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SUMMARY

This study is an attempt to advance the state
of the art of cost-effectiveness analysis (CEA) as
the technique pertains to disease prevention and
health promotion programs. Cervical cancer
screening is used as the subject of analysis to
demonstrate the application of CEA to a disease
prevention program. First, the disease process is
modeled using a Markov chain technique to
“age” a simulated population of 30- to 39-year-
old women for 10 years, using disease transition
probabilities reported in the literature. Then,
the cost effectiveness of screening at different in-
tervals, ranging from no screening to annual
screening for the 10-year period, is calculated.
The effects of the following are evaluated: 1) dif-
ferent migration patterns, 2) different risk
groups, 3) different modes of administering Pap
tests, and 4) joint production considerations.
The sensitivity of the results both to various dis-
count rates and to a range of Pap test error rates
are also tested.

The results of the analysisindicate that a pri-
vate party always has a financial incentive to
postpone screening, whereas society finds it
more cost effective to screen than not to screen,
but onlyat infrequent intervals. The cost effec-

tiveness of screening is markedly affected when
amore efficient (i. e., less costly) delivery mode
is simulated, and it is significantly affected when
joint production effects are considered; how-
ever, it isnot very sensitive to small changesin
the discount rate, which initially was set at 10
percent, nor to varying assumptions regarding
Pap test error rates.

Since private parties who may be interested in
offering health promotion/disease prevention
programs would incur the full cost of such pro-
grams while deriving only a portion of the bene-
fits, we conclude that if society wants the pri-
vate sector to screen for cervical cancer at a
societally determined optimal rate, then society
must be willing to subsidize the cost of the
screening. We further conclude that the cost ef-
fectiveness of cervical cancer screening is much
more affected by the costs assigned to screening
than by different assumptions regarding the dis-
count and error rates. These conclusions suggest
that more attention should be paid to providing
such programs at the most efficient level, that
proper accounting measures should be used,
and that less attention should be paid to the
precise rates of discount and error.
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INTRODUCTION

Prevention and early disease detection—The
words alone suggest the saving of life, limb,
misery, and heartbreak. Certainly, research has
shown that prevention and early detection of
disease can be effective, To mention just a few
effective prevention programs, for example, de-
creasing the speed on our highways saves lives
and limbs, as well as property; decreasing
smoking and weight lowers general mortality;
immunization prevents illness and death; and
fluoride treatment decreases dental caries.
Belloc and Breslow (2) have shown that mod-
erate changes in basic lifestyle are associated
with lower overall mortality. In addition, over
the past century, there has been overwhelming
evidence that much of the success in limiting
disease and extending life is attributable to basic
preventive activities.

Nevertheless, the vast magority of heath
dollars are spent on acute medical care that pro-
duces little change in overall mortality or mor-
bidity rates, and there is every reason to believe
that the future promises more of the same (26),
Why does the health care sector persist in re-
maining wedded to the treatment mode of medi-
cal care to the near exclusion of the preventive
mode? We know prevention can be effective,
but can it be cost effective?

One reason for the neglect of preventive care
may have to do with the manner in which the
costs of health promotion/disease prevention
programs are incurred and the benefits are ac-
crued. The costs are usually certain, incurred in
the present, and not borne by the recipient of
many of the benefits. The benefits, on the other
hand, are ordinarily uncertain and are generaly
accrued in the future.

Suppose, for example, that a health insurer
such as Blue Cross is considering whether to in-
clude hypertension screening in its insurance
package. Part of its decision will be based on a
determination of whether such a program is effi-
cient, i.e., whether the savings (benefits) due to
the future decreased cardiovascular disease will
be equal to or greater than the costs of the
screening program. Most of the costs of the pro-

gram can be estimated rather accurately, will be
incurred in the present, and will be borne only
by Blue Cross. However, the benefits of screen-
ing will accrueto: 1) the individual, in terms of
more earnings, less morbidity, and longer life;
2) the life insurer, in terms of postponed death
benefit payments and more premium payments;
3) the employer, in terms of a healthier, more
productive work force, lower employee turn-
over, and lower disability payments; 4) the gov-
ernment at all levels, in terms of lower medical
costs (for those “saved” individuals who do not
have heart disease while on medicare), higher
tax revenues and fewer unemployment benefits;
5) society in general, in terms of higher general
prosperity; and, finally, 6) Blue Cross, in terms
of lower future medical costs due to heart dis-
ease.1 Furthermore, many of the benefits that
might otherwise accrue to Blue Cross will be
lessened because some individuals who partici-
pate in the initial screening programs will not
continue treatment and others will change in-
surance plans owing to dissatisfaction, job
change, or advanced age leading to medicare €li-
gibility. The medica care cost savings which ac-
crue to Blue Cross will do so over many years
and conseguently must be discounted at a sub-
stantial rate (probably 10 percent). The net ef-
fect of al these factors may make the hyper-
tension screening program financialy unattrac-
tive to Blue Cross.

Most other health promotion/disease preven-
tion programs can be analyzed in a similar man-
ner, with the analysis producing similar results.
Consequently, health insurers such as Blue
Cross and medicare tend not to include health
promotion/disease prevention coverage in their
plans, irrespective of whether the benefits in
their aggregate outweigh (or justify) the costs in
their aggregate,

Nevertheless, many heath promotion/dis-
ease prevention programs do exist outside of the
country’ s mainstream—private fee-for-service,
third-party reimbursed—health care system.
The military, for instance, strongly encourages

‘This® enumeration of benefits Includes much double counting,
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preventive measures such as regularly scheduled
physica examinations and immunizations, as
well as programs in weight control, exercise,
drug counseling, venereal disease control, and
safety. Unlike Blue Cross, the military has many
natural incentives to maintain a healthy popula
tion, becuase although the military incurs the
costs of the aforementioned programs, it aso
accrues many of the benefits.

We also observe an increasing number of
health promotion programs in the private sector
with industry’s exercise activities, antismoking
clinics, alcoholism programs, etc., and a prolif-
eration of independent, health-oriented orga-
nizations such as Weight Watchers, Smokend-
ers, Alcoholics Anonymous, heath spas, and
organic food stores. The thriving existence of
these organizations indicates that some employ-
ers and many individuals believe that sufficient
benefits accrue to them to justify their paying
for particular preventive programs.

Essentially, then, many different private par-
ties are evaluating health programs independ-

BACKGROUND: CERVICAL CANCER

Disease Etiology

The etiology of cervical cancer has been dif-
ficult to trace with precision, because the evi-
dence confirming the presence of this disease in-
terrupts its natural course. Nevertheless, there is
considerable circumstantial and epidemiological
evidence that suggests the pathway that cervical
cancer takes.

A recent and important long-term study was
done and reported by a Canadian task force ap-
pointed by the Conference of Deputy Ministers
of Health (38). After many years of data gather-
ing and a long history of cervical screening, the
task force concluded that the progressiveness of
the disease is suggested, as indicated in table 1.
(See app. A for definitions of technical medical
terms. ) The Canadian task force reported the
following (38):

ently and are allocating resources on the basis of
their own perception of the programs value.
Since the benefits are often accrued by other and
unrelated parties, however, society may be able
to further the public welfare by encouraging
those programs whose total benefits to society
are proven to exceed total costs to society.
Thus, evaluation methods need to be developed
and used to help society determine which pro-
grams should be encouraged, for whom, and at
what level.

This study attempts to shed light on some of
the economic and other policy issues related to
health promotion and disease prevention. A ba-
sic cost-effectiveness methodology for cervical
cancer screening is developed, and various costs
and benefits are gathered in different combina-
tions to simulate the objective functions of the
many potential financiers of this particular dis-
ease prevention program. We ask: For whom is
cervical cancer screening cost effective, under
what conditions, and at what screening in-
tensity?

1. Dysplasia:

a. The annual progression rate from dys-
plasia to cancer is 510 6.4 percent.

b. The incidence of carcinomain situ (CIS)
in a population with dysplastic changes
IS 49/1,000 but is only 0.04/1,000 in a
population without them.

c. The spontaneous regression rate from
dysplasia to normal is 30 to 40 percent,
but dysplastic lesions are more apt to
return in a reverted normal population
than they would be in a completely nor-

Table 1 .—Progressive Stages of Cervical Cancer

Disease stage Mean age al diagnosis
Dysplasia....................... 24.0
Carcinomainsitu(CIS) . .. ......... 34.0
CIS with microinvasion . . . ......... 43.7
Occult carcinoma of cervix. . . ... ... 48.6
Clinical carcinoma of cervix . . ... ... 52.0
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mal population. Also, the greater the
degree of dysplasia, the better the
chance CIS and invasive carcinoma will
develop.

2. Carcinomain situ:

a. Progression rates from CIS to invasive
carcinoma have been reported as rang-
ing from 25 to 70 percent, but the pro-
gression rate is very difficult to observe
because CIS is generally treated when
discovered.

b. The phase lasts from 1 to 20 years, de-
pending on the study cited.

c. The disease regressesin o to 25 percent
of cases, depending on the study cited.

d. It is believed that, except in rare cases,
CIS precedes invasive carcinoma. *

The task force aso reported that there is some
evidence which shows that the incidence of clin-
ical cancer of the cervix began declining prior to
the screening program (38). Although it is not
possible to prove that screening has had an ef-
fect on this decline in incidence, data the task
force examined do tend to indicate that screen-
ing has had a significant effect on the decline in
mortality from carcinoma of the uterus, a find-
ing confirmed by many others (4,8,28). In con-
trast to these investigators, Dickenson, et al.
(12) claim that the incidence of clinical c_i-
noma of the cervix isincreasing, and Boyes (3)
claimsit is remaining constant; and both report
their data as showing an increasing incidence of
CIS.

A study from Finland (18) found results with
respect to the progression of the disease that
somewhat resembled the results of the Canadian
task force. It reported that the probability of a
preinvasive lesion’s progressing to invasive
cancer was 0.28 to 0.39, while the probability
that an invasive cancer was either not preceded
by a preinvasive stage or was preceded by a
preinvasive stage of lessthan 5 yearswas O to
0.38. The latter finding is not surprising when
one considers that other studies have also
demonstrated that the preinvasive stages of

*1t should be noted that other studies not cited i n the task force’s
report have pointed to a small percentage of cases in which either
no preinvasive lesion or one of very short duration preceded in-
vasive carcinoma (18).

older women are of relatively short duration.
Dunn (14), for example, estimated the duration
of CIS to be approximately 16 years for 20- to
30-year-old women but less than 5 years for
postmenopausal women. This finding may be
due to the fact that the site of the lesions on the
cervix in older women is not as exposed asit is
in younger women and is consequently less
available for scraping.

Incidence

Although much research has been conducted
in an attempt to determine the true incidence of
cervical cancer, the findings reported in the lit-
erature are not consistent. Nevertheless, there is
general agreement that the incidence of cervica
cancer is, at least secondarily, highly correlated
with age and socioeconomic status. Because of
this correlation, much of the work using a single
incidence/prevalence rate for a demographical-
ly diverse population is not very helpful.’

Tables 2 and 3 are presented below to demon-
strate the variability of CIS and invasive carci-
noma incidence rates reported in the literature
(some of the data have been combined or inter-
polated for purposes of comparison). The rates
vary enormously across categories of age and
socioeconomic status and across studies. How-
ever, the trends seem to be more consistent.
Note that the incidence of CISis highest in the
middle years, whereas the incidence of invasive
carcinoma rises continuousl, with age until well
after menopause. Note also that CIS, not inva
sive disease, accounts for most of the variability
and high frequency. When cultural lines are
compared, the incidence of CIS is seen to be
significantly higher in blacks than in whites,
in non-Latins than in Latins, and in poor than
nonpoor.

The reason for the extreme variability of CIS
incidence rates within categories and across
studies is unknown. However, some of the vari-
ation may be due to test error and to the timing
of incidence rate calculations. For instance, if
the false-negative rate is very high, any sub-
sequent screening will be “contaminated” by the
“leftover prevalence” cases. One theoretical

‘Incidence refers to new cases; prevalence refers to existing
cases.
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Table 2.—Annual Incidence of Carcinoma in Situa(CaSES per 100,000 population)

Alameda Alameda

Mayo  Co., Calif. Co., Calif. Connect- Nevada (13)

British
El Paso El Paso Columbia
(13) (38) Miami (2) Miami (2)

Age Clinic (12) (13) (white) (13) (black) icut (13) (13) (Latin) (non-Latin) 1966-70 (indigent) (private)
15t019........ 0 4 176 2 0 0 (o] - 1,880 0
20to 24. . ... ... 94 121 838 42 297 0 55 200
2,024 165
25t029........ 194 390 1,240 131 860 197 294 350
30t034........ 163 729 1,308 176 903 310 600 285
1,020 100
35t039........ 163 704 590 197 992 316 499 200
40 to 44. . . . . . .. 57 557 609 171 736 229 528 150
790 310
45t054........ 78 287 144 88 443 180 285 80
1,772 312
597 187
55to 64. . ...... 17 183 117 36 183 153 190 45
65+ . . ... ... 10 83 129 21 83 30 71 43

“Numbers in parentheses refer to the references in the list at the end of this case study

Table 3.—Annual Incidence of Invasive Carcinoma’ (cases per 100,000 population)

British
Alameda Alameda El Paso El Paso Alameda Columbia
Mayo  Co., Calif. Co., Calif. Connect- Nevada (13) (13) Co. (28) (38)
Age Clinic (12) (13) (white) (13) (black) icut (13) (13) (Latin) (non-Latin) 1968-69  1966-70 Mean
15t019. .,..... 0 0 0 0 0 0 [o] - - 0
20to24........ 5 5 1 5 0 0 5 2
25t029. ., ..... 0 0 7 24 13 8 20 9
30t034........ 0 30 23 10 44 35 10 26 28 23
35t039. ....... 18 42 46 18 51 61 20 15 50 36
40 to 44. . . . .. .. 26 34 45 22 55 86 33 43 68 46
45t054. . ... ... 36 34 85 24 55 105 40 31 65 53
55t064. ....... 26 50 109 26 71 92 55 38 103 63
65+ . . .. ... ... 27 45 85 29 59 113 89 44 73 63

* Numbers in parentheses refer to the references in the list at the end of this case study

model has been developed (7) which demon-
strates that subsequent tests will asymptotically
approach the true incidence. Therefore, if the
study in question is calculating an incidence rate
using second or even third test screening data
and its test errors are high, the reported in-
cidence will be proportionally overstated. It is
also probably safe to speculate that the studies
reporting very high incidence rates are unwit-
tingly including many prevalence cases, espe-
cidly in light of the much lesser variation in in-
vasive incidence.

In light of the discussion above, it is inter-
esting to note that Dickenson’s study at the
Mayo Clinic (12) reported both a low incidence
rate (see table 2) and a low false-negative rate
(3.3 percent). The clinic has been screening since
1947, so presumably the asymptote had been

reached by the time the incidence was calculated
on the respective cohorts.

Detection
Decision Tree Analysis

With minor variations, most authors agree on
the general decision strategy for the appropriate
method of cervical cancer diagnosis (23,27,34,
41). The consensus is that an atypical or ab-
normal Pap test should be followed by colpos-
copy. Kuptsow (23) suggests two positive Paps
for mild dysplasia prior to examination of the
patient by colposcopy. Nyirjesy (27) recom-
mends that anti-infectious treatment be given to
al patients with atypical Pap smears before a
second Pap, whose positive finding would then
lead to colposcopy. He reports that 84 percent
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of those with atypical Pap smears are presented
as normal after anti-infectious treatment.

In any case, most authors (23,34,41) suggest
that biopsy should follow colposcopy when in-
dicated. Nyirjesy (27) recommends immediate
biopsy under colposcopic control. Yates, et al.
(41) and Stafl, et al. (34) agree that an unsatis-
factory colposcopic examination should be fol-
lowed by a diagnostic cone biopsy.

Appropriate treatment for confirmed diagno-
sis is indicated in figure 1. An expanded form of
the Stafl, et al. (34) decision tree will be used as
the appropriate course of action in this study.

Pap Test Error Rates

There has been a considerable amount of dis-
agreement concerning the precise magnitude of

Pap test error rates. Part of the reported varia-
tion is due to definitional problems, part to the
nature of Pap testing itself, and the rest to the
fact that, for ethical reasons, the error rates can
never be proven empirically.

DEFINITIONAL PROBLEMS

The first definitional problem is the category
into which Pap test results must be placed. The
classification of Pap test results is generally
regarded as consisting of the following (27):

Class 1 Negative
Classll  Atypicd
Class111  Suspicious

Class|V StronPIy su%geﬂive.of malignancy
ClassV  Conclusive tor malignancy
The few researchers who state where they dis-
tinguish the negative from the positive pole
make the distinction between classes Il and 11—

Figure 1 .- Decision Tree for Cervical Cancer Screening and Treatment”

Positive

“See app. A for deflnitionsof medical terms that appear in this figure

Negative

negative

True
negative

False

Abnormal
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but the subjective nature of those classifications
hints at the obscurity of the Pap test result. The
Pap test result is not clearly positive or negative,
but is regarded as an intermediate step leading
to more conclusive results. As was previously
mentioned, Nyirjesy (27) reported that in his
study 84 percent of class 11s (atypicals) reverted
to negative after anti-infectious treatment; 10
percent were confirmed positive by biopsy. Ny -
irjesy further reported that 84 percent of class
111s (suspicious) were confirmed positive by bi-
opsy. Although the specific results differ from
study to study, it is clear that a significant pro-
portion of class 11swill be positive and a signifi-
cant proportion of class 111s will be negative.

Since the purpose of the Pap test is to discover
true positives, and since the purpose of calcu-
lating the false-negative rate is to estimate the
true number of missed positives, it is wise to
consider the findings of the class 11s and 111s
before calculating the sensitivity and specificity
of the test. As was indicated previously, both
findings are ordinarily followed up by either
anti-infectious treatment (class 11s) and then
retesting, or by biopsy (class 111s). Therefore,
true positives and true negatives are much more
likely to surface, and error rates can be cal-
culated which better reflect their conceptual
meaning.

The next major definitional problem is the
category—positive or negative—into which
confirmed biopsy results must be placed. Biopsy
results are often classified as follows:

Negative
Dysplasia

Mild

Moderate

Severe
Carcinoma in situ (CIS)
CIS with microinvasion
Invasive carcinoma

At which point is a result considered to be
positive? As May (25) pointed out, if the pur-
pose of the Pap test is to detect carcinoma of the
cervix, only CIS and the more serious categories
must be considered as positive. If one considers
that the purpose of the test is to detect a precur-
sor to cancer, however, then dysplasia must
also be considered positive. Some researchers

seem to draw the line between positive and neg-
ative results within the dysplasia category,
which further complicates the analysis of the lit-
erature. The biggest problem in al of these defi-
nitional difficulties Is that many authors fail to
state their assumptions, thereby making it haz-
ardous to compare data. May (25) partially
avoided the difficulty by doing his calculations
twice—considering dysplasia once as negative
and once as positive.

THE NATURE OF THE TEST

False Negatives.—Since there is much human
involvement in scraping the cervix, preparing
the dide, and reading the microscopic results of
the Pap test, aswell asin clerical work, it isnot
surprising that different organizations report
different errors. The false-negative rates re-
ported range from 2.8 to 45 percent (1,7,12,19,
22,23,25,27,29,32,33,34,35,37,38,41,42). Wat-
chel (37) estimates that the false-negative rate is
6 to 10 percent in specialized labs and 20 to 25
percent in mass screening centers. The literature
appears to bear this out, with many average
labs reporting figures somewhere in the middle,
i.e., false-negative rates of 10 to 20 percent.
However, Coppleson, et a. (7), using an ana-
lytical technique for assessing multiple screens
and using various sources of data, have esti-
mated false-negative rates of the Pap test to be
40 percent for dysplasia, 20 to 45 percent for
CIS, and 24 percent for preclinical invasive car-
cinoma.

False Positives.—For several reasons, false
positives do not raise the concern that false
negatives do. First of all, the false-positive rate
appears to be low except in the class 111 category
(suspicious) which, as discussed previously,
probably should not be considered until after
further workup. Second, col poscopy and subse-
guent biopsy are accurate and not terribly ex-
pensive in terms of dollars or morbidity. Final-
ly, the disease is so life threatening that to
suspect a nonexistent cancer pales into insignifi-
cance compared to missing cancerous tissue. In
any case, there seldom are estimates of the false-
positive rate in the literature. Those few studies
which either estimate a false-positive rate or
provide sufficient data for the reader to estimate
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one (25,32) suggest that the rate is less than 2
percent.

Cost-Effective Detection

Clearly, if one is to formulate a rational re-
screening strategy, it must be tailored to the
various risk categories. Several researchers have
developed screening schedules tailored to risk
categories, but few have employed economics in
a cost-effective approach. Anderson and Gunn
(1) developed a family of incidence curves corre-
sponding to age and socioeconomic variables,
but their rescreening criteria were based on an
arbitrary incidence level (the overall reported
national average). Walton, et al. (38) recom-
mended a similar schedule based on risk factors,
but did not indicate how they determined the
screening interval length.

Knox (21) has used a comprehensive and
complex computer simulation model which ad-
justs disease progression transition probabilities
until the model predicts reported incidence,
prevalence, and mortality rates. A simplified
variation is described in a later article (20). The
output of this model is the determination of the
“optimal” ages for screening. Economic factors
are implied only by considering the number of
screening tests per lives saved.

Galliher (17) has applied benefit-cost analysis
to a somewhat simplified disease etiology to de-
termine optimal ages for screening. He and
Knox both use a cohort design, simulating a
group of individuals through an entire lifetime.
Studies on the cost effectiveness of cervical

METHODOLOGY

The nature of cervical cancer and the state of
medical ethics preclude our determining the cost
effectiveness of aternative screening strategies
through a true experimental situation: Once CIS
is detected, it is imperative that medical in-
tervention take place; and such intervention
prevents observations over a longer period.

Therefore, using our model, we simulate
screening the population twice (see app. B), ag-
ing it for 11 years while simulating screening at

cancer screening have also been published by
Coppleson and Brown (5,6). Their model, using
Markov chains to simulate a disease process,
like Knox’s model “correctly” predicts reported
prevalence data. However, the problem with
this approach is that it ignores the effect of
previous screening efforts which “purifies’ the
population, resulting in an understatement of
the prevalence of invasive cervica cancer. Knox
attempts to correct for this by including screen-
in,and treatment effects in the model. Eddy (15)
similarly has used mathematica modeling to
analyze lifetime screening strategies and to com-
pare screening programs across different cancer
Sites.

Other studies have analyzed the cost effec-
tiveness of one strategy over another (9,11,32),
but these studies have used overall incidence
rates rather than risk-related ones, and they
have often omitted critical variables such as dis-
counting factors or error rates. In none of the
aforementioned studies has there been an ap-
propriate or complete economic analysis: None
of the studies has concerned itself with joint pro-
duction effects (e.g., avisit for a Pap test usual-
ly includes other examinations as well), emigra-
tion rates (e. g., disenrollment from an insurance
plan), the value of time costs, nor even with an
estimation of the cost effectiveness of employing
nonphysician personnel to perform routine pro-
cedures. Neither has anyone attempted to deter-
mine who actually incurs the different costs in-
volved in cervical cancer screening and who ac-
crues the many benefits. Our CEA presented be-
low considers all of the aforementioned factors.

various intervals, and calculating the costs and
benefits for each screening policy tested. Ten
possible screening policies are examined—from
screening every year to screening only in the
loth year. All costs of screening and of treating
disease associated with cervical cancer are to-
taled for each policy. Benefits are calculated by
comparing lives and years of life saved for each
policy compared to no screening for the 11
years. Finaly, many different cost-effectiveness
ratios are devised for society’s interested parties
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(e.g., a philanthropic organization, a health in-
surer, society itself).

Disease Transition Probabilities

A mathematical modeling technique known
as a Markov chain process is used to simulate
the aging of a population at risk for cervical
cancer, so that a population is “exposed” to a
disease process over a number of periods and
undergoes changes in hedth status according to
a set of disease transition probabilities, each of
which is the probability of changing from a par-
ticular health state to another in one period.

For purposes of our analysis, 13 health states
are defined as follows:

H, Normal

H, Reverted normal—having regressed from a
previous state of dysplasia

H; Dysplasia

H, CIS

H; Invasive carcinoma of the cervix

H, High-risk, disease-free

H; High-risk, dysplasia

H, High-risk, CIS

H, High-risk, invasive carcinoma

H,, Hysterectomy

H,, Emigration

H,, Death due to cervical cancer

H,, Death due to all other causes

The probability of annual progression and
regression from one state to another is shown in
the disease progression chart in table 4. Ac-
cording to that matrix, a 30- to 39-year-old
woman who is normal (Hi) in one period has a
0.00110 probability of developing dysplasia
within 1 year, a probability of 0.00116 of dying
from causes other than cervical cancer, and a
probability of 0.99718 of remaining disease free.
A woman who is disease free but who previous-
ly had dysplasia (H,) has a much higher prob-
ability, 0.32000, of contracting dysplasia again.
Most of the transition probabilities presented in
table 4 are estimates from various sources, but
these probabilities are actually variables them-
selves. We have chosen many of the particular
values shown because their use corresponds to
published prevalence and mortality rates
(1,32,36).

The high-risk states, H,, H,, H,, and H,, are
included for accounting purposes only; that is,

once a woman is identified as high risk, she will
automatically be placed on a more intensive Pap
testing sequence than those women not so iden-
tified, as discussed further below. Transition
probabilities for the high-risk states H,, H,, H,,
and H,are assumed to be the same as those for
H,, H,, H,, and H,, respectively. States H,,
through H,,serve as collecting states and essen-
tially do not allow outward transition. The hys-
terectomy state (H10) is included, because a hys-
terectomy ordinarily ensures that the patient is
no longer at risk for cancer of the cervix. Emi-
gration (Hi, ) smulates women who have left the
program*and approximates the position of a
health insurer who incurs screening expenses
without deriving future benefits; the health in-
surer’s position is opposed to that of society,
because society would accrue the benefits of
screening regardless of migration patterns. Ini-
tially, we assume no emigration, but we subse-
guently test several migration rates to analyze
the effects which enrollee loss has on the cost-
effective solution for different parties. Our
model accepts the feature of emigration by accu-
mulating in the emigration state (HIl) a fixed
proportion of individuals from each alive state,
sending away, for example, 10 percent per year
(depending on the migration rate) and acting as
though the health status of those persons does
not change—and from the health insurer’s per-
spective, that is exactly what happens. The fea-
ture of emigration is ignored in calculating soci-
ety’s cost-effectiveness ratios.

Screening Policies

Ten different policies are analyzed, beginning
with the policy of screening every year and end-
ing with the policy of screening only in the 10th
year. The costs and benefits of the entire li-year
period are totaled and compared. A simplified
decision tree for screening and treating preclini-
cal disease (see figure 2) is used in our model.
Each time a screen is simulated, lesions (H., H,)
are detected (minus error) and treated, and the
cases are placed in the high-risk, disease-free
health state (H,), which has defined probabil-
ities of transition according to the matrix in

‘Emigration is used here in the broad sense, with any movement
out of an enrollment considered emigration.
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Figure 2.— Decision Tree for Cervical Cancer
Screening and Treatment (simplified for analysis)

.| False negative

False, true positive True

‘ negative

S o S kR

True positive

table 4. Invasive cases (H,) discovered by
screening are treated and placed in the hyster-
ectomy state (H,.,). The undetected lesions re-
main in their previous health state continuing to
age, aso as defined by the matrix.

Note that the matrix indicates that one period
later, half of the remaining invasive cases will
have received a hysterectomy and will be
“saved;” the other half will also receive a
hysterectomy but will not survive. The litera-
ture confirms this survival rate (32).

The assumption is made that all this will oc-
cur within 1 year. That assumption is an over-
simplification, but adopting it makes calcula-
tion easier; furthermore it results in erring on
the medically conservative side, making more
frequent screening more attractive.

By using the high-risk states, we are able to
age high- and regular-risk groups simultaneous-
ly and to differentiate between the two, simu-
lating separate screening policies. This differ-
entiation between high- and regular-risk groups

is important, since women who have experi-
enced precursors to cancer and who have been
treated, as well as women who have had non-
cancerous but atypical Pap smears, are usualy
scheduled for repeat smears at short, regular in-
tervals of time. Since our model has this feature,
costs can be appropriately calculated.

costs

Costs are accumulated by screening, diagnos-
tic, and treatment categories in order to assign
them to the appropriate parties, For discounting
purposes, al costs are calculated at the time
they are incurred, which requires calculation of
the screening and treatment costs only when
screening is performed, and calculation of the
costs of treating invasive cancer as it occurs

(i.e., yearly).

Two basic cost formulations are applied: a
low-cost model and a high-cost model (see app.
C for further details). The low-cost model is a
hypothetical health clinic in which licensed
vocational nurses (L. V.N. S) perform the Pap
testing, a registered nurse practitioner (R. N. P.)
performs the colposcopic examinations and bi-
opsies, and a part-time physician who ison call
for professional staff support performsal cryo-
surgeries. This model uses a reputable cytology
laboratory, which bills the clinic periodically,
thus taking advantage of economies of scale.
Conservative treatment with the costs calcu-
lated from a composite of treatments as de-
scribed by Lacey and Townsend (24), is as-
sumed for all CIS discovered: $10 percent cryo-
surgery and 10 percent ionization. Costs of
hospitalization are as described in the Third
tional Cancer Survey (10). The high-cost model
isa hypothetical private, fee-for-service practice
in auniversity teaching hospital that has physi-
cians take Pap smears and perform col poscopic
examinations and biopsies. This model uses a
university hospital laboratory that bills each pa-
tient individualy. More radical treatment for
ClISisassumed: 10 percent cryosurgery and 90
percent ionization. All hospitalization costs are
calculated in the same way as that described for
the low-cost model.

In order to simulate joint production effects
of the high-cost model, the cost of the Pap smear
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procedure is systematicall reduced as the
screening interval Lengthens. s This featureisin-
cluded because other evaluations are aso being
performed when a woman has a Pap smear. If
she were to have an annual smear, for instance,
it would be assumed that since the main purpose
of the visit would be for the Pap test, the total
physician charge should be allocated only to the
Pap. However, if the policy were for women to
wait 4 to 5 years for a “checkup,” at which point
a Pap would also be administered, perhaps only
a small fraction of the physician’s charge should
be allocated to the screening procedure, since
the probability of such visits' taking place—
even without a procedure as a Pap smear—
would be high. One may, in fact, assume that a
significant proportion of women with gyneco-
logical symptoms will visit a physician within
some specified time and that the Paps that
would be taken would not be primarily a screen-
ing measure at all; consequently, the proportion
of the cost alocated to cervical cancer screening
is further diminished.

We assume an inverse linear relationship be-
tween the amount of cost alocated to the smear
and the length of interval between smears (i. e.,
the longer the interval, the lower the cost). Since
the low-cost clinic operates for the sole purpose
of Pap testing, this joint production feature is
not included. However, its omission is not nec-
essary because the L.V.N. S can be adequatel,
trained to perform pelvic and breast examina-
tions, take general history, as well as to do
numerous other health promotion/disease pre-
vention activities (30),

Actual costs can and do vary between the two
extreme models suggested here, and other esti-
mates will affect the cost-effective solution,
depending on the system employed and assump-
tions made.

Our simulation model also has other features.
One is its capability of including high case-find-
ing costs for high-risk women who are difficult
to reach. Another is its capability of including
estimates of time opportunity costs for women
to undergo not only the Pap test but also the
other diagnostic and treatment procedures.

*The cost of the lab is not included,

As stated previoudly, costs are calculated and
discounted as they occur; therefore, the popula-
tion is screened, and costs are calculated ac-
cording to the screening policy (i. €., screenin,
every year, every second year, every third year,
etc. ). Those cases identified as high-risk are
screened annually, and costs are assigned as
they occur. Likewise, clinically detected inva-
sives accrue costs as the disease becomes clin-
ically apparent.

Benefits

Number of Lives Saved.—To calculate the
number of lives saved for each screening policy
compared to no screening, the number of deaths
incurred in each year for each of the 10 policies
is subtracted from the number of deaths in the
respective years when no screening occurs for 11
years. Each life saved is discounted at the time
accrued. This latter calculation weighs the state
of health in which each policy leaves its popula-
tion after 11 years, °

Number of Years of Life Saved.—It is as-
sumed that each woman saved will live to her
average life span as indicated by standard life
tables. Next, the stream of benefits is discounted
asif it were an annuity of 1 life-year for x years.
Although this simulation process is not as ac-
curate as using a life table process whereb, the
life saved has a probability of loss of life asso-
ciated with each year of life (as opposed to our
method which assumes that the survivor will
live until the average life span and then die), it is
much easier to calculate and results in a higher
(i.e., more conservative) estimate of benefits.

Policy Analysis

The prevention and the financing of preven-
tive programs are social decisions as well as a
series of private decisions, and costs are in-
curred and benefits are accrued in different
mixes depending on the perspective of the par-
ties involved. Therefore, the cervical cancer
screening program is analyzed to determine

*This is necessary because each screening policy leaves the pop-
ulation with differing degrees of morbidity. For instance, a policy
which last screened women at age 36 will result in many more pre-
cancerous and cancerous lesions a t age 41 than would a policy
which last screened women at age 39 or 40.



Case Studv #7: Allocating Costs and Benefits in Disease Prevention Programs: An Application to Cervical Cancer Screening ® 15

whether a private party must be subsidized by
society in order to induce the party to carry out
social policy. If benefits to the private party are
already greater than zero, a pareto solution
(i.e., a solution whereby no one can be made
better off without making someone worse off)
can be reached by society’s subsidization.

Another policy explored is that of financing a
case-finding effort for a high-risk but isolated
population, the cost effectiveness of which is
compared to more inexpensive programs for a
normal-risk population.

A third policy option is embodied in the low-
and high-cost models that are presented. If all

RESULTS

Except where noted, the results presented be-
low are calculated from our “base case” set of
parameters (see app. D). Every comparison con-
sists of 10 data points, each one representing a
different screening policy (i. e., screening every
year, every second year, etc. ).

Benefits and Costs

Benefits and costs, discounted at the same
rate (40), clearly indicate the declining function
of both as the interval between screens lengthens

(see table 5). Although benefits decline rather
rapidly in near linear fashion (see figure 3), costs

Table 5.—Benefits and Costs”

Cervical cancer screening: women, aged 30 tO 39
(per 100,000 screened)

Policy Total costs
(screening (screening,
intervals Years of diagnosis &
in years) Lives saved life saved treatment)
1. 32 348 $34,006,000
20 30 323 13,397,000
3o 27 295 8,423,000
4o 25 269 5,919,000
5 24 257 5,330,000
(S § 223 3,394,000
T 20 218 3,185,000
S 19 210 2,993,000
9 18 199 2,819,000
100 ... 17 186 2,662,000

“Base case, discount rate = 1%

other factors are the same, the low-cost model
must be more cost effective, but the sensitivity
of different possible error rates (i. e., a differen-
tial in quality) must be examined.

Sensitivity Analysis

Each of the major variables is estimated at all
reasonable levels, ranging from minimum to
maximum values, in order to provide an inter-
val of confidence. The specific variables that are
tested include: 1) error rates, 2) transition prob-
abilities, 3) emigration rates, 4) costs, 5) dis-
count rates, and 6) preval ence rates.

Figure 3.—Benefits: Lives Saved and
Years of Life Saved”

Cervical cancer screening: women, aged 30 to 39
(per 100,000-screened)

4 400

Years of life saved

3( N ", 300
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“ives saved
Years of life saved

10 100

o | 11 Jo
1 2 3 4 5 6 7 8 910

Screening policy (screening intervals in years)

‘Base Case, discount rate = 10%

decline at a decreasing rate (see figure 4). This
is an expected phenomenon, because a change
from policy 1 (screening every year) to that of
policy 2 (screening every second year) results in
50-percent fewer screens, whereas a change
from policy 7 to policy 8 results in simply post-
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Figure 4.—Total Costs (screening, diagnosis,
and treatment -

Cervical cancer screening: women, aged 30 to 39
(per 100,000 screened)

COSI (jn MINIONS C dollars)

01111 1 1 1
i1 2 3 4 5 6 7 8 9 10

Screening policy (screening intervals in years)

“Base case; discount rate = 10%

poning screening for 1 year. The different
shapes of the benefit and cost curves, as well as
their decreasing functions, form the basis of the
changing natures of the calculated cost-effec-
tiveness ratios.

Society’s cost-effectiveness curve (see table 6
and figure 5) indicates that the cost effectiveness
increases markedly as the interval lengthens but
increases at a decreasing rate. The fina upward
break of the curve suggests that the minimum
screening policy for society under these condi-
tions and assumptions is to screen once in the
ninth year. That is, although it is more cost ef-
fective to postpone cervical cancer screening un-
til the ninth year, postponing screening an addi-
tional year increases societal costs.

A health insurer’s curve, simulated by total
medical costs (see figure 4), however, never
breaks upward. This curve indicates that it is
always financiall beneficial to postpone screen-
ing. The reason is that although more serious

Table 6.—Cost.Effectiveness Ratios for Society®
Cervical cancer screening: women, aged 30 to 39

Policy Total Total cost
(screening intervals cost per per year of
in years) life saved ° life saved °
Lo $1,064,800 $97,600
2 452,600 41,500
3 311,100 28,600
4 239,600 22,000
5 . 224,900 20,700
6 164,900 15,200
T 158,300 14,600
8 . 154,400 14,300
9 153,100 14,200
10 oo 153,900 14,300

Base; discount rate = 10%.
*Total cost isthe cost of screening, diagnosis, and treatment

Figure 5.—Cost-Effectiveness Ratios for Society

Cervical cancer screening: women, aged 30 to 39
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“Base case; discount rate = 10%.
Total cost is the cost of screening, diagnosis, and treatment.
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disease must be treated as screening is post-
poned, the resulting costs never become so large
that funding a screening program at any level
becomes financially advantageous to the orga-
nization.

Unlike health insurers, patient-education-ori-
ented philanthropic organizations such as the
American Cancer Society seek to reduce lives or
years of life lost due to cancer, without bearing
any of the costs of doing so. The benefit curve
(seefigure 3 and table 7) is continually falling,
indicating that the optimal screening strategy
from this perspective is to screen annually (or
even more frequently).

Discount Rate Sensitivity

A discount rate of 10 percent was selected as
appropriate for our analysis, because it is ap-

Table 7.- Cost= Effectiveness Ratios for
Philanthropic Organizations’

Cervical cancer screening: women, aged 30 to 39

Policy Initial  screening Initial  screening
(screening intervals cost per cost per year
in years) life saved of life saved
1. $850,000 $77,957
2 386,000 34,463
3 251,000 23,101
4 182,000 16,757
5 166,000 15,282
6 . 108,000 9,911
100,000 9,215
P 94,000 8,694
9 90,000 8,322
O 87,000 8,068

Basecase; discount rate =im

proximately the present rate of return on in-
vestments in the private market. Table 8 and
figure 6 indicate that the sensitivity of our
results to small changes in the discount rate is
minimal and decreases rapidly for policies less
frequent than annual screening. As expected,
however, the significantly lower cost-effective-
ness values for very low discount rates (i. e., O or
5 percent) reflect the facts that costs tend to be
incurred in the present and benefits tend to be
accrued in the future.

Pap Test Error Rate Sensitivity

False-negative rates are reported over awide
range of values. For our base case anaysis, we
chose an overal false-negative rate of 0.2, a
compromise between the frequently reported
rate of 0.1 and the analytically derived rates of
0.4 for dysplasia, 0.3 for CIS, 0.24 for invasive
disease (7). Sensitivity analysis (see table 9, col-
umns 1 through 3) indicates that the results are
affected little by varying the error rates over this
range.

False-positive rates are rarely reported (16)
but are often thought to be no higher than 0.10
(25,32). Our analysis (table 9, columns 4
through 6), indicates little sensitivity to the
precise error rate used.

Joint Production Effects

The proportion of the cost of a gynecological
visit which should be alocated to the Pap test is

Table 8.—Discount Rate Sensitivity: Total Cost per Year of Life Saved” °
Cervical cancer screening: women, aged 30 to 39

Policy (screening

intervals in years) 0% 50/0 80/0 9% 10% 11%" 120/0
$18,473 $51,928 $78,530 $87,985 $97,632 $107,424 $117,323
8,598 23,039 33,971 37,746 41,537 45,321 49,081
B 6,049 15,971 23,436 26,003 28,574 31,131 33,662
4 4,770 12,404 18,116 20,073 22,028 23,968 25,880
[T 5,309 12,575 17,524 19,136 20,706 22,220 23,673
B ot e 3,447 8,683 12,561 13,884 15,201 16,501 17,777
T 3,655 8,718 12,276 13,454 14,609 15,730 16,811
B 3,987 8,946 12,220 13,267 14,273 15,230 16,134
9 4,506 9,409 12,402 13,318 14,176 14,973 15,705
0 5,349 10,190 12,847 13,610 14,302 14,921 15,468

‘Base case except for discount rates as indicated.
‘Total cost is the cost of screening, diagnosis, and treatment
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Figure 6.—Discount Rate Sensitivity: Total Cost
per Year of Life Saved”

Cervical cancer screening: women, aged 30 to 39

Dollars in thousands

Screening policy (screening Intervals in years)

*Base case, except for discount rates as indicated
‘Total costisthe cost of screening, diagnosis, and treatment

not known, but it is hypothesized here that the
proportion must decline as the screening inter-
val lengthens. With the assumption of a 10-per-
cent linear reduction in cost as the screening in-
terval increases by 1 year, both cost per life
saved and total cost stabilize at about half the
value of the cost when no joint production ef-
fects are considered (see table 10 and figure 7).

Migration Effects

When the effects of migration are simulated
(seetable 11), we again note the familiar pattern
of highest sensitivity for the most frequent

screening policies and little difference as the in-
terval lengthens. As was expected, higher mi-
gration rates result in each screening policy’s
being less cost effective.

Low=Cost Model

When minimum cost estimates are assigned
for screening, diagnostic workups, and minor
treatment procedures, all cost-effective in-
dicators improve dramatically (see tables 12 and
13). Cost per year of life saved drops below
$10,000 by policy 2 (screening every second
year) and quickly stabilizes between $4,000 and
$5,000 (see table 12). The optimum screening in-
terval is policy 7 (screening only in the seventh
year), since screening either more or less often
saves less money.

An evaluation of cost-effectiveness ratios for
philanthropic organizations (see table 13) yields
the familiar continually declining function, be-
cause no savings are associated with lower can-
cer morbidity, although relativel low costs per
year of life saved are quickly reached.

High= Risk, High= Case-Finding=Cost
Population

The women who are at highest risk for cer-
vical cancer are often both the most difficult to
find and the most reluctant to participate in a
screening program. To evaluate the cost effec-
tiveness of screening this specia population, we
modify our variables in the following manner:

1. All transition probabilities from the dis-
ease-free state (H)) to dysplasia (H,), CIS
Hal), and invasive carcinoma of th,cervix
EH,) are doubled.

2. Disease prevalence of the initial popula-
tion vector is doubled for disease states
H,, H,, H,, and H,.

3. The low-cost model is used, except that an
additional $20, which isintended to simu-
late a case-findin, cost, is assigned for the

Pap.

Results with this high-risk model are com-
pared to those of the high- and low-cost, reg-
ular-risk models (see table 14). At every screen-
ing level, the cost per year of life saved is less
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Table 9.—Pap Test Error Rate Sensitivity: Total Cost per Year of Life Saved ab
Cervical cancer screening: women, aged 30 to 39

Test error rates ©

e=0.1 e=0.2

e=04 e=0.2 e=0.2 e=0.2
e,=0.1 e,=0.2 e,= 0.3 e,=0.2 e,=0.2 e,=0.2
Policy (screening e=0.1 e, 0.2 e,= 0.24 e,= 02 e,= 0.2 e,= 0.2
intervals in years) e,= 0.05 e4 =0.05 e,=0.05 e4=0.01 e4 =0.05 e,= 0.10
$113,800 $113,300 $113,500 $108,600 $113,300 $119,100
40,900 41,500 43,300 39,700 41,500 43,800
S 27,600 28,600 30,800 27,400 28,600 30,100
4. 21,000 22,000 24,400 21,200 22,000 23,100
D 19,600 20,800 23,100 20,000 20,800 21,700
B 14,200 15,200 17,500 14,700 15,200 15,900
13,600 14,600 16,900 14,100 14,600 15,200
rliiiiiiiiiiiiiiiiiio 13,300 14,300 16,500 13,800 14,300 14,900
9 13,200 14,200 16,500 13,700 14,200 14,700
0 13,300 14,300 16,700 13,900 14,300 14,900
“Base case, except for error values aS indicated.
‘Total cost is the COSt of screening, diagnosis, and treatment.
‘E..rates: e = false-negative rate for dysplasia; - faise-negative rate for CIS; e, = false-negative rate for preclinical invasive carcinoma; e,= false-positive rate.
Table 10.—Joint Production Effects”
Cervical cancer screening: women, aged 30 to 39
Total cost per year Total cost per
of life saved * 100,000 screened °
Policy (screening No joint Joint No joint Joint
intervals in years) production production production product ion
PP $97,600 $97,600 $34,006,000 $34,006,000
2 41,500 30,600 13,397,000 9,861,000
B 28,600 17,000 8,423,000 5,004,000
Ao 22,000 11,400 5,919,000 3,064,000
D 20,700 9,600 5,330,000 2,460,000
B e 15,200 7,400 3,394,000 1,647,000
/2 14,600 7,100 3,185,000 1,537,000
14,300 7,000 2,993,000 1,472,000
GlLiiiiiiiiiiiiiiiiiiiio 14,200 7,200 2,819,000 1,424,000
10, 14,300 7,400 2,662,000 1,387,000

“Base case; discount rate= 10%; and the cost of the Pap test for the joint production columns WasS decreased by 10% for each yearly increase of screening internal.

b Total cost is the cost of screening, diagnosis, and treatment.

than half that of the high-cost, regular-risk
model and is only dlightly higher than that of
the low-cost model.

Discussion

The worth of cervical cancer screening is af-
fected far more by the method of analysis and
the point of view taken than by the sensitivity of
disputed values such as the precise discount rate
or the correct error rates. Traditionally, the lat-
ter two parameters are the principal ones con-

sidered if, indeed, any sensitivity analysis is per-
formed at all.

The results of our study are affected most by
varying the costs. This finding is not necessarily
unexpected for a couple of reasons. First, only
the costs of cervical cancer screening and the
more simple diagnostic and treatment proce-
dures are varied—as opposed to the costs of
treating invasive carcinoma. This approach
seems appropriate, since one can more easily
employ less costly personnel and resources for
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Figure 7.-Joint Production Effects:
Total Cost per Year.of Life Saveda b

Cervical cancer screening: women, aged 30 to 39

Dollars in thousands

1 2 3 4 5 6 7 8 9 10

Screening policy (screening intervals in years)

® Base case; discount rate = 10%; and the cost of the Pap test for joint produc-
tion was decreased by 10% for each yearly increase of screening interval.
total COAt IS the cost of screening, diagnosis, and treatment.

the former than for the latter. Second, the dis-
ease IS Not very common; consequently, many
women must be screened in order to discover a
single case. Although most screening in this
country is not performed the way depicted in
the low-cost model, the proper method of
analyzing the cost effectiveness of any pro-
cedure is by using the most efficient possible
method.

Nevertheless, efficiency of operation is only
one of many aspects to consider when evaluat-

ing the cost effectiveness of health programs.
Another consideration is the effect of joint pro-
duction, since clearly the entire cost of a gyneco-
logical visit should not be allocated to the Pap
test. In fact, our results show that as the yearly
interval increases, a cost reduction of only 10
percent makes screening more than twice as cost
effective asit would be if joint production were
not taken into account.

Furthermore, analyzing the worth of a health
program solely from the point of view of society
is insufficient, because the decisionmakers in
this country are very often private parties or
private individuals. A health insurer, for in-
stance, is apt to make policy decisions primaril,
on afinancial basis. A consideration of only the
financial aspects of this problem indicates that it
is good policy for all private parties to put
screening off an additional year, regardless of
the model or assumptions used. Consequently,
if society wants certain segments of the private
sector to have incentives to screen, it may have
to subsidize cervical cancer screening programs.
This conclusion is further substantiated when
migration effects are considered, since the fi-
nancia rewards of reduced cancer morbidity are
lost when screened members move away or
change insurance plans.

Finally, simulation of high case-finding costs
for a high-risk population of women indicates
that such a program is indeed cost effective if it
employs the low-cost option. The increased cost
assigned to case-finding is apparently offset by
the increased morbidity which is discovered and
cured. This finding is particularly interesting,
since the same high case-finding cost is assigned
to al Pap testing, even for policies in which the
women receive multiple tests over the li-year
period.

The results of our study demonstrate that
there are many ways to evaluate a health pro-
gram, even when using basic cost-effectiveness
techniques. The interpretation of the results
depends on which benefits and costs are ger-
mane to the evaluator and how the program is
organized and financed.
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Table 11 .—Migration Effects”
Cervical cancer screening: women, aged 30 to 39

Policy

Eﬁgﬁg?sln?n Total cost per year of life saved b Total cost per 100,000 screened’

years) No migration 10% migration/yr 30 %migration/yr No migration 10% migration/yr 30% migration/yr
1........ $97,600 $148,500 $383,900 $34,006,000 $23,231,000 $13,378,000
2. 41,500 57,100 107,800 13,397,000 8,053,000 3,123,000
3. 28,600 38,900 69,200 8,423,000 4,931,000 1,710,000
4........ 22,000 29,600 49,200 5,919,000 3,384,000 1,063,000
5........ 20,700 25,670 37,600 5,330,000 2,753,000 734,000
6 15,200 19,900 29,500 3,394,000 1,873,000 520,000
T 14,600 18,139 24,900 3,185,000 1,638,000 413,000
8........ 14,300 16,818 21,900 2,993,000 1,444,000 344,000
9........ 14,200 15,825 19,800 2,819,000 1,284,000 299,000

10........ 14,300 15,079 18,500 2,662,000 1,153,000 271,000

aBase case, discount rate = 100%.
bTotal cost sthe cost of screening, diagnosis, and treatment

Table 12.—Cost” Effectiveness Ratios for Society: Table 13.—Cost-Effectiveness Ratios for
Low” Cost Model’ Philanthropic Organizations: Low-Cost Model’
Cervical cancer screening: women, aged 30 to 39 Cervical cancer screening: women, aged 30 to 39
Policy Policy
(screening intervals Total cost per Total cost per year (screening intervals  Screening cost Screening cost per
in years) life saved b of life savedb in years) per life saved year of life saved
1 $298,000 $27,300 1 $175,700 $16,110
2 101,700 9,300 2 77,300 7,090
B 72,800 6,700 RS 50,300 4,620
A 59,000 5,400 4 36,400 3,350
5. 57,000 5,200 LT 33,200 3,060
6... 46,500 4,300 6 .. 21,500 1,980
T 45,800 4,200 7 20,000 1,840
8. 46,000 4,200 1S I 18,800 1,740
9. 47,100 4,400 9 18,000 1,670
10................ 49,300 4,600 10::ccoorn 17,400 1,610
aBaSe Case With Tow.cost screening and treatment procedures, discount rate aBag)e Case with Tow.COST screening and treatment procedures, discount rate
= 10% =10%.

bTotal cost sthe cost of screening, diagnosis. and treatment

Table 14.—Cost”Effectiveness Comparisons:
High-Cost, Low” Cost, and High.Risk Models
(total cost per year of life saved)”

Cervical cancer screening: women, aged 30 to 39

High-cost Low-cost High-risk,

Policy model b model low-cost model
1........ $97,600 $27,300 $36,600
2 41,500 9,300 14,600
3. 28,600 6,700 10,300
4........ 22,000 5,400 8,200
5........ 20,700 5,200 7,800
6.t 15,200 4,300 6,200
T 14,600 4,200 6,000
8, ....... 14,300 4,200 6,000
9 14,200 4,400 6,100
10:::::::: 14,300 4,600 6,200

aTotal COSt 1sthe cost of screening, diagnosls, and treatment
b The high.co5t model I1sthe base case model, discount rate = 10%
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LIMITATIONS

There are numerous limitations to a study
such as ours, most of them related to the inabili-
ty to examine and control variables as one could
in a true experimental design. This problem is
most clear when one realizes that neither has it
been proved that dysplasia and CIS are precur-
sors to cancer, nor has it been proved that
screening for and treating of these conditions
have led to decreased cervical cancer mortality.
Sufficient inferential evidence is available to
warrant screening at some level, but sufficient
uncertaint is present to question the optimal
periodicity. "Therefore, in simulating the disease
process and its diagnosing, the best we can do is
test the various estimates of prevalence, inci-
dence, screening, error, and death rates re-
ported by clinicians and researchersin order to
produce results that seem reasonable.

Disease Transition

One of the more severe limitations of our
study stems from the model’ s inherent assump-
tions. For instance, the transition probabilities
from one disease state to another, regardless of
awoman’s prior medical history, are assumed
to be constant, which almost certainl, is not the
case. In fact, logic alone would dictate that time
in certain disease states be positively correlated
with the probabilit,of transition to the next
higher state. To overcome this restriction, high-
risk categories have been included which allow
for higher transition rates for selected groups of
individuals who are at higher risk. Also, the
Markov technique does not allow for the possi-
bility of a threshold effect (i.e., the disease’s
having a zero probabilit,of progressing to the
next state in one period), whereas it does allow
for the nonzero probability of progressin,
within two, three, or more periods.

Since apparentl not every disease progresses
to invasive cancer, there is a distinct possibilit,
that this phenomenon is not a random proce
dure, but rather the result of two or more sepa-
rate disease processes—one which progresses
and one which does not, and possibly even a
third which regresses. Obviously, thisis not so
much a limitation of the modeling process as it

is a statement of the lack of understandin,of the
disease process itself.

Other simplifying assumptions also are made
regarding transition probabilities. The litera-
ture, for instance, suggests that treatment of
clinically invasive carcinoma results in about a
50-percent overall survival rate (24), which is
ordinarily couched in terms of 1, 2, or 5 years.
Our model assumes that clinicall invasive cases
transit directly, within the singTe period of 1
year, to the permanent states of either hyster-
ectomy or death. To mitigate this oversimpli-
fication, the simulated screenin_process iden-
tifies a given proportion of invasive cases and
transfers them directl to the hysterectom, cate-
gory, thus m|m|ck|n the discover,of micro-
invasive cases and S|mulat|n a hlgher surviva
rate.

Screening and Treatment

A simplifying assumption in our model is that
a single algorithm is available to practitioners
for screening and treatment of preclinical dis-
ease. Actua practitioners, though, may use sev-
era different possible treatments for the same
diagnosis. For example, although the model
assumes treatment of early dysplasia by cryo-
surgery, actual practitioners may in some in-
stances not treat this condition immediately, in
some treat it by laser carbon dioxide, and in
others treat it by only the biopsitself. Actual
practitioners may also use the same treatment
for very different diagnoses. Although medical
authorities currentl recommend hysterectom,
for only the more severe cases, practitioners ac-
tually perform this surgery based on factors
such as the woman’s interest in bearing children
(24) or the availabilit, of beds (31). We attempt
to account for these poss bilities by simulatin
conservative therap, for the low-cost model an
more radical therap for the high-cost model.
Thus, actual costs should lie somewhere in be-
tween these extremes.

Another possibilit which our analysis ig-
nores altogether is that of medical complications

following therapy, Although complications
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may be expensive, produce illness, and result in
deaths, they are relatively rare. In addition,
they are only associated with the radical forms
of treatment, and their exclusion is not expected
to affect this study’s conclusions.

Finally, since there is considerable uncertain-
ty regarding error rates, the results were calcu-
lated with a wide range of rates. Such a sen-
sitivity analysis requires the reader to interpret
the findings with appropriate caution, although
the model is not very sensitive to the rates used.

costs

Assigning costs to any production process is
usually a difficult task and often results in ar-
bitrary allocation decisions. In that regard, our
study is no exception. For instance, since a fee is
not recovered for- each service performed in the
low-cost clinic model, we decided that all fixed
and variable costs, with the exception of 25 per-
cent of the physician’s and 50 percent of the
R.N. ’s time, would be allocated to the Pap pro-
cedure. This decision was reached after many
hours of discussion with health clinic personnel.
The practitioners’ remaining times are allocated
to colposcopy and cryosurgery; for the purpose
of simplicity, an average “fee” was assigned to
these treatments, resulting in slightly overesti-
mated costs for- some policies and underesti-
mated costs for others.

The joint production phenomenon is a related
cost allocation problem. Joint production
should be considered, because multiple activ-
i ties occur during any patient/practitioner con-
tact. When a Pap smear is administered during a
visit, the Pap may or may not be the primary
reason for the visit; the patient may also be for-
mally or informally “screened” for problems
such as cervicitis, hypertension, breast cancer,
anemia, and wife battering. Whatever the case,
we at tempted to account for this phenomenon
by assuming an inverse linear relationship be-
tween the cost allocated to the screening pro-
gram and the length of interval between screens,
a relationship which appears to be as reasonable
an assumption as any other without the benefit
of a very careful study of the activities involved.
Such a study was clearly beyond the scope of
this research. The inverse relationship probably

holds more strongly for the shorter intervals
and becomes weaker as the interval lengthens.
Nevertheless, this assumption certainly approx-
imates reality more closely than do most other
cost-effectiveness studies, which seldom even
consider the phenomenon of joint production.

Benefits

Benefits are even more difficult to estimate
and allocate than are costs. AS stated several
times previously, there is no irrefutable evi-
dence that any benefits associate positively with
cervical cancer screening, not to mention the
lack of consensus regarding the magnitude of
benefits attributable to different levels of
screening.

Nevertheless, one of our principal tasks was
to quantify estimated benefits as expressed in
terms of: 1) number of lives saved, 2) years of
life saved, and 3) related economic conse-
guences for each screening policy. The first
problem with this method is that it considers
only saving lives, although there are many
lesser benefits such as the prevention of pain,
suffering, and mourning, as well as the psycho-
logical and physical consequences of losing
one’s childbearing ability. Most of these other
effects are too difficult to measure adequately,
and we fared no better in this effort than other
investigators.

The second major problem with this ap-
proach, that of comparing benefits of each
screening policy with no screening for 10 years,
arises because the purpose of our analysis is to
measure and compare both costs and benefits
from the perspective of the potential financier
who does not ordinarily finance preventive
health care (the few major exceptions being
prepaid group practice plans, military health
systems, and individuals paying for screen-
ing out-of-pocket). Therefore, comparing one
screening policy with no screening seems to be
the most appropriate choice. One could argue
that it is reasonable to compare a given screen-
ing policy with the annual screening often
recommended by cancer control organizations
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and cancer specialists. We suspect, however,
that the final ratios would be substantially the
same. A related concern is that benefits from the
last screen for each of the policies continue past
the llth year, because each policy leaves its
population in a unique health status mix; as a
result, future benefits will accrue differentially
for each policy. We chose to stop at the llth
year partly for convenience, but with the expec-
tation that it would still be possible to obtain a
reasonably accurate picture of the relative mer-
its of one policy over another and with the reali-
zation that the discounting mechanism signifi-
cantly dilutes benefits which accrue far into the
future.

CONCLUSIONS

Regardless of the assumptions made or meas-
ures used, the cost effectiveness of cervical can-
cer screening increases as the screening interval
length increases until some maximum value is
reached, This function is largely due to the effect
of discounting, since costs are incurred in the
present and benefits are delayed, accruing in the
future. As indicated in figure e, the higher the
discount rate, the more advantageous it is to
postpone screening. However, since the func-
tions observed are nonlinear, decreasing at a
decreasing rate, it is much more cost effective to
postpone screening 1 additional year when the
intervals are frequent than it is when the inter-
vals are infrequent. For example, at a 10-percent
discount rate, if the established policy were to
screen biennially, then changing to a policy of
screening every year would cost an extra
$56,000 per year of life saved; however, chang-
ing from a policy of screening every 8 yearsto a
policy of screening every 7 years would cost
only an extra $300 per year of life saved. Cer-
vical cancer screening is already an accepted
practice, so the most pertinent issue is the ap-
propriate screening interval length. The most
useful way to address this would be a marginal
analysis such as that just described. A CEA does
not provide the desirable level of screening,
because there is no information regarding the

Summary

As must be evident by now, there are numer-
ous limitations to this study’s simulation process
(the more important ones have been discussed).
However, reality never can be—nor need be—
perfectly duplicated, even if all elements are
known. The value of a simulation model is
measured by determining both its usefulnessin
gaining new insights into a complex process and
its ability to successfully predict events, and
simplifying assumptions are permitted so long
as they do not unduly bias the results.

value of life. Once one assigns a value, one can
easily read the interval from the appropriate
table.

The analysis does indicate that the results are
not very sensitive to error rates or to small
changes in the discount rate, as long as one ac-
cepts the premise that the true discount rate cur-
rently lies somewhere near 10 percent. How-
ever, much more attention must be paid to the
true costs of operating a screening program. For
instance, when costs are decreased in recogni-
tion of the effects of joint production and in
recognition of the obvious fact that benefits
(other than averting death due to cervical
cancer) are accrued, the cost effectiveness of
the program increases approximately twofold
throughout most of the interval range under
consideration (see table 10). Likewise, when we
smulate a minimal cost screening program, still
maintaining acceptable standards of care, we
note a tremendous difference in cost effective-
ness, making every screening level more than
three times more attractive. If the effects of joint
production were evaluated in the low-cost mod-
el, as they were in the base case (high-cost) mod-
el, cervical cancer screening would be even
more appealing.
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One of the purposes of this study was to ex-
amine the cost effectiveness of cervical cancer
screening in light of the perspectives of different
individuals and institutions within society,
since, ordinarily, cost-effectiveness studies are
performed with only society’s objectives in
mind. The results of our analysis show a con-
tinuous decline in total medical costs as the
screening interval lengthens (see table 5 and
figure 4), indicating that an institution whose
primary objective is financial will always
benefit from postponing screening. To a health
insurer, for example, cervical cancer screening
always costs more than it saves, which may ex-
plain why preventive benefits are often not
covered by insurance policies. But at least one
other thing that makes cervical cancer screening
even less attractive to a private insurer is the
fact that subscribers leave the plan. Table 11 in-
dicates that as emigration rates increase, screen-
ing becomes less attractive, particularly if the
screenings are frequent. The combined effects of
screening costs being larger than medical cost
savings and the loss of subscribers (and with
them, future benefits) may help explain the
reluctance of the private sector to finance
screening.

This study has also demonstrated the offset-
ting costs and benefits associated with outreach
programs designed to increase access to health
care for a high-risk population. Although the
cost of finding these women was substantial (an
additional $20 for each visit), their increased
risk for cervical cancer (twice the risk) was suffi-
cient to keep the cost-effective function nearly
identical to that for the low-cost, normal-risk
group. This finding implies that the increased
costs of outreach programs can be justified on
the basis of decreased cervical cancer mortality
aone. If these high-risk women are also as-
sumed to be at high risk for diseases other than
cervica cancer, one can hypothesize that signifi-
cant additional dividends can be gained from
the gynecological visit. These additional ben-
efits have been labeled “joint production ef-
fects. ” The added costs of performing other tests
and evaluations will not be large, but the addi-
tional health benefits could be substantial.
Owing to the way costs and benefits are evalu-
ated, though, an outreach program will prob-
ably not be undertaken. Where a private party

may place emphasis on the increased screening
and induced treatment costs, a public party may
be interested only in the cost per woman
screened. Thus, an outreach program may be
attractive to neither party. If all costs and all
benefits are taken into account, however, it may
become very appealing, particularly from a
societal point of view.

Policy Considerations.—We conclude from
our study that simple totaling and comparing all
benefits and all costs of disease prevention/
health promotion programs will not provide
sufficient information for society to allocate its
resources efficiently. This is because many of
the decisions are made by individuals in the pri-
vate sector rather than by those in the public
sector, and because the key decisonmaker may
not be personally affected by the benefits.

Nevertheless, as medical costs continue to
escalate, more and more private parties are con-
sidering different types of heath promotion/
disease prevention programs as potential ways
to save money. Rather than by governmental
exhortations, these programs could be encour-
aged by carefully planned subsidies that func-
tion as transfer payments. Such subsidies could
be in the form of assistance to either suppliers or
consumers, e.g., tax incentives, direct financial
assistance to defray program costs, or redeem-
able health promotion coupons similar to food
stamps.

A second potentialy effective method of pro-
moting these programs might be to encourage
private employers to accept more direct liability
for the health and welfare of their work force,
thus creating health promotion incentives simi-
lar to those found in the military (see introduc-
tion). Employers could be given tax incentives
to contract with specific organizations for the
provision of health care and possibly to provide
life insurance and increased disability insurance
coverage (39).

By combining these two suggestions, power-
ful incentives could be created within the private
sector to establish effective programs through-
out the country. Programs such as weight con-
trol, smoking cessation, and hypertension con-
trol, as well as more medically oriented pro-
grams such as Pap testing and glaucoma screen-
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ing, could be more accessible to the general
public and could become an accepted part of the
daily working environment.

Such an approach to promoting health would
be feasible, because it would capitalize on

natural incentives and it would combine public
and private resources. Without this partnership,
health promotion/disease prevention programs
are often too expensive for either the public or
private sector to undertake independently.



