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Finland, the recommended time interval between screening ex-
Background: Recommended screening policies for cervical aminations is 5 years, whereas in Australia it is 2 years and in
cancer differ widely among countries with respect to tar- Germany itis 1 year. There are also differences in the target age
geted age range, screening interval, and total number of range. For example, in The Netherlands, screening is offered
scheduled screening examinations (i.e., Pap smears). Wepbetween the ages of 30 and 60 years (before 1996, screening was
compared the efficiency of cervical cancer-screening pro- offered between the ages of 35 and 53 years), whereas in Aus-
grams by performing a cost-effectiveness analysis of cervical tralia screening is recommended between the ages of 18 and
cancer-screening policies from high-income countries. 70 years(5).

Methods: We used the microsimulation screening analysis  How much the differences in the recommendations alter the
(MISCAN) program to model and determine the costs and cost effectiveness of the screening policies is unclear. The
effects of almost 500 screening policies, some fictitious andmethod of choice for the evaluation and comparison of different
some actual (i.e., recommended by national guidelines). Thehealth care policies is cost-effectiveness analysis, which, for
costs (in U.S. dollars) and effects (in years of life gained) cervical cancer screening, involves a comparison of different
were compared for each policy to identify the most efficient screening policies that consider screening costs, possible savings
policies. Results: There were 15 efficient screening policies in treatment, and potential health effects, such as life-years
(i.e., no alternative policy exists that results in more life- gained and cervical cancer deaths prevented. Such a comparison
years gained for lower costs). For these policies, which of policies would lead to the identification of efficient policies
considered two to 40 total scheduled examinations, the agefor which no alternative policies currently exist that result in
range expanded gradually from 40-52 years to 20-80 yearsmore life-years gained for lower costs. In the rational decision-
as the screening interval decreased from 12 to 1.5 years. Formaking process for making cervical cancer-screening recom-
the efficient policies, the predicted gain in life expectancy mendations, a policy maker can compare the incremental and/or
ranged from 11.6 to 32.4 days, compared with a gain of 46 average costs per life-year gained of the efficient policies with
days if cervical cancer mortality were eliminated entirely. the maximum allowed values or thresholds for the incremental
The average cost-effectiveness ratios increased from $670@nd/or average costs per life-year gained and identify the most
(for the longest screening interval) to $23900 per life-year €fficient screening policy given the available resources.

gained. For some countries, the recommended screening [N this study, the microsimulation screening analysis (MISCAN)
policies were close to efficient, but the cost-effectivenessmodel(6,7) for cervical cancer screening was used to evaluate
could be improved by reducing the number of scheduled and compare almost 500 screening policies tha’_[ differed Wlt_h
examinations, starting them at later ages, or lengthening the "€SPect to the recommended number of screenings, screening
screening interval.Conclusions:The basis for the diversity in  INtérvals, and targeted age ranges. These screening policies con-

the screening policies among high-income countries does notSifSt of fictiti'ous screening policies, po!icies .used in cquntries
appear to relate to the screening policies’ cost-effectivenessVith @ cervical screening program or in which screening was
recommended in national guidelinés,8-13), policies recom-

ratios, which are highly sensitive to the number of Pap

smears offered during a lifetime. [J Natl Cancer Inst 2002; mendgd jn the Iiteratprel4), and policie.s found to .be cost-
94:193-204] Hring a firet [ effective in other studie®,15-21).We estimated the life-years

gained and the costs of the policies and identified efficient
screening policies. We determined the best policy for different
The purpose of cervical cancer screening with the Pap smeaesholds for the incremental costs per life-year gained. The
test is to detect preinvasive cancers and to prevent subsequestilts were compared with existing policies and recommenda-
death from the disease. Although no randomized, controlled tiisns and with policies that have emerged from other cost-
als on mortality reduction from cervical cancer screening haegfectiveness analysef2,15-21).Our analysis uses demo-
been performed, there is ample evidence that screening hasdegbhic, epidemiologic, screening, and treatment characteristics
to a reduction in cancer-related mortality—4). In the high-
income countries of Western Europe, North America, and Aus-
tralia, preventive Pap smear tests are performed on a large scaldiliations of authors:M. E. van den Akker-van Marle, M. van Ballegooijen,
in organized, often invitation-based, programs and by the pgr-J' va_m_ Oortmarssen, J. D F. Habbema, Depa_lrtme_nt of Public Health, Faculty
sonal initiative of individual women and physicians or pract?f Me.d|cme and Health Sciences, E_rasmus University Rotterda}m, The Nether-
. . . . . . _lands; R. Boer, Department of Public Health, Faculty of Medicine and Health
thners' The screenlng rec_ommendatlons _and official po!lmesé@iences, Erasmus University Rotterdam, and RAND Health, Santa Monica, CA.
different countries and regions show considerable variation. FOEorrespondence toM. E. van den Akker-van Marle, MSc, Department of
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from The Netherlands. Because these characteristics m®89 through 1948, and 0.0148 for those born from 1949
be different for other countries, we investigated the extent torough 2000.
which differences in demographic, epidemiologic, screening, For our analyses, we considered the reported negative asso-
and treatment characteristics result in differences in screenigtion between attendance to the screening program and risk of
recommendations. cervical cance(25-27)by subdividing the simulated population
into two risk strata: 90% of the women were assumed to be
potential attenders and were assumed to have a low risk of
Policies developing cervical cancer, and the remaining 10% of the popu-
lation was assumed to be persistent nonattenders. On the basis of
The fictitious screening policies considered in this costesults from British Columbia in which the risk of attenders was
effectiveness analysis are listed in Supplementary Tableedtimated at 0.74 of the average r{@), we assumed that the
(available at the Journal’'s Web site http://jnci.oupjournals.orgjersistent nonattenders have a risk of cervical cancer three times
We also included screening policies used in countries with c@figher than that of the attenders.
vical screening programs or recommended in national guidelinesthe age distribution of the incidence of progressive preinva-
(5,8-13) and screening policies considered in other cosgje neoplasia was determined with the use of the age compo-
effectiveness analysgg,15-21). nents of the mortality derived from the age—period cohort analy-
MISCAN sis (24), the distribution of the duration of the preclinical stages
of the disease, and the duration between clinical diagnosis and
Costs and effects for the different screening policies wegeath combined with the age-specific lethality from cervical
estimated using MISCANG,7). The MISCAN simulation cancer. The age distribution of the incidence of regressive pre-
program was developed at the Department of Public Healihvasive neoplasia was calibrated by calculating the difference
Erasmus University Rotterdam, The Netherlands, and has bggfiveen observed cervical intraepithelial neoplasia (CIN) detec-
used to evaluate breast, cervical, colon, and prostate canggy rates in The Netherlands (derived from the Dutch Network
screening programs. In MISCAN, a comparison is made bgnd National Database for Pathology [PALGA] data for the year
tween the situation with and without screening. A large pop4992) and the detection rates of progressive CIN predicted by
lation (i.e., 40 million women) is generated. This populatiofjSCAN. The resulting age distributions of preinvasive inci-
consists of fictitious individual life histories, in which some ofjence of regressive and progressive disease, respectively, are
the women may develop cancer and some may die of the diseaggywn in Supplementary Table 2 (available at the Journal's Web
This results in an age-specific and time-specific output of cancgfe http://jnci.oupjournals.org).
incidence and mortality. This fictitious population then under- preclinical disease is subdivided into four sequential stages
goes simulated screening. Screening may change some of (#gpplementary Fig. 1; available at the Journal’s Web site http:/
life histories. For example, in some life histories, prec””ic%ci.oupjournals.org): preinvasive (corresponding to CIN; the
lesions will be detected by screening, which may prevent furthgiage in which the disease is not yet invasive and spontaneous
development of the disease and subsequent cancer-related d ession may occur) and the three preclinical invasive stages,
The aggregated changes in all of the life histories constitute & the stages in which the disease has become invasive but is
effectiveness of the screening program. The cervical moggdt yet detected [International Federation of Gynecology and
specifications used as input for the MISCAN program includgpstetrics definitions 1A, 1B, and 11+(28)]. A Weibull distri-
the demographic characteristics, the epidemiology and natsgtion was used to assume variation between women in the
history of the disease, the screening characteristics, and fifation of the different preinvasive and preclinical disease
costs. A detailed description of the MISCAN program is givegtageg27). The mean duration and the standard deviation of the
elsewherg6,7). different stages were 11.8 + 2.2 years for preinvasive stage CIN,
2.0 £ 0.9 years for preclinical invasive stage IA, and 1.9 £ 0.9
years for preclinical invasive stages IB and Il+ combined. Pro-
The Dutch population at risk for cervical cancer was simugressive and regressive preinvasive stages were assumed to have
lated from demographic daf@2) and hysterectomy (for reasonshe same duration distribution. The mean duration and the stan-
other than cervical cancer) rates that were obtained from tli@rd deviation of the preinvasive stages were estimated from
National Hospital Admission Registratiq@3). British Columbia screening data that used one combined CIN
The background risk, i.e., the risk of dying of cervical cancestage(27). Regressive lesions never become invasive and will
in a situation without screening, of cervical cancer-related maeturn to normal (without evidence of cervical neoplasia) after
tality was derived from an age—period cohort analy2&). For the preinvasive stage. After progressive preinvasive lesions be-
our analyses, we assumed that the lifetime background riskoofime macroinvasive (stage IB), some will be clinically diag-
developing cervical cancer (or its progressive precursors) wassed, whereas others will progress to stage I+ before any
proportional to the estimated relative level of cervical canceymptoms develop. The mean duration of the preclinical inva-
mortality for each birth cohort. Furthermore, we assumed thsitve stage was based on the ratio of the prevalence to clinical
there was a fixed ratio in each birth cohort between the lifetiniecidence before screening began in British Colum(@d,29)
risks of preinvasive disease that will spontaneously regress amdl in a Dutch pilot study¢30). In the Dutch pilot study, 54% of
preinvasive disease that will progress to cervical cancer. Ttie invasive cancers detected at the prevalent screen (i.e., the
cumulative incidence of progressive preinvasive cervical candest screening in a previously unscreened population) were di-
by birth cohort was 0.0229 for those born from 1889 througignosed with stage IA disease; this indicates that the duration of
1918, 0.0235 for those born from 1919 through 1928, 0.0128 fareclinical stage IA compared with preclinical stages IB and I+
those born from 1929 through 1938, 0.0106 for those born frasiabout the same. For our analyses, we assumed [on the basis of

METHODS

Model Specifications: Demography and Epidemiology
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data from Dutch hospital registri¢31) and from the Norwegian associated with coordinating and evaluating a cervical cancer-
cancer registry(32)] that the proportion of clinical cancers thatscreening program. Variable costs are divided into invitation
are diagnosed in stage IB decreased linearly from 58% at agests and screening costs. Screening costs include time and

30 years to 26% at age 70 years. travel costs for the woman, costs of smear taking, costs of cy-
Model Specifications: S . dT tologic evaluation, costs of registration in the PALGA, and the
odel Specilications: Screening and Treatment costs of 5.3% (estimated from PALGA data for the year 1992) of

The simulated screening policies were assumed to starttfi¢ smears that are repeated because of inadequate smears or
1993 and to continue for 27 years until 2020. Screening practic¥8ears without endocervical ce(86,37). _
before 1993, however, will influence the effectiveness of the The costs of diagnostic and treatment procedures for the dif-

screening program after 1993; therefore, this practice has bé@ignt disease stages and the costs of treatment and palliative
included in the simulation of the Dutch situation. care for advanced cervical cancer in the last phase before dying

Information on the screening activities before 1993 was oBf cervical cancer were derived from cost studies in The Neth-

tained from survey daté24,33,34).The attendance rate fromeriands(24,36,38,39).
1993 onward was assumed to be 80% until age 50 years an¢s ki Effectiveness Analysis
decrease by 0.5% per year thereafter. Because we assumed that
10% of the population will never attend the screening program, In this study, MISCAN was used to predict costs and effects
we calculated a probability of 88.9% for the potential attenderf@r organized screening programs for a 27-year period. We as-
which constituted 90% of the population, to actually respond smmed a hypothetic situation in which the organized program is
a scheduled screening examination. After age 50 years, thethe only screening program and in which no opportunistic
tendance rate was assumed to decrease by 0.5% per year. Thisrisening (i.e., spontaneous screening for other than medical
in accordance with the percentage of women in The Netherlarrdgsisons) occurs. The simulated effects are accounted for until all
who had a Pap smear from 1990 through 1994. simulated women who could have benefited from the program
The sensitivity of the Pap smear for different disease staged@/e died. The costs are presented in U.S. dollars (1 U.S. dollar
80% for preinvasive CIN(27), 85% for preclinical invasive = 2 Dutch florins). The effects are presented in days of life
stages IA and IB, and 90% for preclinical invasive stage II+.gained per woman per year of the screening program. The cost-
False-positive test results indicate the specificity of the Pa&ffectiveness calculations are conducted from the societal per-
smear. We assumed that 0.06% of screening attenders werespective.
ferred for a colposcopy and a biopsy after which no cervical To identify efficient screening policies, we compared the
neoplasia was found and that 6.2% of screening attenders wslmulated costs of and life-years gained from each policy. A
on average, have 1.8 repeat smears because of borderlinegebty was considered to be efficient when there was no alter-
results after their primary smear before they return to the regutative policy resulting in more life-years gained for the same or
screening schedule (PALGA 1992). lower costs (simple dominance) and when there was no combi-
For the simulation model, the percentage of women survivimgtion of two other screening policies that gained more life-
after a clinical diagnosis of cancer was assumed to be age gears for the same costs (extended dominafé@)y1).
pendent and stage dependent on the basis of Dutch incidence antihe effects per woman during her lifetime were derived by
mortality figures from the prescreening period in The Nethemultiplying the number of days gained per woman per year of
lands(24). Cancers clinically detected in stage 1B have a motée screening program by the average life expectancy of a
favorable prognosis than cancers detected in stage I+, amdman in The Netherlands, which is 80 ye$®). In the cal-
women aged 30-50 years who are diagnosed with stage tidation of incremental and/or average cost-effectiveness ratios,
disease have a higher probability of surviving than women dioth costs and effects were discounted at a rate of 3% to convert
agnosed with the same disease when younger than 30 yearBiture costs and health effects to their present value [i.e., dollars
older than 50 years (Supplementary Table 3 available at thepended or health effects experiencegkars in the future are
Journal’'s Web site http://jnci.oupjournals.org). discounted by a factor of 1/(1.03)41)], as recommended by the
Screen-detected preinvasive lesions were assumed to leaBdoel on Cost Effectiveness in Health and Medicine.
a 100% cure rate. For screen-detected invasive cancers, the suBecause of the nature of microsimulations, estimates for costs
vival was modeled as a reduction in the risk of dying of cervicaind effects are affected by random fluctuation. We calculated
cancer compared with that of dying of clinically diagnosed cathis fluctuation to be less than 2% of the estimated value of the
cer. This reduction was assumed to be 80% for screen-deteatest-effectiveness ratio and up to 35% for the incremental cost-
stage |IA disease, a percentage that was found to reproduceetiectiveness ratio. Therefore, to reduce the influence of random
reported 97% 5-year relative survival for this sta@®). For fluctuation, the incremental cost-effectiveness ratio was esti-
screen-detected stage I+ disease, the reduction was fixednated by enlarging the simulated population 10 times to 400
20%, resulting from a comparison of the stage distributiomillion women.
within stage Il+ in a period with little screening (1970-1975
to the stage distribution within screen-detected I+ caS€3.

For screen-detected stage IB disease, the reduction was assumedone-way sensitivity analysis was performed on background
to be 40%, an intermediate value. incidence, attendance, sensitivity (proportion of false-negative
Model Specifications: Costs tests) gnd specificity of the screening test, and costs (fixed costs,
screening costs, and assessment and treatment costs). The back-
The costs of a screening program (Supplementary Tableglbund incidence and fixed costs, screening costs, and treatment
available at the Journal's Web site http://jnci.oupjounals.orgpsts were halved and doubled to obtain the low values and high
were divided into fixed costs and variable costs. Fixed costs at@ues, respectively, used in the sensitivity analysis. To deter-

éensitivity Analysis
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mine attendance, the lack of attendance values were halved acldeduled examinations in a screening program were increased,
doubled to obtain the high estimates and low estimates, respihe increase in the number of life-years gained would slow
tively. To determine the sensitivity of the screening test, w@able 1). When a detailed assessment of the costs of a screening
halved and doubled the proportion of false-negative results farogram was compared with that of the costs of no screening,
all stages to obtain the high estimates and low estimates, resateening costs were in excess of the costs of diagnostic testing
tively. To determine the specificity of the screening test, wand treatment of preinvasive disease detected by screening com-
obtained the high values by halving the percentage of repéated and were only partially compensated for by the savings
smears because of borderline test results and the proportioninalurred from preventing invasive carcinoma and advanced dis-
referrals for biopsy after which no cervical neoplasia was foundase (Table 2). Because the costs of coordinating and evaluating
and the low values were obtained by doubling the baselittee screening program were assumed to be independent of the

estimates for these parameters. number of scheduled examinations, and because a scale effect
(i.e., the costs per smear are lower if more smears are performed)
RESULTS was assumed for the costs per smear, the screening costs in-

creased less than proportionally with the number of scheduled
examinations. Moreover, when moving toward more intensive

From nearly 500 screening policies, there was a broad rar%(gicies, th.e incremental cost—eﬁgctivepe_ss ratio increased be-
of combinations of predicted costs and effects as measured S€ the mcremental effeg:ts rapldly_dlmlmsh'ed (Table 1). For
life-years gained (Fig. 1). Per 1000000 women of the gene?a olicy maker, if the decision regarding a policy depends only
population, the costs varied between 0.5 million and 9.5 milligH! @ maximal allowed value or threshold value for the incre-
U.S. dollars, and the effects ranged from 50 life-years to 3&0ENtal costs per life-year gained, then for reference values of
life-years gained per year of the screening program. 15000, $30000, and $GQ 000, screening policies with five, 10,

Next, after deleting those that were not efficient, we obtainéf!d 20 scheduled examinations, respectively, and screening
the efficient screening policies for which no alternative poncwtervals of 9, 5, and 3 years, respectively, are optimal.
exists that result in more life-years gained for lower costs. Theggnsitivity Analysis
were 15 efficient screening policies, and together they repre-
sented the efficient frontier (Fig. 2). The age range of efficient Differences in demographic, epidemiologic, and screening
screening policies increased from age 40-52 years for policEsaracteristics, such as background incidence, attendance, sen-
that recommend two examinations during a woman'’s lifetime sitivity and specificity of the screening test, and cost, may lead
age 20-80 years for those that recommend more than 20 examidifferent choices in efficient screening policies. The influ-
nations. In general, a more intensive screening policy was omeces of these differences were investigated in a sensitivity
that recommended that screening start at a younger age, endnatlysis (Table 3). A higher background incidence, i.e., the in-
an older age, and have a shorter interval between examinatioitence of invasive cancer in the hypothetic situation where
(Table 1). For the efficient policies, the effects of the totdhere has never been screening, led to higher effects of a screen-
screening program on life expectancy ranged from 11.6 dang policy because the effects were proportional to the incidence
for those that recommend two scheduled examinations duriofycervical cancergeeTable 3). This resulted in a more favor-

a woman'’s lifetime to 32.4 days for those that recommend 4le incremental cost-effectiveness ratio, and consequently,
scheduled examinations. We estimated that total eliminationrabre intensive screening policies were feasible given a thresh-
cervical cancer would yield a gain in life expectancy of 46 daysld value for the incremental cost-effectiveness ratio.

According to the law of diminishing returns, if the number of Differences in either the percentage of women who will at-

Costs and Effects of Screening Policies
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Fig. 2. Schematic representation of the simulated efficient frontier showing the location of optimal starting ages, number of scheduled examinations, and screenin
intervals. Costs (in millions of U.S. dollars) and effects (life-years gained) are per 1 000 000 women in the simulated 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 ye
The interval between scheduled Pap smears is shown in y&aieen lines represent the boundaries between the age ranges and scheduled intervals.

Table 1. Efficient policies, estimated by Microsimulation SCreening ANalysis (MISCAN)*, characterized by the number of scheduled
examinations, screening interval, 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 cost-effectiveness ratio (CER), and the incremental cost effectiveness ratio (ICER)

Costs Effects Effects CER ICERtTS

No. of Interval U.S. dollars per woman Days gained per woman Days gained per woman Costs (U.S. dollars) Costs (U.S. dollars)
scheduled between Age per year of screening per year of screening during lifetime per life-year gained per life-year gained
exams exams,y range,y (no discounting)t (no discounting) (no discounting) (3% discounting) (3% discounting)

2 12 40-52 0.99 0.14 11.6 6700 6700

3 9 35-53 1.42 0.19 155 7300 9100

4 8 32-56 1.79 0.23 18.3 7700 10200

5 9 32-68 1.94 0.23 18.7 7900 11800

6 7 32-67 2.27 0.25 20.3 8500 15200

7 6 32-68 2.55 0.27 21.4 8900 17 300

8 7 27-76 2.86 0.29 22.9 9400 16 800

9 6 27-75 3.17 0.30 23.9 9900 20800
10 5 27-72 3.54 0.31 25.2 10600 26300
12 5 27-82 3.79 0.32 25.4 11000 32300
15 4 22-78 4.93 0.35 28.1 13000 35000
20 3 22-79 6.35 0.37 29.6 15500 55700
25 2 20-80 7.43 0.38 30.8 17500 79500
30 2 22-80 8.49 0.39 314 19400 119000
40 i 20-79 10.88 0.41 324 23900 173700

*CER = cost-effectiveness ratio; ICER incremental cost-effectiveness ratio; MISCAN Microsimulation SCreening ANalysi,7).
TCER was estimated using a fictitious population of 40 million women; ICER was estimated using an enlarged simulated population to reduce taatiom fluc
fDiscounting 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 the next less intensive efficient screening policy with the curren
screening policy by the difference in effects between these screening policies. To calculate the ICER for the screening policy with two scieidaléohexhe
costs and effects of this screening policy are compared with a situation without screening.

tend a recommended screening examination (screening attle in terms of cost-effectiveness because the role for a subse-
dance) or sensitivity of the screening test will not only affect thguent screening to detect abnormalities previously missed would
choice of the number of screening examinations to be offered fer less important (Table 3).

woman but will also affect the choice of the age range and time A lower specificity will increase the incremental costs per
interval between the scheduled examinati(t®). Higher atten- life-year gained and, therefore, lead to a lower number of sched-
dance and/or sensitivity will make longer intervals betweanied examinations that would be offered per woman to achieve
screenings and, simultaneously, broader age ranges more fattoe-same incremental cost per life-year gained compared with
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Table 2. Detailed overview of the predicted costs and effects per 1 000 000 women of the general population per year of the screening program for the efficient
screening policies as estimated by Microsimulation SCreening ANalysis (MISCAN), with 5, 10, 20, and 40 scheduled examinations*

No. of scheduled examinations 5 10 20 40
Interval between examinations, y 9 5 3 ¥21
Age range, y 32-68 27-72 20-77 20-79
No. of Pap smears per year of screening 40000 78000 152000 300000
Costst (U.S. dollars, millions)
Screening 1.74 2.94 5.05 8.66
Repeat smears 0.22 0.42 0.83 1.62
Referred, no cervical intraepithelial neoplasia (CIN)* 0.01 0.02 0.04 0.09
CINS 1.12 1.70 2.28 2.54
Invasive carcinomat§ -0.58 -0.80 -0.98 -1.07
Advanced diseage -0.56 -0.75 -0.88 -0.96
Total costs 1.94 3.53 6.35 10.87
Effects
Prevented deaths 26 35 41 45
Life-years gainedf 640 862 1022 1110

*MISCAN = Microsimulation SCreening ANalysi&,7). The values are not discounted because no time preference is established.

TCosts determined relative to a situation without screening.

fCosts of follow-up and treatment.

8If all invasive cases could be prevented a total U.S. $1.54 million saved, as predicted by MISCAN.

|Costs of treatment for recurrence and palliative care in women who die of cervical cancer. Maximum savings on costs of advanced disease total U.S. $1.38 millior
fiThe days gained per woman per year of screening can be calculated by multiplying the number of life-years gained by 365/1 000 000.

the baseline situation in which Dutch characteristics are incdive Task Force policy is conservative compared with recom-
porated. The choice of the number of scheduled examinatianendations from other U.S. authorities and current U.S. practice
depends on the costs of medical procedures (including screertimgt recommends annual screening), the efficient screening
itself) that are generated or prevented by screening. If the costsicies with 20-30 examinations and an interval of 2-3 years
of Pap smears, assessment, and treatment of false-positivestgrting after age 20 years are more cost effective than current
sults and CIN generated by screening are higher than thegactice.
assumed in the baseline situation, then the cost-effectivenesgo investigate whether the wide diversity in screening rec-
ratio of screening will be unfavorably influenced. In contrassmmendations and official policies among countries originates
higher costs for treatment of invasive cancers and advanggsh differences in the epidemiology of cervical cancer or price
disease, some of which are prevented by screening, will lowe{el, we compared the incidence of cervical cancer and price
the incremental and/or average cost-effectiveness ratio. TB@els among countries. If the background incidence is higher in
fixed costs for coordinating and evaluating a cervical screeniggcountry than it is in The Netherlands, then the effects of a
program do not influence the incremental costs per life-yegéreening policy would be proportionally higher than those cal-
gained. However, the average costs per life-year gained vdlilated in this analysis, whereas the total costs would stay at the
increase if the fixed costs are higher. same level. If the price level in a country is lower than it is in
The Netherlands, then the total costs of a screening policy would
be proportionally lower than those calculated in this analysis.
We next compared the screening policies from countries wilthe differences in background incidence of cervical cancer and/
cervical cancer-screening programs or national guidelines, with price level will result in more favorable cost-effectiveness
the assumption that their demographic, epidemiologic, scre@stimates than those calculated for The Netherlands (and vice
ing, and treatment characteristics were similar to those in Thersa, if the background incidence is lower and/or the costs are
Netherlands. As shown in Fig. 3, several of the screening pdtiigher), which may lead to the choice of an efficient screening
cies are remarkably close to the efficient frontier. However, f@olicy with a higher number of scheduled examinations despite
several screening policies, such as those from Sweden, Dkaving the same threshold value of the incremental and/or av-
mark, the U.K. (16 scheduled examinations), the United Statesage cost-effectiveness ratio. Differences in incidence and/or
and Australia, alternative policies could be recommended to mrice level may, therefore, explain the diversity in the number of
duce costs for the same amount of life-years gained or to ischeduled examinations among different countries.
prove effectiveness while keeping the costs the same. Thes&Ve obtained the background incidence of cervical cancer for
alternative policies are situated in the upper-left quadrant of thach country(44—-46).We calculated the price levels for each
marking for a screening policy of a country in Fig. 3. For exeountry by dividing the health care-specific purchasing power
ample, the area in which more cost-effective screening policigarities(47), which adjust the exchange rates for different coun-
are situated for the United States is identified in Fig. 3 by taies to the health care-specific price levels by the current ex-
broken line. It can be seen in Fig. 3 that the policy for screenimfpange rates. By comparing the incidence and the price levels to
every 4 years between ages 22 and 78 years with 15 examitese of The Netherlands, we obtained relative incidence and
tions has the same effects for much lower cost (yearly almastative price levels, respectively. These values were then plot-
$1 million less) than the recommendations issued by the Ui8d (Fig. 4, A). The solid line represents the situation in which
Preventive Task Forcd 0) for screening every 3 years betweelthe relative incidence is equal to the relative price level. For the
ages 18 and 66 years with 17 scheduled examinations. If, haountries that fell above the line (Denmark and the United
ever, a more intensive policy is committed to (the U.S. Preve8tates, assuming a high background incidence to be representa-

International Comparison
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Table 3. Sensitivity analysis: Incremental cost-effectiveness ratios, expressed as U.S. dollars per life-year gained, with 3% discounting to
convert future costs and health effects to present values*

No. of scheduled Pap smears 5 10 20 40
Interval, y 9 5 3 Y-
Age range, y 32-68 27-72 20-77 20-79

lowt high low high low high low high
Background incidence 24 400 5100 49800 11400 124300 26 800 331700 83600
Attendance 14500 10800 16 200 33300 33300 81500 80100 315400
Sensitivity of screening test 19200 9300 19200 32000 41700 66 500 117 300 191000
Specificity of screening test 13500 11000 30100 24400 64 300 51400 206 300 157 400
Screening costs 7000 21400 16 100 46 700 34800 97 600 107 200 306 600
Treatment costs, CIN and false positives$ 10200 15100 23700 31500 51400 64 400 167 300 186 600
Treatment costs, invasive cancers 13100 9200 27700 23400 57200 52700 175200 170600
Baseline§ 11800 26300 55700 173700

*Sensitivity analysis is defined as investigations that isolate key parameters involved in the cost-effectiveness analysis that indicate the degree of influence eac
key parameter has on the outcome of the analyses. Incremental cost-effectiveness ratios are calculated by comparing the costs and effects of a screening policy v
five scheduled examinations to one with four scheduled examinations, 10 scheduled examinations to one with nine scheduled examinations, 20 schedule
examinations to one with 15 scheduled examinations, and 40 scheduled examinations to one with 30 scheduled examinations.

tThe background incidence (defined as the incidence in a situation without screening) and fixed costs, screening costs, and treatment custs avere hal
doubled to obtain the low values and high values, respectively. To determine attendance, the lack of attendance values were halved and doubled to obtain the hi
estimates and low estimates, respectively. To determine the sensitivity of the screening test, the proportion of false-negative resulgefowal stalved and
doubled to obtain the high estimates and low estimates, respectively. The high values for the specificity of the screening test were obtained by halving the percenta
of repeat smears because of borderline test results and the proportion of attending women that are referred for a colposcopy and a biopsy aftervidath no
neoplasia is found. The low values for the specificity of the screening test were obtained by doubling the baseline estimates for these parameters.

FCIN = cervical intraepithelial neoplasia.

8The baseline estimates for the background incidence for women willing to participate in screening were 0.0229 for those born from 1889 throu@285918;
for those born from 1919 through 1928; 0.128 for those born from 1929 through 1938; 0.0106 for those born from 1939 through 1948; and 0.0148 for those bor
from 1949 through 2000. For attendance the baseline estimate was 80%. The sensitivity was assumed to be 80% for preinvasive CIN, 85% for preclinical invasiv
stages IA and IB, and 90% for preclinical invasive stage I+ at baseline. The specificity assumed that 0.06% of attending women are referred for a colposcopy an
a biopsy after which no cervical neoplasia is found, and that 6.2% of attending women will, on average, have 1.8 repeat smears because of borderline test resu
after their primary smear and before they return to the regular screening schedule. The baseline estimates for the screening costs decre&82 fpemsth&ar
if 80 000 smears were taken annually to U.S. $26 per smear if 2500 000 smears were taken annually. The invitation costs were U.S. $1 per invitation at baselin
The baseline estimates for the costs of diagnosis and treatment of CIN and false positive results are U.S. $1950 and U.S. $485, respectively. The costs for diagno
and treatment of invasive cancers at baseline are U.S. $5315, U.S. $11 265, U.S. $10 620, and U.S. $9705 for diagnosis and treatment of invasive cancers stage
IB, screen-detected I+, and clinically diagnosed I+, respectively. The costs for treatment (including palliative care) for advanced cesficabcage dependent;

U.S. $30 800 for women aged less than 50 years, U.S. $21 955 for women aged between 50 and 70 years, and U.S. $9345 for women aged more than 70 year:
baseline.

tive), the cost-effectiveness estimates of a policy will be moweith our MISCAN model (Fig. 5). Most policies appeared to be
favorable than those estimates in The Netherlands. Conskse to our efficient frontier (Fig. 5). The screening policies
quently, more intensive screening policies will stay below with intervals between screening examinations varying by age
certain threshold value of the incremental and/or average casiat were found to be efficient by Gustafsson and Adgir) are
effectiveness ratio. For the countries that fell below the lindose to our efficient frontier, as were those with fixed intervals
(Australia, the U.K., Iceland, Finland, Sweden, and the Unitddcreening every 7 years between ages 30 and 58 years). Eddy
States, assuming a low background incidence), having a rg[&5) investigated screening every 3 years between ages 20 and
tively low incidence and/or a higher price level, the cost?4 years, alternative ages to start screening (17, 23, or 26 years),
effectiveness estimates will be less favorable than those in Tdrad alternative screening intervals (every 2 or 4 years) and con-
Netherlands. cluded that a minimal screening policy of every 3 years between
We next plotted the combination of incidence and price levabjes 20 and 65 years was cost efficient. However, this minimal
for the different countries against the incremental cospolicy and screening every 3 years between ages 29 and 74 years
effectiveness ratios for each of the respective screening policées less than efficient according to our model (Fig. 5). For this
(Fig. 4, B). If the differences in intensity of screening amongumber of scheduled examinations (16 in both cases), an interval
countries can be explained by differences in incidence andfdrscreening every 4 years would be more efficiesgtgfig. 2).
price level, all screening policies would be situated on a straigificCrory et al. (19) calculated the costs and effects for three
line through the origin when plotted. However, it can be corscreening policies based on conventional Pap smears that started
cluded from Fig. 4, B, that the diversity in screening policiest age 18 years and had a screening interval of every 1, 2, or 3
which range from recommending seven to 27 scheduled exayears. The screening policies with a screening interval of every
nations, cannot be explained by differences in incidence leveldor 3 years, which we included in our analysis, appeared to be
price level. close to the efficient frontier. The screening policy with a 1-year
Finally, we calculated the costs and effects of screening pdliterval was omitted, as no screening policies with more than 40
cies evaluated in other cost-effectiveness analy@55—-21) scheduled examinations were included in our analyses. Although
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Fig. 3. Comparison of the costs (in millions of U.S. dollars) and effects (life¢7/5/30-60, where 7 is the number of scheduled Pap smears, 5 is the screening
years gained) per 1 000 000 women in the general population per year of scréeterval in years, and 30-60 is the age range); NLThe Netherlands before

ing for screening policies used in countries with a cervical screening programl®96 (7/3/35-53); DK= Denmark (9), (13/3/23-59); S= Sweden(13)
program recommended in national guidelines and the simulated efficient frqti2/25/25-58); ICE= Iceland(12) (19/2/2/25-70); UK(3) = United Kingdom

tier, with 3% discounting. Discounting refers to converting future costs ard1) (16/3/20-65); UK(5)= United Kingdom(11) (10/5/20-65); US= United

health effects to their present values. Téwid line represents the simulated States(10) (17/3/18-66); AUS= Australia(5) (27/2/18-70); WHO= World
efficient frontier. The numbers of scheduled lifetime Pap smears are identifiel@alth Organization/Eurogi(il4) (14/3/25-64).

with solid filled circles. NL/F = The Netherlands from 1996/Finlan@)

the screening policy also may have appeared to be quite closeliminate the disease. Also, elimination or near elimination of
the efficient frontier, the incremental and/or average costervical cancer through screening does not seem possible con-
effectiveness will be far outside the range that we consideredsidering the persistent level of nonattendance of women at high
be acceptable. The screening policies considered by W@igh risk for cervical cancer. Because we based our model on the
(screening every 3 years between ages 20 and 59 years Butch cervical cancer-screening figures, we assumed an atten-
screening every 5 years between ages 20 and 60 years) a@adce of about 80%. Half of the remaining 20% are persistent
Sherlaw-Johnso(R0) (screening every 3 years between ages Ibnattenders. The nonattenders were assumed to be at high risk
and 64 years) and some of the screening policies considefedcervical cancer and accounted for 25% of the cervical cancer
optimal by Gyrd-Hanse(17) (varying from five scheduled ex- mortality, putting the upper limit of attainable gain in life ex-
aminations between ages 30 and 50 years to 28 scheduledp®ctancy by cervical cancer screening at 75% of 46 days or a
aminations between ages 25 and 69 years) were not efficiestal of 34 days.
according to our model. Our predictions show that the efficient screening policies that
range from two to 40 scheduled examinations result in a gain in
life expectancy from 12 to 32 days. Wright and Weinstgif)
DiscussioN reviewed gains in life expectancy from a variety of health in-
terventions and found estimates on a gain in life expectancy of
The results show that efficient screening policies for cervic@l8 months for women aged 50-60 years who are offered bien-
cancer can be characterized by an average screening age of abiaitmammography and of 8 months for women aged 35 years
50 years. This means that an intensive screening policy womtio quit cigarette smoking. Our estimates for the effects of
begin at a younger age, end at an older age, and have a sha®evical cancer screening are at the lower side of this range.
interval between the scheduled examinations. However, in addition to the effects, costs also must be consid-
With the use of the MISCAN program, we determined ared when evaluating diverse health interventions. Cost-
predicted gain in life expectancy of 46 days if cervical cancer éffectiveness ratios as estimated in this study express the trade-
eliminated. This gain is small compared with the predicted iff between costs and effects of interventidb®).
crease in life expectancy of other diseases, such as the approxithere are several limitations associated with cost-effec-
mately 1.5 years if coronary heart disease were eliminatedtiveness analyses, including random fluctuation and outcome
women(48), and is directly related to the relatively low mor-uncertainty(41). Random fluctuation complicates the determi-
tality rate from cervical cancer. However, it is more relevant toation of the efficient screening policies because repeat estima-
compare the gain in life expectancies with different health inions of costs and effects may yield different estimates for the
terventions because most health interventions can only paxthsts and effects that result in small differences in screening
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policies determined to be efficient. This was illustrated by thatervention. The negative side effects of screening, including
screening policy including seven scheduled examinations likese on quality of life, are largely proportional to the number
tween ages 27 and 68 years, which was found to be efficiaiftscreening examinations. By contrast, the favorable effects of
in our initial predictions but not after enlarging the simulatedcreening follow the law of diminishing returns. Combining the
population. negative side effects and the favorable effects of screening in
Outcome uncertainty is related to both parameter and modeims of quality-adjusted life-years will result in a rapid decrease
uncertainty. Parameter uncertainty is the uncertainty about thethe number of incremental quality-adjusted life-years gained
true values of the input parameters, whereas model uncertaifttly screening policies with an increase in the number of exami-
involves the way these parameters are modeled. An examplenafions(24), and eventually any additional intensifying screen-
model uncertainty is that we made the assumption that costsifug will decrease the net health effects. Uncertainty analysis
coordinating and evaluating a cervical screening program werned quality-of-life considerations are both subjects of ongoing
fixed and thus that these costs were independent of the numiseearch.
of scheduled examinations. Increasing the coordinating andThe present cost-effectiveness estimates are obtained for a
evaluating costs with the number of scheduled examinations wilbdel that aimed to be representative of cervical cancer screen-
decrease the incremental cost-effectiveness ratio for screerimgin The Netherlands. Different demographic, epidemiologic,
policies with a small number of examinations but will increasand screening characteristics led to changes in the choice of the
the incremental cost-effectiveness ratio for more intensiveimber of Pap smears offered per woman, the choice of the age
screening policies. range to be screened, and the time period between the scheduled
In addition to the study design limitations, our results wouldumber of Pap smears. However, we found (Fig. 4, B) that the
be influenced if quality-adjusted life-years gained were useliversity in the number of scheduled examinations in currently
instead of life-years gained to include any side effects of thused or recommended screening policies, which varied from
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Fig. 5. Comparison of the costs (in millions of U.S. dollars) and effects (lifef21) (14/3/20-59; 9/5/20-60); *= Sherlaw-Johnso(20) (15/3/18-63);¢ =

years gained) per 1 000 000 women in a simulated general population per yedntdrnational Agency for Research on Cancer (IARE) (9/5/25-65; 14/3/25—
screening for screening policies considered in other cost-effectiveness analy8ék. ¢ = IARC (2) varying intervals indicated by * and all screening ages
Comparison is made with the simulated efficient frontier with 3% discountin¢10/*/25,26,30,36,40,45,50,55,60,65; 15/*/25,26,29,32,35,38,41,44,47,50,53,56,
Discounting refers to converting future costs and health effects to their presé8i62,65); = Gustafsson and Adan(l6) (5/7/30-58);] = Gustafsson and
values. -= Hristova and Hakam#l18) (7/5/30-60, where 7 is the number of Adami (16) varying intervals indicated by * (1/*/37; 2/*/34,45; 3/*/32,40,51;
scheduled Pap smears, 5 is the screening interval in years, and 30-60 is thet&y81,37,44,57; 5/*/30,35,43,50,60; 7/*/28,33,37,43,49,57,66; 10/*/
range); += Gyrd-Hansen et a(17) (5/5/30-50; 7/5/30—-60; 8/5/25-60; 8/4/30-26,30,33,37,42,46,51,57,63,70; 15/*/23,27,30,32,35,38,41,44,48,51,55,60,64,69,74;
58; 9/4/25-57; 12/4/25-69; 13/4/20-68; 13/4/20-68; 18/3/20-68; 25/2/20-&8/*/22,25,28,30,32,34,36,38,40,43,46,49,52,55,58,62,65,69,73,78)McCrory
28/2/15-69)A = Eddy(15)(16/3/29-74; 15/4/20-76; 17/3/26—74; 16/3/20—-65(19) (20/3/18-75; 30/2/18-76). An upper age for screening of, respectively, 76 and
18/3/23-74; 19/3/20-74; 20/3/17-74; 28/2/20-74)=xWaugh and Robinson 75 years was assumed, although no upper age limit was mentioned in the study.

seven to 27 examinations, cannot be explained by differencesamong policies, or the methods used in evaluating policies. The
the incidence of or price level in the countries involved. A factdatter is illustrated by the fact that even though policies evaluated
that may influence the age range is the age-specific incidenneother cost-effectiveness studi€®4) were close to our effi-

of invasive cervical cancer, which reflects the age-specific inaitent frontier (Fig. 5), the estimated incremental and/or average
dence of progressive CIN. By comparing the age-specific inaest-effectiveness ratios differed considerably among studies
dence among different populations, Gustafsson €#d).found (24)and may, subsequently, have led to different elected screen-
that, in addition to differences in the level of cervical canceng policies.

incidence, there were two patterns of age-specific incidence. InMoreover, our model considers features that were not con-
the first pattern, illustrated by some European countries, inclusldered in other cost-effectiveness analy&eh; this may have

ing The Netherlands, the peak age-specific incidence of invasis@ntributed to the different cost-effectiveness estimates. First, in
cervical cancer occurs at a younger age and declines rapidly model both costs and effects were discounted to the start of
thereafter. In the second pattern, illustrated by the United Statesteening at a rate of 3%41). Second, we assumed that nonat-
New Zealand, and Asian and African countries, the peak agendance is associated with an increased risk of cervical cancer
specific incidence of invasive cervical cancer occurs at an old@5-27).Third, we accounted for the fact that the population is
age and declines slowly thereafter. Therefore, in countries whateeady screened to a certain extent. Our assumption leads to
the initial peak in age-specific incidence occurs at an older agelower prevalence of preclinical disease and, consequently, to a
there will be a shift in the estimated optimal screening startingwer baseline risk for cervical cancer at the start of the screen-
age, moving upward, to an older age, and/or to lengthening ting program. Therefore, our cost-effectiveness estimates will be
screening interval. Thus, when considering the incidence of iless favorable.

vasive cervical cancer in the United States and Australia, it is The current cost-effectiveness analyses concern high-income
unclear why screening policies that have short screening inteountries. However, in low-income countries in Southern
vals and that start at a young age are recommended. Posstbieerica, Africa, and Asia, the incidence and cancer-related
differences among countries in the implicit threshold values déath rate from cervical cancer is much greater than the “high”
the acceptable incremental and/or average cost-effectivenessneidence selected in our sensitivity analyses. Although the in-
tio provide no plausible explanation for the diversity in screeridence of cervical cancer can be reduced by a Pap smear-based
ing policies. The diversity, therefore, originates from othescreening program, such a program is often not feasible in low-
sources, including, for example, the rationality of the reconmcome countries because it requires a high degree of organiza-
mendation process, the data and evidence used in choogiog with cytologic laboratories and personnel. An alternative for
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Pap smear screening in deve|oping countries may be aided guidelines: World Health Organisation/European Research Organisation on
visual inspection of the cervix, which has a Sensitivity similar to Gei1ital Infection and Neoplasia. Paris (France): Eurogin Scientific Publi-
Pap smears but a lower specifici{$1,52). A specific cost- cations; 1997.

. . . . o élS) Eddy DM. Screening For cervical cancer. Ann Intern Med 1990;113:
effectiveness analysis to investigate the possibility of a screen-" ;"

ing program based on aided visual inspection in low-inCOMEs) Gustafsson L, Adami HO. Optimization of cervical cancer screening. Can-
countries is warranted. cer Causes Control 1992;3:125-36.

Although the present analyses are based on Pap smear scre@n&yrd-Hansen D, Holund B, Andersen P. A cost-effectiveness analysis of
ing, which is the conventional method for detection of cervical cervical cancer screening: health policy implications. Health Policy 1995;
lesions in large-scale settings, there are new methods for the 34:35-51. , _ ,
detection of cervical cancer: for example, Screening for the préjss_) Hristova L, Hakama M. Effect of screening for cancer in the Nordic coun-

; . iants of the h il . Th tries on deaths, cost and quality of life up to the year 2017. Acta Oncol
ence of oncogenic variants o € numan papiliomavirus. e 199736 Suppl 9:1-60.

cost-effectiveness of screening for human papilloma\_/irus is N@8) McCrory D, Matchar D, Bastian L, Datta S, Hasselblad V, Hickey J, et al.
yet known (53). Other developments involve new diagnostic  Evaluation of cervical cytology. Rockville (MD): Agency for Health Care

technologies in cytopathology, such as liquid-based cytology Research; 1999.
and computer-aided imaging. In the future, these or other néR) Sherlaw-Johnson C, Gallivan S, Jenkins D, Jones MH. Cytological screen-
developments may lead to improvements in test characteristics ing and management of abnormalities in prevention of cervical cancer:
and/or Changes in costs. which would require reconsidering tﬁ? an overview with stochastic modelling. J Clin Pathol 1994;47:430-5.
; )
y

ti | . lici B h | Waugh N, Robertson A. Costs and benefits of cervical screening. Il. Is it
oplimal screening policies. because women who are regula worthwhile reducing the screening interval from 5 to 3 years? Cytopathol-

screened at the appropriate ages already have a reduced risk of,gy 1996:7:241-8.

cervical cancer, the gain in cost-effectiveness of cervical canggs) cBs (Netherlands Central Bureau of Statistics): Death by cause of death,
screening must arise from reducing the overall costs and sim- age and sex. Series Al, 1950-1992. Voorburg (The Netherlands): CBS;
plifying the screening process by reducing the number of false- 1994.

positive results. The great breakthrough in the latter has to Coﬁ?ﬂ@ SIG (Information Centre for Health Care): Hospital Diagnosis Statistics

_ . . _ 1963-1985 (in Dutch). Utrecht (The Netherlands): SIG; 1985.
from meth_OdS that are able to dIStmngh progressive and E§4) van Ballegooijen M. Effects and costs of cervical cancer screening [thesis].
gressive disease.

Rotterdam (The Netherlands): Department of Public Health, Erasmus Uni-

versity; 1998.
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