in which one moves from

relatively favourable stages to increasingly worse stages of the disease; therefore, clinical stage
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Table 2.1

Population numbers of Navarra, incidence and mortality of breast cancer in Navarra. Stage distribuiion of
clinically diagnosed cancers and axilfary iymph node status in Guipuzcoa.

Characteristic Value

Female population (1989}

Total 262,731
45-49 13.998
50-54 13.593
55-59 14,729
40-64 14,271

65-6% 12,828
Breast cancer incidence {crude rate}

Navarra {1987-1989) 753
Mortality due fo breast cancer {crude rate}

Navarra {1987-1989) 28.4
Mortality/incidence ratio

Navaira (1987-198%) 0.38
Stage distribution

Clinically diagnosed breast cancers(%)

Guipuzcea

DCIS 57%
T 21.1%
T2 44.6%
13 19.6%
T4 8.9%

Axillary lymph node metastases
(% of invasive tumours)
Guipuzcoa 50%

distribution implies the duration of the disease process. Because there is no complete and precise
information available of the stage distribution in the period before screening in Navarra, the siage
diskribution of Guipuzcoa {data not shown) was used. Guipuzcoda is a region neighbor to Navarra
and is assumed to have a comparable stage distribution, although a slightly higher level of
opportunistic screening may be present in Guipuzcoa. In Guipuzcoq, only 27% of the clinically
diagnosed cancers have a tumor size <20 mm or are non-invasive, which is low compared with the
percentages found around Florence (39%, {13]]. in The Netherlands this percentage is 46% (1), and
in Germany 38% (11). The clinical stage distribution is assumed to result from a hazard of growing to
a next state of the disease and @ hazard for clinical detection in a certain state. Therefore,
assuming that the natural course of the disease is the same for different countries. the hazard of
growing to a next state is equal for the different situations. The only factor that can influence the
clinical stage distribution is thus the hozard for clinical detection. We adjusted the hazard for
clinical detection in the different states downward to aobtain the less favourable stage distibution.
This resuited in estimates of the mean pre-clinical duration ranging from 3.2 years for women aged

45 at onset of the disease to more than 5.5 years for women aged 65 at onset of the disease.
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Table 2.2
Characteristics of the Navarrian screening programme used in the model for different age groups

Screening characteristic Age 45-49 Age 50-65
Attendance rate (% of invited women)

ist invitation 85.5 84.4
subsequent invitation 85.9 86.7

not attended previous round 78.2 3.3
attended previous round 96.2 95.4

Hospital referral ratee

(% of screened women)
1st screen 1.1 10
subsequent screen 0.5 0.4

Biopsies (% of hospital refercls)
1st screen 877 93.4
subsequeni screen 84.4 842

Positive predictive volue advice for biopsy
1sf screen 43.9 &3.7
subseqguent screen 70.4 78.5

Sensitivityb; principal analysis

DCIs 0.32 0.40
Tla 0.52 0.65
Tib 0.64 0.80
Tlc 0.72 0.90
T2+ 0.76 0.95
Reduced risk of dying from breast cancere

screen-detected dCis 1.000< 1.00G
screen-detected Tla 0.310 0.892
screen-detected Th 0.230 0.814
screen-deiected Tlc 0.070 0.567
screen-detected 12+ 0.050 0.395

e A weman with a positive screening test first underwent additional diagnostic procedures before she was referred 1o
hospital.

t  Based cn the results of the Dutch pilot projects in Utrecht and Nimegen,

¢ Defined as the propertion of women with cancer that have risk of dying from breost concer reduced. This proportion
depends on cancer sZe ot detection and is based on the resuits of analysis of the Sweadish randormized trials.

¢ If improvement in prognosis is assumed to be lower for women younger than 50 years compared to women aged 50
years and older

A 3% annual increase in breast cancer incidence was incorporated, based on incidence data from
1973-1989 ((14-16), data not shown}, This was done by increasing the risk of contracting breast
cancer during a lifetime for younger birth cohorts by 3% per birth year up to a maximum risk level;
for women born after 1944, the risk of contracting breast cancer remains constant {according to
Lépez-Abante et at. {17]) at a level that is comparable with countries in northwestern Europe (18).
This observed fast increase results in a high incidence level in Navara compared with ofher parts of
Spain (14-16).

There were no data available on the survival of breast cancer patients. Therefore, the stage
specific survival is fitted on the breast cancer incidence and mortality rates of Navaira. In Table 2.1,
the demography, incidence, martality and clinical stage distribution are summarised.

The screening policy of the Early Detection Programme in Navarra, inviling women aged 45-65
years every 2 years, was implemenied in MISCAN. The attendance rates and specificity were
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based on the resulls of the first and second round of the programme. In first instance, estimates of
the sensitivity were used, which were based on results of Dutch pilot projects and nationwide
screening programme (1, 12). Although this is not supposed to be o gold standard, it served as the
first estimate in the analyses. A survey of the characteristics of the screening programme is given in
Table 2.2.

Evaluation of the current screening programme

After implementing the Navarrian characteristics in MISCAN, the screening results expected by
MISCAN [detection rates and stage distribution of screen-detected cancers for the first and second
rounds and the number of interval cancers) were compared with the results observed in Navarra.
To assess the cost-effectiveness of the current screening policy. the predicted costs and effects in
the total female population of a 27-year screening programme directed at women aged 45-65
were calculated. The costs and cost-effectiveness estimates are presented using a discounting rate
of 5% per year, to establish a time-preference.

The cost calculations were primarily based on the detailed cost-analyses performed in The
Netherlands {79). wsing the heaith-care-specific Purchasing Power Parity {with 1 dutch florin =
approx. 47.90 pesetas), which is a conversion factor adjusted to health-care-specific price
differences between Spain and The Netherlands (20-23). Some detailed costs for the screening itself
were gvailable from Spain [data not shown); these were quite consistent with the Dutch data on
screening costs, The reported overhead costs of screening in Navama are lower than in The
Netherlands, this is caused partly by the larger number of screen units needed in a larger
programme. Only rough estimates of cost of diagnosis, primary freatment and follow-up are

avdilable (data not shown).

RESULTS

Observed results of the first and second screening rounds compared to

expectations

The number of breast cancer cases detected in the first round was 5.9 per 1,000 screened women.
This number includes the cases found in the % of screened women who had a review within 1
year. Given the Navarrian characteristics, we would have expect a detection rate in the first round
of 5.0 (Table 2.3). The difference between the observed and expected detection rates was also
seen at the second round, in which the observed detection rate of women screened for the first
fime was 3.8, while the expected detection rafe was 3.0. The laiter are both women who were not
invited in the first round and women who were invited in the first round, but did not attend. For
women who had also attended the first round (the majority), a detection rate of 2.9 was observed

af the second round; the expected detection rate was 3.5.

37




Table 2.3

Screening resuifs as observed in Navara compared to simulated results from MISCAN

Screeening results Screened observed expected
women

Detection rates (per 1,000 women screenead)

First round

45-49 11,238 48 2.4
50-54 10,365 52 4.2
55-5% 12,097 59 58
60-44 11.550 7.2 7.6
65 3,151 7.6 8.3
45-65 45,401 59 50 :
Second round (attended 1¢ round]

45-49 6,450 29 2.1
50-54 10.523 1.8 3.1
55-59 10.91¢ 2.4 3.8
60-64 11,428 27 43
65-67 7.102 5.4 4.4
45-67 46,422 29 35

Second round (not attended 1% round)®

45-49 6,397 28 2.1
50-54 627 6.4 47
55-59 562 7.1 6.3
&0-64 554 54 4.9
65 i83 164 2.1

8.863 3.8 3.0

Stage distribution first round (n=285)

BCIs 17% 12%
lnvasive 83% 88%
Ta 6% 3%
Tb 27% 20%
Tic 40% 48%
T2 28% 29%
Interval cancers (per 1,000 women screened) 07 1.4 :

o This concerns both wamen invited in the first round but not attending and wormen not invited in the first round

The observed stage distribution of screen-detected cancers in the first round was slightly more
favorable than expected but worse in the second round. In Navarra, 36 interval cancers have
been reported between the 2 screening rounds, 10 in the first and 26 in the second year after

screening. The expected number of 6% interval cases in the first 2 years is almost 2 times higher.
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Table 2.4
Expected screening resulls for aiternaiive analyses IHli, compared to the observed screening resulfs in Navarra

Screening resulis Novarra alternative 12 dlfernative iI®

Detection rates
{per 1000 women screened)

- first round 5.9 5.9 38
- second round {attended 15 round) 2.9 37 3.0
-second round (not att. 1% round)<© 38 3.3 23
-seceond reund {all} 3.1 37 3.0

Interval cancers
{per 1000 screens) 0.7 1.3 1.9

¢ Preclinical duraticn of the principal analysis+18%
b Sensitivity of the principal anclysis -24%
< This concems both women invited in the first round but not ettending and women nof invited in the first round

Alternative assumptions for Navarra

Because the prevalence is primarily indicative for the pre-clinical duration of the tumours found at
scregning, we varied the pre-clinical duration to obtain the same observed and expected
detection rate at the first round. When the screen-deteciable pre-clinical period is extended by
18%, the observed and expected detection raie are both 5.9, but the detection rate at the second
round would be expected to increase also, to 3.7 {Table 2.4, alternative [). The observed rate would
then suggest a change in performance after the first round. Otherwise, if the prevalent figure is
strongly inflated by cancers with borderline malignancy and length fime sampling and the second
round indicates real screening performance, the sensitivity has to be lowered by 24% to obtain
comparable observed and expected detection rates af the second round (Table 2.4, alternative
Il}. The possibility of a lower sensitivity in Navarra con be explained by differences in the
performance of screening in Navaira {one-view mammaegraphy, only limited double reading) and

other trials {double-view at first examination. double reading).

international comparisons

In Table 2.5, the observed and expected results from Navarra are compared with the screening
results of other programmes, including the Nationwide Screening Programme in The Netherlands
(8], the Swedish Two County Hial {7} and the Florence District Programme {24). The difference
between the observed and expected detection rates in the prevalent round in Navarra is caused
by the high observed detection rates in the youngest age-groups (45-49, 50-54). Compared with
other programmes, the observed detfection rates in the youngest age groups are also high.
particularly when compared with the background incidence.

39




aouapioul pajoadxe

]
ADUBPIDUCRUOD
5860 Jap|0 JD UCHEIYYOWSUN 1) PAIDDU0D SPUDHAYIBN BU) Ul 486 20USpIDULDIMIS  p
6B-£841 SOUSPICUl DO PajRadis o
68-£B6| DUDADHN Ul DBAISSAO 82UAPIPUI BT 4
uojozZILIoPURI | 8B o
5T £ &'l Ly gLl 69-69
1t 62 £l 6 0z £t 4! 8E s ¥9-09
i 8t 91 (44 09 68-66 omy
1l £9 Sy £l T ST £l 6T re FS05 Sy og
80 £l st £1 (44 &r-5¥ 69-0F
ol 86 oS YT 8¢ g0 't o€ g0 ¥r-Or dad
Al 87 144 8 ST N4 oe gL fAA Y04 aiBuss
ol 25 £Z L 0z Se T 34 88 6909 SYUW gg-¥g
60 43 82 4] 9l kA 6'l o€ Ly 65-05 vZ-or
£l - £S5 9¥ 5T o4 al’l LT 1’z oé¥-OF 28
91 £¢ oe v o0l 4959 (x3 sqns)aibuss/(xa 5] omi
¥l 6T 4 g€ €L $9-09 L% A
£l KA £ e 8¢ 46-96 69-0%
¥l (¥4 plT oe SF ¥S-08 ¥4661 NdSN
¥z 44 gl £ ve #9-09
44 e £l 8t 8¢ 6558
9L - 09 % iz 8C Sl I'E [A4 rs-08
2L al of'| 1z ¥e b¥5F pajoadxe DUDADYN
9l 44 P LT Tl ¥9-09 sibuss
Sl P 't ¥Z -3 6565 sih g
'l . g€ Gt 'l 4 ¥l LA A ¥5-08 59-SF
&l [a ag’l x4 g¥ 184 PEAIaSQ0 DUDADN
Apg A g A st (sua3ios gpo’L Jad) SMBIA JO JBGQUINN
{Q) (s)usaras/punos {susauds ppp’t Jead) {5} loaspyut Buuaarng
s/ D} ®susploul punoiSyong {uswom oo’ ad) (1) jusnbasqns [d) punou | dnoib-a5y
{D+17Q) 1O % 50 SI9DUDT [DASIY [F{a] I/d  @duapiaul puneIByoDg s3|01 uoloaeq $9|0J UOH D3I dnoJf sty awwpbiBoly

"fre) swipiBold 1ousIg 8ouai0d B4) PUD [£) 10U AUNOD OM) YSIDSMS AU
(8) spuslBUiaN Bl Ul SUILIDIBOIY BUuSRI0S apIMUOLDN a4y SWDIB0I JaYIO JO SHNSal B} Of DLDADN JO ${nsal BUUS@I0s PajoadXe PUD PaIBSHO Sy JO SUOSLOLUOS

§'ZT31gnL



Figure 2.1

Detection rates ot first and second round {for all women participating in the second round, imespective of their
participation in the previous round} as observed in Navara and expected by MISCAN

o

w

(4]
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cumulative incidence of T2+ cancers
[es proportion eg ennual background incidence)
N

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
year

In the 2 oldest age-groups. the observed detection rates are lower than expected because there is
a less steep increase in defection rates by age than expected. This steep increase ot the prevalent
screen is due to the assumption of a strongly age-dependent preclinical duration of breast cancer
and to the increase of incidence by age. In other screening programmes, the increase by age of
incidence and preclinical duration {the lalter roughly indicated by the increase of
prevalence/incidence ratio} was also observed. In contrast to the prevalent round, the observed
detection rates in the subsequent round and the number of interval cancers are rather low
compared with the other studies. The number of screen-detected cancers in subseguent rounds
and the number of interval cancers depend on the background incidence, the screening interval
and the performance of screening. Comparisons between studies having a different background ‘
incidence and screening inferval can therefore only be made after dividing the sum of the screen-
detected cancers in subsequenf rounds and interval cancers, i.e. D/l + C, by the screening interval
{S} {Table 2.5}. The resulting ratio {{D/I+C)/S] observed in Navara is comparable with other

programmes, whereds a higher ratio is expected by MISCAN.

Predicted effectiveness and cost-effectiveness of the cument screening

programme

An indicator for evaluating the effectiveness of a screening programme is the extent to which the
occurrence of advanced cancers {stage T2+} is prevented. At the first round 1.4 per 1,000 women

screened were found to have a cancer in stage T2+; at the second round this was 0.7 per 1,000
4]




Table 2.6

Effects on incidence, mortality and life-years gained and CE-rafio (5% discounting] of the Early Detection
Programme in Navarra, starting in 1990 and directed at women aged 43-65 as predicted by fhree analyses
assuming an equal improvement in prognosis for women below 50 years and women aged 50 years and older.
For the prinicipal analysis also the effects are presented if a lower improvement in prognosis for women below
50 compared fo women aged 50 and oider is assumed. The effects of 27 years of screening are considered.

Principal analysis Alternative |¢ Alternative IIb
Breast cancers
diagnhosed 9,780 9.850 2610
Screen-detected 3,390 (35%) 3,770 [38%) 2,850 [30%)
Breast cancer deaths prevented 1,100 1,200 210
Life-years gained 22,000 23.000 18,300
Breast cancer moriality reduction in steady 20% 23% 17%
state (2015)
CE-ratio [pesetas per life-year saved) 441,000 427,000 555,100

@ Preclinical duration of the principal ancilysis +18%
b Sensitivity of the principal analysis -24%
c  Lower improvement in prognosis for women under 50 yvears of age (see Table 2.2)

women screened. Between these screening rounds yearly 0.2 per 1,000 women were found to
have a T2+ cancer. In the absence of screening, the incidence of T2+ would have been 1.1 per
1,000 women years. In Figure 2.1 the cumulative incidence of T2+ cancers as a proportion of the
background incidence for women attending all screening rounds is compared with the situation
without screening. with the assumption that the proportion T2+ cancers found in the second
screening round and among the interval cancers in Navarra is representafive for future screening
rounds. in the first years of screening, the cumulative incidence of cancers with stage T2+ is higher
for women attending the screenings compared with the situation without screening: however, affer
10 years, the proportion of T2+ cancers prevented by screening was 36%.

When the screening programme infroduced in Navarra in 1990 is extended to 2016, an annual
reduction in the breast cancer mortality of 20% is predicted by MISCAN for the principal analysis
from the year 2014 onwards. The 27 yeurs of screening are expecied fo prevent 1,100 breast
cancer deaths, corresponding fo 22,000 life-years saved. Due to screening, the yearly number of
newly diagnosed breast cancers is expected to increase (25) by 4% compared with fhe situation
without screening. The screening programme is expected to detect 35% of all breast cancers
diagnosed; 86% of the screen-detected cancers were £20 mm in diametfer or non-invasive. The
cost-effectiveness ratio of the present Navara programme is estimated to be 441,000 pesetas per
life-year gained; when Navarrian costs are used, the rafio is 319,000 pesetas per life-year gained.
The clternative analyses have different consequences for the [cost-]effectiveness of the
programme. The predicted moximal annual reduciion in breast cancer mortality attainable from
the year 2015 onward ranges from 17%, if the observed detection rate in the second round
indicates real screening performance {and the prevalent figure is strongly inflated by cancers with

borderline malignancy and lengih time sampling), o 23% if the prevalent round detection rates

42




indicate the real situation and the currently reported number of interval cancers {and second
round resuiis) are foco low. The cost-effectiveness ratio is assessed between 427,000 {alternative 1)

and 555,100 (alternative |l} pesetas per life-year gained (Table 2.6}).

DISCUSSION

The high detection raie in the first and the low detection rate in the second round in Navarra were
unexpected. In other analyses performed in The Netherlands, Germany, [taly and evaluations of the
Nationwide Screening Programme in the Netherlands (NSPN {11-13,28), the model reproduces the
detection rates in the first and subseguent screening rounds and the incidence of interval cancers
as observed, with the natural course and characteristics of the screening test appearing to be
incorporaied satisfactorily.

A comparison of the observed and expected resulfs of Navarra with infernational results, faking into
account the background incidence, demaonsirates high detection rates in the youngest age
groups and a less steep increase of the detection rates in the prevalent round by age than
expected on the basis of the increase by age of incidence and duration of pre-clinical stage,
which was olso seen in other programmes. However, relafing the sum of screen-detected cancers
in fhe subsequent round and the interval cancers to the background incidence and screening
interval {Table 2.5, ratio (D/1+C}/S) vields ratios comparable with other programmes, while a higher
ratio is expected by MISCAN, which is parily caused by the increasing background incidence as
observed in Navarra and the long pre-clinical duration. In Table 2.5, the background incidence of
the years 1987-89 is used for the caleulation of both the observed and expected rafio for Navama.
Pue to the increasing incidence the background incidence will be higher at the moment the
interval cancers arise and the second screening round takes place. Because of this, the sum of the
screen-detected cancers of the first round and the interval cancers aiter the first round divided by
the product of incidence and screening interval as calculated in Table 2.5 will be overestimated.
Furthermore, the long pre-clinical duration in Navarra will cause a high prevalence at the first
screening; therefore, the absolute number of cases prevalent but not screen detected due to a
lack of sensitivity will be higher than in case of a shorter pre-clinical duration. These cases will
becore interval cancers or will be screen detected at the subsequent screening. resulting in a
higher ratio {D/1+C)/S. Although the possibility remains that the expected detection rates of the
subsequent round are slightly overestimated, the observed number of interval cancers and
detection rates of the subseguent round are rather low considering the increasing incidence and
long pre-clinical durations.

Trying to explain the chserved results in Navarma, we changed model assumptions on the natural
course and the characteristics of the screening test. Changes made were assuming a longer pre-
clinical duration and a lower sensitivity than in the first instance. These alternative assumptions,
however, cannot explain the relative high detection rates in the prevalent round together with the
rather low detection rates in the subsequent round. Furthermore we have investigated the

possibility of the existence of a high risk group in Navarra. A portien of the women were asked to
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have a review within 1 vear after the screening test because of radiological reasons. Due to the
high detection rate found in the 9% of the women who were reviewed aiter the first round, we
assumed them to comprise a higher risk group having a 3 fimes higher risk of having breast cancer
during lifetime than other women. This assumption cannot explain the results observed in Navarra,
agaoin mainly due to the low detection rates observed in the second round.
For further explanations of the differences with screening results of other programmes discussed
above, and the impossibility of reproducing satisfactorily the cbserved défec’rion rates with the
present assumptions on the natural course of breast cancer and screening characteristics, future
studies on the following aspects should be underfaken. On the one hand, review of the breast
. cancers detected in the first round, including pathology, to possibly extract the cancers with
borderline malignancy which are often more prevalent at early screens. Review of possible
differences in the natural course of breast cancer in this [Southern) region compared fo the other
European ones is certainly also an aspect to be analysed.
The estimafed reduction of T2+ cancers prevenied by screening after 10 years of 36% is
comparable to the estimates for the Swedish Two County Trial [STC] and Nationwide Screening
Programme in the Netherlands (NSPN) [40% and 36%. respectively (8)). This rather favorable figure
for Navarra is illustrated by the expected mortality reduction upto 2020 of 17% by MISCAN and the
predicted maximurn annual mortality reduction of 20 %, which are higher than predictions for The
Netheriands, Germany and Florence (11,13,19}. The predicted cost-effectiveness ratio of the Early
Detection Programme, which ranges from 427,000 to 555,100 pesetas per life-year gained (5%
discount}, is also rather favorable. Such high estimated effectiveness and favorable cost-
effectiveness ratio of the Early Detection Programme are due to the specific characteristics of
Navarra. the increasing incidence and relatively unfavorable clinical siage distribution associated
with a longer pre-clinical duration.
In conclusion, our resulfs emphasize that the quality of a programme cannot be evaluated on
results of a prevalent screening round only. Detection rates of subsequent rounds. the interval
cancer rates and tumor size distributions, related to underlying epidemiology and natural course of
disease in a specific situation, are also crucial indicators of the qudlity of a screening programme
and of its effects for the future. In modelling analysis, we have tested different assumptions on
epidemiclogical and screening characteristics of the specific Navarian situation fo explain the

observed data.
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REDUCTION IN BREAST CANCER MORTALITY DUE TO
THE INTRODUCTION OF MASS SCREENING IN THE
NETHERLANDS: COMPARISON WITH THE UNITED

KINGDOM




SUMMARY

Objective - To assess the impact of the national breast cancer screening programme on breast
cancer mortality in the first years after ifs infroduction.

Sefting - The Netherlands and Unifed Kingdom.

Methads - MISCAN models, incorporating demographic, epidemiolegical and screening
characteristics of the region under study, were used to assess the mortality in the presence and
absence of screening.

Results — Breast cancer mortality decreased in women aged 55-74 as the Dutch naticnwide
screening programme built up, and was 5% lower in 1994 than before the start of the programme.
The mortality reduction due to screening in the age-group 55-74 is expected Yo increase gradually
to 18% in 199%, 10 years after the introduction of screening. and fo 2%% in the long term. In the
United Xingdom screening was expected to achieve a mortdlity reduction of 5% and 18% in the
age-group 55-69 five and 10 years respectively after screening was started. A maximum mortality
reduction of 24% in this age group is predicted.

Conclusions — The effecis of screening will be small in the first years aoffer the start of the
programme. Accordingly, it was expected that the reduction in breast cancer mortality due fo the
Dutch nationwide breast screening programme, which started around 1989, would be statistically
significant from 1997 onwards, the point at which the target population of women was completely
covered; 70% of the reported 12% mortality reduction in England and Wales in 1994 is expecied to

be aitibuted to screening.
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INTRODUCTION

Nationwide breast screening programmes have been infroduced since the lafe 1980s. Although
their goal is reduction in breast cancer mortdlity, relatively few reports have yet been published on
such reductions {1-4). Changes in breast cancer mortality related to early detection and freatment
are expected fo appear only several years affer the infroduction of @ screening programme. In
England and Wales, however, a decrease of 12% in the age-standardised mortality in the age
group 55-69 was already observed within seven years after the introduction of the NHS breast
screening programme. This fall in mortality was concluded to be only portially as a result of
screening {2). In Finland [4) a reduction in mortality of 24% was found in women aged 50-5% in the
period 1987-92. However, this result was based on small numbers and was not siatistically
significant,

In the Netherlands the nationwide screening prograrmme carried out at two-yearly intervals started
around 1989. By the end of 1997 the target population of women was completely covered: all
women aged 50-6% had been invited at least once. Before iis infroduction we predicted that the
programme would yield a maximum annual mortality reduction of 17% in the total female
population from the year 2015 onwards (5).

in the present study we analysed the breast cancer mortality in the first vears after infroduction of a
screening programme in the Netherlands and United Kingdom, and investigated whether there
was a decrease that might be attributed o the increased use of screening mammography. We
uvsed a vdlidated model on breast cancer screening (5.6). The expected figures for the Dutch
situation were compared to the observed brecst cancer mortality rates in the Netherlands in the
period 1986-1996.

MATERIAL AND METHODS

The Microsimulation $Creening ANalysis (MISCAN) approach

In MISCAN a population is simulated according fo the demographic characteristics of the
population under study [births, life tables, deaths from other causes than breast cancer). The
incidence and mortality of breast cancer of this population are reproduced. The natural history of
the breast cancer is modelled as a progression through successive disease states. Four invasive
stages are distinguished according to fumour diameter - Tia, Tib, Tlc and T2+ (< §, > 5-10, >10-20,
and > 20 mm}- and o proportion of the lesions is assumed to be preceded by a screen detectable
ductdl carcinoma in situ (dCIS). Without screening a screen detectable preclinical cancer may be
diagnosed clinically or progress to the next preclinical invasive state. The time spent in each
preclinical state, which is assumed to be exponenticlly distributed, and the rate at which preclinical
cancers are clinically diagnosed is infered from data on the clinical incidence and stage
distribution before screening started, and on the detection rates and interval cancer rates by stage
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in the population concerned. The stage-specific survival after clinical diagnosis without screening is
based on data from survival registries.

The effects of a screening programme are calculated by comparing the clinicat incidence and
mortality with and without screening. To simulate the clinical incidence and the mortality without
screening demographic and epidemiological characteristics of the population under study are
implemented in the model. After adding the screening characteristics [screening ages, interval and
attendance) and the performance of the screening programme (determined by the sensitivity and
specificity of the screening test and improvement in prognosis after screen detection) of the
population under study to the model, the clinical incidence and mortality when screening is carried
out are calculated. The sensitivity in the model is based on the results of the Dutch nationwide
screening pregramme (7}, and for women aged over 50 it was fixed as 0.4, 0.65. 0.8, 0.9. and 0.95
for dCIS, Tia, T1b, Tic and T2+ tumours respectively. Women with screen detected cancers are
assumed to have a reduced risk of dying from breast cancer depending on the tumour size at
detection. This improvement in prognosis (defined as 1 minus the ratio of the risk of dying of screen
detected cancer divided by the risk when the cancer has been diagnosed in the absence of
screening) was based on analyses of the five Swedish randomised irials {5) (see Appendix 1).

As the output of the microsimulation model MISCAN is subject to random fluciuation we simulated
a multiple of the population under study to minimize the model fluctuation, resulting in a standard
deviation that was five times smailler than in real life. A more detailed description of MISCAN is given

elsewhere {5.6).

Mortdlity reduction of breast cancer after the introduction of screening

The cancer mortality reduction after introduciion of screening was assessed by comparing the
mortality in a situation with and without screening. Mortality reduction was calculated for both a
MISCAN model incorporating Duich demographic, epidemiological and screen characieristics
{5.8} and for a model adjusted for the demographic, epidemiological. and screen characteristics in
the UK (9), assuming the North West health region to be representative of the UK {10]. The age
distribution of the population was based on the European standard population (11) in both models.
imporiant differences in screening performance between the two models are the duration of the
preclinical phase for small fumours and the survival after clinical diagnosis (9. The duration of the
preclinical tumours up fo 10 mm is assumed to be twice as long in the UK as in the Netherlands,
which indicates a better detection of smaller fumours in the UK programme. Survival after clinical
diagnosis is less favourable in the UK than in the Netherlands. In both models the gradual
infroduction of the screening programme was taken info account. In the Netherlands the
programme was gradudlly introduced from 198% to 1995, except for two pilot projects which
started earlier. In the UK the separate screening programmes started between November 1987 and
March 1993 [Wrench R, NHS Breast Screening Programme, personal communication].
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Figure 3.1

Age-standardised maridlity rates, with and without screening cbserved in the Netherlands and predicied
by MISCAN, for the age groups 45-49, 50-59. 60-69, and 70-74. The expected mortality reduction for these
age groups affer five, 10 and 15 years of screening is also shown.
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Mortality reduction after infroduction of the Duich programme

Figure 3.1 shows the breast cancer mortality, with and without screening, predicted by MISCAN for
the age groups 45-49, 50-5%, 60-69 and 70-74 in the period 1989-2004, the first 15 years after start of
the screening pregramme, together with the observed breast cancer mortdlity in these age groups
in the years 1989-1996 (12].

In the first years after the infroduction of a screening programme littte reduction in breast cancer

mortality is expected: from 1989 to 1991 the expected mortdlity reduction was less than 1% for dll
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Table 3.1

Mortality rates (8D} in the age-group 55-74 as observed in the Netherlands, their difference (95% confidence
inferval} from the observed mortality rate in the age-group 55-74 in 1986-88, and the expected mortality rates
for screening by MISCAN

Year Observed(sD)} Observed compared with observed MISC AN
1986-88 difference (95% Cl)

1986-88 105.2 (1.5) 106.4
1989 102.9 {2.8) 23 - 40. 8.8} 107.0
1990 107.5 (2.8) -2.4 - 8.7, 4.1} 105.1
1991 105.0 (2.8) 0.2 {- 6.1, 4.8} 105.6
1992 1021 (2.7} 3.2 - 3.1, 9.4} 105.4
1993 101.1 (2.7} 4.1 [- 2.1,103}) 104.6
1994 103.9 (2.7) 1.3 - 492, 7.8} 102.8
1995 100.2 2.7) 5.0 - L2110} 99.8
1994 100.00 {2.7) 52 - 1.0.11.4) 97.0
1997 94,3
1998 $0.0
1999 87.3
2000 84.6

o preliminary dotc

ages. This is due to the fime lag between early diagnosis and the efiect of this on mortality, and
due to the gradual infroduction of screening. After that time the expected reduction in mortality
increased contfinually, In 2004, the difference in the breast cancer morfality, with and without
screening, is expected fo increase to 18% in the 50-59 age-group, 29% in the 60-6% age-group and
23% in the 70-74 age-group.

The observed mortdlity rates during 1986-1988, the period befere screening started, compared well
with expected mortality. After the infroduction of screening in the years 1989-1996, the expected
meortality rates, with screening, compared well with the observed mortality rates, but observed
mortality rates were also not statistically different from the expected mortdlity, without screening,
except for some peculiar fluctuations in the observed mortality rates.

Table 3.1 shows that the observed mortality in 1996 was still not significantly different from the
observed mortality in 1984-88, before screening siarted. This result, however, was expecied.
because 1997 is the first year in which the expected probability of seeing a significant reduction is
high enough to reach a power of 0.80.

The nult hypothesis that the difference in the mortality in 1986-88 and a following year can be
explained by random fluctuation will only be rejected with a probability of 80% if the mortality in
that year is smaller than the mortality rate in 1986-88 minus 1.96 x (expected standard deviation of
the difference in mortalify under the null hypothesis) minus 0.84 x (expected standard deviation of
the difference in mortality if the alternative hypothesis that mortality after 1988 is lower than the
mortality before screening, is true). The mortality in a certain year must therefore be smaller than
105.2 - 1,96 x 3.2 - 0.84 x 3.1 = 96.3. The first year in which the mortality in the age group 55-74 is
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Figure 3.2

Expected reduction in breast cancer mortality after the introduction of screening (UK 1988-2003, the
Netherdands 1989-2004) in the age-group and 55-69 (UK] and 55-74 {The Netherands).
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expected to be smaller than 26.3 is 1997. Therefore only from this year onwards is there a
considerable probability that the reduction in mortality due to screening will be reflected in the

mortality rates.

Comparison of the Dutch and NHS breast screening programme

In the NHS breast screening programme reduction in breast cancer mortality in the first years aofter
the start of screening was predicted to be low. Figure 3.2 compares the expected moriality
reduciion of the NHS and Dutch nationwide screening programme in the first 15 years of screening.
We compared the mortality reduction in respectively the 20-year and 15-+year age group [in
accordance with the target age range of the Dutch and the NHS programmes respectively) with
the highest mortality reduction, the age group 55-74 in the Netherlands to the age group 55-69 in
the UK. Affer a short period in which the expected mortality reduction was higher for the Duich
screening programme because of two pilot projects which started earlier, the expected reduction
in breast cancer mortality is higher for the UK until 10 years after the introduction of screening. This
was due to the faster implementation of the screening programme in the UK. After that, the effects
of the Dutch screening programme are expected to be higher, because of the shorter screening
interval in the Netherlands (two years v three years), In the long term the Dutch nationwide
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screening programme is predicted fo produce a 29% mortality reduction for the age group 55-74,
while the maximum mortality reduction of the NHS breast screening programme is predicted to be

24% in the age group 55-69.

DISCUSSION

According to the MISCAN breast cancer model the reduction in breast cancer mortality due to the
naiicnwide screening programme in The Netherlands is expected to be low in the first years after
introduction Qf screening. These slight changes cannot be seen in the ohbserved breast cancer
mortality rates owing to the random fluctuation of mortdlity rates. It is expected that from 1997
onwards breast cancer mortality in The Netherlands wilt differ significantly from the mortality before
screening in the age group 55-74; it will take longer to establish the effect of screening for the five
year age groups. Swedish (1] and Australion {13} analyses have also shown the need for a long
follow up to estimate the effects of screening on mortality.

Cne of the key parameters affecting the prediction of mortality reduction due to screening is the
improvement in prognosis after screen detection, which is an extrapolation of the results of the
Swedish randomised trials, This should be noted carefully, by comparing predicted and observed
breast cancer mortality, if it is valid to assume that the Swedish trial resulis are representative of the
Dutch situation. Uniil now, the observed mortality in the Netherlands has compared well with the
expected mortality predicted by MISCAN if screening takes place. but this is not yet decisive as the
expecfed mortality predicted by MISCAN when there is no screening does not differ significantly
from the observed breast cancer mortdlity. Furthermore, other factors in addition to screening, such
as improvement in freatment, changes in risk factors and performance of screening, may influence
the breast cancer mortality and complicate the comparison between the observed and expected
mortdlity. These factors also affect assessment of the impact of a screening programme on breasf
cancer mortality by comparing the observed mortality before and aofter the introduction of
screening. This is illustrated by the mortality reduction reported by Quinn (2}. The observed 12%
reduction in breast cancer moriality after seven years of screening was assumed to have been
influenced by the widespread adoption of tamoxifen during this period. Ii is, therefore, unknown to
what extent the reduction in mortality was attributable to screening. We predicted the reduction in
the breast cancer mortality in 1994 induced by the NHS breast screening programme in England
and Wales would be 8% in the 55-6% age group. Any additional observed mortality reduction is then
due to improvement in the freatment, but random fluctuation may also play a part, Chu et ¢l. {3)
also reported that their statistical modelling indicated that the recent drop in the breast cancer
moriality rate for American white females (6.8% from 1989 to 1993} was too rapid to be explained
only by the increased use of mammography. In 2000 the expected mortality reduction attributable
to the NHS breast screening programme in women aged 50-69 is 17%. Accordingly, the cument
Health of the Natfion target of a 25% reduction in the mortdlity by the year 2000 in the 50-69 age-
group seems difficult fo achieve with the cumrent screening programme alone - other factors are

needed. For the cge group 50-64 we expect a maximum mortality reduction of 17% in the long
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Table 3.2
Improvement in prognosis after screen detection

Siqte Reduced sk of dying from breast cancere
Screen-detected dCIS 1.000
Screen-detected T1a 0.892
Screen-detected T1b 0.814
Screen-detected Tic 0.567
Screen-detected T2+ 0.395

e Defined as the proportion of women with concer that have their risk of dying of breast cancer reduced. This proporfion
depends on cancer size at defeclion and is based on the resulls of analysis of the Swedish randomised Hials

term, which is lower than the estimated mortality reduction of 21% for East Anglia based on interval
cancer rates {14). This difference may reflect the difference between the resulis of the Two County
study only, and the five Swedish randomised tricls combined, used in the respective studies,

In the Finnish report {4) the eifect on breast cancer mortality attibutable $o the nation-wide
screening programme was estimated by comparing the observed breast cancer mortality of the
women invited for screening with the breast cancer mortality in women not yet invited, When this
method is used, improvement in freatment, changes in risk factors, cohart effects and performance
of screening do not affect assessment of the effects of screening, as these factors can be
expected to influence both groups evenly. But the reported reduction in breast cancer mortality
was based on small numbers and was not stafistically significant. If the comparison between the
women screened first and those invited last is repeated after a longer follow up period, when the
women invited last have also been screened, the difference in breast cancer mortality between
these two groups will still represent the difference in breast cancer mortality, with and without
screening, and the numbers may by then be sufficiently large to show ¢ statistically significant
reduction. However, the period in which this comparison is possible is also limited, as the difference
in breast cancer mortdlity between the two groups will become relatively smaller by increasing
numbers of breast cancer deaths in both groups, and, in the long term, will not be distinguishable
from random fluctuation. This method of demonstrafing mortality reduction atfributable to
screening can also be applied to the Dutch nationwide screening programme and the NHS breast
screening programme as in these countries, also, the screening programmes were inkroduced
gradudlly. For the NHS breast screening programme the phased introduction of screening has
already been used to compare the survival of patients with cancer in an unscreened population
with the survival of those with interval cancers {15).

In conclusion, the effects of screening on breast cancer mortality are low in the first years after the
infroduction of screening, and are expected to become apparent around 10 years later.
Accordingly, we expected the effect of screening in the Netherlands to be visible only from 1997
onwards and that 70% of the reported 12% mortality reduction in England and Wales in 1994 can

be atfributed to screening.
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4

LOW RISK OF CERVICAL CANCER DURING A LONG
PERIOD AFTER NEGATIVE SCREENING IN THE

NETHERLANDS




SUMMARY

Introduction — Far cervical cancer screening to be considered effective, one condition is a low
incidence of cervical cancer after negative screening compared to that in the absence of
screening. This relative risk was sfudied for the period 1924-1997 in the Netherlands and compared
with previcus studies.

Material and Methods - All cases of invasive cervical cancer diagnosed from 1994 fo 1997 in the
Netherlands were related to woman-years at risk, stratified by age, number of preceding negative
screenings and fime since the preceding negative screening. These incidence raies were
compared with that before screening started in the Netherlands, )
Results - The relative risk increases from 0.13 in the first year after screening to 0.24 after more than 4
years ofter screening for women with one previous negative screening. These figures reduce to 0.04
and 0.18 respectively, for women with two or more previous screenings. However, these estimates
are less favourable when account is taken of the likely decrease in risk for cervical cancer in the
period studied.

Conclusions - Our data show a low relative risk of cervical cancer for several years following the last
negative Pap smear. However, the denominator of the relafive risk, that is, the incidence without
screening, may have been overestimated. The same applies to the IARC mulii-country study, and
may have caused toco optimistic expectations cbout ihe effectiveness of cervical cancer

screening.
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INTRODUCTION

The effectiveness of cervical cancer screening has never been established by randomised
controlled trials. Evidence for mortality reduction, the primary aim of cervical cancer screening,
came from studies that compared regions or individuals with different screening intensities {1-3).
One indicator of such effectiveness is the incidence of cervical cancer after a negative screen
related to that in the absence of screening. The smaller this relative risk, the better has screening
succeeded in selecting women at low risk of geifing cervical cancer in subsequent years,
Combined with the improvementi in prognosis for women with o true positive screening result, such
a selective power warranis a reduction in incidence and mortality.

The present study estimates the relative risk for cervical cancer after a negative screen on the basis
of nationwide Dutch data. This risk is determined by the duratfion of the screen-detectable
preclinical stage and the sensitivity of the test for this stage. The predictive value of a negative
screen for not developing cervical cancer increases with a longer preclinical duration and a higher
sensitivity.

When data from large-scale screening programmes became available, a working group of the
International Agency on Research for Cancer {IARC) estimated the incidence after a negative
screen, compared to the esfimated background incidence in eight countres, that is, Canada,
Scotland, lceland, Denmark, Norway, Sweden, Switzerland and Italy (4,5). Expectations about the
effectiveness of cervical cancer screening are often based on the results of this ‘classic' study, and
important models for such screening have been validated using the IARC results (6-9). This was the
rationale to compare the results of the present study with those of the IARC study: if the resulis

correspond, expectations concerning the effects of cervical cancer screening are reinforced.

MATERIALS AND METHODS

All cytological and histological examinations of the cervix in the Netherlands up to 31 December
1997 were retrieved from the Pathological National Automated Archive (PALGA). When this registry
starfed in 1975 few laboratories participated, but within a decade a high level of naiional
coverage was achieved.

Using the PALGA identification method (i.e. first four characters of the family name, date of birth
and gender), different examinations of the same woman could be linked.

In this study, all cases of invasive cervical cancer occuning from 1994 to 1997 were identified by
selecting histologically confirmed diagnoses of invasive cancer from the database. These include
all malignant neoplasms of the cervix, most of which are squamous-cell carcinomas.

Woman-years were counted for each woman, from each negative screen until the next negative
screen, until the histological diagnosis of a (precurser of) invasive carcinoma, or until 31 December
1997. A negative screen was defined as an episode consisting of a cytological or histological
examination with a negative resull, or a cylological examination with a pesitive resuli without a
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histological confirmation of a (precursor of] invasive cancer (see Appendix and Table Al for
definitions).

The invasive cases were related to woman-years at risk, and presented as the number of cases per
100,000 woman-years at risk. These incidence rates were stratified by age. number of preceding

negative screenings, and the interval since the preceding negative screen.

The incidence of invasive cervical cancer was calculated for women aged 35-44 years with one
previous negafive screen and with fwo or more previous negative screenings. This method is
comparable to that of the IARC study. Next, the relative risk for cervical cancer was calculated by
dividing the incidence rate after screening by the incidence in the absence of screening.

Since this background incidence cannot be observed, it had to be estimated indirectly. For this we
used the clinical incidence of invasive cervical cancer in the period 1965-69, this being the last
pericd before screening was infroduced in the Netherlands, Nafional incidence figures were based
on incidence data of fhree regions in the Netherlands {Friesland, The Hague and Rotterdam)
covering together 8% of the women in the Netherlands {10). Regional differences in cervical
cancer incidence have been accounted for by using the differences between the age-
standardised mortality rate of cervical cancer for these three regions and for the entire land for the

pericd 1968-1978 as a proxy.

The identification method used by PALGA {first four characters of the family name, efc.} is not 100%
exclusive and will sometimes combine two or more women in one idenfification code. To
investigate the influence of this lack of discriminative power of the identfification key, we also
calcutated the incidence rates excluding the examinations of those women with 0.5% and 1% of
the most frequently occurring first four characters of the family name. The corresponding
percentages of women thus excluded from analysis are 31.7% and 43.5%. respectively.

The lack of discriminative power of the identification key leads to an upward bias in incidence after
a negative screen, because negative screening results may be erroneously linked to o cancer. We
indeed found that the incidence rate including all women is about 20% higher after one and two or
more negative screenings than the rate ofter excluding 0.5% of the most frequent first four
characters of the family name. As the difference in incidence between excluding 0.5% and 1% of
the most frequent first four characters is very small, in our analyses, we chose to exclude only those
women with 0.5% of the most frequent first four characters of family name in the comesponding
table and figures {Table 4.1, FAgures 4.1-4.2). This served fo limit the lack of discriminative power of

the identification key while maintaining sufficiently large numbers on which to base our analysis.
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Figure 4.1

Incidence of invasive cervical cancer over time since the last negative screen, for women with one and two
or more preceding negative screenings. The solid line represents cne negative screen and fhe dashed line
represents fwo or more negafive screens (95% Cls are shown).
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RESULTS

A total of 1648 invasive carcinemas in women aged 35-64 years were retrieved in the period 1994-
1997 in the Netherlands. Of these carcinomas, 879 were dicgnosed without a preceding negative
screen, 376 affer one negative screen, and 393 after two or more preceding negative screenings.
Figure 4.1 shows the incidence of invasive carcinema per 100,000 woman-years by interval since
the lost negative screen for women with one and with two or more negative screenings. In the first
menths after negative screening. the incidence of cervical cancer is relatively high. This may be
because the women and/or physicians were not reassured by the recent (false} negative Pap
smear result {e.g. because of persisting signs or symptoms) and thus elected for additional
diagnosiic procedures. After this initial peak, the incidence is low and will mainly consist of cases of
neoplasic missed af screening. Over time, the incidence increases because of new lesions that
developed after the negative screening.
Figure 4.2 shows the incidence of invasive cervical cancer over time since the previous negative
screening. compared with the incidence of invasive cervical cancer in the period 19465-1949 in the
Netherlands, which was 44,1 per 100,000 women vears for women aged 35-44 years. In the first
years. the relafive risk is lower after two or more negative screenings than after only one negative
screening. Figure 4.2 also compares our incidence data with the |IARC results. In the first years after
a negative screen the relative risk for cervical cancer is comparable in the two studies, but from 4
years onwards the relative risk is higher in the IARC study than in the Netherlands.
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Figure 4.2

Relgtive risk of invasive cervical concer afier negafive Pap smears as ossessed in the eight countries
coniributing to the IARC study [see text], compared with the risk in the Netherlonds affer cne and two or
more negative screens (95% Cis are shown).
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DISCUSSION

As estimated from an age pericd cohori (APC) analysis of prescreening mortality rates in the
Netherlands, the risk of cervical cancer decreases sharply for cohorts of women born after 1927
{11]. Based on these data, the projected incidence for the period 1994-1997 in the absence of
screening on the basis of these figures was 20.5 per 100,000 woman-years. For the women born
after 1950 this might be an underestimate because there was an increased risk for cervical cancer
in the youngest cohorts {12), whereas we extrapolated the low risk of the latest cohort for which
prescreening mortality rates were available [born 1940 - 1950) to the youngest cohorts. Table 4.1
gives the relative tisk using the projected incidence for the period 1994-1997 {from the APC andalysis)
compared with the incidence just before screening started ({1965-1949). Using the projected
incidence for 1994-1997 results in a factor two higher risk.

Esfimation of the background incidence has also proven problematic in other studies. In the |IARC
study, some centres used a case-confrol approach whereas (as in the present study) others used a
cohort approach. Some cohort studies used the incidence in women who were never screened as
background incidence, while others used the incidence before screening became widespread.

Both estimates have their problems: that is women never attending screening are reporfed fo be at
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Table 4.1

Relative risk of cervical cancer [95% confidence intervall after two or more negative screenings over time
since the last negative screening for women aged 35-64 years and the number of actual cancer cases [1994-
1997).

Interval Relative risk Number of cancer cases
Incidence in 1965-1969 Projected incidenced in 1994-1997 in
a situation without screening
0-6 months 0.12 [0.08-0.17] 0.26 [0.18-0.39] 26
7-12 months 0.06 [0.03-0.10] 0.14 [0.08-0.23] 13
1-2 years 0.08 [0.06-0.12) 0.19 [0.13-0.26) 3
2-4 years 0.15[0.11-0.19) 0.33 [0.26-0.42) 45
4-6 years 0.20 [0.14-0.29] 0.45 [0.32-0.44) 31
6-10 years 0.18 [0.11-0.30] 0.4} [0.25-0.48] 15

Two different ways of calculating the background incidence (i.e. the dencminator of the relative risk) were used (see fext}.
9 Bosed on the APC analysis of pre-screening morfality {see Discussion).

higher risk for cervical cancer {13-15) and in several couniries a nonscreening-related decrease in
cervical cancer risk in the considered pericd is reported (2,11,16). The case-conirol studies
contributing to the IARC results may alse have resulted in an underestimation of the relative risk
because of healthy screenee bias and frequency bias. Sasieni et al. found a facter two higher
relative risk compared with the relative risk of the IARC and the present study. However, they used a
case-control approach with carefully selected appropriate controls to cases, which may have
reduced the bias {17). Viikki et al., who found a three times higher relative risk, used the incidence
of the total population in the screening period (18}, However, because of the incidence-reducing
effect of screening this will be an underestimation of the background incidence, which may have
led fo the relatively high risks.

Other differences between studies are less important. The |ARC resulis were presented for two or
more previous negative screenings only, whereas other studies {17-19) also included a single
previous screening. This latter case leads to a higher incidence and thus relative risk, especially in
the period immediately following a negative screen (see Figure 4.2).

In contrast fo the four studies discussed above, we considered a positive smear resuli that was not
followed by a histological diagnosis as a negative screen. Calculating the relative risk after a
negative Pap smear did not have a sirong effect on the results.

As a result of the methodological differences, comparison of the performance of screening
between different countries is difficulf. Nevertheless, for example, the suspecied suboptimal
performance of screening in the UK in the 1990s {20,21) may have contributed fo the high relative
risks reported in that period (17},

In most of the prominent models on cervical cancer screening (6-9), the IARC results have been
used fo validate the assumptions of the model regarding the sensitivity for, and duration of, the
preciinical disease stage. If, howegver, the |ARC resulfs are foo favourable (e.g. because of
overestimation of the background risk) then these models will also overestimaie the effectiveness of

cervical cancer screening.
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The longer ago screening was started, the greater the uncertainty will be about the background
incidence. As a result, assessment of the relative risk after negative screening will become
increasingly difficult, that is more difficult than in the 1ARC study and the curent study.

In conclusion, our data show that the relative risk for cervical cancer incidence is low for several
vears following a negative screening using the Pap smear. There are strong indications that relative
risk estimates are too favourable, because of a too high estimate of the background incidence,
However, even an underestimate of the background incidence shows a considerable reduction in
the relative risk after negative screening. The overestimaiion also applies to the widely used |IARC
results, and may have coused too optimistic expectations about the effectivenass of cervical

cancer screening,
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APPENDIX

Episodes

After inking all examinations belonging to one woman (based on the first four characters of her
family name and date of birth), the examinations were divided into primary and secondary cnes.
The definition of primary and secondary examinations is given in Table A.1, Briefly, an examination is
considered to be secondary if in the 48 months preceding the examination there has been a non-
negative examination result that could have given rise fo the present examination. If nof, the
examination is g primary one. Next, series of examinations belonging to one woman were divided
into episodes. An episode is defined as a fime period consisting of a primary examination with {in
case the primary examination is not negative) the accompanying follow-up examinations. If a
primary examination is negative, the episode consists of that examination only.

Table A1
Definition of primary and secondary examinations

An examingtion is secondary if in the preceding 48 months:

- there is @ histological diagnosis of invasive cervical cancer

- there is a histological diagnosis of pre-invasive cancer after which there has not been ihree cytological
examinations with a negative result

- there is a cytological diagnosis of severe dysplasio affer which there has not been three cytological
examinations with a negative result

- there are ot least iwo cylological diagnoses of light-moderate dysplasia after which there has not been
three cytological examinations with a negative result

- there is a histological examination without diagnosis after which there is no histological examination with a
negative result or three cytological examinations with a negative result

- there is a cytological diagnosis of ight-modercte dysplasia after which there is no cytological examination
with a negative result

- there is an inadequate cytological examination after which there has not been a cytological examination
with a negative result

- there is a cytctogical examination without endocervical cells after which there has not been a cytological
examination with a negative result

otherwise an examination is primary

Screen-detected and interval carcinomas

An invasive carcinoma was categorised as screen-detected when, in the episode in which the
invasive carcinoma is diagnosed, the reason for the primary smear was coded as being for
screening purposes. if the reason for the primary smear was not known, the invasive carcinoma was
considered to be screen-detected if no biopsy was taken at the same time as the primary
examination and if there was no unexpected (from a follow-up point of view) histological
examinafion in the episode. Otherwise, the invasive carcinoma was considered fo be diagnosed

because of symptoms.
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Age

Age was determined at the time of the screening examination for screen-detecied carcinomas

and at the time of histological confirmation of invasive cancer for symptomatic cases.

Negative examinations

All primary examinaiions, both cytological and histolegical, without a histologicat confirmation of a
{precurscr of) invasive cancer in their episcde, are counted as a negative examination. This implies
that if the primary examination had a positive result, this examination is counted as negative
examination if ne histological cenfirmation of the paositive smear result takes place.

In case an episode contains a histological diagnosis of a cervical neoplasia, we assume that the
woman will have the normal risk of getting cervical cancer after the treatment of the cervical

abnormality, and the couniing of the negative examinaiions is reset to zero.

Interval since preceding negative examination

The interval since the preceding negative examination is defined as the time between the last
negcative primary examination and the screening examination for screen-detected carcinomas
and the time between the last negative primary examination and the histological confirmation of

invasive cancer for cancers deiected because of symptoms.
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COST-EFFECTIVENESS OF CERVICAL CANCER
SCREENING: COMPARISON OF SCREENING

POLICIES




SUMMARY

Background - Recommended screening policies for cervical cancer differ widely among countries
with respect to targeted age range, screening interval, and total number of scheduled screening
examinations (i.e., Pop smears). We compared the efficiency of cervical cancer-screening
programs by performing o cost-effectiveness analysis of cervical cancer-screening policies from
high-income countries.

Methods - We used the microsimuiation screening analysis {MISCAN) program to model and
defermine the costs and effects of almost 500 screening policies, some fictitious and some actual
(i.e.. recommended by national guideiines). The costs {in U.S. dollars) and effects (in vears of life
gained} were compared for each policy to identify the most efficient policies.

Results — There were 15 efficient screening policies (i.e.., no alternative policy exists that resulfs in
more life-years gained for lower cosis). For these policies, which considered two to 40 total
scheduled examinations, the age range expanded gradually from 40-52 years to 20-80 years as the
screening interval decreased from 12 years to 1.5 years. For the efficient policies, the predicted
gain in life-expectancy ranged from 11.6 to 32.4 days, compared with a gain of 46 days if cervical
cancer mortality were eliminated entirely. The overage cost-effectiveness ratios increased from $
6700 (for the longest screening interval} to $ 23900 per life-year gained. For some countries, the
recommended screening policies were close to efficient, but the cost-effectiveness could be
improved by reducing the number of scheduled examinations, starting them at later ages, or
tengthening the screening interval.

Conclusions - The basis far the diversity in the screening policies among high-income countries does
not appear to relate to the screening policies' cost-effectiveness ratios, which are highly sensitive to
the number of Pap smears offered during a lifetime.
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INTRODUCTION

The purpose of cervical cancer screening with the Pap smear test is to detect preinvasive cancers
and to prevent subsequent death from the disease. Although no randomized, controlled trials on
mortality reduction from cervical cancer screening have been performed, there is ample evidence
that screening has led to o reduction in cancerrelated mortality {15-18}. In the high-ncome
countries of Western Europe, North-America, and Australia, preventive Pap smear tests are
performed on a large scale in organized, often invitation-based, programs and by the personal
initiative of individual women and physicians or practitioners. The screening recommendations and
official policies in different countries and regions show considerable variation. For example, in The
Netherlands and Finland, the recommended number of Pap smears during a woman's lifetime is
seven, whereas in Germany and Ausiralia, the recommended number is more than 25. In addition,
in the UXK.. The Netherands, and Finland, the recommended time inferval between screening
examinations is 5 vears, whereas in Australia it is 2 years and in Germany it is 1 year. There are ailso
differences in the target age range. For example, in The Netherlands, screening is offered between
the ages of 30 and &0 years (before 1996, screening was offered between the ages of 35 and 53
years), whereas in Australia screening is recommended between the ages of 18 and 70 years (21}
How much the differences in the recommendations aller the cost effectiveness of the screening
policigs is unclear. The method of choice for the evaluation and comparison of different health
care policies is cost-effectiveness anclysis, which, for cervical cancer screening, involves a
comparison of different screening policies that consider screening costs, possible savings in
treatment, and potential health effects, such as life-years gained and cervical cancer deaths
prevented. Such a comparison of policies would lead to the idendification of efficient policies for
which no alternative policies currently exist that result in more life-years gained for lower costs. In
the rational decision-making process for making cervical cancer screening recommendations, a
policy maker can compare the incremental and/or average costs per life-year gained of the
efficient policies with the maximum allowed values or thresholds for the incremental and/or
average costs per life-year gained and identify the most efficient screening policy given the
available resources.

In this study, the microsimulation screening analysis [MISCAN) model {7,8) for cervical cancer
screening was used to evaluate and compare almost 500 screening policies that differed with
respect to the recommended number of screenings, screening intervals, and targeted age ranges.
These screening policies consist of ficiitious screening policies, policies used in countries with a
cervical screening program or in which screening was recommended in national guidelines
(1,5,11,13,14,20,21)}, policies recommended in the literature {23}, and policies found fo be cost-
effective in other studies (6.10,12,16,19,22,24,25). We estimated the life-years goined and costs of
the policies and idenfified efficient screening policies. We determined the best policy for different
thresholds for the incremental costs per life-year gained. The results were compared with existing

policies and recommendations, and with policies that have emerged from other cost-effectiveness
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analyses (6,10,12,16,19,.22,24,25). Our analysis uses demographic, epidemiclogic, screening and
treatment characteristics from the Nefherlands. Because these characteristics may be different for
other countries, we investigated the extent to which differences in demographic, epidemiologic,

screening and treatment characteristics result in differences in screening recommendations.

METHODS

Policies

The fictitious screening policies considered in this cost-effectiveness analysis are listed in Table 5.1,
We also included screening policies used in countiies with cervical screening programs or
recommended in national guidelines (1,5, 11,13,14,20,21) and screening policies considered in other
cost-effectiveness analyses (6,10,12,16,19,22,24,25).

MISCAN

Costs and effects for the different screening policies were estimated using MISCAN {7.8). The
MISCAN simulation pregram was developed af the Bepartment of Public Heatth, Erasmus University
Rotterdam, The Netherlands, and has been used to evaluate breast, cervical, colon and prostate
cancer screening pregrams. In MISCAN, a comparison is made between the situation with and
without screening. A large population {i.e., 40 million women) is generated. This population consists
of fictitious individual life histories, in which some of the women may develop cancer and some
may die of the disease. This results in an age-specific and time-specific cutput of cancer incidence
and mortality, This fictifious population then undergoes simulated screening. Screening may
change some of the life histories. For example, in some life histories, preclinical lesions will be
detected by screening, which may prevent further development of the disease and subsequent
cancerrelated death. The aggregated changes in all of the life histories constitute the
effectiveness of the screening program. The cervical model specifications used as input for the
MISCAN program include demographic characteristics, the epidemiology and natural history of the
disease, the screening characteristics, and the costs. A detailed description of the MISCAN

program is given elsewhere (7,8).
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Table 5.1
Screening policies evaluated in the cost-effectiveness analysis.

No. of scheduled examinations | Screening inferval, y Starting age for screening, v
1 - 32, 35, 37, 40, 42
2 9 37,40, 42
10 25, 30, 35, 37, 40, 42
11 25,30, 35, 37, 40, 42
12 25,30, 35, 37, 40, 42
13 37.40, 42
3 8 32, 35,37
9 32, 35,37
10 32, 35, 37,40, 42
11 20, 25, 30, 32, 35, 37, 40, 42
12 20, 30, 35,37, 40, 42
13 20, 25, 30, 32, 35, 37, 40
14 20, 30, 32, 35, 37, 40
15 20, 25,30, 32, 35, 37, 40
4 7 32, 35,37
8 30,32, 35,37, 40
9 20, 25, 30, 32, 35, 37, 40
10 20, 30, 32, 35, 37, 40
11 20, 25, 30, 32, 35, 37, 40
12 20, 30, 40
13 20, 25,30, 35, 40
5 6 20, 22, 25,27, 30,32, 35, 37, 40
7 20, 22, 25,27, 30, 32, 35, 37. 40
8 20,25,27,30,32, 35,37, 40
? 20, 25, 30, 32, 35, 37. 40
10 20, 30, 32, 35, 40

11 20,25, 30, 35, 40
25,27, 30,32, 35

20, 25,27, 30, 32, 35, 40
20, 25, 27, 30, 32, 35, 40
20, 22, 25, 27, 30, 32, 35, 40
20, 25, 27, 30, 40

20, 25. 30, 35, 40
25,27.30, 32

20, 25, 27, 30, 32, 35, 40
20, 25, 27, 30, 32, 35, 40
20, 25, 27. 30, 32, 35, 40
20, 25, 27. 30. 40

20, 22, 25.27,30

20, 25, 30. 35, 40

20, 30, 40

20,22, 25,27, 30, 35, 40
20,22, 25,27,30, 40
20, 22, 25, 27,30
20,22,25,27

20, 25, 30, 35. 40

20, 30, 40

20, 25, 27, 30, 35, 40
20, 25, 27,30, 40

20, 22,25, 27, 30

20, 22,25

20, 25, 30, 35. 40

20, 30, 40

20, 25, 27. 30, 35, 40
20,22,25,27,.30
20,22, 25,27, 30

20, 22, 25, 27

N UMBAEWNONCNAWOONGGOMh VRN AEONONCWLD
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20, 25, 30, 35, 40

20, 30. 40

20, 25, 27, 30, 35, 40
20,22,25,27, 30

20, 22, 25, 27, 30
17,20,22, 25,27

20. 25, 30, 35, 40

20, 25, 30, 35. 40

17, 20, 22, 25, 27, 30, 35, 40
17,20, 22, 25,27, 30
17,20, 22

20, 25, 30, 35, 40

17, 20, 22, 25, 30, 35, 40
17,20, 22, 25, 27, 30
20, 22

20, 25, 30, 35, 40

17. 20,22, 25, 27

20, 22, 25,27, 30, 35, 40
2% 20,22,25

30 % 20. 25, 30, 35, 40

1 20, 25, 30, 35, 40

1'% 17,20, 22, 25, 27

2 £7,20,22, 25,27, 30

40 e 20, 25, 30. 35, 40

1 17,20, 22, 25, 30, 35, 40
1% 17,20, 22, 25, 27

20

25

M-—\:-‘-&WM—'U‘:ANM—‘O\U!LMM“
Ix3

Model Specifications: Demography and Epidemiology

The Dutch population at risk for cervical cancer was simulated from demographic data (26) and
hysterectomy {for reasons other than cervical cancer that were obtained from the National
Hospital Admission Registration {27).

The background risk, i.e.. the risk of dying of cervical cancer in a situgtion without sereening, of
cervical cancer-related mortality was derived from an age-period cohort analysis {28). For our
analyses, we assumed that the lifetime background risk of developing cervical cancer {or ifs
progressive precursors) was proportional to the estimated relative level of cervical cancer mortality
for each birth cohort, Furthermore, we assumed that there was a fixed ratic between the lifetime
risks of preinvasive disease that will spontanecusly regress and preinvasive disease that will pragress
to cervical cancer. The cumulafive incidence of progressive preinvasive cervical cancer by birth
cohort was 0.0229 for those born from 1889 through 1918, 0.0235 for those bom from 1919 through
1928, 0.0128 for those born from 1929 through 1938, 0.0106 for those born from 1939 through 1948,
and 0.0148 for those born from 1949 through 2000.

For our analyses, we considered the reported negative association between attendance to the
screening program and risk of cervical cancer [29-31) by subdividing the simulated population info
two risk strata: 90% of the women were assumed to be potential attenders and were assumed to
have a low risk of developing cervical cancer, and fthe remaining 10% of the population was
assumed to be persistent nonattenders. On the basis of results from British Columbic in which the risk
of aftenders was estimated af 0.74 of the average risk [31), we assumed that the persistent
nonattenders have arisk of cervical cancer three times higher than that of the attenders.
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Table 5.2

Input parameter: distribution of the tofal incidence of progressive and regressive preinvasive cervical
neoplasia by age group.

Age group, ¥ Progressive Regressive

15-19 4.6% 17.7%

20-24 68% 10.9%

25-29 90% 10.9%

30-34 12.6% 9.8%

35-39 10.9% 5.6%

40-54 14.0% 168%

55-100 421% 28.3%
100% 100%

The age distribution of the incidence of progressive preinvasive neoplasia was determined with the
use of the age components of the mortality derived from the age-period cohort analysis (28), the
distribution of the duration of the preciinical stages of the disease, and the duration between
clinical diagnosis and death combined with the age-specific lethality from cervical cancer. The
age-distribution of the incidence of regressive pre-invasive neoplasia was calibrated by calculating
the difference between observed cervical intraepithelial necplasia (CIN) detection rates in the
Netherlands [derived from the Dutch Network and Nafional Database for Pathology [PALGA] data
for the year 1992) and the detection rates of progressive CIN predicted by MISCAN. The resulting
age-distributions of pre-invasive incidence of regressive and progressive disease, respectively, are
shown in Table 5.2.

Preclinical disease is subdivided into four sequential stages (Figure 5.1): preinvasive {corresponding
to CIN: the stage in which the disease is not yet invasive and spontaneous regression may occur)
and the three preclinical stages, i.e., the stages in which the disease has become invasive buf is not
yet detected (Intemational Federation of Gynecology and Obstetrics definitions IA, 1B and ll+; {32)).
A Weibull distribution was used to assume variation between women in the duration of the different
preinvasive and preclinical disease stages {31). The mean duration and the standard deviation of
the different stages were 11.8 = 2.2 years for preinvasive stage CIN, 2.0 + 0.9 years for prechnical
invasive stage 1A, 1.9 £ 0.9 years for preclinical invasive stage 1B and I+ combined. Progressive and
regressive preinvasive stages were assumed to have the same duration distribution. The mean
durafion and the standard deviction of the preinvasive stages were estimated from British
Columbia screening data that used one combined CIN stage [31). Regressive lesions never
become invasive and wil refurn to normal (without evidence of cervical neopiasia) after the
preinvasive stage. After progressive preinvasive lesions become macroinvasive {stage IB), some will
be clinically diagnosed, whereas others will progress to stage I+ before any symptoms develop. The
mean duration of the preclinical invasive stage was based on the ratio of the prevalence to clinical
incidence before screening began in British Columbia {31,33) and in a Dutch pilot study (34}. In the

Dutch pilot study, 54% of the invasive cancers detected at the prevalent screen lie., the first
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Figure 5.1

Schematic representation of the disease model for cervical cancer illusfrating preclinical stages and screen-
detecfed stages.
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screening in a previously unscreened population) were diagnosed with stage 1A disease; this
indicates that the duration of preclinical stage 1A compared with preclinical stages IB and i+ is
about the same, For our analyses, we assumed {on the basis of data from Dutch hospital registries
{35) and the Norwegian cancer registry (3)} that the proportion of clinical cancers that are

diagnosed in stage IB decreased linearly from 58% at age 30 years to 26% at age 70 years.

Model Specifications: Screening and treatment

The simulated screening policies were assumed to start in 1993 and to continue for 27 years until
2020. Screening practices before 1993, however, will influence the effectiveness of the screening

program after 1993; therefore, this practice has been included in the simulation of the Dutch

situation.
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Table 5.3

Input parameter: probability of long-term survival affer a clinical diagnasis of cervical cancer stage IB or fi+
by age group.

Age. ¥y Stage 1B Stage I+
<25 0.699 0.200
30 0,812 0.500
50 0.812 0.500
>65 0.624 0.000

Information on the screening activities before 1993 was obtained from survey data {4.28,36). The
attendance rate from 1993 onwards was assumed to be 80% until age 50 years, and to decrecse
by 0.5% per year thereafter. Because we assumed that 10% of the population will never attend the
screening program, we calculated a probability of 88.9% for the potfentfial aftenders, which
constifuted 0% of the populatfion, to actually respond to ¢ scheduled screening exarination, After
age 50 years, the attendance rate was assumed to decrease by 0.5% per year. This is in
accordance with the percentage of women in The Netherlands who had a Pap smear from 1990
through 1994.

The sensitivity of the Pap smear for different disease stages is 80% for preinvasive CIN (31}, 85% for
preclinical invasive stage 1A and 1B, and 90% for preclinical invasive stage I1+.

False-positive test results indicate the specificity of the Pap smear. We assumed that 0.06% of
screening attenders were refemred for a colposcopy and a biopsy after which no cervical neoplasia
was found and that 6.2% of screening attenders will, on average, have 1.8 repeai smears because
of borderline test resulis after their primary smear before they refurn to the regular screening
schedule (PALGA 1992).

For the simulation model, the percentage of women surviving after a clinical diagnosis of cancer
was assumed fo be age dependent and stage dependent on the basis of Dutch incidence and
mortdlity figures from the prescreening period in The Netherands (28). Cancers clinically detected
in stage IB have a more faverable prognosis than cancers detected in stage I+, and women aged
30 - 50 years who are diagnosed with stage I+ disease have a higher probability of surviving than
women diagnosed with the same disease when younger than 30 years or older than 50 years {see
Tabie 5.3).

Screen-defected pre-invasive lesions were assumed to lead to a 100% cure rate. For screen-
detected invasive cancers, the survival was modelled as a reduction in the risk of dying of cervical
cancer compared with that of dving of clinically diagnosed cancer. This reduction was assumed to
be 80% for screen-detected stage IA dissase, a percentage that was found fo reproduce the
reported 97% S-year relafive survival for this sfage (37). For screen-detected stage I+ disease, the

reduction was fixed at 20%, resulting from a comparison of the stage distribution within stage ll+ in
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Table 5.4
Input parameter: costs of screening, diagnosis, freatment, and palliative care for cervical cancer.

Cost itern Cosis (US $)
Fixed cosis of a screening program [annually) 3,300.000
Variable costs of a screening program

- Invitation costs [per inviiation) 1.0

- Screening costs (per screening) 26-320
Repeat smear 49
Diagnosis and freatment (2-4)

- no heoplasia found 485

- CIN 1,950

- 1A 5315

- a8 11.265

- Screendeiected Il+ 10,620

- Clinically diagnosed il+ 2. 705¢
Treatment and palliative care for advanced cervical cancer [9)

- < 50 years 30,800

- 50-70 years 21,955

- > 70 vears 2,345

¢ The screening costs depend on the number of smears taken in the notional program, and decrease from US$ 32 per
smear if 80,000 smears were taken annually to US$ 26 for per smear if 2,500.000 smears were token annually.

b Diagnostic and freatment procedures include cytology, colposcopy and biopsy modalities {cryocoagulafion or LETZ
and ‘local freatment'}). Ao, 10% of the women referred without subsequent diagnosis of cervical cbnormalities will
receive a conization (9).

¢ The difference in cosis between screen-detected and clinically diagnosed stage I+ cervical concer relates to ihe less
faverable stage-distribution in clinically diagnosed cases, which generate a lower number of radical hysteractomies
and a higher number of radiotherapeutic freatments. The costs of the [aer trectment are about 35% lower.

period with little screening (1970-1975) to the stagedistribution within screen detected I+ cases (34).
For screen-detected stage IB disease, the reduction was assumed to be 40%. an intfermediate

value.

Model Specifications: Costs

The costs of a screening program (see Table 5.4) were divided info fixed costs and variable costs.
Fixed costs are associoied with coordinating and evaluating a cervical cancer-screening program.
Variable costs are divided into invitation costs and screening costs. Screening costs include time
and fravel costs for the woman, costs of smear faking. costs of cyfologic evaluation, costs of
registration in the PALGA, and the costs for 5.3% (estimated from PALGA data for the year 1992) of
the smears that are repeated because of inadequate smears or smears without endocervical cells
{©.38).

The costs of diagnostic and treatment procedures for the different disease siages. and the costs of
treatment and palliative care for advanced cervical cancer in the last phase before dying of

cervical cancer were derived from cost studies in The Netherlands {4,9.28,39,40).

Cost-effectliveness analysis

In this study, MISCAN was used to predict costs and effects for organized screening pregrams for a

27-year period, We assumed a hypothetic situation in which the organized program is the only
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Figure 5.2

Costs (in milions of U.S. dollars) and effects (life-years gained) per 1,000,000 women in a simulated genercl
pepulation per yeor for nearly 500 simulated screening policies (each represenfed by o dot} differing with
respect to age-range, screening inferval and number of scheduled screening examinations in a lifetime. The
analysis considered a 3% discount rate fo convert future costs ond heaith effects to their present values.
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screening program and in which ne opportunistic screening (i.e.. spontaneous screening for other
than medical reasons) occurs. The simulated effects are accounted for unfil all simulated women
who could have benefited from the program have died. The costs are presented in U.S. dollars {1
U.35. dollar = 2 Duich florins). The effects are presented in days of life gained per woman per year of
the screening program. The cost-effectiveness calculations are conducted from the societal
perspeciive.

To identify efficient screening policies, we compared the simulated costs and life-years gained from
each policy. A policy was considered 1o be efficient when there was no alternative policy resulting
in more life-years gained for the same or lower costs {simple dominance) and when there was no
combinafion of fwo other screening policies that gained more life-years for the same costs
(extended dominance) (41.42).

The effects per woman during her lifetime were derived by multiplying the number of days gained
per woman per year of the screening program by the average life expeciancy of @ woman in the
Netherlands, which is 80 years (43). In the calculation of incremental and/or average cost-
effectiveness ratios, both costs and effects were discounted at a rate of 3% to convert future costs

and hedlth effects to their present value (l.e., dollars expended or health effects experienced n

77




Figure 5.3

Schematic representation of the simulated efficient frontier showing the location of oplimal starfing ages.
number of scheduled examinations, and screening intervals. Costs (in miltions of U.S. dotfiars] and effects {life-
years gained] are per 1,000,000 women in the simulafed general population per year of the screening
program. The analysis considered a 3% discount rate to convert future costs and health effects to their present
values. The starting ages are shown as a range in years. The interval between scheduled Pap smears is in yeors.
Broken lines represent the boundaries between the age ranges and scheduled infervals.
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years in the future are discounted a factor of 1/{1.03)" (42}). as recommended by the Panel on
Cost Effectiveness in Health and Medicine.

Because of the nature of microsimulations, estimates for costs and effects are offected by random
fluctuation. We calculated this fluctuation to be less than 2% of the estimated value of the cost-
effectiveness ratio and up to 35% for the incremental cost-effectiveness ratio. Therefore, to reduce
the influence of random fluctuation, the incremental cost-effectiveness ratio was estimated by

enlarging the simulated population 10 fimes to 400 milion women.

Sensitivity analysis

A one-way sensitivity analysis was performed on background incidence, attendance, sensitivity
{proportion of false-negative tests) and specificity of the screening test, and costs (fixed costs,
screening costs, and assessment and freatment costs). The background incidence and fixed costs,
screening costs, and treatment costs were halved and doubled to obtain the low and high values,
respectively, used in the sensitivity analysis. To defermine affendance, the lack of attendance
values were halved and doubled to obtain the high estimates and low estimaies. respectively. To
determine the sensitivity of the screening test, we halved and doubled the proporiion of false-
negatives for all stages to obigin the high estimates and low estimates, respectively. To determine
the specificity of the screening iest, we obiained the high values by halving the percenfage of
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Table 5.5

Efficient policies, estimated by MISCAN, characterized by the number of scheduled examinations, screening
inferval and age range and expressed as the cost and effects per woman per year of the screening program,
the effects of the program per woman during her lifetime, the CER, and the ICER®

No. of Inferval Age Costs Effects Effects CER ICER®d

scheduled [between range,y U.S.dollars per Days gained per Days gained  Costs (US. Costs (U.S.

EXams exams, y wWOoman woman perwoman dollars) dollars}
Per year of per year of Duiing lifetime  per life-year per life-year
screening screening [no gained gained
[no discountingle {no discounfing) discounting) (3% discounting} (3% discounting

2 12 40-52  0.99 0.14 1.6 4,700 6,700

3 ? 35-53  1.42 0.19 15.5 7,300 9.100

4 3 32-56 179 .23 18.3 7.700 10,200

5 ? 32-68 1.94 0.23 18.7 7,900 11,800

é 7 32-67 227 0.25 203 8,500 15,200

7 -] 32-68 2.55 0.27 21.4 8,900 17.300

8 7 2776 2.86 0.29 229 2.400 16.800

9 [ 27-75 3.7 0.30 239 %.900 20,800

10 5 27-72  3.54 0.31 25.2 10,600 256,300

12 5 27-82 379 0.32 25.4 11,000 32,300

15 4 22-78 493 0.35 28.1 13.000 35,000

20 3 22.79 6.35 0.37 29.6 15,500 55,700

25 2% 20-80 7.43 0.38 30.8 17,500 79,500

30 2 22-80 B8.49 0.39 314 19,400 119.000

40 1% 20-79 10.88 0.4) 324 23,900 173,700

e CER = cost-effecliveness ratio; ICER = incremental cost-effectiveness ralio: MISCAN = Microsimulation screening analysis
[7.8].

b CER wos eslimated using a fictitious population of 40 milion women, ICER was estimated using an enlarged simulated
popuialion fo reduce random fluciuation

¢ Discounting refers to converting future costs and health effects to their present values.

¢  The incremental cost-effectiveness ratio is calculated by dividing the difference in costs between ihe next less intensive
efficient sereening policy with the curent screening policy by the difference in effects between these screening policies.
To coleulate the ICER for the screening policy with two scheduled examinalions the costs and effects of this screening
policy are compared with a situation without screening.

repeat smears because of borderline fest results and the propartion of referrals for biopsy after
which no cervical neoplasia was found, and the low values were obtained by doubling the

baseline estimates for these parameters.

RESULTS

Cosls and effects of screening policies

From nearly 500 screening policies, there was a broad range of combinations of predicted costs
and effects as measured by life-years gained (Figure 5.2). Per 1,000,000 women of the general
populaiion the costs varied between 0.5 million and 9.5 million U.S. dollars, and the effects ranged
from 50 life-years to 350 life-years gained per year of the screening program.

Nexi, ofter deleting those that were not efficient, we obtained the efficient screening policies for
which no alfernative policy exists that result in more life-years gained for lower costs. There were 15
efficient screening policies. and fogether they represented the efficient frontier (Figure 5.3}). The
age range of efficient screening policies increased from age 40-52 years for policies that
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Table 5.4,

Detailed overview of the predicted costs and effects per 1,600.000 women of the general population per year
of the screening program for the efficient screening policies as estimoted by MISCAN. with 5, 10, 20 and 40
scheduled examinations?.

No. of scheduled examinations 5 10 20 40
Interval between examinations, y 9 5 3 1'%
Age range, y 32-68 27-72 20-77 20-79
No. of Pap smears per year of screening 40,000 78,000 152,000 300.000
Costst (0.S. dollars, millions)
Screening 1.74 294 5.05 8.66
Repeat smears 0.22 0.42 0.83 1.62
Referred, no cenvical intra-epithelial neoplasia {CIN)e | 0.0t 0.02 0.04 0.09
Clind 112 1.70 2.28 2.54
Invasive carcinoma*d -0.58 -0.80 -0.98 -1.07 :
Advanced disease® -0.56 -0.75 -0.88 -0.96 :
Tolal costs 1.94 3.53 6.35 10.87
Effects
Prevented deaths 26 35 41 45
Life-years gained' 640 862 1,022 1,110

o MISCAN = Microsmulation screening analysis {7.8). The values are not discounted because no time preference i

established.

Costs determined relative to a situation without scregning.

Costs of follow-up and freatment.

If all invasive cases could be prevented a tofal U.S. dollar 1.54 million saved, as predicted by MISCAN.

Cosis of freaiment for recurrence and paliative care in women who die from cervical concer. Maximum savings on costs

of advanced disease total U.S. dollar 1.38 million.

I The days gained per woman per year of screening can be calculated by multiplying the number of life years gained by
365/1,000,000.

& o n o

recommend two examinations during a woman's lifetime to age 20-80 years for those that
recommend more than 20 examinations. in general, @ more intensive screening policy was one
that recormmended that screening start at a younger age, end at an older age. and have a
shorter interval between examinations (Table 5.5). For the efficient policies, the effects of the total
screening program on life expectancy ranged from 11.6 days for those that recommend two
scheduled examinations during a woman's lifetime to 32.4 days for those that recommend 40
scheduled examinations. We estimated that fotal elimination of cervical cancer would vield a gain
in life expectancy of 46 days.

According to the law of diminishing returns, if the number of scheduled examinations in a screening
program were increased, the increase in the number of life-years gained would slow down (Table
5.5]. When o detailed assessment of the costs of a screening program was compared with ihat of
the costs of no screening, screening costs were in excess of the costs of diagnostic testing and
treatment of preinvasive disease detected by screening combined and were only partially
compensated for by the savings incurred from preveniing invasive carcinoma and advanced
disease (Table 5.4). Because the costs of coordinating and evaluating the screening program were
assumed to be independent of the number of scheduled examinaiions. and because a scale
effect (i.e.. the costs per smear are lower if more smears are performed) was assumed for the costs
per smecr, the screening costs increased less than proportionally with the number of scheduled
examinations. Moreover, when moving foward more infensive policies, the incremental cost-
effectiveness ratio increased because the incremental effects rapidly diminished {Table 5.5). For a
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Table 5.7,

Sensifivity analysis: Incremental cost-effectiveness ratios, expressed as U.S. dollars per fife-yecr gained, with
3% discounting to convert future costs and hedlth effects to present valuess.

No. of scheduled 5 10 20 40
Pap smears 9 5 3 1%
Interval, y
Agerange, y 32-68 27-72 20-77 20-79
low® high low high tow high low high
Background incidence 24,400 5,100 49,800 11,400 124300 26.800 331,700 83,400
Attendance 14,500 10800 14200 33,300 33,300 81.500 80,100 315,400
Sensitivity of screening test | 19,200 2,300 19.200 32,000 41,700 44,500 117,300 191,000
Specificity of screening test | 13,500 11,000 30,100 24,400 64,300 51,400 204300 157,400
Screening costs 7.000 21,400 16,100 44700 34,800 97600 107.200 306,400
Treament costs 10,200 15100 23700 31,500 51,400 64,400 167.300 186,600
CIN& false positivesc
Treatment costs 13,100 9200 27700 23.400 57,200 52700 175200 170,600
invasive cancers
Baselined 11,800 25,300 55.700 173,700
e Sensifivity analysis is defined as investigotions that isolate key parameters invalved in the cost-eifecliveness analysis fhat
indicate the degree of influence each key parometer has on the outcome of the analyses. Incremental cost-

effectiveness rafios are calculated by comparing the cosis and effects of o screening policy with five scheduled
examinations to one with four scheduled examinations, 10 scheduled examinafions to one with nine scheduled
examinations, 20 scheduled exarinations to one with 15 scheduled examinations, 40 scheduled examinafions to one
with 30 scheduled examinafions.

& The background incidence {defined as the incidence in ¢ situafion without screening) and fixed costs. screening costs
and treatment costs were halved and doubled to obiain the low values and high values, respectively. To determine
attendonce, the lack of atiendance values were halved and doubled to obtain the high estimates and low estimates,
respeclively. To determine the sensifivity of the screening fest, the proportion of fulse-negative results for all stages was
halved and doubled to obiain the high estimates and low estimates, respectively, The high values for the specificity of
the screening test were obtained by halving the percentage of repeat smears because of borderline test results and
the proportfion of aftending women that are refered for a colposcopy and a biopsy after which no cervical neoplasic
is found. The low values for the specificity of the screening test were obfained by doubling the baseline esfimates for
these porameters.

¢ CIN = cervical interepithelial neoplasia

@ The baseline estimates for the background incidence for women wiling to participate in screening were 0.0229 for
women born 1889-1918; 0.0235 for those bam 1919-1928; 0.128 for those born 1929-1938; 0.0104 for those born 1939-
1948; and 0.0148 for those born 1949-2000. For atendance the baseline estimate was 80%. The sensifivity was assumed
to be 80% for preinvosive CIN, 85% for preclnical invasive stage 1A and 1B, and 90% for preclinical invasive stage I+ at
baseline. The specificity ossumed that 0.06% of attending women are referred for a colposcopy and o biopsy affer
which no cervical neoplasia is found, and that 6.2% of attending women wil. on average. have 1.8 repeat smears
because of borderling test results after their primary smecr before they retum to the regular screening schedule, The
baseline estimates for the screening costs decreqse from US$32 per smear if 80,000 smears were faken annually to
US$26 per smear if 2,500,000 smears were taken anually. The invitation costs were US$1 per invitation ot baseline. The
baseline esfimaies for the costs of diagnosis and treatment of CIN and false positive test results are US$1950 and
US$485, respectively. The costs for diagnosis ond treatment of invasive concers at baseline are US$5315, USHE 1245,
US$10620 and US$9705 for diagnosis and freatment of invasive cancers stage IA, IB, screen detected I+ and clinically
diagnosed I+, respectively, The costs for freatment (including patiiative care) for advanced cervical cancer are age-
dependent; US$30800 for women aged less than 50 years, US$21955 for women aged between 50 and 70 years, and
US$9345 for women aged more than 70 years of baseline,

policy maker, if the decision regarding a policy depends only on a maximal allowed vaiuve or
threshold value for the incremental costs per life-year gained, then for reference values of $15,000,
330,000 and $60.000, screening policies with five, 10 and 20 scheduled examinations, respectively,
and screening intervals of 9, 5 and 3 years, respectively, are opfimal,

Sensitivity analysis

Differences in demographic, epidemiologic. and screening characteristics, such as background

incidence, aftendance, sensifivity, and specificity of the screening fest, and cost, may lead to
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different choices in efficient screening policies. The influences of these differences were
investigated in a sensitivity analysis {Table 5.7}. A higher background incidence, i.e., the incidence
of invasive cancer in the hypothetic situation where there has never been screening, led to higher
effects of a screening policy because the effects were proportional to the incidence of cervical
cancer [see Table 5.7). This resulted in a more favorable incremental cost-effeciiveness ratio, and
consequently more intensive screening policies were feasible given a threshold value for the
incremental cost-effectiveness ratio.

Differences in either the percentage of women who wil attend a recommend screening
examination [(screening aitendance) or sensitivity of the screening test will not only affect the
choice of the number of screening examinations to be offered per woman but will also affect the
choice of the age range and time interval between the scheduled examinations {44). Higher
attendance and/or sensitivity will make longer infervals between screenings and, simultaneously,
broader age ranges more favorable in ferms of cost-effectiveness because fhe role for a
subseqguent screening to detect cbnormalities previously missed would be less important (Table
5.7).

A lower specificity will increase the incremental costs per life-year gained and, therefore, lead to o
lower number of scheduled examinations that would be offered per woman fo achieve the same
incremenial cost per life-year gained compared with the baseline situation in which Dufch
characteristics are incorporated. The choice of the number of scheduled examinations depends
on the costs of medical precedures (including screening itself) that are generated or prevented by
screening. If the costs of Pap smears, assessmeni, and freatment of false-positive results and CIN
generated by screening are higher than those assumed in the baseline situation. then the cost-
effectiveness ratic of screening will be unfavorably influenced. In contrast, higher costs for
treatment of invasive cancers and advanced disease, some of which are prevented by screening,
will lower the incremental and/or average cost-effectiveness ratio. The fixed costs for coordinaiing
and evaluating a cervical screening program do not influence the incremental costs per life-year

gained. However, the average costs per life-year gained wilkincrease if the fixed costs are higher.

International comparison

We next compared the screening policies from countries with cervical cancer-screening programs
or natfional guidelines, with the assumption that their demographic, epidemiologic, screening and
treatment characteristics were similar to those in The Netherlands. As shown in Figure 5.4, several of
the screening policies are remarkably close to the efficient frontier. However, for several screening
policies, such as those from Sweden, Denmark, the UK. (16 scheduled examinations), the United
States, and Australia, alternative policies could be recommended to reduce costs for the same
amount of life-years gained or io improve effectiveness while keeping the costs the same. These
alternative palicies are situated in the upper-left quadrant of the marking for a screening policy of
a country in Figure 5.4. For example, the area in which more cost-effective screening policies are

sifuated for the US is identified in Figure 5.4 by a broken line. It can be seen in Figure 5.4 that the
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Figure §.4.

Comparison of the costs (in miflions of U.S. doliars] and effects fiife-years gained] per 1,000,000 women in the
general population per year of screening for screening policies used in couniries with a cervical screening
program or program recommended in national guidelines and the simulafed efficient fronfier, with 3%
discounting. Discounting refers to converting future costs and health effects fo their present values. The solid
line represents the simulated efficient frontier. The number of scheduled lifetime Pap smears are identified with
solid fited circles.

NL/F = The Netherlands from 1996/ Finland (1}, {7/5/30-60, where 7 is the number of scheduled Pap smears, 5is
the screening interval in years, and 30-60 is the age range); NL = The Nethenands before 1994 (7/3/35-53); DK =
Denmark (5], {13/3/23-59); $ = Sweden (11). {12/25/25-58); ICE = Iceland {13}, {19/2%2/25-70); UK{3] = United
Kingdom {14}, {16/3/20-63); UK(5) = United Kingdom (14), {10/5/20-65); US = United States (20}, {17/3/18-66): AUS
= Australic (21}, (27/2/18-70); EUR = WHO/Eurogin (23). (14/3/25-64).
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policy for screening every 4 years between age 22 and 78 years with 15 examinations has the same
effects for much lower cosis (yearly almost $1 million less) than the recommendations issued by the
U.S. Preventive Task Force (20} for screening every 3 years between ages 18 and 66 years with 17
scheduled examinations. i, however, a more intensive policy is committed to {the US. Preventive
Task Force policy is conservative compared with recommendations from other U.S. authorities and
current US. practice that recommends annudt screening). the efficient screening policies with 20-
30 examinations and an interval of 2-3 years starting after age 20 years are more cost effective
than curent practice.

To investigate whether the wide diversity in screening recommendations and official policies
among countries originate from differences in the epidemiology of cervical cancer or price level,
we compared the incidence of cervical cancer and price levels omong countries. If the

background incidence is higher in @ country than it is in The Netherlands, then the effects of a
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Figure 5.5a

Comparison of the incidence of cervical cancer and health care-specific price levels of seven countries
{Ausfraia, Denmark, Finland, lceland, Sweden, the United States, and the United Kingdom) relative to the
Netherands. The relafive incidence level is calculated by dividing the incidence in a sifuafion before
screening by the Dufch incidence in a situation without screening. The refative piice level is calculated by
dividing the price level of @ country by the Dufch price level. Price levels ore calculoted by dividing health-
care specific price levels by the exchonge rates.
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screening policy would be proportionally higher than those calculated in this analysis, whereas the
total costs would stay at the same level, If the price level in a country is tower than it is in The
Netherlands, then the total cosis of a screening policy would be proportionaly lower than those
calculated in this analysis. The differences in background incidence of cervical cancer and/or
price level will result in more favorable cost-effectiveness esfimates than those calculated for the
Netherands [and vice versa, if the background incidence is lower and/or the costs are higher},
which may lead to the choice of an efficient screening policy with a higher number of scheduled
examinations despite having the same threshold value of the incremental and/or average cost-
effectiveness ratio, Differences in incidence and/or price level may. therefore, explain the diversity
in the number of scheduled examinations among different countries.

We obtained the background incidence of cervical cancer for each couniry (2.45.46). We
calculated the price levels for each country by dividing the health-care specific purchasing power
parities {47) which adjusts the exchange rates for different countries to the health care specific
price levels, by the curent exchange rates. By comparing the incidence and the price levels fo
those of the Netherands, we obtained relative incidence and relative price levels, respectively.
These vailues were then plotted [Figure 5.5, A). The solid line represents the sifuation in which the
relative incidence is equal to the relative price level. For the countries that fell above the line
{Denmark and the United States, assuming a high background incidence fo be representative), the

cost-effectiveness estimates of a policy will be more favorable than those estimates in The
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Figure 5.5b

Ratios of incidence ifo price level relative 1o The Netherlonds and incremenfal cost-effectiveness ratios of
cervical screening policies used or recommended in Australia, Denmark, Finland, lceland, Sweden, the United
States and the United Kingdom. The sofid line represents all situations with the same incremenfal cost-
effectiveness ratio as The Netherlands, after comection for incidence and price level. The dotted lines indicate
all situations with twe flower line} or four {upper line} times fhe incremental cost-effectiveness ratio of The
Netherlands. For the incremental cost-effectiveness rafios of screening policies used or recommended,
comparisons are made between the efficient screening policies with the same number of scheduled
examinations,

AUS = Austrafia; DK= Denmark; F = Finland; ICE = Iceiland: § = Sweden; US-I = United States, Second National
Cancer Survey 1947: US-l = US- Connecticut Turnor Regisfry. UK = Unifed Kingdom: UK (3) = UK screening every
3 years; UK {5) = UK screening every 5 years.
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Netherlands. Conseguentiy, more intensive screening policies will siay below a cerfain threshold
value of the incremental and/or average cost-effectiveness ratio. For the countries that fell below
the ling {Australia, the UK. Iceland, Finland, Sweden, and the United States, assuming a low
background incidence). having a relatively low incidence and/or a higher price level, the cost-
effectiveness estimates will be less favorable than those in The Netherlands.

We next plotted the combination of incidence and price level for the different countries against
the incremental cost-effectiveness ratios for each of the respective screening policies {Figure 5.5,
B). if the differences in intensity of screening among countries can be explained by differences in
incidence and/or price level, all screening policies weould be situated on a straight line through the
origin when plotted. However, it can be concluded from Figure 5.5, B, that the diversity in screening
policies, which range from recommending seven to 27 scheduled examinafions, cannot be
explained by differences in incidence level or price level.

Finally, we cdlculated the costs and effects of screening policies evaluated in other cost-
effectiveness analyses (6,10,12,16,19.22,24,25) with our MISCAN model (Figure 5.4). Most policies
appeared to be close to our efficient frontier (Figure 5.6}. The screening policies with intervals
between screening examinations varying by age that were found to be efficient by Gustafsson

and Adami {24) are close to our efficient frontier, as were those with fixed infervals (screening every
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Figure 5.6.

Comparison of the costs fin millions of U.S.dollars) and effects (life-years gained] per 1,000,000 million women in
a simulated general population per year of screening for screening policies considered in other cost-
effectiveness analyses. Comparison is made the simulated efficient frontier with 3% discounting. Discounting
refers to converting future costs and hedalth effects to their present values.

- = HMristova and Hokama [6)(7/5/30-60, where 7 is the number of scheduled Pap smears, 5 is the screening
interval in yeaors, and 30-60 is the age range); + = Gyrd-Hansen et al. {10} (5/5/30-50; 7/5/30-60; 8/5/25-60;
8/4/30-58; 9/4/25-57; 12/4/25-69; 13/4/20-68; 13/4/20-68; 18/3/20-68; 25/2/20-68; 28/2/15-6%); A = Eddy (12)
(16/3/29-74; 15/4/20-768: 17/3/26-74; 16/3/20-65; 18/3/23-74; 19/3/20-74; 20/3/17-74; 28/2/20-74); x = Waugh and
Robinson (19) {14/3/20-59; 9/5/20-60),> = Sherlaw-Johnson (22) {15/3/18-63); « = Inlernational Agency for
Research on Cancer [IARC) (18} (9/5/25-65; 14/3/25-64]; 0 = [ARC [16) varying intervals indicoted by * and ail
screening ages (10/%/25,26,30,36,40,45,50,55,60,65;  15/%/25,26,29,32,35,38,41,44,47,50,53,36,59.62,65); m =
Gustafsson and Adami {24) {5/7/30-58); o = Gustafsson and Adami (24] varying intervals indicated by * {1/*/37;

2/*134,45; 3:32,40; 3/*/32,40.51; 4/*/31,37,44,57; 3/*/30,35.43,50.60; 7/*/28.33,37.43.49.57,66;
10/*/26,30.33,37.42.46,51,57.63.70: 15/*/23,27,30,32,35,38,41,44,48,51,55, 60,64,69.74;
20/*/22,25,28,30.32,34,36,38,40,43,46,49,52,55,58,62,65,69.73,78, — = McCrory (25) (20/3/18-75:30/2/18-76) An

upper age for screening of. respectively 76 and 75 years was assumed, although no upper age fimit was
mentioned in the study.
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7 years between ages 30 and 58 vears). Eddy {12) investigated screening every 3 years between

age 20 and 74 years, alternative ages to start screening (17, 23 or 26 years), and alternative

screening intervals (every 2 or 4 years), and concluded that @ minimal screening policy of every 3

vears between ages 20 and 45 years was cost efficient. However, this minimal policy and screening

every 3 years between ages 2% and 74 years are less than efficient according to our model (Figure

5.8). For this number of scheduled examinations (16 in both cases} an interval of screening every 4

years would be more efficient {see Figure 5.3}. McCrory et al. {25] calculated the costs and effects

for three screening policies based on conventional Pap smears that started at age 18 years and

had a screening interval of every 1, 2, or 3 years. The screening policies with a screening interval of

every 2 or 3 years, which we included in our analysis, appeared to be close to the efficient fronfier.

The screening policy with a 1-year inferval was omitted, as no screening policies with more than 40
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scheduled examinations were included in our analyses. Although the screening policy also may
have appeared to be quite close to the efiicient frontier, the incremental and/or average cost-
effectiveness will be far outside the range that we considered to be acceptable. The screening
policies considered by Waugh {19) (screening every 3 years between age 20 and 59 years and
screening every 5 years between age 20 and 60 years} and Sheraw-lohnson (22} [screening every
3 years between age 18 and 44 years), and some of the screening policies considered opfimal by
Gyrd-Hansen {10} {varying from five scheduled examinations between age 30 and 50 years to 28

scheduled examinations between age 25 and 69 years) were not efficient according to our model.

DISCUSSION

The results show that efficient screening policies for cervical cancer can be characterized by an
average screening age of about 50 vears. This means that an infensive screening policy would
begin ai a younger age, end at an older age, and have a shorter interval between the scheduled
examinations.

With the use of the MISCAN program, we determined a predicted gain in life expectancy of 46
days if cervical cancer is eliminated. This gain is small compared with the predicted increase in life
expectancy of other diseases, such as the approximately 1.5 years if coronary heart disease were
eliminated in women (48). and is directly related to the relatively low mortality rate from cervical
cancer. However, it is more relevant to compare the gain in life expectancies with different health
interventions because most health interventions can only partly elminaie the disease. Also,
elimination or near eliminaiion of cervical cancer through screening does not seem possible
considering the persistent level of nonattendance of women at high risk for cervical cancer.
Because we based our model on the Dutch cervical cancer-screening figures, we assumed an
attendance of about 80%. Haif of the remaining 20% are persistent nonattenders. The nonattenders
were assumed to be at high risk for cervical cancer and accounted for 25% of the cervical cancer
mortclity, putting the upper limit of attainable gain in life expectancy by cervical cancer screening
at 75% of 46 days or a total of 34 days.

Qur predictions show that the efficient screening policies thai range from two o 40 scheduled
examinations result in a gain in life expectancy from 12 fo 32 days. Wright and Weinstein {49)
reviewed gains in life expectancy from a variety of hedlth interventions and found estimates on a
gain in life expectancy of 0.8 months for women aged 50-60 years who are ofiered biennial
mammeography, and of 8 months for women aged 35 years who quit cigarette smoking. Cur
estimates for the effects of cervical cancer screening are at the lower side of this range. However,
in addition to ihe effects, costs also must be considered when evaluating diverse health
interventions. Cost-effectiveness ratios as estimated in this study express the trade-off between
costs and effects of interventions {(50}.

There are several limitations associated with cost-effectiveness ancalyses, including random
fluciuation and outcome uncerfainty {42}, Random fluctuation complicates the determination of

the efficient screening policies because repeat estimations of costs and effects may yield different
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estimates for the costs and effects that result in small differences in screening policies determined
to be efficient. This was illusirated by the screening policy including seven scheduled examinations
between ages 27 and 48 years, which was found to be efficient in our initial predictions but not
after enlarging the simulated population.

Outcome unceriainty is related to both parameter and model uncertainty. Parameter uncertainty
is the uncertainty about the true volues of the input parameters, whereas model uncertainty
involves the way these parameters are modeled. An example of model unceriainty is that we
made the assumption that cosis for coordinating and evaluating a cervical screening program
were fixed and thus that these costs were independent of the number of scheduled examinations.
Increasing the coordinating and evaluating costs with the number of scheduled examinations will
decreuse the incremental cost-effectiveness ratio for screening policies with a small number of
examinations but will increase the incremental cost-effectiveness ratio for more intensive screening
policies.

in addition to the study design limitations, our results would be influenced if quality-adjusted life-
years gained were used instead of life-years gained to include any side-effects of the intervention.
The negative side effects of screening, including those on quality of life, are largely proportional to
the number of screening examinations. By contrast, the favorable effecis of screening follow the
law of diminishing returns. Combining the negative side effects and the favorable effects of
screening in terms of guality-adjusted life-years will result in a ropid decrease in the number of
incremental quality-adjusted life-years gained for screening policies with an increase in the number
of examinations (28}, and eventually any additional intensifying screening will decrease the net
health effects. Uncertainty analysis and quadlity-of-life considerations are both subjects of ongoing
research.

The present cost-effectiveness estimates are obtained for a model that aimed to be representative
of cervical cancer screening in The Netherlands. Different demographic, epidemiologic. and
screening characteristics led to changes in the choice of the number of Pap smears offered per
woman, the choice of the age range to be screened, and the time period between the scheduled
number of Pap smears. However, we found (Figure 5.5, B) that the diversity in the number of
scheduled examinaitons in currently used or recommended screening policies. which varied from
seven to 27 examinations, cannot be explained by differences in the incidence of or price level in
the countries involved. A factor that may influence the age range is the age-specific incidence of
invasive cervical cancer, which reflects the age-specific incidence of progressive CIN. By
comparing the age-specific incidence among different populations, Gustafsson et al. {45) found
that. in addition to differences in the level of cervical cancer incidence, there were fwo patterns of
age-specific incidence. In the first pattern, ffustrated by some European countries, including the
Netherlands, the peak age-specific incidence of invasive cervical cancer occurs at a younger age
and declines rapidly thereafter. In the second pattern, illustrated by the United States, New
Zealand, and Asian and African countries, the peak age-specific incidence of invasive cervical

cancer occurs at an older age and declines slowly thereafter. Therefore, in countries where the
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initiat peak in age-specific incidence occurs at an older age, there will be a shift in the estimated
optimal screening starting age., moving upward, o an older age and/or to lengthening the
screening interval. Thus, when considering the incidence of invasive cervical cancer in the United
States and Australia, it is unclear why screening policies that have short screening intervals and that
start at o young age are recommended. Possible differences among countiies in the implicit
threshold values of the acceptable incremental and/or average cost-effectivenass provide no
plausible explanatfion for the diversity in screening policies. The diversity, therefore, originates from
other sources, including, for example, the rationdlity of the recommendation process, the data and
evidence used in choosing among policies, or the methods used in evaluating policies. The latter is
Hustrated by the fact that even though policies evaluated in other cost-effectiveness sfudies (28)
were close to our efficient frontier (Figure 5.4). the estimated incremental and/or average cost-
effectiveness ratios differed considerably among studies (28) and may, subsequently, have led fo
different elected screening policies.

Moreover, our model considers features that were not considered in other cost-effectiveness
analyses (28}; this may have contributed o the different cost-effectiveness estimates. First, in our
model both costs and effects were discounted to the start of screening at a rate of 3 % (42).
Second, we assumed that nonattendance is associated with an increased risk of cervical cancer
(29-31). Third, we accounted for the fact thai the population is already screened to a certain
extent. Qur assumption leads to a lower prevalence of preclinical disease and, consequently, to a
lower base-line risk for cervical cancer at the start of the screening program. Therefore, our cost-
effectiveness estimates will be less favourable.

The current cost-effectiveness analyses concern high-income countries. However, in low-income
countries in Southern America, Africa and Asia. the incidence and cancer-related death from
cervical cancer is much gregter than the "high" incidence selected in our sensitivity analyses.
Although the incidence of cervical cancer can be reduced by a Pap smear-based screening
program, such a program is offen not feasible in low-income countries because it reguires a high
degree of organization with cytclogic laboratories and personnel. An alternative for Pap smear
screening in developing couniries may be cided visual inspection of the cervix, which has a
sensifivity similar to Pap smears but a lower specificity (51,52). A specific cost-effectiveness analysis
to investigate the possibility of @ screening program based on aided visuadl inspection in low-
income countries is waranted.

Although the present cnalyses are based on Pap smear screening., which is the conventional
method for detection of cervical lesions in large-scale settings, there are new methods for the
detection of cervical cancer; for example, screening for the presence of oncogenic variants of the
human papilomavirys, The cost-effeciiveness of screening for human papillomavirus is not yet
known {53). Other developments involve new diagnosiic technologies in cytopathelogy, such as
iquid-based cytology and compuier-aided imaging. In the future, these or other new
developments may lead to improvements in test characteristics and/or changes in costs, which

would require reconsidering the optimal screening policies. Because women who are regularly
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screened at the appropriate ages already have a reduced risk of cervical cancer, the gain in cost-

effectivenass of cervical cancer screening must arise from reducing the overall costs and

simplifying the screening process by reducing the number of false-pesitive results. The great

breakthrough in the latier has o come from methods that are able to distinguish progressive and

regressive disease.
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6

OVERVIEW OF IMPORTANT CERVICAL CANCER
SCREENING PROCESS VALUES IN EU-COUNTRIES,
AND TENTATIVE PREDICTIONS OF THE
CORRESPONDING EFFECTIVENESS AND COST-

EFFECTIVENESS




SUMMARY

The objective was the evaluation of the {cost-)effectiveness of cervical cancer screening in the
Europecn Union (EU) countries. Data were collected on recommended screening age ranges and
intervals, coverage, proporiion of non-negatfive smears and smear use. Estimates reported by
representatives of each participating Member State were compared, and used as input for model
based {using the MISCAN simulation model for cancer screening) effectiveness and cost-
effectiveness calculations.

Differences in coverage from below 50 to 82% resulied in more or less proporiional differences in
expected percentage life-years lost reduction, almost regardless of differences in 7 to 50+ smears
recommended in a lifetime. Differences in screening intensity {resulting from the recommended
number of smears per lifetime and the number of excess smears on top of these recommendations)
resutted in more than 2-fold difference in the expected number of smears per percentage life-years
lost reduction. {Cost-|effectiveness predictions would have greatly improved if estimates of long-
term coverage had also been available.

To conclude, estimates for a restricted set of well defined parameters — a few for short and long-
fime coverage and one for the total number of smears - are quite useful for country-specific
{cost-)effectiveness evaluations. The main, and o some extent, unsolvable problem for further
improvement of the analysis is the lack of reliable couniry-specific estimates for the background risk

of cervical cancer in wormen eligible for screening in the near future.
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INTRODUCTION

The usefulness of cervical cancer screening depends on the positive and negative health effects
and the costs. Therefore, we collected estimates for the values of a set of key process parameters
for each participating country or region of the European Union {EU). This restricted setl - coverage,
proportion of non-negative smears, and total number of smears for the (excess) smear use - were
chosen because of their impact in predicting the effectiveness and cost-effectiveness of screening
in the countries. The first objective was to describe the screening aciivities in EU countries
guantitatively, following the publication of the "European Guidelines for Qudlity Assurance in
Cervical Cancer Screening” in 1993 (1}). The second objective was o fry to use the data for
assessing the effectiveness and cost-effectiveness of screening in the respective situations. The
overail dim was to provide data for rational decision making concerning cervical cancer screening
on a national, regional or local level.

Coverage, proportion of positive smears and excess smear use are closely related o each other
and to the effects and costs of Papanicolaou {Pap) smear screening. Smears either contribute fo
coverage, or they are excess smears. Those confributing to coverage heip to reach the potential
effectiveness of the screening programme. Excess smears consist of smears outside the target age-
range or those iaken after too short an interval. They add litfle to the effectiveness of the reguiar
programme smears and therefore decrease the cost-effectiveness of the screening activities.
Follow-up smears, which can be regarded os diagnostic excess smears, depend on the proportion
of positive (or at least non-negaiive) smecrs. Positive smears are the key fo positive health effects,

but they also generate negative heaith effects.

MATERIALS AND METHODS

The working group

The Epidemictogy Working Group of the European Cervical Cancer Screening Network consists of
representatives of 13 of the 15 EU Member States {there was no representative from Ausiria and
Luxembourg). The working group came together twice in 1998 in Rotterdam. A set of quantitative
data to be collected from each country or region was discussed and agreed upon, The data were
cheosen to describe important aspects of the [cosi-)effectiveness of screening. In addition, the
definitions of the concepts behind the data were decided upon. It was agreed that the most
recent data available should be used. Where the data scurces are not mentioned in the
presentation here, they can be found in the country specific contributions to the Special Issue:

Cervical Cancer Screening in de Eurpean Union (2).
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Table 6.1
Policies or recommendations for cervical cancer screening by EU country

Country Screening age-range  Screening interval in years Smears per wormnan in
a lifetime
Belgium [B) 25-64 3 14
Denmark [DK) 23-59 3 13
Finland {FIN} 30-60 5 7
France {F) 25-65 3 14
Germany (G) 20+ 1 S50+
Greece® {Ormylia) {GR) 25-44 3 14
Ireland (IRL) 25-60 5 8
Italy (1} 25-44 3 14
Netheriands (NL) 30-40 5 7
Portugal® {Midregion} (P) 20-44 3 14
Spaine {C. y. Ledn) {E) 25-65 3 14
Sweden (5] 20-59 3 i4
UK (England) [UK] 20-65 3ors 16-10

9 Of Greece, Porlugal and $pain, no national recommendations were available

The age-range and screening interval

Evaluation of the screening process values studied requires knowledge of the recommended age
range and screening interval. These recommendations differ between countries and regions (Table
4.1).

Process values: definitions

In order to collect comparable and coherent estimates for the respective process parameters, the

following definitions have been agreed upon,

Coverage

We will consider the 3-year coverage for direct comparison between countries, and the so-called
interval coverage for the policy-specific model predictions. In both cases, the denominator is the
number of women in the farget age group in the population of the area in question. The numerator
is the number of women in the target age group that had af least one smear in the period
preceding the moment of evaluation. For the 3-year coverage this period is fixed at 3. For the
interval coverage the last i years are considered, where § is the length in years of the

recommended screening inferval.

Posifive screening results
The percentage screen posifives only concerns the primary (as opposed to follow-up) programme
smears. it is the percentage of non-negative adequate smears. Positive is defined as having o more

stringent follow-up recommendation than the normal screening policy. Thus, results that require a
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repeat smear, e.g. after 6 months (e.g. atypical squamcus cells of undetermined significance

{ASCUS)) are included in the percentage.

Excess smear use

We will call alf smears not contributing to the coverage excess smears. Some of these smears are
follow-up smears after non-negative screening results or are faken because of signs or symptoms.
Smears following signs or symptoms would alse occur without screening (although their number can
be influenced by screening). The reason we had to add them to preventive excess smears is that
they can often not be discemed from each other in registrations. In order 1o obigin comparable
figures for all countries, we therefore chose to count dll srmears for calculafing the excess smear
use,

We considered the excess smears per year related to the 3-year interval for direct comparison
between countries, and the excess smear related fo the recommended screening interval for the
policy-specific model predictions. The former is expressed in number of excess smears per year per
thousand women, the latter as a percentage of excess smears considering all smears, The formulas
used are as follows (for an example, see the focinotes of Table AZ in the Appendix).

The number of excess smears per year per 1000 women [related o the 3-year interval]=

(total yearly number of smears — number of smears needed yearly to reach the cbserved 3-year
coverage) * 1000 / number of women in the target population where the yearly number of smears
needed to reach the observed coverage is: the population in the iorget age range * 3-year
coverage /3.

The percentage excess smear use [related to the recommended screening intervall=

the percentage of excess smears of the total number of smears = {total number of smears *
100/number of smears needed to reach the observed coverage] - 100 % where the number of
smears needed 1o reach the observed coverage is: {the population in the target age range * |-

year coverage} /i, wherei = the length in years of the recommended screening inferval

Target population

The number of women in the targef population is defined as the number of eligible women in the
country or region in a screening round {a period of screening thai lasts the recommended
screening interval). For the tast previous round, this is the number of women in the age range
beginning with the recommended starting age and ending with the recommended ending age
plus the number of years in the screening interval minus cne year (e.g. 25 up to bui not including 47

years of age for the '25 to 64 every 3 year' palicy).
Cumulative risk

The cumulative risk is defined as the cumulative (background) incidence to age 100 in the

hypothetfical situation without screening.

97




Model-calculations: predicted effects and costs

We used the MISCAN cervical cancer screening simuiation model to exploratively predict effects
and costs of screening in EU member states. MISCAN is o microsimulation model described
extensively elsewhere {3,4). The principal predicied effect measure presented is percentage life-
years lost reduction. The number of smears is used as an approximate proportionality factor for the
costs. Accordingly, the number of smears per percentage life-years lost reduction is the cost-
effectiveness measure presented. The number of life-years gained per 1000 women and the
number of smears per life-year gained are also discussed. Calculations were made for different
screening policies [age range and interval combinations} and different coverage and excess
smear rates. More precisely, the interval coverage rates and the interval related percentages of
excess smears are used as input for the predictive calculations. The impact of different risk levels is
also discussed.
Fixed parameters in this exploration, and thus parameters for which eventual differences between
countries and regions are not accounted for, are:
1. The natural history of cervical cancer, especially the mean and variance of the duration of pre-
clinical {pre-invasive and invasive) detectable disease.
2. The sensitivity (of the combination of screening iest and follow-up}.

3. The stage-specific prognosis after treatment.

These fixed parameters determine the incidence and mortality reducing potential of Pap smear
screening. Compared with other models in the literature [the one of Eddy [5) and of Gusiafsson
and Adami(é}) the mortality reduction predicted by the MISCAN model in women participating in
screening is at the same level [approximaiely 75% for a 30 to é0 every 5 year policy and around
0% for e.g. 14 smears between age 20 and 70 years). We used the MISCAN model because it can
be easily tuned to different screening situations in different countries.

The age-distribution of the incidence of cervical cancer was also fixed. As Gustafsson and
colleagues showed by studying age-specific inCidence rates from different countries in periods
before screening siarted, these distributions follow very much the same pattern for many Western
European countries [among others Denmark, Germany, The Netherlands and Sweden with a peak-
age atf 44-47 years), although some countries seem to have a slightly differeni distribution (Finland
with a peak age at 53.5 years; the UK with somewhat laoter onset, a peak-age of 48 years and a
slower decline after the peak) (7).

The calculations presented in this paper concern a complete screening of a birth cohort of women
following the recommended policy. Therefore, the results represent a steady-state situation in which
screening has and will run forever, and in which all birth cohorts have the same cumulative risk of
cervical cancer. What cumulative risk te consider when in several Western countries an increased
risk is observed for cohoris born after, e.g. 1940 or thereabouts is a subject of discussion.
Hysterectomies for reasons other than the management of (precursors of) cervical cancer are not

taken into accouni.
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Table 6.2

Estimates for outcome parameter values of cervical cancer screening by EU country. For definifions of the
outcome parameters, see the text.

Country 3-year or Screen- 3-year excess smears  Populaiion subjected
[S-year]® positives (%]  (per 1000 women) to formal programme
coverage (%} (%)

Beigium (8] 78 3 167 58

Denmark (CK) 75 5 205 20

Finland (FIN) [93]® 5 1210 100

France (F) Nre. 5 Nr.e. <5

Germany [G) 80 7 248 20

Greeced (Ormylia) (GR} 71 5 117 a8

Ireland {IRL) Nr.e. 3 Nre. 0

Italy (i) 50 N.r.e. 77 13

Netheriands {NL) [77]2 5 240 100

Portugal® [Midregion} (P) 37 5 86 100

Spaina [C.y. Ledn} {E) 27 15 14 86

Sweden (S} 82 1.5 140 100

UK (England} {UK) 61 8 20 100

Averages 75 5 134

M.re. Noreliable eslimale. For France and Irelond the coverage ever was estimeted at 0% and 45% respectively. If these
rates were vsed os i if were 3-years coverage rates, the calculated number of 3-yearly excess smears would be 133
and 10 per year per 1000 wornen respectively,

e Of Greece, Portugal and Spain, ne nationa! data were available.

t For finland and the Netherdands. only 5-year coverage rates were available. therefore, the number of excess smears
was calculated with the 5-year coverage.

© Unweighted average

For each combinaiion of age range and recommended screening inferval, the influence on (cost-}

effectiveness was computed for various covercge and excess smear rafes.

RESULTS

Estimates for screening process values in counfries and regions

in Table 4.1 we describe the screening policies in the EU countries or regions, and in Table 6.2 we
present the estimates for the screening process parameters resuliing from the collected data. For
information on other regional pilet projects and further details see Tables Al and AZ in the
Appendix. Although the definifions to be used in this paper were well set, the avaiiable data did
not clways make it possible to exactly meet these definitions. Therefore, the tables should not be
interpreted without studying the country- and region-specific remarks in the Appendix. (Differences
with figures reported in the country specific papers in the Special Issue: Cervical Cancer Screening
in the European Union (2} are due to differences in definitions).

Alfhough all policies are mainty in line with the European recommendctions (scregning women
every 3-5 years), there is a large variation in screening intensity that is a consequence of these
policies. This intensity varies from 7-16 smears per woman in a lifetime, with the exception of

Germany where there is g 1-year screening interval and over 50 smears taken in a lifetime. The 3-
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Table 6.3

Percentcge life-years iost reduction by policy, coverage and two assumpfions on long-term distribution of
participation in the population: the some women participate in all rounds (i.e. parficipanis-participation s
systernatic), or participation is independent of previous participation (i.e. participants-participation is random}

Policy® NL/FIN 30{5)40[7] B/FB/GR/I/E 25(3)64[14] G 20(1)72(53]

Participants participation Systematic Random Systematic Random Systematic Random

Interval-coverage % Life-years lost reducfion

25% 21 36 24 54 25 20

50% 42 40 47 80 50 28

75% 63 75 71 90 75 99

100% 84 84 94 94 99.9 99.9

o Starling age (interval) ending age [number of smears in lifeime], policies ranked by increasing number of smears in a
lifetime.

v For France, the stopping age is 45 years.

vear coverage in the participating countries varies from 50 to 82%. The figures for the regions of
Portugat and Spain involved in the screening programmes are lower, possibly because in these
cases coverage by other than programme smears is not accounied for. For France and Ireland, no
data on 3-year {or 5-year) coverage were available. The excess smear use varies strongly.
However, as has been explained for each country in the Appendix, there are many reasons why
these figures are not always comparable, The percentage screen positives varies from 3 to 8% of
the screened women. This may reflect differences in the prevalence of neoplastic lesions or
differences in cut-off point between negative and positive smears {between ‘no follow-up
required’” and ‘ot least @ repeat smear recommended'}. In any case, the percentage of screened
women that undergo some kind of negative effect of screening due to follow-up varies
accordingly.

Altogether, the figures summarised in Table 6.2 plus the details in the Appendix. show how far we
have got in estimating the respective parameters in EU Member States, and how much work

remains to be done.

Model-based predictions

On baisis of the data collected, effectiveness and cost-effectiveness were predicted for a variety of

screening situations. differing in screening strategy. coverage and smear use.

Life-years lost reducftion

We focused on the reduction in life-years lost from cervical cancer as the effect measure of
screening. {In Table A3 in the Appendix, the predicted percentage in incidence and mortality
recluction is also presented.) First, we predicted the effectiveness at 100% coverage (and no excess
smear use}, see the boifom line of Table 6.3. We did so for three screening policies, including the
least and most intensive policy and the intermediate EU recommended policy (see Table A3 for all
policies}. Because we assume an identical age distribution of incidence ccross countries, these
numbers are applicable to any country with the policy under consideration. The number of life-
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Table 6.4
Predicted percentage life years lost reduction by policy and coverage, assuming systematic participants-

paricipation®

NL/FIN IRL UK(5} DK S B/FE/GR/IJE UK[3)/F G
Policy® 30(5)60 25{5)60 20(5)65 23(3)59 20(3)59 25(3)64 20{3)65 20{1)72

[7] [8] [19] [13] [14] [14] {14] [53
Inferval- % Life-years lost reduction
coverage
20% i7 18 19 18 8 19 19 20
25% 21 22 23 23 23 24 E 24 25
30% 25 27 28 28 28 28 29 30
35% 29 31 33 32 32 33 34P 35
40% 34 36 37 37 37 38 38 40
45% 38 40 42 41 42 42 43 45
50% 42 44 47 44 46 471 48 50G9
55% 44 49 51 51 5] 52 53 55
40% 50 53 56 55 55 56 Ffmax)  S8UK(3} 60
65% 55 38 IRL{max) &1 &0 60 61 62 465
70% 59 62 65 64 65 66 GR &7 70
75% 63 NL &7 70 UK (5) &9 DK 69 71B 72 75
80% &7 71 75 74 748 75 77 80
85% 71 75 79 78 79 80 82 a5
0% 76 80 84 83 83 85 87 90
5% 80 FIN 84 88 87 a8 89 21 95
100% 84 8% 23 92 92 94 96 100

for each country, the prediction resulfing from wsing the esfimates on coverage presented in Table AZ are indicated. The

values for Greece, Portugal and Spain concern only part of these countries, see Table A2. [max), For Ireland and France, the

indicated value is a maximum since it is based on the ‘coverage ever as if it was ihe interval coverage. Italicized values are

those were estimates of interval coverage are applied. For country abbreviations, see Table §.1,

o Assuming systemofic parlicipants pericipation is relafively unfavorable for policies with frequent screening. This is
especially the case for Germany {see Table 6.3 and text].

e Starting age (interval) ending age [number of smears per women in a lifetime], policies ranked by increasing number of
smears in g fletfime.

©  For France the stopping age is 65 years.

years lost because of cervical cancer is reduced by between 84% and 94% when screening
women between 7 and 14 times, respectively. The German policy with over 50 smears a lifetime is
predicted to resulf in an almost 100% reduction (99.9%). The acival percentage life-years lost
reduction depends on the coverage. Therefore, the predicted percentages are given by the
coverage rate. This was done for two assumptions on the long-term coverage: (1) it is always the
same women who participate at screening in successive rounds {participants-participation is 100%
systematic), and (2) participation is independent of previous participation (porticipants-
participation is random). In the first assumption, long-term coverage is equal fo coverage within
one screening round. With random participation, the long-term coverage increases every
screening round. Therefore the mortality reduction is higher with random participanis-participation.
Assumption {1} is extremely unfavourable and (2) extremely favourable for screening, especially for
frequent screening and a low (short-term) interval coverage (see the predictions for the German
policy}. In fact, with random participants-participation and a low inferval coverage, the average
screening interval becomes much lenger than the recommended one, so that results are in some
sense no longer representative for the screening interval under consideration. In Table 6.4, the
results are given for all policies for the conservative assumption {1). Differences in coverage resulted

in more or less proportional differences in expected percentage life-years lost reduction, with much
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Table 6.5

Predicted number of smears (x min) per % life-years lost reduction by policy and excess smear use, assuming
systematic participants-participation®.

NL/FIN IRL UK{5} DK S B/FS/GRA/JE UK(3}/P G
Policy? 30(5)60  25(5)60 20(5)65  23(3)59 20(3)59 25(3)64 20(3)65 20(1)72

(7] (8] [10] 3] £14] [14] (6] [53)
Excess smear use Number of smears per % life-years [ost reduction
0% 1Y 2.1 24 3.2 3.5 3.3 37 11.3Go
10% 2.1 23 27 3.5 38 3.7 4.1 12.5
20% 23 25 29 39 42 40E 4.5 13.6
30% 25 27 3.2 4.2 4.5 43 4.9 14.7
40% 27 29 3.4 4.5 4.8 4.7 5.2 UK {3) 159
50% 29 3.1 37 4.8 528 5.0GR/I 5.6 17.0
60% 3.1 3.3IRL{min} 3.9 5.2 5.5 538 6.0 18.1
70% 3.3 3.5 41 5.5 5.9 5.7 Fimin}) 6.4 P 19.3
80% 3.5NL 37 4.4 58DK 62 6.0 6.7 20.4
0% 37 39 4.6 UK{5) 6.1 6.6 63 71 21.5
100% 39 4.1 4.9 4.5 6.9 6.7 75 227
110% 4.1 4.4 5.1 6.8 7.3 70 79 238
120% 42 4.6 54 7.1 7.6 7.4 82 24.9
130% 4.4 FIN 48 5.6 7.4 8.0 7.7 8.6 26.1
140% 4.6 5.0 5.9 7.7 8.3 8.0 9.0 27.2

For each couniry, the pradiction resulting from using the estimaies on coverage prasented in Tuble A2 are indicated. The

values for Greece, Portugol and Spain concern only part of these countries, see Table A2. (min), For lreland and France, the

indicated value is a minimum since it is based on the excess smear use calculated with the ‘coverage ever' as if it is the

interval coverage. ltalicized vclues cre those where estimates of interval coverage are applied. For country abbreviations,

see Table 6.1.

a  Assuming systematic participants participation is relalively unfavorable for policies with frequent screening. This is
especially the case for Germany {see Table 3 and text}

v Starting age (interval) ending age [number of smears per women in a lifetime}, policies ranked by increasing number of
smears in a lifefime

¢ For France the stopping age is 65 years,

less impact for the number of smears recommended in a lifetime. which varies from 7 to over 50
smears,

For example, for a 7 smears per lifetime policy, increasing the coverage from 50 fo 75% [which will
increase the number of smears with approximately 50%) will add (63 - 42 =) 21% extra life-years lost
reduction, while intensifying screening to 14 smears in g lifetime {twice as many smears] will only
add (47 ~ 42 =) 5% life-years lost reduction. In the table, we italicised the predictions per EU Member

Staie if the estimates for the interval coverage (see Table A2 in the Appendix) are applied.

Numbers of srnears per percentage life-years lost reduction

The number of smears per percentage life-years lost reduction depends on the policy and the
excess smear use. Predictions are given in Table 4.5 for each policy, with the resulis per EU Member
State if the dota collected on excess smear use are applied. Policies with a low smear-taking
intensity {fewer smears recommended a lifetime and fewer excess smears in addition to the
recommended smears) have a more favourable cost-effectiveness ratto compared with policies
with many smears in a lifetime. Differences in + 40-130% excess smears and in 7-16 of smears
recommended in a lifetime resulied in approximately 2-fold differences in the expected number of

smears per percentage life-years lost reduction. if always the same women participate, as was
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assumed here (i.e. participators-participation is 100% sysiematic), the predicted cost-effectiveness
is independent of the coverage. Especially for Germany, where we know that the coverage affer
three t-year screening rounds is considerably higher (80%}) than after one round (50%). these
predictions are underestimating the life-years lost reduction from screening (Table 6.4) and thus
overestimating the number of smears per percentage life-years lost reduction (Table 6.5
Obvicusly, many participating women are not screened every year as recommended, but at a
longer interval, which improves cost-effectiveness.

It should be noted that the extra mortality reduction resuiting from preventive smears outside the
target age range and recommended screening interval is neglected in these predictions. The

expected influence of this simplification wilt be limited (see Table 6.3).

Negative side effects

In order to produce a measure for the negative side-effects, one could calculate the predicted
number of screen-positives per cent life-years lost reduction [by mulfiplying the number of smears
per percentage life-years iost reduction in Table 6.4 by the proportion of screen-positives in Table
6.2). However, the percentage of screen-positives is no more than an initial very approximate
approach to quantify negative side-effects. The next necessary step would be to divide fthis
percentage in women who are and women who are not referred fo colposcopy/biopsy before the
end of the follow-up episode. One would also have to describe how long (how many years) follow-
up occurs in the respective groups, accounting for the period until a woman resumes regular
screening, and what medical procedures (from repeat smears to conisafion and hysterectomy)

take place during this period.

DISCUSSION

The EU member states have implemented a variety of screening policies. The screening interval
varies from 3 fo 5 years and the number of smears offered in a lifetime from 7 to 16 {Table 6.1).
Germany uses recommendations that strongly differ from those from other countries, with a 1-year
screening interval and over 50 smears per woman in a lifetime. Screening process values also differ
between the countries {Table é.2). The 3-year coverage varies from below 50% to over 82%, the
excess smear use from less than 100 fo over 200 per year per 1000 women, and the percentage
screen-positives from 1.5% to 8%.

The predicted (cost-jeffectiveness varied accordingly. Differences in coverage of 50-70% resulted
in more or less proportional differences in the expected percentage life-years lost reduction, with @
much smaller impaci for differences from 7 to 16 in the number of smears recommended in o
lifetime. Differences from 40 to 130% in excess smear use combined with the already mentioned
differences in number of smears in a lifetime, resulted in at least 2-fold difference in the expecied
number of smears per percentage life-years lost reduction.

The fact that an asscciation between high risk and non-attendance has been repeaiedly observed

(8-10} makes the predictions too favourable.
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Hysterectomy rates can be subsiantial. In the UK the rate is 25% under age 55 years (data not
shown). By including women without a cervix utert in the denominater of the coverage rate, this
rate is more seriously underestimated in countries with high hysterectomy rates than elsewhere.

The vdalues for the parameiers presented in Tables 6.2 and Table A.2 represent the best available
estimates at the fime they were collected by the working group. Some are based on {almost)
nationwide registrations, others on more or less thorough surveys, or are the best guesses of experts.
Sometimes, as explained in the text, the figures are minimum or maximum estimates. The potential
biases are nofified in the country-specific remarks in the Appendix. The lack of data on
opportunistic screening is often a problem. Programme screening aims for eardy detection and
freatment of cervicat cancer. However, other smears have the same aim. The total performance of
early defection in a country is the aggregate of programme screening and other smears taken.
Our analysis shows that the high rate of excess screening in most countries or regions {well over 60%
in most cases), caused by opportunistic screening either running alone or along with programme
screening, results in cost-ineffective situations. In order to improve these situations, it is necessary to
manitor the opportunistic screening activities together with the organised screening activity.

A next step in the cost-effectiveness analysis of cervical cancer screening is to go from the
percentage life-year lost reduction to the number of life-years gained as the effect measure, and
consequently also to the number of smears per life-year gained as the cost-effectiveness measure.
To this end, country-specific knowledge is required on the cumulative risk: the cumulative
incidence in situations without screening. Taking into account this cumulative risk is conditional for ¢
judgement on how many smears in a lifetime is acceptable for a given country or region. We
presented predicted numbers of life-years gained and number of smears per life-year gained for a
background cumulative risk of 1% in Tables A4 and A5 in the Appendix. The results in these tables
can easily be adjusted to any specific estimate for the cumulative risk [see foofnotes to ihe
respective fables). The percentage for women currently eligible for screening in the EU probably
varies between 1 and 4%, depending on the bith cohort and geographic area under
consideration. However, cervical cancer is not a very stable disease as far os risk over time is
concemed. In most countries, screening started decades ago. This means there is a lot of
uncertainty about the cumulative risk, especially for young birth cohoris, and that it wil be more
and more difficult {if not impossible) to estimate the cumulative risk in the future, even with new
high quality daia. This has consequences as to how proceed with the work presented. The
predictions could be improved in their accuracy in many ways, as has been pointed out earlier in
this paper. For instance, one could account for age dependency of covercge or for the
hysterectomy rates. But is this worthwhile if these uncertainties and simplifications in the analysis are
dominated by the uncertainty about the cumulative risk? This will be subject to further discussion

among evaluaters of cervicdal cancer screening.
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CONCLUSIONS

The results stress the impact of cervical cancer screening evaluation 1o provide reliable estimates
for a restricted set of parameters: the short- and long-term coverage of screening (including
opporfunistic screening} and the total amount of smears {including opportunistic smears). The
results also show the importance of o high coverage for the effectiveness of screening. and of o
restricted intensity of smear taking for cost-effectiveness. Intensity of screening is derived from the
combination of the recommended number of smears in a liietime and the number of [excess)
smears faken on top of these recommendations. In some countries, one might consider de-
intensifying the recommended cervical cancer screening policy {i.e. fewer smears in ¢ lifefime).
These latter conclusions are not new. The presentation in this paper i highly individualised to
participating countries and will therefore hopefully have its own impact on the improvement of

cervical cancer screening in the respective countries and regions.
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APPENDIX

Details on estimates for screening process values in counfries and regions

Belgium

In Belgiurn. there is a nation-wide consensus about the age range and screening interval, but a
formal screening programme has only been implemented in Flandres (covering 58% of the Belgium
population). In a telephone interview the 3-year coverage in Flandres was estimaied af 82%.
According to a Health Inferview Survey the 3-year coverage in Flandres was almost 10% higher
than in the other part of the country. Therefore, the coverage on a national level was estimated to
be 0.58*82%+0.42*72%=78%. The difference between Flandres and the other part of the country in
the percentage of screen-positives and in the number of excess smears is not known. The
percentage of screen-posiiives (3%) is only known for the Flemish region (for programme and
opporiunistic screening, excluding smears with a clinical indication and follow-up smears (11)). This
percentage was also used for the national estimate ({Table 6.2). The total number of Pap smears
{opportunistic and organised) is known only for the whole couniry. The data presented for the

Flemish Region are based on estimation.

Denmark

In 1997, the screening programme with personal invitations covered 90 % of the 23-59-year-olds and
46% of the 60-74 year age group of women. According to ihe national guidelines, the latter cge
group had to be invited once. The 75% 3-year coverage and the 5% screen-positives were
estimated on basis of data from 1994 to 1996 from the Copenhagen and Frederiksberg

municipalities {see Table 6.2, 9% of Danish population) (data not shownj,

Finland

Programme screening covers over 100% of the couniry, althcugh ages targeted since the late
1980s (55, 60) makes that overall only 87% of the target population is covered. The percentage
invited women among 30-year-old women has been approximately 70%. The 5-year coverage on
basis of an annual population survey was estimated to be $3% for any Pap smear. There is no direct
estimate of the 3-year coverage, but 18% of the women had a smear once every 5 years, and 27%
every 3-4 years, so that the 3-year coverage could be (93-18-27/2=} 62%. The estimafed annual
number for all smears (including opportunistic and diagnostic smears and all age groups) is 500,000
— 400,000 [data not shown).

France

In France in 1998, excepi for three pilot cervical cancer programmes covering less than 5% of the

country, screening was opperiunistic. It is estimaied that 60% of the 20-69 year age group of
106




women in France had a cervical smear (no separate data are available for the target age group
of 25-64 years). In the region of Bas-Rhin {with programme screening on basis of public
announcements), the 3-year coverage in the target age group was %% and the 3.5-year
coverage 75%. For the percentage of positive smears national data were not available. in Bas-Rhin

it was 5% (follow-up smears excluded, clinical smears e.g. because of sympioms included).

Germaony

in Germany, statutory health insurers, issue yearly a voucher {computer-readable plastic card) to all
persons and thus make free annual cervical screening available io = 20-year old women, covering
20% of the population. In this 20% {and presumably also in the other 10%) the 1-year coverage is
approximately 50%, The 3-year coverage is over 80% if only programme smeanrs are accounted for
{accounting for all smears it will be higher still). The total annual number of smears is esiimated at 15
million programme smears plus at least 1.5 miillion of 'private’ smears. The percentage of screen-

positives is estimated at 7%, including roughly 5% ASCUS (daia not shown}.

Greece

In Greece, two regional programmes are running, one in Ormylia and one in Messina and llic. Bata
on the process parameters needed for this paper were only available for the Ormylia programme.
Both ihe coverage and the total number of smears only take programme smears {including follow-

up smears) into account. Data on other smears are not available.

Ireland

To date, opportunistic screening is occumring in Ireland. The age-range of 25-60 years and an
interval of 5 years or shorier was recommmended in national guidelines in 1994. This resulis in o
minimum of eight smears per woman per lifetime. The percentage of women (aged 25-60 years)
who ever had a smear on the basis of a survey was estimated to be 65%. The estimated 3% of
screen-positives concerns one large laboratory. All smears are included (also follow-up smears), 5o

3% is an overestimate [data not shown).

ftaly

National guidelines were decided in 1996. In 1997, 13% of female target population was covered
by programme screening, but this is rapidly increasing to probably around 50% in the year 2000.
Local surveys on 3-year coverage conducted in the late 1980s provided estimates of less than 50%
in the absence of organised screening. In areas that had screening programmes in 1997 {covering
13% of the female target populafion) approximately two-thirds could report coverage. In these
regions, the 3-year coverage rate was estimated at 66% of the invited women [nof all the
programmes have run for 3 years) (12}, In Turin, 3-year coverage was 43% before programme
screening started in 1992, and was 74% in invited women in 1997. The total number of smears in Turin

is estimated and subject to uncerfainty. In Florence, where women without ¢ smear in the last 3
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years have been invited since 1980, the 3-year coverage in 1997 was 3% and the 4-year coverage
49%. In this latter measurement, 'private smears’ were not included. These smears are also not
included in the totat number of smears {data nof shown).

The percentage of screen-positives (including those requiring repeat smears) was not available for
the programmes running in 1997. The average colposcopy referal rate was 2%. The percentage of
positives (inchuding those requiring repeat smears) in Florence was 5% {follow-up smears excluded,
but clinical smears included) and 10% in Turin (programme smears only). The large maijority of

positive smears in the Turin programme only imply a single addifional smear.

The Netherlands

In the Netherlands, the previous national 3-yearly screening policy between ages 35 and 53 years
was changed into a 5-yearly policy between the ages 30 and 40 year in 1996, Coverage and the
fotal number of smears are based on a naticnwide registry including all smears in the country,
irespective of the reason for which they were taken. Not alt 30-34-year olds and 55-64-year olds
had at least one invitation in the last 5 years, because the first 5-year round with the extended age-
range was not completed by the end of 1997, The percentage of screen-positives accounted for

primary programme smears only, and has decreased from over 10% in 1994 fo 5% in 1997,

Portugal

In 1990, programme screening was launched in the Central Region of Poriugal. Screening data are
only available from this programme. Initially a 1-year interval is used before proceeding with a 3-
year interval, The 5% of screen-paositives probably refers to secondary (follow-up) smears as well,

and thus might be too high.

Spain

No national cervical cancer screening data are available from Spoin. The data presented concern
a (pilot) programme in Castilla Y Léon. In this programme, a 1-year interval is recommended before
proceeding with a 3-year inferval. The 3-year coverage as defined here is estimated at 27%, not
including women covered by 'private’ smears. The estimated annual number of 65,000 smears also
does not include 'private’ smears. It does include follow-up smears after programme-smears.
Fifteen per cent of the smears resulf in at least the recommendation of a cytological follow-up, of
which 14% is classified as ‘with infections, including viruses’. and 0.8% as 'with morphological

alterations’,

Sweden

Sweden has programme screening nafionwide. According fo the national guidelines o 3-year
screening interval is recommended, but almasi half of the counties use a 4-year inferval. Women
with a recent smear {within 18 months} are sorted out and not invited. The coverage is based on

data for the city of Malmé: 76% of the women had a recent smear, and a quarter of the other 24%

108



attended the screening programme. In some rural areas coverage is lower, therefore the 82% may

be too high an estimate for the total country.

United Kingdom

In the United Kingdom a national screening programme is running. The data refer to screening in
England. The iarget of the national programme is to screen women aged 20-64 vears at least every
5 years. However, more than half of the health authorities invites women every 3 years. The 5-year
coverage for the whole country is 76%, the 3-year coverage is 41%. Ideally, those parts of the
country with a 3-yearly screening pregramme should be evaluated separately from those with a 5-
yearly programme. The 8% screen-positives concerns ail smears (including follow-up smears) instead

of only pfimary programme smears, and may therefore be an overestimate [data not shown).

Table A1

Policies for cervical cancer screening by EU counlry or region

National datae

Country Pclicyfrecommendations Period described  Mumber of Population
Age- Interval  Smears per women in subjected to
range woman target formal

population programme
{x1000}

Belgium 25-64 3 14 1995/6/7 2,712 58%

Denmark 23-59 3 13 1997/98 1,429 0%

Finlond 30-60 5 7 1996 1.275 100%

France 25-65 3 14 1998 18,000 <5%

Germany 20+ 1 50+ 1994 33,000 0%

treland 25-60 5 8 1996/7 792 0%

Italy 25-64 3 14 1994/5/4 15,359 13%

Netherlands 30-60 5 7 1997 3.692 100%

Sweden 20-59 3 i4 1994 2,300 100%

UK (England) 20-64 3ord 16-10 1996/7 15,049 100%

Regionai data {regions with programme screening/ pilot projecis)

Region Policy/recommendations Pericd described  Number of Population
Age- Interval Smears per women in subjected to
range worman target programme

population
{x1000)

Flandres (B) 25-64 3 14 1995/6/7 1,573 100%

Copenh.+ (DK} | 23-59 3 13 1998 165 100%

Bas-Rhin (F) 25-64 3 14 1998 255 100%

Crmylia (GR) 25.64 3 i4 1997 13 88%

Fiorence (1) 25-64 3 14 1997 206 100%

Turin {1} 25-64 3 14 1994/97 271 80%

Midregion () 20-64 3 16 1995/97 292 100%

C.y. Ledn (B} 25-65 3 14 1990+ 628 86%

B, Belgium; DK, Cenmark; F, Ffrance: GR, Greece; |, lfaly; P, Portugal; E, $pain
e Of Greece, Portugal and Spain, no national data are available
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Table A2

Estimates for ocutcome parameter volues of cervical cancer screening by EU country or region. For definitions
of the ouvfcome parameters, see the text.

Nafional dafas

Country Coverage % Screen- Annual Excess smears Women in
3year Recomm,  Positive nurmber 3-year Recomm. torget
Interval of smears (per 1000 Interval populationd
[x1000) womenl?  (%)° {x1000)
Belgium 78% 78% 3 1.158 167 64% 2712
Denmark 75% 75% 5 650 205 82% 1,429
Finland n.re. 93% 5 550 121 132% 1,275
france nre. n.r.e. 5 6,000 1338 67%9 18,000
Germany 80% 50% 7 17,000 248 3% 33,000
freland n.r.e. nr.e. 3 144 -109 59%9 792
Italy 50% 50% n.r.e. 3750 77 46% 15,369
Netherlands nr.e. 77% 5 1,037 24! 82% 3,692
Sweden 82% 82% 1.5 950 140 51% 2,300
UK [England)  161% 76%h 8 4,408 90 Q3% 15,049
Average® 75% 5 134

Regional data {regions with programme screening/ pilof projects)

Region Coverage % Screen- Annual number Excess srears Women in
3-year Recomm.  Positive of smears 3-year Recomm, farget
Interval {1000} (per1000  Inferval populationd
womenlb  {%]° {x1000}

Flandres (B} 82% 82% 3 750 203 74% 1,573

Copenhagen |75% 75% 5 70 174 70% 165

(DK)

Bas-Rhin {F) 49% 69% 5 104 178 77% 255

Ormylia [GR) 71% 7% 5 4.6 17 50% 13

Florence {i) 39% 39% 5 41 69 53% 206

Jurin {l) 70% 70% 10 90 99 42% 271

Midregion [P} |37% 37% 5 61 86 69% 292

C.y.1edn (E)] |27% 27% 15 &5 14 15% 628

nre. No relable eslimate. For France and Ireland. estimates are available for the coverage ever, 60% and 65%

respeciively. For definitions of the outcome parameiers, see the text.

a Of Greece, Portuga! and Spain, no naticna! data are available

2 E.g. for Germany: [17,000,000 - (33,000,000 * 80%(3-year coverage) / 3 years)) * 1000 / 33,000,000 = 248

B E.g. for Germany: 100 * {17,000,000/(33.000.000*50%(interval coverage)/1 year (infervall]] - 100% = 3%

d For all countries or regions except Denmark, Finland and The Netherands, the figure concems the women in the age

group corresponding with the target age-range {e.g. 25-64 years), instead of the upper age increased with the
length of the recommended screening interval minus 1 yecr {e.g. 25-64, see Materials and Methods). The resulting
underestimation of the target population is probably less than 5%,

Unweighted averoge.

Calculated with S-year coverage. For Finland. using the rough esfimate for the 3-year coverage of 61% would result
in 228 smears per 1000 women per year. For the UK, using the 3 yeor coverage of 61% would result in 44% relative
EXCESs SMEear use

Using the 40% [France) and 65% {Ireland) estimates for the ever screened women ¢s if they are 3-year coverages.
S-yeqr coverage.
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Model-based predictions: more detailed tabels

Table A3

fredicfed percentage reduction in incidence, martality and life years lost by policy (100% coverage)

Country policye NL/FIN IRL UK{5) DK
30(5)40[7] 25(5)40{8] 20(5]65[10] 23(3}5%[13

% incidence reduction 75 80 85 84

% mortality reduction 74 78 86 80

% life yvears lost reduction B84 89 23 92

Country policy® se B/FS/GR//E UK(3)/P G
20(3)59[14) 25(3)64[14] 20{3)65[14] 20(1)72[53]

% incidence reduction 84 87 90 26

% mortality reduction 80 84 88 %5

% life years lost reduction 92 94 24 999

NL. The Netherands: FIN. Finland; IRL, reland; DK, Denmark; 3, Sweden: B. Belgium; F, France; GR, Greece; |, italy; E, Spain; P,
Pofugal G, Germany: UK, United Kingdom
Starfing age (interval] ending age [number of smears per women in a lifetime]. policies ronked by increasing number of

smears in a lifetime.

b For Sweden, the new guidelines issued 1978 recommend 23-40 years, with 3-year infervals 23-49 vears and with 5-year

intervals in women 50-60 years. For this policy, the predicted figures are 84, 80 and 92% respectively.

¢ For France the sfopping age is 65 years.

Table A4

Life-years gained per 1000 women assuming a 1% cumulative riske, by policy and coverage.

Country policy NL/FIN B/FofGRAJE G
30{5)40(7] 25{3)64[14] 20(1)72[53]
Participants participation Systematic Random Systematic Random  Systermatic Random
Interval-coverage Life-years gained per 1000 women
25% 18 31 20 47 21 77
50% 36 51 40 48 43 83
75% 53 44 &0 76 64 84
100% 71 71 80 80 85 85

This risk s the cumulafive incidence in the sitvation without any (previows or cument) screening. For explicalion of the

participation pattern see Table A3. For abbreviations of countries see Table A3.

9 The number of iife-years gained are proportional fo the cumulative risk for incidence: o two fimes higher risk results in two
fimes higher number of lfe-years gained. Therefore, the results con be adjusted to any specific percentage cumulafive

risk by multiplification.

& For France the stopping age is 65 vears.

Table A5

Cost-effectiveness ratio {CER), expressed in number of smears per life year gained, assuming ¢ 1% cumulafive
nisk® ond no excess smear use?. The CER is given by policy and coverage.

Country policy NL/FIN B/Fs/GR/I/E G
30(5)40(7] 25(3)64[ 14} 20(1)72(53)
Participants participation Jystemafic  Random _ Systematic  Random  Systematic  Random
Interval-coverage
25% 88 53 152 &8 516 i46
50% a8 63 152 92 516 266
75% ag 74 152 120 516 392
100% 88 88 152 152 516 516

For explication of the participation pattemn see Table A3. For abbreviations of counfries see Table A3

The number of smears per life-years gained are proporiional to the inverse of the cumulafive risk for incidence and
propaortinal to 1 + the inferval related excess smear use (see fable B): a two fimes higher risk results in two times lower
number of smears per life-years geined, and o 100% excess smear use resulls in a 2 times higher number of smears per
life-year gained. Therefore, the results can be adjusted to any specific cumulative risk and excess smear use.

b For France the siopping age is 65 years.
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PRESENT EVIDENCE ON THE VALUE OF HPV TESTING

FOR CERVICAL CANCER SCREENING:
A MODEL-BASED EXPLORATION

OF THE (COST-)EFFECTIVENESS




SUMMARY

Human papillomavirus [(HPV) is the main risk factor for invasive cervical cancer.

High risks rattios are found in cross-sectional data on HPV prevalence. The question raised is whether
this present evidence is sufficient for making firm recommendations on HPV-screening.

A validated cervical cancer screening model was extended by adding HPV infection as a possible
precusor of cervical intraepithelial neoplasia (CIN}. Two widely different model quantifications
were constructed so that both were compatible with the observed HPY risk ratics. One model
assumed a much longer duration of HPV infection before progressing to CIN and a higher sensitivity
of the HPV fest than the other. In one version of the model, the calculated mortality reduction from
HPV-screening was higher and the (cost-leffectiveness was much better than for Pap smear
screening. In the other version, cutcomes were the opposite, although the cost-effectiveness of the
combined HPV+ cytology iest was close to that of Pap smear screening.

Although smail follow-up studies and studies with limited strength of design suggest that HFV testing
may well improve cervical cancer screening, only large longitudinal screening studies on the
association beitween HPV infection and the development of neoplasias can give cutcomes that
would enable ¢ firn conclusion fo be made on the (cost-)effectiveness of HPV screening.

Prospective studies should address women aged 30-460 years.
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INTRODUCTION

Molecular and epidemiological studies have clearly demonstrated that HPV is the main risk factor
for cervical cancer {3.4). These epidemiological studies are case-confrol studies that consistently
show a very high-risk ratic for HPV in women with {precursors of) cervical cancer compared with
conftrols with negative cytology (6-2). The association between CIN and high-risk BPV infection is
stronger in high-grade than in low-grade abnormalities (10-14} and is well over 90% in invasive
cancers {10,15) . A few small follow-up studies also comroborate the crucial role of HPV infections:
progression is found almost only in women with {persistent) high-risk HPV genotypes both in normal
(16} and in dysplastic cases (17,18) . In a small retrospective study on archived false-negative
smears from women with subsequent invasive cervical cancer, the high-risk HPV types found in the
cancers were detected in nearly 100% of the preceding smears {19].

On the other hand, tesi-positive rates for high-risk HPV {ypes in women over 30 vears of age with
normal cyfology In North American and western Eurcpean countries vary from 3% to 6%
{7.16,20,21). This is much higher than can be explained by the life-time risk of developing cervical
cancer in these countrigs.

For example, in the Netherlands, the rate for high-risk HPV types in women aged 30+ with normal
cytology is around 4%, while the cumulative risk for invasive cervical cancer is around 1.5%; the risk
in women aged 30+ with nermal cytology is again much smaller. Therefore, only a fraction of the
infections with high-risk HPV fypes will progress to cervicat cancer.

The goal of this study was te incorporate the very high observed HPV-associcted risks ratios in a
cervical cancer screening model and fo investigaie the consequences for HPY screening as
expressed in predicted mortality reduction, negative side-effects and costs. The ouicome of the
follow-up studies carried out to date have been incorporated in the model in so far that HPV
infeciions were assumed to preceed HPV-infected neoplasias. They were nof used for the
quantification of the model as these studies were small or interpretation in quantitative
epidemioclogical terms was limited by their design. The possible impact, however, will be discussed.
The present study focusses on the guestion of whether recormmendations about HPV screening can
already be made on the basis of the available data and, if not, what type of data will be required

O decredase uncertainiy.

MATERIALS AND METHCDS

The data

Test-positive rates for high-risk HPY types in women between the ages of 30 and 60 years were

estimated on the basis of empirical daia. Polymerase chain reaction (PCR-jbased HPV-positive

rates on cytological materal of the cervix from women with negaiive cytology are 4% in ihe

Netherlands {16). 5.7% in Portland, Oregon, USA (20), and 4.6% in Spain (7). PCR-based HPV-positive
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Figure 7.1

The stages and possible fransitions in the HPV fo CIN to invasive cervical cancer model. The disease stages that
describe non-neoplastic conditions, and that have been added to the validafed CIN fo cervical cancer model,
have been shaded

95% of the invasive
cervical cancers

Invasive cervical
cancer + HPV [5]

/_. w e
" neoplaSia —’m_. RegreSSiun

CIN 4]

Y

Invasive cervical
cancer [6}

5% of the invasive
carvical cancers

rates on cytological material of women with a histologically confirmed diagnosis of CIN are 71% in
Spain and 54% in Colombia {9}, 75% in the USA (&), 72% in the UK {22) and 59% in the Netherlands
(13}. HPV rates are higher in high-grade than in low-grade lesions. Noting that the reported results
are of the same order of magnitude, we summarized them by assuming 4% HPV positiveness in
cytologically negative women and 67% in women with CIN. Cn the basis of the worldwide study on
histolegical material of Bosch et al (15), we assumed that 5% of the invasive carcinomas were HPV
infected, i.e. only 5% of invasive cervical cancers developed without being preceded by an HPV
infection. In accordance with the results of the Dutch study (23}, HPV-positive raies are assumed to

be constant between 30 and 40 years of age.

The model

Here, the relationship between HPV and cervical cancer in a stochastic microsimulation screening
model is described. HPV in the model represents high-risk HPY types (16, 18, 31, 33, 35, 39, 45, 51, 52,
54, 56, 58, 59, 46, 68). As shown in Figure 7.1, the model is based on the hypothesis that the onset of

HPYV infections found in invasive cervical cancer and in CIN has preceded these neoplastic stages.
Women who go through an HPV infection either become clear from the infection or develop HPV-
infected CIN. which either regresses or progresses info HPV-positive invasive cerviccl cancer.
Women can also develop CIN without an HPY infection, and this CIN again can regress or progress
{only sometimes, see later] info invasive cancer. Allowing for the possibility that women can
develop CIN (with or without HPV} after having become c¢lear from HPV infection would cause a

shift between the several arms in the model, without affecting the model outcomes presented in
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Table 7.1

Parameter values in model version A and B on the duration of detectable preciinical stages and the sensitivity
of the HPV test for these stages

Model version A Model version B
Duration of stages (years)
HPVII that will develop into CIN+HPYV 10 ;
HPV12l that will be cleared ] 10
CIN {with or without HPV]Rita 11.8 11.8
Invasive cancer (with or without HPV)IS €] 3.9 3.9
Sensitivity of HPV test (%)
HPVIIIR 100 50
CIN+ HPYBI ' 100 80
Invasive cancer+ HPVIS 100 87.5

[1 Refers toihe numberng of the disease stages in Figure 7.1

this article; therefore we did not complicate the model in this manner. This model is an extension of
a validated cervical cancer screening Pap smear model (5,24,25).

According o this model, the average duration of CINis 11.8 years and pre-clinical invasive cancer
is 3.9 years (see Table 7.1). The sensitivity of the Pap smear is 80% in CIN and 87.5% in preclinical
invasive carcinoma. These estimates on duration and sensitivity were derived from the Brifish
Columbia [Canada) screening data (26) and were compatible with data on interval cancers
collected by the IARC (27,28). The incidence of progressive CIN was chosen o reproduce cervical
cancer incidence end mortdlity in the Netherlands between 1965 and 1992, The regression rate
was 72% of disease onsei under 35 years, 40% between the age of 35 and 54 and very low in
women aged 54 and over. These estimates resulted from subtracting progressive CIN from the age-
specific CIN detection rates observed in the Dutch population {29). When adding HPV infection to
the model, the part describing CIN and invasive cervical cancer was kept unchanged: the
predicted CIN and cervical cancer incidences and prevalences were not affected. Conseguently,
previous validations are stilt valid. The incidence in the Dutch population accounted for is lower
than incidences, for example, in the UK and the USA {7.8 and 12.2 per 100 000 for the Netherlands
and the UK respectively, in 1978-1982 (30} and 9.9 in the USA in 1985 (31] . The incidence level

however did not influence the comparison of screening strategies.

Two model versions

Because only cross-sectional HPV data were available for the quantification of the model. there
was an identfification problem for the parameters describing HPV infections. Test-positive rates in
women screened for the first time are a result of incidence » duration x sensitivity. In view of this
non-identifiability, we decided to construct two model quantifications that were confrasting in HPV-
screening outcomes.

We varied durafion and sensitivity and adjusted the incidence level to the observed test-positive
rates for HPV. The longer the duration of progressive (to CIN) HPY infections {stage HPV [1] in Figure
7.1} and the higher the sensitivity of the HPV test, the more effective HPV screening will be in
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Table 7.2

Sensitivily by test for combination of tests), stage and mode! version resulting from the values for sensilivity of
the HPV test given in Table 7.1

Stages Any model version Model version A Model version B
Cytology only Cyiology HPV only Cytology HPV
+ HPV + HPY only
HPVIIE 0 100 00 50 50
CIN + HPVI 80 100 100 96 80
CIN{4) 80 80 0 80 0
Invasive cancer + HPVIS! B7.5 100 100 28.4 87.5
Invasive cancer ¥ 87.5 87.5 0 87.5 0

[1 Refersfo the numbering of the disease stages in Figure 7.1

reducing cervical cancer mortdlity. In order to minimize the negatfive side-effects {i.e. follow-up of
HPV-pasitive women who will net develop cervical neoplasia), it is favourable to assume a short
duration of harmless [non-progressive] HPV infections (stage HPV [2] in Figure 7.1).

In model quantificalion A (see Table 7.1), the extra duration of the detectable preclinical phase
because of HPV detection was assumed to be 10 years. The assumed sensitivity for HPY was 100%
at all stages. Long duration and high sensitivity made model version A very favourable for HPV
screening. In version B of the model, the detectable preclinical phase was only 1 year longer than
in Pap smear screening, and sensitivity for high-risk HPY types was considerably lower than in version
A. In HPV-infected neoplasia stages, sensitivity of the HPYV test was equal to the sensitivity of the Pap
smear (80% in HPY-positive CIN and 87.5% in HPV-positive invasive cancer), and sensitivity was only
50% in HPV infections without neoplasia. Compared with model A, model 8 was very unfavourable
for HPV screening. The consequences of the two sets of assumptions for the sensitivity of the test (or
combination of tests) are givenin Tabkle 7.2, '

As a result of differences in sensitivity of the HPV test, the HPV test-positive rate of scrapes in invasive
cervical cancer cases was (100% sensitivity x $5% invasive cervical cancers with preceding HPV
infections =) 5% in model A and {87.5% x 5% =) 83% in model B. A high rate is in accordance with
some PCR studies on cytological material of wornen with invasive cervical cancer (up to 100%

(10})., but a lower rate has been found in other studies {e.g. 84% (8)].

Simulated compared with observed HPV test-positive rates

In both model versions, predicted HPV test-positive rates in the age group 30-60 vears was 4,01% in

women with negative cytolegy and 67% in women with CIN.

Consequences of rue-positive test resulis

In the simulation, women with only negative tests af screening had a future screening after the
regular screening interval. Women with positive cytology were followed up and in frue-positive

cases this led to the detection of necplasia.
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Women with a negative Pap smear and a positive HPV test were assured fo be followed up with
HPV tests and Pap smears every six months. This follow-up siopped either when the HPY infection
was cleared [affer which women go back to screening) or when there was a fransition of the HPY
infection to HPV infected CIN (the neoplasic is detecied). Detected CIN was assumed fo be
rﬁonoged so that no invasive cancer would develop. For the management of CIN (diagnosis,
treatment and after freatment check-ups), we accounted for 4 years of follow-up. This was in

accordance with current praciice in the management of CIN, at least in the Netherlands (1}

Consequences of false-positive test resulis

Women with borderline {ASCUS] or low-grade abnormalities in their Pap smears in The Netherlands,
and also in many other countries, are followed up with repeat smears. Some of these women have
negotive repeat smears and are referred back for routine screening. Women with high-grade
abnormalities in their Pap smears are referred io the gynaecologist. In a proportion of these
women, no neoplasia is found. As the model was adjusted for histologically confirmed detection
rates, these so called ‘false-positive’ cytological outcomes have to be accounted for separately,
We made the following assumptions:

- Five percent of the screening smears generated two repeat smears in women that did not

have neoplasia.

- Ffive per 10,000 screened woman without CIN were referred to the gynacologist (32).

The costs of screening

In order to account for the costs and savings of early detection, the costs of screening, follow-up,
diagnosis and treatment were considered [see Table 7.3). The true resource costs were assessed for
the screening Pap smear, the HPV test, colposcopy and radictherapy. Costs charged in the
Netherlands for the other medical procedures were used. The cosis are presenied in Dutch

Guilders, for which the US$ exchange rate during 1995 was, on average 1.61.

Screening strategies

In both modet versions, the effects and costs have been calculated for several screening strategies
for women between the ages of 30 and 60 years. We made prediclive calculations for 3-yearly
cytology and for six alternative strategies. Within these alternative strategies, we considered two
screening test {or combination of tests) and three screening schedules. The screening tests were:
cytology plus HPV tesi and HPV tfest anly. In the three screening schedules, women were screened
between 30 and 40 years of age: every 3 years (11 screenings per woman). every 5 years {seven

screenings per waman) and every 10 years (four screenings per womany.
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Table 7.3
Assumptions on the costs by type of precedure, in DI

Procedure Costs Costs in the
sensitivity
analyses

Screening PAP smeare 70

Repeat PAP smeare 10¢

HPV teste 90 45/155

PAP smear and HPV tesi in one screening session® 135 20/200

Follow-up session in HPV-positive women with negaiive cytology 140 280

Diagnostic work-up of the referral whem no neopilasia is found 800

Management of CINe{ 3100¢

Curative primary freatmeni

microinvasive carcinoma 2500
1B invasive carcinoma 20200
I+ invasive carcinoma 19100
Care for advanced diseasef! 30700

@ Including DAl 25 in total for costs for camying out the smear/scrape and the costs for the women (time and fransport)is
b CINwith or without HPV infection
¢ Including the cosls of 15% recurrence of disease affer primary freatment of CIN

The cost-effectiveness calculations

Calculations were made for a cohort of women who attended all screenings.
Effects, cosis and savings of the screenings were accounted for from birth to death, Qutcomes

were presented per 1000 women and have not been discounted.

RESULTS

Mortality reduction, years in follow-up and cost-effectiveness

The model predictions of the main effects and costs of the different combinations of frequency
and types of screening tests are summarized in Table 7.4. For each of the two model versions and
for each of the two dlfernative screening tests (cytology plus HPV test and HPV test alone), only the
policy with ithe lowest screening frequency that had the same or higher mortality reducfion
compared with 3-yearly Pap smear screening is presenied.

According to the model version A, which was favourable for HPV-screening, the combined test
(cytology plus HPV test), even if performed only once every 10 years, reduced mortality more (91%
vs 79%) than 3-yearly Pap smears. Costs were 37% lower, mainly because of the less frequent
screening, and costs per life-year gained decreased by 41%. The number of years in follow-up was
26% lower, and the vears in follow-up per life-year gained decreased by 27%. For 10-yearly
screening with the HPV test only, mortality reduction was also higher than for 3-yearly cytology and
only a little lower (89% vs ?1%} than for the combined test. The costs for HPV only were very low, anly
31% of the costs of 3-yearly Pap smear screening. Costs per life-year gained were 69% lower. The

number of life-years spent in follow-up was less than half [because the repeat smears of the

120



Table 7.4

Model outcomes: effects and cosis of different screening policies in women between 30 and 60 years of age.
two mode! versions. Only fhe least frequent HPVY screening sfrategies with the same or higher meortality
reduction compared to 3-yeary Pop smeor screening are presented. All figures are per 1000 women
screened, except for percentages (in brackets)

Any model! A B
version Model version Model version
Cytology Cytology HPV Cytology HPY
only + HPY onky + HPY only
3- yearya 10-yearly® 10-yearly® S-yaarly? 3-yearly©
Favourable effects
Mordlity reduction (%) {79) (?1) 89} (80) {76}
Life-years gained [n(%}] 65 (88) 68 [93) 66 (90) 66 {89) 42 (85)
Unfavourable effects
Years in follow up 700 520 290 1740 1790
Costs {in Dfl x 1000)
Screening 650 460 3C0 800 830
Foliow up of HPV-pasitive cases - 40 40 351 470
Foliow up of false positive cytology<e 95 35 0.2 65 1.5
Diagnesis and treatment
CIN 180 120 a0 170 140
Invasive and advanced cancer -190 -220 210 -195 -185
Total costs 740 4460 230 1200 1250
Ratios {per life-year gained)
Years in follow-up 1 8 4 27 29
Costs 11400 6800 3500 18300 20100

o At primary screening interval

b ysing the HPV test only, according to mode! 8, one would have to screen more frequently than 3-yearly 1o result in at
least the same mortality reduction as 3-yeary cytology

c  Af sereening and duiing foliow-up of HPV-positive cases

borderine cytology do not occur in screening for HPV}, and this also counts for the number of life-
years in foltow-up per life-year gained.

The results of model version B, which was unfavourable for HPV screening, were quite different,
Combined screening performed every 5 years yielded a slightly higher mortality reduction (80% vs
79%, it was predicted at 77% with 10-yearly combined screening} than screening with cytolegy
every 3 years, and was 63% more costly, resulfing in 40% higher costs per life-year gained. The
number of years in follow-up were 2.5 times higher, as were the number of years in follow-up per
life-year gained. In the predictions for screening with the HPY test alone, even a 3-yvearly interval
did not result in a mortality reduction as high as with 3-yearly Pap smear screening {the 1 year extra
detectable phase for which sensitivity is 50% is outbalanced by the 5% progressive lestons that are
not detectable because they are HPV negative}. Costs per life-year gained and years in follow-up
per life-year gained were 1.8 and 2.6 times as high respectively.

Based on the model version A calculations, a decision might be made o replace Pap smear
screening with HPV screening with @ longer interval. This wouid lead fo ¢ greater moertality reduction
at lower cosis in terms of resources and negative side-effects. However, the model version B
calculations suggest that Pap smear screening should not be replaced by any of the studied HPV
screening sfrategies: costs and negaiive side-effects increased, while prevention of mortality did
not improve.

121



Table 7.5

Sensitivity analysis: costs per life-year gained with alternative cost assumptions, as percenfage difference with
the cosls per life-year gained of 3-yearly cytology

Any A B
Model version Model version Model version
Cyiology Cytology HPV Cytclogy HPY
only + HPV only + HPY only
3-yearly 10-yearly 1C-yearly S-yearly 3-yearly
Baseline cost assumptionse 11400 46800 3500 18300 20100
-40 -70 +60 +80
Alternative cost assumptions®
HPYV test. Dfl 45 -60 -%0 +25 +20
HPV test, Dfl 155 -10 -40 +110 +140
HPV follow up, Dfl 280 -30 -60 +110 +140

o HPV test DIl 90; HPV follow-up Dfl 140
b These changes in assumptions do not affect the costs per life-year gained of 11400 of 3-yearly cytology

Sensitivity analyses

We also calculated the costs of HPY screening assuming thai HPV-positive women with negative
cytology would be followed up every 3 years instead of every 6 months. The resulting total costs of
HPV screening were lower, in particular according to model B in which cost-effectiveness of the
combined test was close fo the cost-effeciiveness of Pap smear screening. However, less intensive
follow-up in HPV-positive women would, with current knowledge, not be an acceptable option,
Economies of scale play an imporfant role in the costs of an HPV fest. Qur estimate was based on a
situation with, on average, 12 000 PCRs per year per laboratory. If the testing was concentrated in
fewer laboratories, the test would become cheaper. Morecver, new developments can cause an
increase or decrease in the costs of routine HPV tests. Therefore, calculations were repeated under
the assumption that the iaboratory costs per HPV test of Dfl 65 were less than one-third, i.e. Dfl 20, or
doubled to Dfl 130. The total costs per test, including the Dfl 25 for carrying out the smear/scrape
consequently will be Dt 45 and Dfl 155, respeciively, for the HPV test and Dfl 90 and Dfl 200 for the
combined test (Pap smear + HPY test}. In our basic calculations, a follow-up session for HPV-posifive
women was restricted to an HPV 1est and a Pap smear. We repeated the calculations with twice
the costs per follow-up session [Bfl 280 instead of Dfl 140]. This would be approximately the cosis
incurred when a colposcopy is added. The results are summarized in Table 7.5.

Options that were more cost-effective than 3-yearly Pap smear screening remained more cosf-
effective and those that were less cosi-effective also remained less cost-effective. The conclusions
were, therefore, not affected by considerable changes in the assumptions about the costs of HPV

screening.

DISCUSSION

We produced two model versions that both explained the high observed risk ratios for high-risk HPY
types in women with cervical neoplasia compared with women with normail cytology. In addition,
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they were both compatible with the ‘clearance’ rates in repeated HFYV tests observed in women
with normal cytology. In model A, this clearance resulted from a short duration of harmless HPY
infections. In model B, the low sensitivity of the HPY test explained why woman that were HPV
positive at a first screening will often be HPV negative at the next one. The effects of HPV screening
predicted by the two model versions widely differed. Hence, the high-risk ratfios alone were
inconclusive for the outcomes expected from HPV screening.

The first non-cross-sectional evidence for the crucial role of high-risk HPY infections for the
development of cervical cancer has been found in observational follow-up studies. These studies
show only progression to high-grade neoplasias in the presence of (persistent) HPV infections. This
concerns women with normel (18] and abnormal {17, 18) cytology. Although these studies are very
important for showing that HPV infection precedes the {progression of) neoplasia, they are tco
small {18} or have an inadequate design (17,18) for assessing the duration befween HPV infection
and the development of CIN, and the sensitivity of the HFV test. Nevertheless, they suggest that the
sensifivity for progressive HPV infections is high and, in that respect, they support our favourable
model version A more than the unfavourable modet B. This support emphasizes how worthwhile it is
to carry out the required large prospective sfudies on the association between HPY and cervical
neoplasia that hopefully will confirm the *‘preliminary’ findings.

The presented disease model has ¢ number of simplifications. It does, for example, not discern low-
grade on high-grade pre-invasive lesions, while HPY-negative CIN cannot become HPV positive.
These simplifications, however, are not important for the results, and model refinements will be of
little help as long as adequate lengitudinal data on HPV detection are not available.

The resulis of the cost-effectiveness calculations concermning the policies that combine HPV festing
and Pap smear screening are complex and their outcomes could not have been predicted easily.
For the caiculations conceming policies using only the HPV jest, i is not surprising that when it takes
10 years for HPV infections to produce CIN, HPV screening can improve Pap smear screening.

This is clearly not the - case when HPV infection precedes CIN changes only by 1 year. But it is
important to realize that these widely different assumptions are both compatible with the observed
very strong association between HPV infection and cervical cancer, even if it is accepled that the
HPV infection preceded the neaplastic changes that led to the invasive carcinomas. The work of
Jenkins et al (33} . who also assessed the effectiveness of HPV festing as a primary screening tool by
using a stochastic model, illustrates this issue. The authors did not vary the parameters that are
crucial for the cutcomes. They used assumptions on the sensitivity of the HPY test that were very
similar to those in our model version A. In the sensitivity analysis, the simutated screening situation
was further improved (by assuming that 100% of the cancers develop in the presence of high-
grade HPV), but lower sensifivity was not tested. As far as duration is concerned, Jenkins'
assumptions are infermediate to ours. Although the authors agreed that selection of the
progression parameters (which determine the duration of stages) was nof unigue, they did not

vary the progression rate of HPV infection and therefore did not describe the complete range of

possible [cost-Jeffectiveness of HPVY screening.
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Figure 7.2

Simulated resulfs of a hypothetically observational study using model A and B: age-specific histologically
confirmed CIN detection rates at Pap smeaor screening in women who 5 years previously had had a negaiive
Pap smear, by HPV status 5 years previously and age group at present screening
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To explore the impact of longitudinal data, we simulated an observational cohort study with the
two model versions A and B. In the simulation, women who entered the study with negative
cytology have a Pap smear 5 years later.

Predicted CIN detection rates in women who at entry were HPV negative and those who were HPV

positive were discerned (see Figure 7.2). As the description of cervical necoplasia {CIN and invasive
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cervical cancer) of the model was the same in both model versions, the detection rate for CIN at
Pap smear screening 5 years ofter negative cytology was the same. In version A, however, almost
70% of the women with histologically confirmed CIN {low and high grade) came from previously
HPV-positive women, whereas in madel version B this was oniy 20%. This refiects a higher predictive
value for future CIN of a positive HPV test in version A. The fact that longitudinal outcomes clearky
differ in both models means thaf different longitudinal cutcomes can be consistent with present
cross-sectional data, and that, once such longitudindl data are available, af least one (and
prebably both) of models A and B can be rejected. The range of combinations of parameter
values on duration of HPV infections and sensitivity of the HPV test that are compatible with
observed data will strongly decrease, and better predictions can be made of results expected
from HPV screening.

Alfhough the cross-sectional data show a strong association between HPV and cervical necplasia,
the results are insufficient to arrive at recommendations on screening. The discussion, therefore, on
the representativeness of the test-positive raies that we dimed at in our simulation {4% in
cytologically negative women, 7% in women with CIN and from 83% to 95% in women with
invasive cervical cancers) is premature. Nonetheless, it is interesting to assess the influence of lower
or higher ocbserved HPV test-positive rates. in women with invasive cancer, the higher HPV
positiveness, the better this will be for the effectiveness of HPV screening. Higher fest-positive rates in
women with normal cytology and in women with CIN, however, can only mean that more women
who do nct develop cervical cancer will be HPV positive (all women that will develop HPV-positive
cervical cancer are dlready assumed to be HPV positive before the development of the cancer).
These women will unnecessarily be detected and followed up, and the negative side-effects and
cost of follow-up will increase. In other words, given that HPV infection precedes, for example, $5%
of the progressive neoplasias, lower HPV prevalence in the cytologically negative women and in
women with CIN implies less harmless and less cosity HPV screening.

A modelling appreach, as presented in this paper, is useful for a joint analysis of cross-sectional,
longitudinal and other relevant epidemiological data. We wil adjust our model as soon as new
evidence becomes available.

Data from large PCR-based cohort studies will accumulate in the forthcoming years. The fact that
many of them are solely focussed on young women should be of major concern. The Copenhagen
study (14) is resiricted to women under 30 years of age, and the medion age of the women in the
Portland study is 34 years (20]. Screening for HPV in very young women would cause many women
to be followed-up (because of the high prevalence in this age group of HPV infections that will
clear} and is therefore nof advisable. Moreover, the fact that prevalence is so much higher in
younger age groups is also an expression of a different natural history of the HPV infections [at least
a higher clearance rate) in this age group. Follow-up results from these women are obviously not
transferable to the older age groups. Hence, further cohort studies should aim of women aged 30~

60 years.
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8
EXTENDED DURATION OF THE DETECTABLE STAGE

BY ADDING HPYV TEST IN CERVICAL CANCER

SCREENING




SUMMARY

The HPV test could improve the (cost-) effectiveness of cervical screening by selecting women with
a very low risk for cervical cancer during a long period. An analysis of a longitudinal study suggests
that women with a negative Pap smear and a negative HPV test have a strongly reduced risk of
developing cervical abnormalifies in the years following the test, and that HPV testing lengthens

the detectable stage by 2 to 5 years, compared to Pap smear detection alone.
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INTRODUCTION

One of the possible uses for the human papillomavirus test (HPV) is in primary cervical cancer
screening in addition to or instead of the current Pap smear (1-3).

infroduction of HPY screening should be based on established {cosi-} effectiveness. The (cost)
effectiveness of HPV testing is primarily determined by the duration of the detectable preclinical
stage (the period from the HPV infection to clinical disease), and the sensitivity and cosis of HPV
tesfing. To estimaie preclinical duration and sensitivity, longitudinal studies on the association
between HPV infection and the development of neoplasias are necessary. Several large
longitudinal screening studies have started. but no long term results have been reported yet,
alfthough smailer longitudinal studies have been published {4-7). These studies differ with respect to
HPV test used, age range of women, study design, and cytological or histological endpoint, which
complicates the comparison and interpretation of these results. It is therefore too early for definite
answers on the value of HPV jesting in primary screening {8-10). But available data can be
explored to derive preliminary estimates for parameters that determine the cosi-effectiveness of
HPV testing. This study investigates the duration of the detectable preclinical stage using the resulfs
of Rozendadl et al. (7). For these estimates, the S-year cumulative incidence of cervical
infraepithelial neoptasia {CIN} Il after a negative Pap smear, the curent screening interval in the
Netherlands, is compared with the cumulative incidence within a doubled screening interval of 10

years {3} in case of a negative Pap smear and a negative HPV test.

MATERIAL AND METHODS

The study population, andg screening and follow-up results are described by Rozendaal et al. (6,7).
Briefly. the smears obtained during routine screening from 1988 to 1991 from a cohort of 2250
women aged 34-54 years, that were either normal or that showed berderiine nuclear changes
were tested for high risk HPV. The women were followed during @ mean period of 6.4 years, using
screen-detected (histologically confirmed) CIN Il as endpoint. Among the 212% (95%) women with
a negative HPV test at baseline, one case of CIN Il was diagnesed at a following screening round.
Of the 121 women with a positive HPY test result at baseline [5%). 12 women with CIN I were
detected later. This resulted in o relative risk of 210, with a 95% confidence interval from 27 to 1600.

The disease model used in fhis study is schematically presented in Figure 8.1. Women without
cervical disease or HPY may become infected with HPV. This infection may clear, or it may progress
o low grade CIN, From ‘low grade CIN', the disease may regress spontaneously or progress to high
grade CIN [corresponding with CIN 1ll), the endpoint of the medel. We assume that CIN Il cannot

develop withoui HPV infection.
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Figure 8.1
Schematic representation of the nafural history model for HPV and CIN
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Dupv duration of HPY infection preceding CIN

Dew  duration of CIN i/l preceding CIN I

In the model we assumed a constani duration of the HPV infection, and an exponentially
distributed duration of low grade CIN with G mean of 6 years. The incidence rate of HPV infections
in the age group considered (34-34 years} was set at 5 per 1,000 woman years {11).

Using the results of the Rozendaal study. the duration of the HPV infection and the probability that
the HPV infection will progress to CIN [l were estimated. On the basis of these estimates it was
possible to calculate the cumulative incidence of CIN IIl within 5 years affer the smear was taken,
the cument screening intervat in the Netherlands, per 1,000 cytologically negative women and the
cumulative incidence of CIN I within 10 years after the smear was taken per 1,000 cytologically
negative/HPV negative women.

Inifially, it was assumed that there were no diagnostic errors, i.e. the results of the HPV test and the
Pap smear as found by Rozendaal et al. {7) reflected the true disease stage of the women. We
used this as our reference model. In alternative models, we studied the conseguences of assuming
diagnosiic errors. We also varied the assumptions on the incidence rate of HPV infections and the

duration of low grade CIN. The mathematical description of the model is given in the Appendix.

RESULTS

In Table 8.1, the results of the reference ond alternative models are shown. Using the reference
values for the model parameters, the duration of HPV infection before progressing to CIN was
estimated at 3.8 years, resulting in a lower cumulative incidence of CIN Il in 10 years for women
with double negative screening results, than in 5 years after a negative Pap smear and an
unknown HPY result.

Next, we dropped the perfect-test assumptions (100% sensitivity] of the HPV test and Pap smear
separately, by assuming 50% sensifivity for detecting an HPV infection and 50% sensitivity for
detecting CIN [+ respectively. Furthermore, we halved and doubled our assumptions on the
incidence rate of HPV infections and the duration of low grade CIN. The estimated range for the
duration of HPV before progressing o CIN widened, from 2 to 5 years. Only where the HPV test was
assumed to have a sensitivifty of 50% for HPV infections that will progress to CIN does the cumulalive
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Table 8.7

Estimated values for the duration of HPY, the probability that the HPY infection will progress to CIN Ill, the 5-
year cumulative incidence in women with a negative smear and the 10-year cumulative incidence in women
with g negative smear and a negative HPV test.

Duratien HPY Probability S-year cum. 10-year cum.
(years) HPV incidence CIN il Incidence CIN Il
pregresses to affer eyt - after cyt-/HPV-
CIN (It {per 1,000 women) {per 1,000 women)
Reference model® 38 0.19 4.1 22
Sensitivity HPV test for HPY 50%2 2.2 0.08 4.4 52
Sensitivity cytology for CIN [+ 50% 3.5 0.14 10.0¢ 4,01
Incidence HPV infections 0.0025 23 0.17 4.5 1.4
Incidence HPV infections 0.010 4.7 0.20 38 37
Mean durcation CIN Il 2 years 4.3 0.1 4.5 22
Mean duragtion CIN [/Il 10 years 3.6 0.27 4.0 2.2

a  Reference model: mean durafion CIN I/Il 6 years, sensitivity HPV 1est for HPV infection 100%, sensifivity cyiology for CIN |+
100% and incidence HPV infections 0.005 per woman yecr

b Assuming fhot the one woman that devetoped CIN Il in {7) after HPY negative test af baseline did net have a false-
negeative HPY test result.

< Due to a limited sensitivity of cytology for CIN Il enly part of these lesions will be detected within the follow-up period
considered,

incidence 10 years after a double negative result become slightly higher than the incidence within

5 years after a negative Pap smear.

DisCUSSION

Qur analysis shows duration of the HPY infection before it will progress into CIN of 2 to 5 years. For
Pap smear screening, the preclinical duration was the combined duration of CIN and micro
invasive cervical cancer, a pericd estimated at 15 years on average [12-16}. Consequently, adding
the HPV test to primary screening leads to duration of the detectable preclinical stage of aimost-20
years in women aged 34-54 years. Furthermore, the 10-year cumulative incidence in women with a
negative Pap smear and HPYV test was lower than the 5-year cumulative incidence in women with
a negative Pap smear and an unknown HPV result. This high negative predictive value of CIN Il in
double negative women is the result of a longer preclinical duration and a better selection of
women, as women with double negative test resuits are at lower risk of cervical cancer than
women with only negative Pap smear results of whorn part will have HPV infections.

These resulfs suggest that an HPV test in combination with the Pap smear, can considerably
lengthen the screening interval in double negative women (3.

The confidence interval around the relative risk found by Rozendaal et al. (6} was targe (from 27 o
1400). The upperbound of the confidence interval results in an HPYV infection duration of 5.5 years.
Assuming a relative risk corresponding to the lowerbound, results in a negligible duration. Even then,
the 10-year cumulative incidence in double negative women is lower than the 5-year cumulative

incidence in women with a negative cytological result, assuming no diagnostic ermrors. This results
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frorn the very low risk of double negative women of becoming infected with HPV infected and
subsequently developing cervical abnormalities in the years following the test. More firm estimates
will be obiained on the basis of the results of the ongoing longiiudinal studies.

The relative risks found in other studies [4.5). respectively 10.0 and 12.7, are lower than the range
studied here. One of the reasons may be that the other studies concern women aged around 20
years. In young women, the occurrence of HPV infections is high {17} and a much higher proportion
of these infections are fransient {18) compared to older women. Therefore, adding the HPV test in
primary screening is not useful for young women {19).

Wwith the current model it is technically not possible to lower the sensitivity of the HPV test and Pap
smear simultaneously. Doing this will probably result in an estimate for the duration of the HPV
infection of around 2 years. Also, the assumptlion of a constani duration of the HPV infection can
be dropped using a more sophisticated model. However, these refinements pay off only when
adequate longitudinal data on HPY detection are available for quantification of the additional
parameters, )

Women may develop CIN Il without first passing the stages CIN | {and even CIN {l) {perscnal
communication G.D. Zielinski, C.J.L.M. Meijer). This situation has been represented by assuming <
relatively short average duration of low grade CIN of 2 years. Together with the assumption that this
stage is exponentially distributed among women, this leads to a situation in which pari of the
women will develop CIN 1l shortly after having no neoplasia. Under these assumptions, the duralion
of the HPV infection before progressing to CIN is estimated o be relatively long. and the selection
of low risk wormen by adding HPV to cytology will be even better (incidence of CIN Il 2.2 versus 4.5,
Table 8.1).

The endpoint of the model was CIN Il as imposed by the data. Invasive cancer is the endpoint to
be preferred as prevention of invasive cancer, and therefore death, is aimed at by cervical cancer
screening. This endpoint, however, does not yield sufficieni power due to the low risk for invasive
cancer in Pap smear screened women, unless extremely large and long-term trials are performed.
The cument estimate on the duration of HPV before developing CIN is a combined estimate for the
duration of HPVY for women who will have a regressive CIN Ill [esion and those that will progress o
cervical cancer. To solve the uncerfainty on the confounding of regressive CIN Il lesions, this
prospective analysis with CIN Iil as endpoeint should be accompanied by archival studies. in which
refrospectively the HPV staius of smears preceding a diagnosis of cervical cancer, is qssessed.
Zielinski et al. {16) concluded in a refrospective study of 57 women with invasive cervicat cancer
that the detectable preclinical stage could@ be prolonged by atf least 2 years by adding HPY
testing. which comroboraies our results. This type of study, however, is susceptible to confounding
biases such as selection and length time bias, which may resulf in an underestimation of the
extension of the detectable preclinical stage as cervical cancers found after participation in a
screening programme may be selective towards fast growing cancers.

Doubling the screening interval for double negative women will result in cost savings, as half of the

screening rounds can be omitted. If, for example, the effectiveness of 10-yearly combined
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screening i the same as 5-yearly screening using the Pap smear, the costs of adding the HPV fest

to the Pap smear must be lower than these savings to be at least a cost-equal alternative. For a full

cost-analysis, other cosis and savings shouid aiso be taken inte account, such as the costs of follow

up in HPV positive/cylologically negative women and possible savings due to a decrease in

detection of regressive cervical lesions because of a longer screening intervat.

In conclusion, adding the HPV test to cytology in primary screening for cervical cancer resulfs in an

additional duration of the detectable preclinical stage of 2 to 5 years. Consequently, the screening

interval for women with cytological and HPV negative test results may be considerably lengthened.

These results remain to be confirmed by the large longifudinal studies that are curently underway.
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APPENDIX

Mathematical formulae of the reference model

If we assume thaf

- incidence rate of HPV is lhpy

- probability that HPV will progress to CIN Il is Pow

- duration of HPV preceding CIN is Dyey

- duration CIN | Al preceding CiN lll is exponentially distributed with mean Daw

Then:
Cumulative incidence of CIN Il after x years for wornen without cervical lesions and without HPV

infection at baseline

*=Dypye

CHPV—- (x)= F * PC.W * J-(I - g™V Dayiy Yy
0

Cumulative incidence of CIN Il after x years for women without cervical lesions but with HPV

infection at baseline

x=Dype X
_ * =31 Depyy *_ 1% _ o Depy
Chra =Ly * By * [(= &P\ Py 6w [(12 g 0umen ) gy
¢ x=Dypy:

Relative risk on CIN Il in women not having a cervical lesions but being HPY infected compared to

women without cervical lesion and HPY infection after x years

*=Dypy

X
IHPV * _[(1 _e".‘"”DL‘.'.\':ru )dy+ 1 % J(l - e‘."'”Dcm-.'.' )aj?
0

Doy
CHPV+ (I) _ Py

CHPV»w (x) IHPV * X-T{E,I’ _ e‘."'i" Depi-n )dy
0

A Dypye

rr{x) =

Cumulative incidence of CIN Al x years affer not having a cervical lesion

I(x) = pupp * Copyp_ (X} + Pypyy * Cpypp, (%)

with parv. and puew the percentage of women without and with HPY infection at baseling

respectively
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INTRODUCTION

In this chapter. first the research questions put forward in chapter 1 are answered, The present state
of modelling in breast and cervical cancer is then described and pricrities for further developments
are given, Finally, several general conclusions and recommendations resulting from the work

presented in this thesis are given.

ANSWERING THE RESEARCH QUESTIONS

. What is the applicability of the MISCAN breast cancer screening model in new

situations?

The MISCAN simulgtion programme is well equipped for use in new situations. However, the breast cancer

screening model must be carefully checked following any modifications to adapt this to new situations.

The MISCAN simulation programme was developed for use in different situations. Models can be
adapted to specific demography, epidemioclogy. screening performance and costs. The Dutch
breast cancer screening model was adapted in this way for Germany (1), Catalonic [Spain) (2).
Florence (ltaly} (3) and the United Kingdom {4).

In chapter 2, the breast cancer screening programme in Navarra was evaluated by implementing
the Navarian characteristics. After these cdaptations, however, the screening results in Navarra
foiled to be safisfactorly reproduced. Various clternative model assumptions on preclinical
duration, sensitivity and the existence of a high-risk group could not resolve this problem. Further
analysis led to the conclusion that the difficulties in reproducing the Navarrian screening results
might also be due to biases in the data, such as overrepresentation of cancers with borderline
malignancy at first screening.

The difficulties in Navarra indicaie that after adapting the model to new situations, the model
cannct be trusted blindly. 1§ must be checked for ifs ability to reproduce the observed incidence,
mortality and screening data of ihe situation under study. In our experience, both problems in the
model and in the data may underie difficulties in reproducing observed screening results. For
example, the natural history structure imposed by the MISCAN model {and other models) may
cause limitations in finding explanations for the cbserved data. The natural history is represented by
a {semi) Markov process with discrete state space in which the states are defined according to the
generally adopted tumour size categories. A distinction is made between screen-detectable
preclinical stages and clinical stages, the latter reflecting the situation following diagnosis on the
basis of symptoms (see figure 1.4}). The sensitivity depends an the preclinical tumour stage and
survival depends on the state in which the woman is diagnosed, either by screen detection or
clinically. The natural history modelled this way is the result of both bioclogical, behavioural and
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technical factors. A biological factor is tumour growth. The patient- and doctor-delay in respanding
to breast cancer sympioms are behavioural factors. A fechnical factor is the smallest size at which
a tumour can be detected. In transferring a model o a new situation, the biological factors should
remain constant, while behavioural and fechnical factors may differ between countries/regions
and over fime. A meoedel in which a more explicit distinction is made between biolegical,
behavigural and technical factors is currently under study at cur depariment. For the Navarrian
situation, such a model might estimate which part the cbserved high detection rate in the first and
low detection rate in the subsequent round results from of women and doctors responding

relatively late to symptoms and which part from a relatively low technical quality of screening.

. How much mortality reduction can be expected in the first years after

infroduction of screening for breast cancer?

The montgiity reduction in the first years affer the start of breast cancer screening will be small and depends,
apart from performonce of screening and treatment, on several factors such as the fostness in nationwide
implementation of the programme. The effect of the screening programme on breast cancer mortality in the
Netherlands was only expected fo be distinguishable from random fluctuation and autonomous frends after

more than 10 yeaors.

The effect of screening on breast cancer moridlity has recently been questioned (5.6).
Nevertheless, there is convincing evidence that screening does lead to breast cancer mortality
reduction (7-2). This reduction will be small in the first years of a screening programme due to the
time lag between early diagnosis and its effect on mortality. Therefore, these changes can only be
distinguished from random fluctuation and trends in the observed mortality rates after a longer
period.

For the Netherlands, taking into account the yeary number of breast cancer deaths and the
gradual infroduction of the screening programme between 1982 and 1997, we estimated that the
probakility of an effect of the naticnwide breast screening programme being distinguishable from
random fluctuation would be high in the age group 55-74 8 years after the infroduction of the
screening programme, that is, from 1997 onwards (Chapter 3}. The observed mortality figures in the
years 1997, 1998 and 1999 for the age group 55-74 are indeed significantly lower than the moriality
in the pericd before screening, 19846-1988 {10). This may be ¢ first indication of the effectiveness of
the Dutch nationwide screening programme.

However, other factors may also have contributed to the observed decline in breast cancer
mortality, such as changes in background incidence of breast cancer, the trend towards earlier
diagnosis e.g. because of women's general higher awareness as regards symptoms, or
improvements in treatment. This is illustrated by the 12% reduction in breast cancer mortality
observed among the age group of 55-6% within seven years after the infroduction of the NHS breast

cancer screening programme in England and Wales (11), Taking info account the demographic
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and epidemiological characteristics of England and Wales, we predicted that the morality
reduction induced by the screening programme af that time would be 8% [Chapter 3). The
additional observed mortality reduction might therefore be due to improvements in treatment,
such s the widespread adoption of tamoxifen during this period, but random fluctuation may also
play a part. Combining individual data on breast cancer mortality, participation and freatment

may enable an assessment of the separate effect of screening to be made (9).

lll. Which Pap smear based cervical screening policies are optimal with respect to

cost-effectiveness?

The optimal age range of cervical cancer screening policies increases from age 40-52 years for policies with
two examinations during a woman’s lifetime to age 20-80 years for policies with more than 20 examinations:
the screening interval decreases from 12 to 1.5 years. The incremental costs per life-yeor goined increase
tremendously with increasing number of scheduled examinations. In chapter 5, we estimated the incremental
cost-effectiveness rafio to be US$ 6,700 per iife-year gained for 2 scheduled examinations during @ woman's

lifetirme and US§ 173,700 for 40 examinations.

The decision on the number of scheduled examinations could be based on the tevel of incremental
cost-effectiveness that is considered acceptable. For a policy maker, if the decision regarding a
policy depends only on a maximal allowed value or threshold value for the incremental costs per
life-year gained. then for reference values of $15.000, $30.000 and $60.000, screening policies with
five. 10 and 20 scheduled examinations, respectively, and screening intervals of 9, 5 and 3 years,
respectively, are optimal.

Inclusion of quality of life aspects will make screening programmes with a large number of
scheduled examinations more unfavourable due fo the higher number of false-positive test results
and overdiagnosis of preclinical cervical lesions that oiherwise would have regressed

spontaneously.

IV. What is the cost-effectiveness of the cervical screening practice in different

European countries?

The cost-effectiveness of cervical cancer screening in Europe varies widely. because of considerable variation
in the recommended number of scheduled examinations ranging from 7 in the Netherdands and Finland to
more than 50 in Germany. Even if the implemented or recornmended screening policy has a favourable cost-
effectiveness ratio. the cost-effectiveness of actual screening practice is usually much less favourable due to
systematic non-aftenders and to smears taken outside the target age range or taken afier too short an

interval,
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The relative risk after negative screening is calculated by dividing the observed incidence after
negative screening by the incidence that would have occcumed in a situation without screening.
This background incidence, however, cannot be observed. Using the incidence in the screening
situation will lead to underesiimation of the background incidence, as screening will reduce
cervical cancer incidence. Cur study, and some of the countries pariicipating in the IARC study,
used the incidence from the period before screening became widespread. This, however, may also
not be appropriate, due to secular changes in incidence over time.

In the Netherlands, cervical cancer mortality started fo decrease before screening started. This also
holds for the incidence and/or mortality in other European countries. Therefore, the relative risk may
have been underestimated in both our study and the JARC study, resulting in too favourable
assumptions used to assess the effecfiveness of screening so far. If so, to keep the cost-effectiveness

on fevel, fewer smears per women would be indicated.

VI. What is the evidence for the (cost-)effectiveness of HPV testing in primary

cervical cancer screening?

Resulls of longitudinal studies published so far indicate that adding the HPV test to primary screening may lead
to a considerably fonger screening interval for women with both a negafive Pap smear and a negative HPV
test. These resulls remain to be confirmed by the ongoing large longitudingl studies. A full cost-effectiveness
analysis, including the costs and effects of the follow-up of HPV positive and cytologically negative women,
has to be performed before recommendations can be given on the infroducfion of the HPY test in primary

screening.

The HPV test has the potential fo improve primary screening. The results in chapter 7 show that
cross-sectional data on HPV allow no cenclusions on the {cosi-)effectiveness of the use of tThe HPY
test in primary screening. It was concluded that only results of large longitudingl screening studies
on the association between HPV infection and the development of neoplasias would enable firm
conclusions on the {cost-Jeffectiveness of HPV screening. Since then, large longifudinal studies
have starfed, for which no long-term results are yet available. In the meantime, however, several
small longitudinal studies have been published. Results of these studies indicate that if the HPV test
i$ added in primary screening. the screening interval for women with ¢ negative Pap smear and a
negative HPV fest may be lengthened considerably to achieve equal effectiveness (Chapter 8).
When the results are confirmed by the longitudinal studies, cost-effectiveneass estimates can be

used to assess the optimal length of the screening interval.
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THE USE OF MODELLING IN EVALUATION OF BREAST AND CERVICAL CANCER

SCREENING

Modelling in breast cancer screening: present state and future

Several sophisticated breast cancer models (22-34) have been developed for the evaluation of the
cost-effectiveness of different screening policies for breast cancer. In ongoing breast cancer
screening programmes, modeling is used in the monitoring of screening programmes by
comparing the expecied and observed short- and long term results. In the yearly reports of the
National Evaluation Team for Breast Cancer screening in the Netherlands, short-term screening
results such as detection rates and interval cancer rates were compared to the resulis predicied by
MISCAN (10.35-44). It appeared that the detection rafes of subsequent screenings and interval
cancer rates were lower than predicted by the MISCAN model. Also, the stage distribution of
cancers detected at screening was less favourable than expected. The new breast cancer model
under development at our department, in which an explicit distinction is made between the
biolegical, behavioural and technical factors, can be used in exploring explanations for these
differences; false reassurance is an example of this {45). MISCAN predictions suggested that
screening would have a significant influence on breast cancer mortality from 1997 onwards (35).
Now that death siatistics have become available for 1998, evaluation of the long term screening
results, including breast cancer mortality reduction, can be initiated. Preparations for a detailed
analysis of breast cancer mortality have been started [9).

Alongside the monitoring of the resulfs of ongeing screening programmes, breast cancer models
are used for investigation of the cost-effectiveness of new techniques for screening, diagnostics
and treatment. A recent example is the investigation of the cost-effectiveness of using stereotactilly
guided core-needle biopsies as ¢ diagnostic procedure for nonpalpable breast lesions, instead of
surgical excision biopsy following wire localisation {46). This change was predicted to improve
qudlity of life and reduce the fotal costs of diagnosis and treatment of breast carcinoma ai the
expense. however, of a slight increase in breast cancer mortality because of a loss in sensitivify,

In the future, the cost-effectiveness of the use of digital mammography instead of the conventional
analogue screen film mammography may become a modelling research topic. At this moment,
we are merely at the beginning of the digital mammography era. Already, however, several
promising features of digital mammography are becoming evident, such as better image quality,
ease of image manipulation and archiving, and image availability.

Modeliing is also of use to study the cost-effectiveness of lowering the starfing age of breast cancer
screening and of oplimising screening in high risk groups for breast cancer. There is an ongoing
debate on the effectiveness of breast cancer screening for women in their forties. Most of the
randomised frials conducted with mammographic screening were not designed to provide insight
into the effectiveness of screening under the age of 50. For these trials, subgroup analyses only

were possitle. These comprised only a small number of women and therefore vielded non-
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significant and opposite outcomes. A frial is curently running in the United Kingdom to study the
effect on breast cancer mortality of mammographic screening in women before age 50. However,
the results of this frial will not become available until after 2010. Even if the effectiveness of
screening women before age 50 is established, its cost-effectiveness must still be assessed. The cost-
effectiveness in women under 50 is expected to be less favourable than for women above 50, due
to a lower incidence and possibly lower sensitivity in the younger women.

Women with a familial history of breast cancer are at a high risk for breast cancer. The {cost-)
effectiveness of infensive screening (with or without chemoprevention) of these women should be
closely monitored taking into account new develepments, and compared to prophylactic surgery,
an option that should preferably be avcided. The use of magnetic resonance imaging (MRI)
instead of mammography may be an alternative for these women [47,48). The (cost-) effectiveness

of these developments is currently being menitored at our depariment with the use of MISCAN (49).

Modelling in cervical cancer screening: present state and future

As described in Chapter 1, most of the cument efforts in medelling cervical cancer screening
concern the natural history of the HPV infection and possibilities for the use of the HPV test in
cervical cancer screening (50-54). An effective and affordable prophylactic vaccine for HPY
would change the discussion on cervical cancer prevention completely. The first results of an HPV
type 16 vaccine in healthy women have recenily been published {55).

The effectiveness of a vaccine will depend on the high risk genotypes included in the vaccine.
Increasing the number of types is also likely to increase the cost of vaccination. Moreover, a
vaccine against a limited number of genctypes could increase the absolute importance of other
types in causing cervical cancer through a number of mechanisms (56). Further, a small part of the
invasive cancers [<5%) develop without prior HPV infection or with an unknown high risk genotype.
Therefore, a vaccination and screening programme may be combined; the vaccine will reduce
the incidence of the disease and screening will detect the cases that are not prevented. The
resultant decrease in incidence may, however, be detrimental to the cost-efiectiveness of a
paraliel screening programme. Determining the optimum combination of vaccination and
screening is a future challenge in cervical cancer modelling.

The largest part of adverse effects of cervical cancer screening occur in women with false-positive
test results and in women detected at screening with preclinical cervical lesions that would have
regressed spontaneously if not detected. False posifive test results lead to additional smears,
referrals for colposcopy and other diagnostic procedures. As no distinction can be made between
progressive and regressive preclinical lesions, both will be ireated, leading to overtreatment. In the
oplimisation of screening policies, these unfavourable side-effects should ideally be taken into
account. Therefore, the cost-effectfiveness should also take healih related quality of life into
account. However,l no measurements of gquality of life in the health states produced and
prevented by cervical cancer screening have been reported to date. Tentative calculations using

quality of life measurements related to comresponding breast cancer screening states show a
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Chapter 5 shows that the incremental cost-effectiveness ratio of cervical cancer screening policies
in Europe varies by more than g factor of 20, assuming a constant coverage among countries and
no opportunistic screening.

In practice, the cost-effectiveness of cervical screening in different European countries is also
influenced by the coverage and the number of excess smears, i.e. smears taken outside the target
age range or taken affer too short an interval without aimost any additional effect {Chapter &).
Differences in coverage from 50% to 82% were observed. Moreover, non- participating women
were found to be at a high risk for cervical cancer (12-14).

Differences in excess smear use from 3 to 130% were found. These differences partly compensated
the differences in number of scheduled examinations, as differences in excess smears combined
with the number of scheduled examinations, resulted in an up to fourfold difference between the
various European countries with regard to the number of smears iaken over the course of a
woman's lifetime.

To improve the cost-effectiveneass of screening programmes, measures should be taken fo increase
the coverage and decrease the number of excess smears, Also, when evaluating new screening
techniques. whether or not these will influence these parameters should be taken info account, For
example, self sampling for HPV may be a method to reach women thai do not participate in

cervical cancer screening programmes {1.5).

V. What is the incidence affer negative screening in the Netherlands and does this
correspond to the resulfs from a multicouniry analysis on which most models for

cervical cancer screening have based their assumptions?

Dutch screening data show a low relative risk for cervical cancer incidence throughout a large
number of years affer negative screening using the Pap smear. This coresponds fa the result from a
muliicountry analysis for the first years affter negatfive screening. After 4 years, the relative risk
observed in the multicountry study was higher than in the Netherlands. However, in both analyses
the effectiveness of cervical cancer screening may have been estimated too favourably due to

overestimation of the background incidence.

The effectiveness of the Dutch screening practice in selecting screen-negafive women, who are at
a low risk for cervical cancer and require rescreens only affer a certain period, is shown in chapter
4, Screen-negative wémen were found to have a reduced risk for more than 10 years.

This decrease in relative risk depends on the duration of the preclinical stage and the sensitivity of
the screening test. Therefore, estimating the relative risk after negative screening gives useful
information for parameterisation and validation of a model. The duralion and sensitivity estimates
of most models in cervical cancer screening are validated against the JARC estimates of the

relative risk {16-19), which are based on the results of eighi screening programmes (20,21).
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considerable influence on the effectiveness of cervical screening. Increasing the smear frequency
may lead to negative incremental healih effects {57). Careful assessment of the qudlity of life
aspects of cervical cancer screening is therefore indicated. At our department, a research
proposdl has been developed fo this end. Quality of life aspects should also be taken into account
in the discussion on the introduction of the HPV fest in cervical cancer screening, The use of the
HPV test will generate a new group of HPV-positive women, which should receive follow-up. As
cervical cancer is a rare complicafion of an HPYV infeciion, a considerable number of unnecessary
follow-up procedures will result, accompanied by the exira concern and anxiety for the women in
question,

Pap smear screening quality depends on a series of successive actions, starting with smear taking,
followed by processing the cellulgr material, evaluation of the smear and communicating the
smear result, Improvements in each of these procedures will lead to improvement in the overall
performance of Pap smear screening. Current developments focus on the improvement of the
preparation of the cellular material (liquid based screening) and evoluation of the smear
{computer aided screening). With the use of modelling, the trade off between sensifivity and
specificity for these or other new methods can be expressed in costs per [quality adjusted] life year

gained to support the decision making process on the infroduction of these techniques {58).

Uncertainty analysis

Uncertainty about the frue numeric values of the model parameters (e.g. demographic,
epidemiological and screening characteristics) is known as parameter uncertainty, Te deal with
parameter uncertainty, a sensitivity analysis or an unceriainty analysis can be performed.

In o univariate sensitivity analysis the values of the parameters are successively changed o assess
the impact of uncertainty on the model cutcomes. In a multivariate sensitivity analysis several
parameters are involved simuitaneously. In this way the combined influence on the outcome
measures of changing these parameters can be investigated. The computation time increases,
however, as a function of the number of uncertain parameters and the values considered for every
parameter. When considering lorge numbers of parameters and values, uncertainty analysis may
be more appropriate than sensitivity analysis. in uncertainty analysis, the uncertainty is specified by
a multivariate probability disiribution of the parameter values. Parameter values are repeatediy
drawn from the multivariate prebability distribution, and the model outcomes are calculated for

that draw of parameter values.
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Table 9.1

Uncertainty analysis for cervical cancer screening in the Nefherlonds: frequencies (%) for which a policy is
preferred to a subset of policies. A policy is prefered when: (i) its ICER does not exceed a given threshold
value, and (i} the iCERs of the other policies are smaller than or equal fo the iCER of the preferred policy. For
each threshold value the highest frequency is underlined. The frequencies in each column add up to 100%.

Sereening policy: Threshold value of the ICER:
Number of invitations: first age (interval) last age
15.000 30,000 40,000
£5¢ 56.5 6.5
6:32(7) 67 21.0 30
7:32(6) 68 13.0 50
8:27(7) 76 4.5 18.0 3.0
9:27 (6) 75 20 15.5 30
10:27 (5) 72 3.0 39.5 10.0
¥5:22 (4) 78 120 47.5
20:20(3) 77 0.5 22.5
25: 20 {2.5) 80 5.5
30:22 (2) 80 1.5
40:20 {1.5) 78.5

@  Qnly ascreening policy with five invitations was included 5:30(9)68.

An uncertainiy analysis was performed on the results of fhe cost-effectiveness analysis of cervical
cancer screening described in chapter 5. Some of the model parameters could be specified quite
precisely; for example, this was the case for the demographic parameters and the parameters
describing the prognostic effect of treatment of non-invasive lesions. Other parameters were
uncertain. For these parameters, the uncertainty around the point estimates that were used in
Chapter 5 needed o be quantified. The parameters included in the uncertainty analysis are the
lifetime risk for cervical cancer for the different birth cohorts, the proportion of progressive lesions
occuring at higher ages, the mean duration of the disease stages, survival after clinical detection,
aftendance at screening. the relative risk for cervical disease in never-attenders, the sensitivity ond
the specificity of the screening procedure, the improvement in prognosis after screen detection of
invasive preclinical cancers and the costs of palliative treatment in non-curable disease. If data
were available, stafistical analyses were performed fo assess the uncertainty around the poini
estimate (for example the mean duration and sensitivity of the preclinical disease stages). and
assumptions on the uncertainty were made by experis for the remaining parameters.

The cosis and effects of the screening policies that were found to be optimal in Chapter 5, were
predicted again, taking info account the parameter uncertainty. A large number of life histories
were simuloted to obitain these predictions, in order to reduce the influence of random fluctuation.

The results showed that the uncertdinty about the parameters induces a large uncertainty in the
predicted number of life-years gained, the 5% percentile being about 50% lower and the 95%
percentile being 80% higher than the median number of life years gained as illustrated in figure 9.1,
The impact of parameter uncertainty on the costs is much smaller, with a standard deviation of 9%
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Figure 9.1

Uncertainty analysis for cervical cancer screening in the Netherands: percentiles of the empirical distribution
of the life years gained, and the mean cosis for the screening policies included. The number of scheduled
examinations is indicated for each policy. Costs {US§ in millions} and effects {life-years gained] are per
1,000,000 women in the simulafed general population per year of the screening program.
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for 5 invitations decreasing to 6% for 20 or more invitations, compared to a standard deviation of
35% for the number of life~years gained.

The uncertainty in choice of screening policies is shown in table 9.1 for various threshold values of
the incremental cost per life year gained (iICER]. The large uncertainty about the preferred policy
for given threshold values is a direct consequence of the almost fourfold difference betweaen the
5% and 95% percentiles in the number of life years gained. It is reassuring to note that the policies
that are prefered with the highest frequency for the threshold values of $15 000 and $30 000D
correspond to the optimal screening policies, without taking uncertainty into account, to wit the
policies with 5 and 10 scheduled examinafions {Chapter 5). Interestingly. at the $460 000 threshold
value, a less intensive screening policy with 15 scheduled examinations was prefered most often
when taking uncertainty into account, compared to 20 scheduled examinations when not taking
uncertainty inte account (Chapter 5).

Besides quantification of the uncertainty in the estimated cost and effects, the parameters that are
the main cause of the uncertainty can be identified in an uncertainty analysis. In our study, most of
the uncertainty was due to a small number of parameters. The most important parameter is the risk
of developing cervical cancer if screening would not exist, especially for cohorts of women born
after 1948. The second parameter is the incidence of progressive preclinical stages after the age of
55. This parameter especially influences the effectiveness of screening in older women. This kind of

information can be used to select the parameters regarding which additional efforts te reduce this
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uncertainty could be undertaken. If it is not possible fo reduce the uncertainty for these
parameters, the uncertainty must be accepted as inherent fo the decision making process in that
situation.

Besides parameter uncertainty, there is also uncertainty about the siructure of the model, although
these two typeas of uncertainty are sometimes closely associated. An example of model uncertainty
concerms the asymptomatic, preclinical stage of cervical cancer. Several different hypothesised
forms {‘structures’) are plausible given the available data. The only appropriate way to deal with
uncertainty about the structure of the model is computation of the outcomes under each
alternative structural assumption. Therefore, in designing a new maodel, the focus should not be on
a single structure. A meore general model, in which several structures of the process under study can

be embedded, is better equipped to deal with model uncertainiy.

Validity of models

Screening recommendations should be bosed on validated models. For an exomple of the
consequences of using insufficiently validated modets for making recommendations, see Appendix
1. Recommendations should be made with care if uncertainty exists about the underlying process.
For example, it has been suggested that women older than 50 vears of age might be withdrawn
from the cervical cancer screening programme in the United Kingdom, if they had a current
negative smear together with a recent history of negative smears or together with a negaiive HPV
test (51). The model used assumes that most invasive cancers occurring over age 50 will have
dlready been deiected by screening before age 50. Hence this model is a pricri bound fo predict
only small increases in incidence when women are withdrawn from screening before the
recommended age of é4. The authors acknowledge that the clinical course of disease in older
women and the natural course of HPV infection are not well understood, which makes their
recommendations speculative (see Appendix 2).

In general, validation of @ model, consisting of demonstration of iis face validity, and its infernal
and exiernal validity, should take place before using the model for prediction and evaluation.
Furthermore, after adaptation of a model to a new situation the model ocutcomes have fo be

checked against observed resulis,

Communicaling and understanding complex modeis

In scientific research, not only the resuls but also the methods used to abtain the results should be
available in the public domain. By providing information about the model used, interested parties
can perform an independent check of the model by reproducing the results using the method
provided. Therefore, o full description of the model structure and input characteristics should be
given. This may also diminish feelings of having to deal with a 'black box'.

In the past, scientists were dependent on the willingness of scientific journals to publish descriptions

of the model used. Most medical journals only aliowed a short description instead of a detailed
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explanation of the model in question. Nowadays, a host of new possibilities to provide information
are available, of which the website of the journat is by far the most preferred.

Two general descriptions of the MISCAN simulation programme have been published in scieniific
journals {59,60). Furthermore, detailed reports on the breast cancer and cervical cancer modet
used in the decision making process on the national screening programmes for breast and cervicat
cancer have been published in Dutch (61-64}. More efforts should be made to communicate the
MISCAN programme and disease medels internationally, This may be done by putting the full
information on a website.

Furthermore, discussions on the model and its outcomes should be encouraged with persons
interested in modeliing outcomes, such as clinicians, to solve miscommunications arising from the
different professional backgrounds.

A very useful initiative in both respects is the 'model profier’ that has been designed and is
currently being developed within the framework of the Cancer interveniion and Surveillance
modelfling NETwork  {CISNEE) inifiated by the National Cancer Institute  (USA)
(http://fcisnet.cancer.gov). The model profiler provides a unified way of disseminating specific
model information, as well as a means for comparisons between models. This initiative enables

detailed description of fhe model structure cnd the input parameters to be provided.

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

- Validated {breast) cancer models should not be fransferred blindly fo other sifuations.

- The costs per life-year gained of cervical cancer screening progremmes with a large number
of scheduled examinations are considerably higher than in case of a small number of
scheduled examinations.

- Bvaluating the effectiveness of cervical cancer screening programmes s hampered by
uncertainty on the incidence that would have occured in a situation without screening.

- [If an HPV test is used in addition o cytology. the screening interval may be considerably
lengthened for women with negative test results for both cytology and HPY testing.

- Mathematical models are an important fool in the evaluation and monitoring of screening for

breast and for cervical cancer.

Recommendations

- A breast cancer model with a clear distinction between biclogical, behavioural and technical
factors should be developed and tested in its ability o explain observed breast cancer

screening resulfs from different situations,
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Linked individual data on breast cancer mortality, participation in breast cancer screening
and freaiment should be available to separate the effect of breast cancer screening on the
breast cancer mortality from that of using different freatment modadilities.

As soon as long-term follow-up data of large HPY screening frials are available a cost-
effectiveness evaluation should be performed to determine the optimal role of the HPY test in
cervical screening.

Models should be validated before they are used for evaluation and prediction.

Detailed information on models should be publicly available.
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APPENDIX 1

COMMENTS ON DUFFY/CHEN MARKOV CHAIN

MODELS FOR PROGRESSION OF BREAST CANCER




LETTER

Chen and colleagues recently published two articles on Markov chain models for investigation of
the natural history of breast cancer in terms of tumour size, lymph node spread and histological
grade(1.2). We think the models do not agree as well with observed daia as has been suggested
and that the effectiveness of shortening the screening interval for women in their forfies is
overestimated.

In the article on tumour atiributes cnd the preclinical screen-detectable phase Chen ef al. (1)
check the appropricieness of their models by comparing the observed and expected number of
cases for two of their models and by calculating the x? test statistic for these models. They
conclude that there is a significant difference between observed and expected numbers only in
the 50-59 age group in the model for size alone [M-5-2 model) and that the fit in the model for size
and node status together {(M-N-§ model] is good. We disagree with this conclusion on several
grounds. First, we do not understand the very low expected numbers of interval cancers ond
clinical cancers arising in the control group before screening with size < 2 cm and node
involvement in the M-N-3 model (Table 12). These expected numbers result from the low estimate
for the 1 year transition probabilities from the initicl states ‘preclinical, N(-), < 2 cm™ and 'preclinical,
N{+}.< 2em' to the final state 'clinical, N{+], <2cm’. We think that these estimates do not give the
maximum likelihood since higher values for these transition probabilities will improve the fit of the
model considerably, as expected numbers of 0.00015 and 0.0013, compared with observed
numbers of 8 and 23 respectively, clearly indicate that the meodel is not corect in this aspect.
Second, we are even more concerned about the comrectness of the use of the goodness-of-fit test,
with respect to both the calculation of the ¥2 test statistic and the assessment of the p-value.
According to the expected and observed number of cases based on the M-N-8 model {Table 12)
we calculated the x? test stafistic to be 62.4 and 833,544.3 instead of 31.1 and 25.4 for the age
groups 40-49 and 40-69 respectively. Cansequently. the null hypothesis that the cbserved data
coincide with model expectaiions must be rejected for these age-groups.

We have serious doubis on the number of degrees of freedom used in determining the p-values. If
the modet and its parameters are specified, e.g. fitted on another independent data set, then, if k
independent data categories are involved in the vdalidation procedure, the test staiistic has a y?
distriibution with k degrees of freedom. However, in this case the r model parameters are maximum-
likelihood estimates based on individual data from the same daia set as the k data categories
used for validation. The distribution of the test statistic will then fall beiween a ¥? distribution with k-r
degrees of freedom and a 2 distribution with k degrees of freedom (3.4). Therefore the numbers of
degrees of freedom are certainly not 10 and 20 for the M-3-2 model and the M-N-§ model
respectively, but fall between 5 and 10 for the M-5-2 model {five model parameters} and between
5 and 20 for the M-N-§ model (15 model parameters). As a consequence, the observed and
expected numbers are alse significantly difierent for the 40-49 age group in the M-$-2 model, and

the fit of the M-N-$ model for the 50-59 age group becomes doubtful.
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bue to the unsatisfactory validation results of the two presented models, we doubt the validity of
the other models, for which the results of the goodness-of-fit test are not shown, and therefore the
value of the conclusions concerning the process of dedifferentation.

In the accompanying paper the Markov chain models are used for prediction of ocutcomes for
different screening regimes (2). The models predict remarkably low mortality reductions for a 3 year
regime in the 40-49 age group, some models predict even higher mortality than in a situation
without screening. The authors do not explain how the model can predict screening fo cause
breast cancer moriality, instead of the intended prevention of it. This is probably due to the fact
that the model assumes a death rate storting at the moment of screen detection. In this way
wornen are at risk of dying from breast cancer during their lead fime, even if they would nof have
been diagnosed in ¢ situation without screening. If this effect appeared in redlity, it would provide
a strong argument against screening. Without such defrimental effect, we expect the increase of
efficacy by shortening the screening interval to be much more moderate than presented.
Obviously, shorfening the screening interval cannot possibly cause an increase in the percentage
of mortality reduction which is more than proportionai to the increase in the number of screenings
performed.

Although modelling is a useful tool in the evaluation and planning of cancer screening it should be

applied carefully and extensive validation of models is required.
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APPENDIX 2

WITHDRAWING LOW RISK WOMEN FROM CERVICAL
SCREENING PROGRAMMES; CONCLUSIONS

CANNOT YET BE DRAWN




LETTER

Sherlaw-Johnsen ef al. evaluated policies for withdrawing women from the cervical cancer
screening programmes before the recommended age of 64, using a mathematical model (7). Their
results were obtained with specific and uncertain model assumptions, which were insufficiently
subjected to validation and sensitivity analysis.

From the description of the model in cifed earlier papers, most new cases of cervical intraepithelial
neoplasia seem to originate at younger ages. The duration is assumed to be independent of age
and very long on overage (50 years for cervical intraepithelial neoplasia grade ). This implies that
maost invasive cancers occurring over age 50 started as cervical infraepithelial neoplasia before
age 50, which couid thus be detected by screening before age 50. Hence this model is bound to
predict only small increases in incidence when women are withdrawn from screening before the
recommended age of 44.

The sensitivity analysis considers only small adaptations of this basic assumption. Other models, for
which detailed analysis of screening data and data on the incidence of cancer was used, resulted
in much lower esiimates of the mean duration of cervical intraepithelial neoplasic (2-4). These
models would predict less favourable effects of withdrawal policies.

Present data on human papillomavirus cllow for widely different models, some of which are and
some of which are not favourable for use in screening (5). Given this uncerfainty, it is not yet
possible fo come to conclusions about the impact of withdrawing women from cervical screening
programmes if results of their smear test and o simulianeous test for high risk types of human
papillomavirus are negative.
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SUMMARY

Cancer is an important public health problem. In the Netherdands, the cancer mortality rate was
271 per 100,000 men and 218 per 100,000 women in the year 1998. Lung, prostate and colorectal
cancer are the principal cancers in men, and breast, lung and colorectal cancer in women,

In the Netherlands screening programs for breast and cervical cancer were introduced in order to
reduce morbidity and mortality due fo these cancers.

A screening programme should only be infroduced after its effectiveness has been established,
preferably by randomised controlled trials or otherwise by evidentially convincing observational
studies. Empirical studies give an answer to the value of a specific screening policy in a parficular
epidemiclogical situafion. It is not possible to perform empirical studies for all of the alternatives.
Modelling is used to extrapolate the results to other policies and situations.

Costs of a screening programme are also important. In a cost-sffectiveness analysis, costs and
effects of inferventions are compared., The resulfing cost-effectiveness ratio can be used to decide
between different screening policies, and also for the comparison of screening with other health
interventions,

Various possibilities for the use of mathematical models in the evaluation of cancer screening exist.
Mathematical models can be used for 1) data analysis, 2} evaluation/meniforing and 3)
planning/optimisation. In data analysis, models are used to test hypotheses about the natural
history of the disease, characteristics of the screening test and the association between early
detection and risk of dying from the cancer. In evaluation, the resulis of a screening programme
are compared to the model outcomes. If they differ, the model can be used in exploring possible
reasons for these differences. Using modeling for planning and optimisation results in cost-
effectiveness estimates and oplimal sirategies for screening programmes for a specific sifuation.

In this thesis different mathematical models are used in studying screening for breast and cervical
cancer. The microsimulation program MISCAN s frequently used. This model is developed at the

Department of Public Health, Erasmus MC, for the evaluation of screening for cancer.

In chapter 2 the results of the breast cancer screening programme in Navara (Spain) were
compared with predictions from MISCAN, based on the demographic, epidemioloegical, and
screening characteristics of Navarra. The detection rate in the first round was higher than
predicted, while the rafe in the subsequent round was lower than expected. Alternaiive
assumptions could not satisfactorily explain the first and second round results together.
Nevertheless, the annual mortality reduction was expected to range belween 17 to 23%.

The effects on the breast cancer mortdlity will be small in the first years after the start of screening
{Chapter 3). Accordingly, it was expected by the MISCAN model that the reduction in breast
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cancer moriality due to the Dutch nationwide breast screening programme, which staried around
1989, would only be visible from 1997 onwards. In England and Wales a 12% mortality reduction was
reported within seven years after the infroduction of screening. Modelling results showed that 70%
of this percentage was expected to be aftributable to screening, and the remaining part to

improvements in freatment of breast cancer.

Cervical cancer screening uses the Pap smear as screening test. When abnormalities are detecied,
the woman is advised o have further diagnostic evaluations. When no abnormalities are found in
the smear, the probability of developing cervical cancer in the years after the smear is very small.
Comparing the number of cervical cancers after negafive screening with the number of cervical
cancers in a situation without screening in the Netherlands, indeed show a strongly reduced risk of
cervical cancer for o period of more than 10 years following a negative smear (Chapter 4).

A precise sstimate of this reduction is hampered through lack of information about fhe
background incidence, i.e. the incidence in a sifuaiion without screening. This incidence will be
different from the observed incidence in a situation with screening. as an effective screening
programme for cervical cancer screening will reduce the incidence. It is shown that taking the
incidence from the period before screening was infroduced can result in an overestimate of the
reduction in incidence due to cervical cancer screening, as there is evidence that the incidence
has decreased independently of screening. Because this trend has often not been accounted for,
several analyses may have overestimated the background risk and consequently the effect of
screening.

In many countries in Europe, North America and Australia screening programmes for cervicol
cancer are running. However, recommended screening policies differ widely. The number of
scheduled Pap smears per woman varies from seven in the Netherlands and Finland, compared to
more than 50 Pap smears in Germany. The recommended inferval between Pap smears is one year
in Germany, while it is five years in the Netherlands and Finland. The age range in which Pap smears
are taken varies accordingly. The starting cge varies between 20 and 30 years, and the lost
screening age between 59 years and no upper age limit.

Using the MISCAN model, the costs and effects of almost 500 screening policies are determined
(Chapter 5). The costs and effects of the different policies were compared to identify the efficient
policies, i.e. no alternative policy exists that results in mere hife-years gained for lower cosis. Fifieen
efficieni screening policies have been identified, considering two o 40 scheduled examinations.
The incremental cost-effectiveness rafic increased from $ 4,700 per life-year gained {two scheduled
examinations) to $ 173,700 per life-year gained {40 scheduled examinations).

Although for most countries the recommended screening policy was reasonably close io an
efficient policy. the high number of smears scheduvled per woman implied an unfavourably high
cost-effectiveness ratio.

In practice the cost-effectiveness of screening is negaiively influenced by deviation from the

recommended strategy. Part of the women does not participate in screening. This is unfavourable
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for the effectiveness of the screening programme, especially because non-participating women
have a higher risk for cervical cancer. Other women have more smears during lifetime than
recommended. These smears add little to the effectiveness, while the costs of screening will

increase proportionally to the number of smears {Chapter 6).

The hurnan papillomavirus [HPV} is the main causative factor for invasive cervical cancer. The use
of HPV festing in cervicat cancer screening is currently being investigated. In chapter 7 we show,
with the use of the MISCAN model, that cross-sectional data do not allow firm cenclusions on the
{cost-) effectiveness of the HPV fest. It was possible 1o construct two widely different model
quantifications, one favourable for HPV screening and one unfavourable, which were both
compatible with the observed HPV prevalence in women with and without cervical neoplasia. In
the favourable model the duration of the HPV infection preceding the development of cervical
cancer was assumed fo be 10 years, while the unfavourable model assumes a duration of one
year,

For conclusions on the {cost-)effectiveness of the use of the HPV test in cervical cancer screening.
longitudinal data are needed. By now several large longitudinal HPY screening studies are
underway. but their results are only available around 2005. In the meantime, we investigated the
natural history of the HPV infection in combination with the (precursors of} cervical cancer using the
results of a small longitudingl study. On the basis of this study (Chapter 8}, the duration of the HPY

infection that will progress into cervical neoplasia was estimated befween two to five years.

As illustrated above, models are important in the evaluation of cancer screening. In this thesis,
models were used for data analysis, evaluation and optimisation. However, there are some
remaining topics concerning the use of models that need special attention. These are uncertainty
analysis, the validity of models and the communication of complex meodels {Chapter ¢},

When using models, it is imporiant to investigate the consequences for the model outcomes
caused by the uncertainty around the parameters used as model input. Therefere, uncertainty
analysis can be used, in which the uncertainty around the parameters is specified and the
influence on the model outcomes is assessed. Uncertainty analysis can also be used to identify the
parameters that are the main cause of uncertainty. This kind of information can be used to select
parameters regarding which additional research to reduce this uncertainty could be underfaken.
Otherwise, the uncertainty must be accepted as inherent to the decision making process in that
situation.

Before its use for prediction and evaluation, the models have fo be validated adequately.
Therefore, the structure of the model should make sense {o people who have a good knowledge
of the problem (face validity). Furthermore, the model should reproduce the data used to estimate
the parameters for the model {internal validity) and the model predictions should compare well jo
empirical data that are not used for parameter esiimation of the model, if available (external

validity).
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However, also validated models have to be checked against observed results after adaptation of
the model te a new situation.

In scientific research, not only the results but also the methods used to obtain the results should be
available in the public domain. In this way. interested parties can perform an independent check
of the model. This may also diminish feelings of having to deal with a ‘black box'. In the past, it was
regulary difficult to have detfdiled model descriptions published in the scientific journals, Most
medical journals oniy allowed a short description. Nowadays, a host of new possibilities to provide
information are available, for example by puliing information on a website. The website of the

journdal is by far the most preferred.

Conclusicns

- Vdlidated (breast] cancer models should not be transferred blindly to other situations.

- The cosis per life-year gained of cervical cancer screening prograrnmes with a large number
of scheduled examinations are considerably higher than in case of a small number of
scheduled examinations.

- Evaluating the effectiveness of cervical cancer screening programmes is hampered by
uncertainty on the incidence that would have occurred in a situation without screening.

- Mathematical models are an important tool in the evaluation and menitoring of screening for

breast and for cervical cancer.

Recommendations

- As soon as long-term follow-up data of large HPV screening tricls are available a cosi-
effectiveness evaluation should be performed to determine the optimal role of the HPV test in
cervical screening.

- Models should be validated before they are used for evaluation and prediction.

- Detdiled information on models should be publicly available.
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SAMENVATTING

Kanker is een belangrik gezondheidsprobleem. In 1998 overdeden in Nederland 271 op de 100.000
mannen en 218 op de 100.000 vrouwen aan kanker, Long-, prostaai- en dikke darmkanker zijn de
drie voornaamste kankers bij mannen en voor vrouwen zijn dit borst-, long- en dikke darmkanker.

In Nederand ziin landelijke bevolkingsonderzoeken naar borst- en  baarmoederhalskanker
geinfroduceerd met als doel de morbiditet en mortaliteit ten gevolge van deze kankers te
reduceren.

Voordat een dergelijk screeningsprogramma geintroduceerd kan worden, moet de effectiviteit
van een programma aangetoond zijn, bij voorkeur met behulp van gerandomiseerde studies of
anders met duidelijk overtuigende observationele studies. Empirische studies laten de effectiviteit
van een bevolkingsonderzoek in een bepaalde epidemiologische situatie zien. Het is niet mogelijk
om empirsche studies voor alle alternatieve strategieén uit te voeren. Wiskundige modellen bieden
hier uitkomst. Met behulp van modellen kunnen de resultaten van empirische studies
geéxirapoleerd worden naar andere strafegieén en situaties.

De kosten van een screeningsprogramma zijn ook van belang. In kosten-effectiviteitsstudies
worden de kosten en effecten van gezondheidsinterventies aan elkaor gerelateerd. De
resulferende kosten-effectiviteiisratio kan worden gebruikt voor het vergeliken van verschillende
screeningssirategiegén met elkaar, maar ock voor de vergeliking van screening met andere
gezondheidsinterventies.

Er ziin diverse mogelikheden voor hei gebruik van wiskundige modellen bij de evaluatie van
screening voor kanker, Wiskundige modellen kunnen worden onderverdeeld in modellen gebruikt
voor 1) data analyse, 2} evaluatie en 3) opfimalisatie. Modellen voor data analyse worden gebruiki
om hypothesen te toefsen omtreni het natuurdik beloop van de ziekte, karakteristieken van de
screeningstest en de relatie tussen vroege opsporing van een kanker en de kans om aan die
kanker te overljden. Met behulp van evaluatiemodellen worden voorspelingen gedaan over de
resultaten van een screeningsprogramma. Deze kunnen vervolgens vergeleken worden met de
gerealiseerde uvitkomsten van een screeningsprogramma. Als de resultaien afwiken van de
verwachtingen. kunnen met behulp van het model mogelike redenen hiervoor worden
geéxploreerd.

Bj optimalisatie van screening kunnen modellen gebruikt worden om voor verschillende
screeningsstrafegieén de kosten en effecten te bepalen, en op basis daarvan een optimale
screeningsstrategie voor een bepaalde situatie vast te stellen.

In dit proefschrift worden diverse wiskundige modellen gebruikt ten behoeve van de evaluatie van

screening op borst- en baarmoederhalskanker, Hierbij is veelvuldig gebruik gemaakt van het
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microsimulatieprogramma MISCAN.  Dit  programma  is  ontwikkeld door het  insfifuut

Maatschappelike Gezondheidszorg, Erasmus MC, voor evaluatie van screening op kanker.

in hoofdstuk 2 zijin de eersie resultaten van screening op borstkanker in Navarra  {Spanje)
vergeleken met de verwachte resultaten die MISCAN genereert op basis van de demografische,
epidemiclogische en screeningskarakteristieken in Navarra. Het bleek echter dat het aantal
gedeiecteerde kankers in de eerste ronde van screening hoger was dan verwacht, terwil het
aantal gedetecteerde kankers in de fweede ronde van het screeningsprogramma lager was dan
verwacht. Diverse aliernatieve modelaannamen konden de geobserveerde gegevens niet
verklaren. Ondanks dat, wordt een joarlijkse reductie in de borstkankersterfte van 17 tot 23%
voorspeld.

Na de invoering van screening op borstkanker, zal het enige tijd duren voordat er een reductie in
de borstkankersterfte waar te nemen is (hoofdstuk 3). Met behulp van MISCAN werd voorspeld dat
het na de invoering van het landelike bevolkingsonderzoek naar borstkanker in 1989, tot 1997 zou
duren voordat er een reductie in de borstkankersterfte waarneembaar was. In Engeland en Wales
werd al binnen zeven jaar na de infroductie van screening een sterfte reductie van 12%
waargenomen. Modelberekeningen lieten echter zien dai 70% van dit percentage toe te schrijven
is aan screening. De overige reductie wordt toegeschreven can een verbetering van de

behandeling voor borstkanker.

Screening op baarmoederhalskanker vindt plaats door middel van het maken van uitstrijkjes.
Wanneer er afwikingen in het utistrijkie worden gevonden, wordt de vrouw geadviseerd nader
diagnostisch onderzoek te ondergaan. Als er geen ofwikingen worden geconstateerd in het
uitstrijkje, wordt de kans op het ontwikkelen van baarmoederhaiskanker in de eerste jaren na het
negatieve uiistrikje klein geachf. Uit een vergeliking van het aantal gevallen van
baarmoederhaiskanker In de jaren na een negatief uitstriikie met het aantal gevallen van
baarmoederhalskanker dat ontstaaf in een situatie zonder screening in Nederland, blijkt inderdaad

dat het risice op baarmoederhalskanker sterk gereduceerd is gedurende een lange periode (meer
- dan 10 jaar} na een negatief uvitstrijkje [hoofdstuk 4). Een nauwkeurige inschatting van deze
reductie wordt echfer bemoeiiijkt door het ontbreken von gegevens over de hoogte van de
incidentie van baarmoederhalskanker wanneer er geen screening zou plaafsvinden, de
zogenaamde achtergrondincidentie. Deze incidentie zal niet gelijk zijn aan de incidentie in een
stfuatie met  screening, aangezien een effectief screeningsprograrmnma voor
baarmeoederhalskanker de incidentie zal verminderen. Wij hebben laten zien dat het nemen van
de incidentie uit de periode voor screening, kan leiden tot een overschatting van de reductie in
incidentie door baarmoederhalskankerscreening, aangezien er acanwijzingen ziin dat de incidentie
sindsdien onafhankelijk van screening gedaald is. Omdat er doorgaans geen rekening is gehouden
met deze trend, zal in verscheidene studies de achtergrondincidentie en daarmee het effect van

screening zijn overschat.
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in verschilende landen in Europa, Noord-Amerika en Ausirali# ziin screeningsprogramma’s nagr
baarmoederhalskanker geintroduceerd. Deze laten echter een grofe variéteit zien. Het
aanbevolen aantal vitstrikjes per vrouw varieert van zeven in Nederland en Finland tot meer dan
50 in Duitsiand. Het geadviseerde interval tussen de uitstrijkjes is minimaal &€én jaar in Duitsland en
maximaal viff joar in Nederland en Finland. De leeftijdsgroep waarbinnen de uitstrijkjes worden
gemaakt varieert overeenkomstig: de beginleeftiid vardeert tussen 20 en 30 jaar, en de leeftid
waarop de laatste screening ploatsvindt is minimaal 59 jaar, terwill er in sommige landen geen
maximumleeftidsgrens is gesteld.

Met behulp van MISCAN ziin voor 500 screeningsshrategiegn de kosten en effecten bepaald
(hoofdstuk 5). Op basis van de verwachte kosten en effecten zijn de screeningsstrategieén
waarvoor geen alternatieven bestacn met hogere opbrengsten voor dezelfde kosien, of lagere
kosten bij gelikblijvende effectiviteit vastgesteld. Er waren 15 zogenaamde efficieénte strategieén,
varigrend van iwee tot 40 uitnodigingen. De incrementele kosten-effectiviteitsratio van deze
strategieén nam toe van $ 6.700 per gewonnen levensjiaar {twee uitnodigingen) tot $ 173.700 per
gewonnen levensjaar (40 vitnodigingen).

Ondanks dat voor de meeste landen de gebruikie screeningsstrategie redelik dicht bij een
efficiénie strategie gesitueerd was, leidde het grote aantal aanbevolen uitsirijkjes per vrouw tot
ongunstige kosten-effectiviteitsratio’s.

in proktiik zol de kosten-effectiviteit van screeningsprogramma’s nadelig beinvioed worden door
vrouwen die zich niet aan het screeningsprogramma houden. Een deel van de vrouwen neemt
niet deel aan het screeningsprogramma. Dit is nadelig voor de effectiviteit van hef
screeningsprogramma, des fe meer vanwege het feit dat vrouwen die niet deelnemen aan
screening een hoger risico op baarmoederhalskanker blifken te hebben. Andere vrouwen laien
meer uitstriikies maken dan aanbevolen. Deze uitstriikjes leiden in de praktik tot een nauwelijks
hogere effectivifeit terwijl de kosten van screening wel proportioneel toenemen met het aantal
vitstrikjes (hoofdstuk 6).

Het humaan papillomavirus [HPV) is de belangrikste risicofactor voor het krigen van
baarmoederhalskanker. De mogelikheid om de HPV-test op te nemen in het bevolkingsonderzoek
naar baarmoederhalskanker wordt momenieel onderzocht. In hoofdstuk 7 laten wij met behulp
van MISCAN zien dat op basis van de beschikbare cross-sectionele gegevens er geen uitsprack is
te doen over de toegevoegde waarde van de HPV-test. Het was mogelijk om twee verschillende
modellen te construeren, één uitermate gunstig voor HPV-screening en één uitermate ongunstig,
waarbij beide modellen in covereenstemming zijn met de waargenomen HPV-prevalentie in
viouwen met en zonder een voorstadium van baarmoederhalskanker. In het gunstige model wordt
aangenomen dat de duur van HPV voorafgaand aan de voorstadia van baarmoederhalskanker
10 jaar bedraagt, terwijl dit in het ongunstige model één jaar is.

Om een uitsprack te deen over de [(kosten-jeffectiviteit van het gebruik van de HPV-test in

screening op baarmoederhalskanker, zijn longitudinale gegevens nodig. Er zijn inmiddels
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verschillende langdurige longitudinale studies gestart, maar de resultaten van deze studies zullen
pas rond 2005 beschikbaar kemen. In de tusseniijd hebben we het natuurdik beloop van de HPV-
infectie in combinatie met (de voorstadia van) baarmoederhalskanker bestudeerd met behulp
van de resultaten van een beperkte longitudinale sfudie. Op basis van deze studie (hoofdstuk 8),
werd de duur van de HPV-infectie voorafgaoand can het ontstaan van de voorstadia van
baarmoederhalskanker tussen twee tot vijf jaar geschat.

Uit het voorgaande blikt dat modelien een waardevolle bijdrage kunnen leveren in de evaluatie
van screeningsprogramma’s  voor borst- en  baarmoederhaiskanker. Toch  ziin er  enige
onderwerpen op dit gebied die nog verdere aandacht behoeven. Dit betreft
onzekerheidsanalyses, de validiteit van de modellen en de communicatie van complexe modellen
{hoofdstuk 9).

Bij het gebruik van modellen is het van belang de gevolgen van de onzekerheid rondom de
invoerparameters voor de modelvitkomsten te bepalen. Met behulp van onzekerheidsanalyses kan
de onzekerheid rondom parameters die gebruikt worden als medelinvoer worden gespecificeerd,
waarna de gevolgen van deze onzekerheid voor de modeluitkomsten kunnen worden bepaald,
Onzekerheidsanalyses kunnen ook worden gebruikt om die invoerparameters te identificeren die
het grootste deel van de onzekerheid rondom de modelvitkomsten bepalen. Voor deze
modelparameters kan vervolgens worden geprobeerd om de onzekerheid in te perken. Mocht dit
niet mogelik zin dan moet de onzekerheid geaccepteerd worden als zijnde inherent aan het
beslissingsproces in die situatie.

Voordat modellen gebruikt worden voor aanbevelingen op het gebied van bevolkingsonderzoek,
dienen deze adequaat gevalideerd te worden. Hiervoor dient de modelsiructuur valide gevonden
te worden door personen met kennis van zaken op dit gebied. Daarnaast moet het mode! de
gegevens die gebruikt ziin voor de kwantificering van het model kunnen reproduceren (inferne
validiteit) en zou het model ook externe datasets, dat wil zeggen de data die niet gebruikt zin voor
de schatting van de parameters, moeten kunnen reproduceren (extermne validiteit).

Echter ook voor gevalideerde modellen geldt dat na aanpassing voor nieuwe situaties, de
modeluitkomsten eerst zorgvuidig dienen te worden vergeleken met geobserveerde gegevens.
voordat het model gebruikt wordt voor voorspellingen,

In wetenschappelik onderzoek dienen niet alleen de resultaten, maar ook de methode die
gebruikt is om deze resultaten te genereren openbaar te zjn, Op deze manier kunnen
geinteresseerden een onafhankelike controle van het model vitvoeren, en kan het begrip van het
model en de resuliaten vergroot worden, wat eventuele 'black box' gevoelens kan verminderen. In
het vereden is het regelmatig moellijk gebleken om gedetailleerde modelbeschrijvingen te
publiceren in de wetenschappelike fiidschriften. Tidschriften accepteerden voormnamelik korte
beschrijvingen. ’
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Tegenwoordig zijn er echfer nieuwe mogelikheden om deze informatie te verschaffen,

bijvoorbeeld door informatie op een website te plaatsen. Hierbij heeft de website van het Hijdschrift

de voorkeur.

Conclusies

Gevalideerde (borstkanker)modellen kunnen niet zonder meer worden gebruikt in andere
situaties.

De kosten per gewonnen levensjaar van screeningsprogramma's op baarmoederhalskanker
met een groot aantal vitstrijkjes zijn beduidend hoger dan bij een klein aantal vitstrijkjes.

De evaluatie van de effectiviteit van het bevolkingsonderzoek naar baarmeoederhaiskanker
wordt bemoeilikt door de onzekerheid over de incidentie van baarmoederhalskanker die zou
ziin opgetreden in een situatie zender screening.

Wiskundige modellen ziin een belangrifk hulpmiddel in de evaluatie van screening op (borst-

en baarmoederhals-} kanker.

Aanbevelingen

IZodra longitudinale gegevens van grote, langdurige gerandomiseerde HPV-onderzoeken
beschikbaar zijn, moet een kosten-effectiviteitsanalyse worden uiigevoerd om de oplimale
inzet van de HPV test in het bevolkingsonderzoek naar baarmoederhalskanker te bepalen,
Modellen moeten gevalideerd ziin voordat zij gebruikt worden voor evailuatie en predictie,
Gedetailleerde informatie over modellen zou publiekeliik beschikbaar moeten zijn.
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