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Preface

On April 1-2, 1975, a Workshop on Screening for Cervical
Cancer was held at the International Institute for Applied Systems
Analysis (IIASA), Laxenburg, Austria. The Workshop was jointly
sponsored by the Cancer Unit of the World Health Organization
(WHO), and the Bio-Medical Project of IIASA.

There were sixteen particivants at the Workshop (see List
of Participants). Five papers were oresented for discussion
at the Workshop. The papers and the summaries of the discussions
that followed their presentation are reoroduced here.

The participants heard a welcoming address by Dr. A. Garin,
Head of the Cancer Unit, WHO. Introductory remarks were also
given by Dr. R. Levien (US), Project Leader of the Handbook
Project, IIASA; by Dr. A. Kiselev (USSR), Deputy Project Leader
of the Bio-Medical Project, IIASA; and by Dr. J. H. Bigelow, member
of the Bio-Medical Project, IIASA, and Workshop Coordinator.
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INTRODUCTORY REMARKS

What is IIASA?

R. Levien

On October 4, 1972, at an Inaugural Conference in London,
the Charter of the International Institute for Applied Systems
Analysis was signed. The establishment of the Institute reflected
the intent of prestigious scientific organizations from twelve
countries to join efforts in combating a number of complex prob-
lems engendered by the contemporary stage of scientific and tech-
nological evolution,

The scale of scientific and technological problems confront-
ing present-day societies has reached a point where international
cooperation becomes a necessity in order to cover all their as-
pects and to predict the outcome of decisions taken.

The possibility of establishing a research center to deal
with these problems was discussed at a Soviet-American meeting
in Moscow early in 1967; the USA was represented by Mr. lMcGeorge
Bundy. There followed a period of exploration and multinational
negotiations to crystallize the idea. The main participants in
these negotiations were:

Monsieur Pierre Aigrain, Government of France;

Prof. Philip Handler, the National Academy of Science, USA;
Dr. O. Leupold, German Democratic Republic;

Signor Aurelio Peccei, Italy;

Dr. Friedrich Schneider, Max Planck Society, of the Federal
Republic of Germany;

Prof. D. Smolenski, Polish Academy of Sciences; and

Lord 2Zuckerman, UK, Chairman.

The Institute commenced operations in Vienna toward the end
of 1972, in the favorable environment created by the Austrian
Government.

The twelve founding members who inaugurated the Institute

in October 1972 expressed the strong desire to welcome further
member organizations to IIASA. Accordingly, a gradual increase



in the number of new National Member Organizations in the first
phase of development of the Institute was mutually agreed upon.

The host country, Austria, represented by the Austrian
Academy of Sciences, was unanimously admitted to IIASA during the
Third Council Meeting in November 1973, and thus became the
thirteenth member. In 1974, Hungary was admitted as the fourteenth
member. The present list of member organizations is as follows:

The Academy of Sciences,
Union of Soviet Socialist Republics;

The Austrian Academy of Sciences;

The Committee for the International Institute for
Applied Systems Analysis, Canada;

The Committee for the International Institute for
Applied Systems Analysis of the Czechoslovak Socialist
Republic;

The French Association for the Development of
Systems Analysis;

The Academy of Sciences of the German Democratic
Republic;

The Japan Committee for the International Institute
for Applied Systems Analysis;

The Max Planck Society for the Advancement of
Sciences, Federal Republic of Germany;

The National Centre for Cybernetics and Computer
Techniques, People's Republic of Bulgaria;

The National Academy of Sciences, United States of
America;

The National Research Council, Italy;

The Polish Academy of Sciences;

The Royal Society, United Kingdom;

Hungarian Committee for Applied Systems Analysis.

It should be noted that IIASA's members are not governments or
governmental agencies, but academic organizations.

Activities at IIASA

IIASA employs applied systems analysis as an approach to



problem solving in broadly diverse contexts. At its two 1973
meetings, the Council identified an initial roster of research
areas for the Institute. At present, IIASA has ten separately
led but closely cooperating research areas. These are:

1) Methodology of Applied Systems Analysis,

2) Design and Management of Large Organizations,
3) Computer Systems,

4) Integrated Industrial Systems,

5) Urban and Regional Systems,

6) Ecological Systems,

7} Biological and Medical Systems,

8} Energy Systems,

9) Water Resources, and
10) State-of-the-Art Survey Project.

The first three of these areas provide methodological support
for the other activity areas. We recognize, however, that we can-
not obtain a sufficient number of methodologists organizations
experts or computer specialists if they are permanently confined
to auxiliary, support roles. For this reason, in each of the
first three areas, the specialists devote part of their time to
methodological or theoretical research that will enable them to
remain at the frontiers of their various disciplines.

The state-of-the-art survey project is preparing a handbook,
in an effort to disseminate more widely the methods and effective
practice of systems analysis.

Finally, a "general activities" project serves as a home for
embryonic activities that do not fit easily into the more focussed

projects.

The research tasks are chosen on the basis of a number of
criteria. Among these are:

1) Appropriateness to the systems approach. IIASA seeks
out real-world problems requiring the inputs of many
scientific disciplines. Wherever possible, we intend
that purely methodological research will evolve from
applied work. There is also strong interest in the mana-
gerial aspects of problems; there is often participation
in the implementation of decision alternatives selected
through analysis.

2) Global or universal nature. As an international in-
stitute, IIASA must restrict itself to two classes of
problems:



a) global problems where the effects and the reins
of policy necessarily involve many nations as,
for instance, studies on oceans, the atmosphere,
and continental riversystems; and

b) universal problems where activities may be
separately controlled by single nations, but
similar methodologies are used as, for example,
municipal services, health care services, and man-
agement of industrial systems.

3) Non-redundancy. IIASA has no desire to duplicate the
scientific work most appropriately carried out by indi-
vidual groups in single nations.

4) Importance to NMO's and to mankind in general.

5) Feasibility. IIASA considers the tractability of all
proposed research in the light of its resources.

Cervical Screening

As a specific task, the study of screening for cervical
cancer meets all of the criteria. It is of universal interest;
indeed, screening programs for cervical cancer are worldwide. It is
important; what is more important than saving lives? And research
of this kind appears not to be taking place elsewhere.

We believe that the following pages will demonstrate both
the feasibility and appropriateness of applying systems analysis
to the study of screening for cervical cancer. To solve this
problem, the disciplines of medicine, economics, epidemiology,
sociology, and managerial science must combine and be coordinated
by the powerful and sophisticated techniques of systems analysis.
Because of the evident widespread interest in this subject, we have
strong hopes that our results may be implemented.

Collaboration

IIASA is a small institute (60 scientists) with large ambi-
tions. Thus we must amplify our efforts through collaboration
with national and international institutions. One method of col-
laboration is to serve as an information clearing house for
researchers who are widely separated geographically, but who share
research interests. Another method is to gather together people
with common interests (but not necessarily common knowledge or
skills) at meetings such as this one. A third method is to
collaborate directly with other institutions. This meeting, which
is co-sponsored by WHO and IIASA, is among the first fruits of
such collaboration.
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Conclusion

Thus the Workshop, and the larger study of which it is a
part, can serve to exemplify the most important goals and methods
of IIASA. Each time a meeting is held or a study is commenced,
these methods are once again tested and the goals are again put to
question. Each time, this occurs before a new and usually skeptical
audience. If the meeting or study succeeds, members of that
audience will return and lasting associations can be formed. If
the event is a failure, the audience never returns. We can only
hope, therefore, that the Workshop will succeed, and that after-
wards the participants remain in close association with IIASA, and
with applied systems analysis.



Welcoming Address

Dr. A. Garin

It is a great honour and pleasure for me to convey to the
Workshop the greetings of the Director-General of the World Health
Organization. The participants understand very well the great
importance of integrating activities in the struggle against
cancer. The World Health Assembly recognized that work on cancer
absorbs a substantial and increasing part of the financial and
other resources of member states and of their research institutions.

The complexity of the problems of cancer and the unlikelihood
of their being fully elucidated by any one country is the reason
why the 140 member states of WHO recommended the development of a
long-term global effort of international cooperation in cancer
research. The following objectives in the area of cancer for on-
going and future activities are attracting WHO's attention:

~ organization of an international dialogue between basic
scientists and clinicians to foster the application of
fundamental research achievements to cancer control;

- promotion of epidemiological investigations, analysis of
their results, and determination of the role of environ-
mental agents in cancer causation in different geographi-
cal areas;

- international review of the current status of early
detection, diagnosis, treatment and rehabilitation of
patients with the more common forms of cancer, e.g. lung,
stomach, breast, uterus, bladder, colon, prostate; world-
wide dissemination of information on optimal methods;

- standardization of systems for registering cancer cases,
and for reporting and evaluating results of treatment;

- promotion of widespread use of WHO standardization nomen-
clature, methodologies, reagents, etc.;

- determination of the significance of the cancer problem
in countries where cancer registration is currently de-
ficient;

- elaboration of organizational principles for the structure
of national cancer health services;

- global collection and dissemination of information about
cancer control resources; and



- promotion of the development of health manpower for
cancer research and control.

I do not need to emphasize to this audience the benefit of
attracting mathematicians, statisticians, and information and
computer specialists to the problem of cancer. The alliance of
mathematical analysis and abstraction with medical experience and
impressions seems to us to have a very promising potential for
success in oncology.

This Workshop is WHO's first scientific contact with IIASA in
the field of cancer. Cervical cancer has been selected as the
object of this first collaborative activity. This type of cancer
is common in both developing and developed countries. About 35,000
women die annually from cervical cancer in the Common Market
countries; cervical cancer is a leading type of tumour among women
in Asia and South America.

Owing to the development and implementation of early detection
methods and screening programs, there appears to be notable improve-
ment in the results of treatment and prognosis of cervical cancer
in many countries, e.g., Canada, UK, USSR, USA.

An important task before us is to analyze and to evaluate these
achievements, and to disseminate appropriate information to coun-
tries where cervical cancer remains a main killer of women.

Elucidation of the natural history of this disease should help
both to select the best screening tactics and to choose the optimal
methods of treatment.

Achievements with this model could be applied in the future to
research into other types of cancer. Many aspects of the biology
and epidemiology of cervical cancer, its pathogenesis, natural
history (development characteristics, phases of growth) and
cytological evaluation are controversial. We certainly understand
that this project will not solve all the problems of cervical
cancer, but we hope that it will shorten the time needed to clarify
some of these.

Once again I would like to convey to you the best wishes of
WHO for a successful Workshop, and for fruitful collaboration in
the future.



IIASA's Interest in Cancer

A. Kiselev

The IIASA Bio-Medical Project is devoting a large proportion
of its resources to the study of cancer. Since our resources are
limited, it would be absurd to think that we could solve many of
the problems through our own direct efforts; IIASA must amplify
its effect through collaboration.

One form of collaboration is joint activities with the large
organizations that are currently collecting enormous amounts of
information on cancer and cancer research, as for example, the
World Health Organization. While these organizations have
facilities for storing and retrieving this information that IIASA
does not have, we believe that we can help them to make better use
of these facilities.

Our direct effort in this activity will be to investigate the
use of information systems theory. This involves developing new
definitions of directions of cancer research, not only as to the
site of the cancer and the methods used, but also as to the
theoretical bases of a research project. We are now surveying the
various "theories" of cancer and carcinogenesis to see if they can
provide a useful partial classification of cancer research efforts.

This, in brief, is our direct approach to the problems of
cancer and cancer research-—-the "top down" approach, so called
because it addresses the problem initially in its most general
form and only later in its specific manifestations. But our
approach cannot only be from the top; we must concurrently look at
smaller parts of the problem., If not, we will find that our general
results do not apply to specific cases.

The cervical screening study is a specific activity. For this
study, we intend to look at further research on cervical cancer.
For example, let me quote from the research prospectus that I
think all of you have received

"...one may ask how much one should pay to improve the
prognosis of cases of invasive cancer by a stated amount. If the
prognosis is improved, one will be able to reduce the size (and
hence the cost) of the screening program while maintaining the
total benefit (e.g. reduced mortality) unchanged. The reduction
in screening cost is then a measure of the value of improving the
prognosis.”

So, this study is not only an example of research into cancer,
it is also research into research. We need the aid of all



interested parties to carry out both the general and the specific
work. The general effort is still in the planning stage; as
planning proceeds, we will be asking you and your colleagues for
advice and criticism. Later, when specific research tasks have
been defined, we may be asking you for other kinds of help. We
hope you will treat these requests kindly.

This Workshop is, in essence, a request for assistance to
the cervical screening study. Although the study is already
planned, you may be aware of other problems that must be overcome,
problems that we do not know exist. If this were true, we would
change our plans, and allot the necessary resources. You will
hear of other ways you can help us, and you may think of ways
yourselves during our discussions.

I will close now by welcoming you once again to the Work-
shop. All of us in the Bio-Medical Project hope that you find the
Workshop interesting and worthwhile, and that your stay here is
pleasant.
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Introduction

J. H. Bigelow

Purpose of the Workshop

In hosting this Workshop, we of the Bio-Medical Project had
in mind obtaining help for our proposed study on screening for
cervical cancer. Three types of help are needed. First, we
seek advice on the subject of cervical screening from people
knowledgeable in the field. Second, we need access to data from
existing cervical cancer screening programs. Third, we wish to
recruit a client for our study, someone who has an interest in
the results and who might implement these results at the conclu-
sion of the study, at least on a pilot basis.

The first two types of assistance are self explanatory. The
practical problems of taking a satisfactory PAP smear, or of in-
ducing a gynecologist to exercise proper care in taking smears,
can be known only to those who have had long and extensive exper-
ience in a cervical screening program. Such matters must be con-
sidered in our proposed study. Equally, without data obtained from
actual screening programs, our study will be no more than a
schoolroom exercise.

The third purpose, that of recruiting a client, is less
obvious. Our proposed study will be a policy study. That is, its
ultimate results will be recommendations as to the design and
implementation of cervical screening programs. It is not worth-
while to make recommendations unless there is the possibility of
testing these recommendations. Moreover, they cannot be tested
unless they are specific to a particular situation--i.e., geo-
graphical area, subject population, available resources and man-
power--and unless someone is willing to implement the recommenda-
tions, at least on a pilot basis. A client provides the particu-
lar situation, and the possibility for testing the results.

Study Outline

Since the purpose of the Workshop is to obtain help for our
study of cervical screening, it will be worthwhile to give a brief
outline of the study that will enable the reader to judge the
pertinentcy of the advice that we received.

The study may best be described in terms of the methodology
that will result from it. This methodology will consist of a
number of models that relate the following three kinds of infor-
mation:
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- design of the screening program, including those who
take the smears (e.g. doctor, nurse, or technician);
the physical structure in which the smears are taken
(e.g. doctor's office, hospital clinic, mobile unit);
the procedures (or lack thereof) for recruiting women to
be screened (e.g. letter, personal visit, wait until
woman sees her doctor), etc.;

- composition of the population to be screened, by age,
race, income, and other relevant factors; and

- effects that the screening program will have on the given
population, including the program's cost, its manpower
needs, its effect on mortality and morbidity, etc.

We will be able to operate this methodology in two directions.
First, given the design of the screening program, and the popula-
tion it is to serve, we will be able to predict the effects that
it will have. This is the easier direction. Others, notably
Knox [1], [2]1, have built simulation models that carry out this
task.

Second, given the population to be screened and the effects
that one wishes to produce, we will design a screening program
that will do the job, The desired effects are usually to maximize
or to minimize something subject to constraints, as for example,
to reduce mortality as much as possible within given budget and
manpower requirements. To the best of our knowledge, this kind of
model has not been applied to the cervical cancer screening problem,

Required Knowledge

In order to build these models, we will need: a) technical
information, and b) sociological and organizational information.
The most important technical information needed is knowledge of
the natural history of cervical cancer. This involves knowing
how rapidly cases of carcinoma in-situ may progress to invasive
cancer. Cases that do so in very short time periods are likely to
be missed by a screening program. We also wish to know what pro-
portion of preclinical cases of carcinoma in-situ are likely to
regress to normal. These cases will be unnecessarily treated if
detected by screening.

Other important technical information needed includes a
knowledge of how, and with what effect, the disease can be treated
at different stages. Possible outcomes of treatment include com-
plete cure, death, or complications arising from treatment. With-
out this knowledge, we cannot estimate mortality and morbidity.

It is also important to know the errors that may occur in the
collection and interpretation of the PAP smear. False-positive
smears involve the medical community in unnecessary work, and
subject the patient to unnecessary anxiety. False-negative smears
allow cases of a potentially lethal disease to remain untreated.
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Finally, it is important to know who is most likely to have
cervical cancer, Factors such as age, hygiene, and sexual be-
havior are known to influence the incidence of the disease. One
should be aware of those parts of the population that are at greater
risk and should thus be screened if resources do not permit the
whole population to participate in screening. One should also
understand the degree to which changes in habits--e.g. improved
hygiene due to educational measures--can replace screening as a
means for reducing mortality from cervical cancer.

As regards sociological and organizational information our
major information need is in the area of participation. Why do
the poor, the young, and the old appear less frequently for
screening than the well-to-do middle-aged? What can be done to
attract these infrequent participants? What additional measures
are needed to increase repeat participation?

Some additional information requirements are: how, in prac-
tice, have doctors reacted to requests from their patients to
take smears; how can the number of unsatisfactory smears be reduced;
how can the quality of cytology be ensured?

Applications of This Research

The purpose of this Workshop is to describe and to refine a
study which we believe would aid the formulation of a policy for
screening for cervical cancer. The results of this studyv would be
useful for countries that have created screening programs or those
in which screening programs have grown up without conscious
political decisions. The results would also be useful for countries
that are contemplating cervical cancer programs. Finally, this
study could serve as prototype for the study of other diseases
where screening programs are being contemplated.

Administrations or organizations contemplating the establish-
ment of cancer screening programs need to know what consequences
are likely to result from such a decision. How can they design a
program that will best meet their objectives, subject to the con-
straints on manpower and physical resources with which they are
faced? Should they introduce a program at all? If so, how
quickly should it be introduced? These are questions that can best
be answered by testing and evaluating a number of alternatives.

For countries where cervical cancer screening programs already
exist, the "political"” costs and benefits of reducing or expanding
the program will probably be evident to medical policy-makers.

wWhat they may not know are the medical and economic consequences of
such decisions. Models, such as those we hope to build, that

trace such consequences should make a vital contribution to policy
discussions,

Attempts to model complex policy questions are bound to be
hindered by many difficulties of both fact and method. However, we
believe that many of these problems can be overcome, and that the
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methods for overcoming them will have useful applications else-
where. This is especially valid if we remember that the design
and implementation of screening programs are likely to be of
increasing concern to health services worldwide.

(11

(2}
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PART I. TECHNICAL ISSUES

1.1 The Natural History of Cervical Cancer

J. H. Bigelow

Purpose

The subject of the discussion in this session is the natural
history of cervical cancer. This means, roughly, "how likely
is the disease to progress to invasion, and how long is this
likely to take?" 1In this paper, I will show how I expect to
estimate the natural history gquantitatively from existing data.

Description of the Model

Let me first tell you precisely what I mean by the natural
history. My definition is based upon the description of cervical
cancer shown in Figure 1. The disease passes from an uncertain
beginning, through dysplasia and carcinoma in-situ, and to an
invasive stage. My model is a simplification of this picture.

In the model, the disease passes from an initial state, through
a development phase, to a terminal state.

I propose to place the initial state of the model at the
boundary between dysplasia and carcinoma in-situ. This will
effectively focus the attention of this part of our study on
the lesion carcinoma in-situ. I feel this is wise, since this
is the main point of controversy in the area of cervical screen-
ing.

There is less question about where to locate the terminal
point of our model of the disease. It is that instant at which
the disease would have been detected in the absence of any
screening.

Not all cases will have progressed to the same extent when
discovered clinically. We illustrate this as a sloping line that
"cuts off" some cases only where they have progressed to late-
stage invasive cancers, and cuts off others even before invasion--
for example, due to a biopsy performed for some reason unrelated
to cancer. Thus the development phase of our model does not
exactly correspond to the phase carcinoma in-~situ.

One cannot expect that every case will pass through the
development phase in the same amount of time. Some cases will
develop very rapidly while others will take an extremely long



-16-

uoT3idoeiad
TEDTUTTD JO 3uTOd

Iaoued

(AT sbe3s)

SI90UeD TeDTAJISD JFJO 3U9duUo)

‘| @aInbtg

4 SATSPAUTI P g NITS-UT PWOUTIDIBRD) — =
(I @beig)

(219A88)

(a1duts)

-—— 2TSeTdsiAq —e




-17-

time. We will call the time spent in this phase the dwell time.

We can represent this simple model pictorially, as shown in
Figure 2. A case with a particular dwell time, measured on the
vertical axis of the figure, must develop from the point of first
appearance, across the figure on a horizontal path to its terminal
state. Mathematically, we express the model as a function G(T),
that gives the number of cases per unit of population per year
that have dwell time T.

Because some people believe that a substantial fraction of
carcinomas in-situ regress spontaneously to normal, I introduce
a second form of the disease. This has the same initial state as
the old form, but its terminal state is "regress to normal” rather
than "progress to clinical detection." We will require a dif-
ferent dwell time distribution for each of the two kinds of
disease, GP(T) for progressive cases, and GR(T) for regressive
cases.

Figure 3 shows example distributions. The number of cases
of each kind, progressive or regressive, is given by the area under
the respective curve. For example, the number of progressive
cases with dwell time between five years and ten, is given by the
area of the shaded region in the figure. Note that there is no
need for the two distributions to be the same or even to have the
same average dwell times.

These two distributions constitute my definition of the
natural history of cervical cancer. Thus to say that I wish to
determine the natural history of the disease is to say that I wish
to estimate the distributions GP(T) and GR(T)'

Estimating the Dwell Time Distributions

My method for estimating these distributions is best illus-
trated by an admittedly artificial example. I assume, for this
example, that the screening test is perfect, never yielding false
positive or false negative. I also assume that screening tests
are invariably performed at two, four, and eight-year intervals,
and that the data include, let us say, one million intervals of
each size. I further suppose that dwell times of cases are always
either one or three or five years, but the numbers of progressive
and regressive cases with each dwell time are not known.

The first type of information we will need is that given in
table form in Figure 4. Of the one million screening intervals
of two-years duration, I will suppose that 1,100 resulted in
the discovery of a carcinoma in-situ. That is, the test that began
the screening interval was negative, and the test that ended the
interval was positive. 1In the absence of false negative tests,
the carcinoma in-situ must have started sometime during the inter-
val. Similarly, I suppose that 1,900 cases were discovered in
the four-year intervals, and 2,200 cases in the eight-year inter-
vals,
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Figure 2. Simple model of cervical cancer.
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Figure 3. Example of dwell time distribtuions.
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Length of Interval
2 4y 8

Years Years Years
Number of 106 106 106
Intervals
Number of
Cases Detected 1,100 1,300 2,200

X, = Number of cases per woman-

2 x 10° [1/2%, + x

6
6

8 x 10 [1/8x1 + 3/8x3 + 5/8x5] = 2,200

Figure 4.

combined) ,

3

+ x5]

4 x 107 [1/4x, + 3/8x5 + xg] = 1,900

year with dwell time i
(progressive and regressive
i=1,3,5.

= 1,100

Sum of dwell time distributions.
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Let us define Xy to be the number of cases with dwell time
i that start in the average woman-year, This quantity includes both
progressive and regressive cases. Thus X is the rate at which
cases with a one-year dwell time are initiated, x3 the rate for

three-year cases, and Xg the rate for five-year cases.

The three equations in Figure 4 estimate the number of cases
that should be detected in intervals of two, four, and eight
years, respectively. Taking the first equation, the leading co-
efficient of two million is the number of woman-years contained in
the one million two-year intervals. The expression in brackets
is the expected rate at which cases of each dwell time will be
initiated and detected, in intervals of two years. Thus X, cases,

with a dwell time of one year, will be initiated in each year of
these intervals; but only one half of these cases will be detected,
because to be detected, such a case must be initiated in the last
half of the interval. Cases with three- and five-year dwell times
will always be detected if they start in a two-year screening
interval. Thus the coefficients of X5 and x. are one. The other

5
two equations are derived in a similar way.

On the right-hand sides of the eguations are the observed
numbers of the cases detected in screening intervals of each

length. These three equations can be solved for Xy X34 and
X by well-known methods, yielding the result, Xy = 1 x 10_4,
X3 = 2 x 10_4, Xg = 3 x 10—u, respectively. That is, each year

one expects ten women out of every 100,000 to contract a one-vear
disease, twenty women more to contract a three-year disease, and
another thirty women to contract a five-year disease.

The second sort of information I will use is the number of
cases that are detected clinically--i.e. progressive cases that
escape detection by screening--at various times after the latest
screening test (see Figure 5). 1In this example, 150 cases were
detected in the clinic between one and two years after screening,
400 cases between two and four years, and 1,050 cases between four
and eight years. 1 estimate the number of opportunities for
this to occur in the top line of the table. Thus there were three
million intervals of at least two years, two million intervals of
at least four years, and one million of at least eight years.

Now define y; to be the number of progressive cases with

dwell time i that start in the average woman-year. Taking the
second equation for purposes of discussion (see Figure 5), the
leading coefficient, two million, is the number of opportunities
for the disease to be detected clinically between two and four
years after the last screening test. On each of those occasions,
a case with a one-year dwell time could have been initiated at
any time between one and three years after the test, that is, in
a two-year interval. This explains the appearance of 2y1 in the
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Time Since Last Test

1-2 I 2-u 4-8
Years Years Years
No. Suff. Long
6 6 6
i 1
Screening intervals 310 2 10 Tx 10
Number of Cases
Detected Clinically 150 400 1,050

with dwell time i,

. [y_]

2 x 10°

1 10°

Figure 5.

[2'Y1+Y3

]
]

(b« yq + 4« yy +3 ¢ ygl

Number of progressive cases per woman-year
i=1,3,5.

150
400

1,050

Progressive dwell time distribution.
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expression in brackets. On the other hand, a case whose dwell
time is three years has only a single year in which it could be
initiated if it is to begin after the most recent test and be dis-
covered clinically within four years of the test. Thus only one
Yy appears in the expression. No five-year cases can be clinic-

ally detected within four years of the last test, given the assump-
tion of a zero false-negative rate.

The observed numbers of clinically detected cases are also
given to the right of these equations, the second line of the
table. Again, these equations can be solved for Yyr Y30 and Yg.

and the results (the initiation rates of progressive cases) can be
substracted from Xy, Xg, and Xg, that were calculated earlier to

yield regressive case rates. The results are shown in Figure 6.

I wish to stress that the example is entirely artificial. I
do not intend to express an opinion about the progressive or
regressive dwell time distributions, nor am I suggesting that cases
of cervical cancer require more than four years to develop clini-
cal manifestations. As I said when I first introduced the
example, it is entirely artificial.

My purpose in presenting this example is to illustrate that a
relationship exists between the progressive and regressive dwell
time distributions, and the observed case histories. Moreover, the
example shows how this relationship can be used to estimate the
two dwell time distributions.

Extension of the Method

The method illustrated can be extended to deal with more
realistic cases. The most important extension, in my view, is to
deal with false-negative smears. I have chosen to ignore the
false-positive smears, because positive smears are followed up and
a false positive will be discovered rapidly. But false-negative
smears allow untreated cases of carcinoma in-situ to remain in the
population at large, just as though a smear had not been taken at
all.

The observation that a false negative smear is equivalent
to not having taken a smear serves as the basis for modifying the
method. As we scan through the original screening data, we
randomly discard some of the negative smears. How many will be
discarded will depend on the false-negative error rate. (This
will be discussed in Section 1.3.) We carry out the analysis
illustrated by the example with only the remaining smears.

This method can also be extended to estimate the dwell time
distributions with greater refinement. Instead of assuming that
only three dwell times are possible, one could assume that there
were twenty, or fifty, or more. To do so, we need information of
the kind shown in the example, but richer.
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tions from example.
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The two kinds of information needed for the general case are
illustrated in Figure 7. To calculate the sum of the two distri-
butions--i.e. progressive plus regressive, I need information on
the frequency with which screening intervals of each length result
in the detection of a case. To obtain the progressive dwell time
distribution, I must know, for each of the intervals of time, how
many cases are found clinically in the amount of time after the
most recent negative smear. I must also know how many screening
intervals there are of each length.

The refinement one can achieve in estimating dwell time
distributions will be limited by the amount of data available.
To estimate the distributions, we must have reliable frequency
estimates of the two kinds of disease history. A frequency esti-
mate will not be reliable unless enough data points contribute to
it.

On the basis of my statistical experience, I estimate that,
for every five cases detected by screening, one point can be esti-
mated on the sum of the two dwell time distributions. Similarly,
for every five cases that occur clinically, one point on the
progressive dwell time distribution can be estimated. The
British Columbia [9] experience gives a good example of the rela-
tive numbers of the two kinds of cases. From 1949 until 1966,
there were sixty-four clinically detected cases among screened
women, and over 3,000 cases detected by screening.

Finally, we know that the population at risk from cervical
cancer is not homogeneous. Incidence varies with age, for exam-
ple [4], as well as with race, social class, and age at first
coitus. Different sexual habits [14] or habits of personal
hygiene could also make a difference.

To deal with this lack of homogeneity, I expect to split the
original screening data into parts, each of which deals with only
a homogeneous population of women. Of course, we can split the
data only according to the characteristics recorded in the data,
and so our study of these factors will be incomplete.

Summary

I can think of no better way to end this presentation than
by saying that I believe the natural history of cervical cancer
can be estimated from existing data. Of course, there are dif-
ficulties. The data must be adjusted to account for false-negative
smears, and possibly split into segments that deal with homo-
geneous groups of people. There may be errors in the data, in
particular misidentifications that will affect the results. (This
will be discussed in Section 1.2.) The results will, in any case,
contain an inherent probable error. Nevertheless, I believe that
the natural history (that is, the progressive and regressive dwell-
time distributions) can be estimated from data that have been
collected from existing cervical screening programs.
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1.2 Summary Discussions of the Natural History

of Cervical Cancer

The model of cervical cancer (see Figure 1) and the data
from which dwell time distributions are estimated (see Figure 7)
were discussed at length at the Workshop; a summary of these
discussions is given below.

Initial State of the Model

The initial state of the model is to be placed at the boundary
between dysplasia and carcinoma in-situ. This would seem to
suggest that there is a relatively clear cytological distinction
between these two lesions. However, the facts do not bear out
this distinction. A smear that one cytology laboratory rates as
carcinoma in-situ may, upon review by another laboratory or by
the same laboratory years later, be interpreted as a simple
dysplasia.

For example, some years ago, the National Cancer Institute
of the United States was receiving reports every six weeks from
about fifty cytology programs. There was an enormous variation
in the prevalence of carcinoma in-situ found by different pro-
grams; some of the findings reported as many as thirty women per
thousand with this condition. Ratios of the incidence of carcinoma
in-situ to the incidence of invasive cancer ranged from a low of
one-to-one, to a high of approximately twenty-to-one. On re-
view, the differences proved to be due to overdiagnosis by the
laboratories reporting the highest incidence of carcinoma in-situ.

The grading system for smears that a laboratory uses may
also present difficulties. Because it eliminates needless detail,
grading a smear with the histological diagnosis expected for
the patient in question is the best method. Thus a smear would
be labeled, for example, normal, moderate dysplasia, carcinoma
in-situ, or invasive cancer. However, many laboratories still
use the Papanicolaou grading system, or a modification of it,
that does not relate directly to the expected histological diag-
nosis.

In summary, there is no clear distinction between carcinoma
in-situ and dysplasia; a distinction may be made differently by
different laboratories, and even by the same laboratory at dif-
ferent times.
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The Terminal State of the Model

The terminal state of the model was to be placed at the
point where the disease would have been clinically detected in
the absence of a cytology program. However, this end point will
depend on the skill of the clinician. Many good gynecologists
will fail to recognize cervical cancer before Stage 3 invasion.
Others can consistently recognize Stage 1A lesions. Thus the
dwell time of a case might be as much as four years longer if
the woman happens to see the first type of gynecologist than
if she sees the second type.

In addition, the frequency with which a woman sees a gyne-
cologist will influence the time at which her cancer is detected.
The woman who visits her clinic regularly will probably have her
case discovered in an early stage. The woman who visits a clinic
only when symptoms occur will probably have a late~stage cancer.
Dwell times observed in the former sort of woman will generally
be shorter than dwell times in the latter.

The gynecologist who suspects that his patient has cervical
cancer will want histological confirmation before he begins
treatment. This will occur if the lesion is a very early one. A
late lesion will be obvious even without histological tests.
However, the tissue sample sent to be studied may be inadequate
for diagnosis, or the laboratory may mishandle the sample, usually
examining too few sections. As many as 30% of the tissue samples
that contain evidence of early lesions may be passed as normal.

Finally, the age of the woman will influence how early
clinical diagnosis can occur. After menopause, the neck of the
uterus closes down, and tissue that was once exposed is now
hidden. This hidden area is frequently a site of cervical cancer
that would be detected later in postmenopausal than in premeno-
pausal women.

In summary, the end point of the model of cervical cancer
is not a physiologically well-defined point. It depends upon the
general level of medical skill, the age of the woman involved, and
on the frequency of contact between the woman and the medical
system.

Regressive Cases

It is well known that cases of dysplasia will frequently
regress to normal without treatment. Whether this is also true
of carcinoma in-situ is a hotly debated matter.

The opinion expressed at this Workshop was that carcinoma
in-situ virtually never regresses spontaneously. Cases reported
to have regressed were taken to be overdiagnosed cases--i.e.,
cases diagnosed as carcinoma in-situ that were in fact only
dysplasias, metaplasias, or even mild atypias. This opinion rests
largely upon unpublished data. Studies by Kottmeier [1] and
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Peterson [2] showed that about one-third of carcinomas in-situ
progressed to invasive cancers within approximately fifteen years.
Since publication of these results, more cases have progressed,
bringing the fraction of progressions in these series to above
80%.

In summary, then, the apparent incidence of regressive cases

will depend on the policy of diagnosis adopted by a cytology
laboratory.

Effects on Dwell Time Distributions

The factors discussed above influence the dwell time dis-
tributions of progressive and regressive cases. We deliberately
say that the distributions themselves will be influenced and not
merely the estimates of the distributions. This is because we are
not estimating an event with a precise, widely accepted definition.
Rather, we are measuring the time it takes for the disease to
progress from the earliest point at which a certain laboratory
calls it carcinoma in-situ, until the point at which the disease
would have been detected, using the medical system of the given
locale.

The effects of the different points of disagreement on the
dwell time distributions are as follows, If laboratory A
diagnoses smears as carcinoma in-situ that laboratory B would call
dysplasia, then we would estimate longer dwell times and more
regressive cases in the population served by laboratory A. If
women in population I visit their gynecologist less frequently
than do women in population II, or if the gynecologists serving
population I are less skilled at detecting cervical cancer clinic-
ally than gynecologists for population II, then we would estimate
longer dwell times in population I. We also note, however, that
clinically discovered cases were more severe in population I.

Deficiencies and Errors of the Data

It is evident that if a screening program has been in exis-
tence for only five years, the longest possible interval between
successive screenings of the same woman cannot exceed five years,
Further, no cases can be detected clinically more than five years
after a negative smear among women who have participated in the
program. This means that one cannot estimate the number of pro-
gressive cases with dwell times of more than five years. Nor can
one distinguish the number of cases (both progressive and regres-
sive) with a seven-year dwell time from the number with a ten-
year dwell time. One can only estimate the total number of cases
with dwell times longer than five years,

The problem is aggravated by the probability that the
laboratory's criteria for interpreting smears have changed. Thus
it is unlikely that more than five or, at most, ten years of
screening data will be self-consistent. Considering that the
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average dwell time of carcinoma in-situ is probably fifteen years,
it is impossible to estimate the entire dwell time distribution,

However, it is possible to estimate the number of cases
with short dwell times. These cases are the most difficult to
screen because to detect them screenings must occur very fre-
quently. By contrast, cases with long dwell times--i.e. ten
years or more~-will be detected even if screenings are infrequent.
Thus estimates can be made of those cases that will most strongly
influence the design and performance of a screening program.

A second deficiency in the data arises because of the dif-
ficulty of determining whether a woman who is in a screening pro-
gram has died for reasons unrelated to cervical (or other uterine)
cancer, or has had a hysterectomy for reasons not related to
cancer. In most countries, these data are not integrated with
screening data; rather they are kept separately by hospitals or
physicians. An enormous, time-consuming effort would be necessary
to discover the follow-up information on each woman in a screening
program.

Estimates of the dwell time distributions should be adjusted
to account for the removal of these women from the population at
risk. Otherwise, the incidence rates of cases with long dwell
times will be underestimated. Since it is cases with short dwell
times that matter, this data deficiency assumes a diminished
importance.

Misdiagnosis at autopsy is a type of error that could dis-
tort the results. For example, a woman who had been earlier
treated for carcinoma in-situ and later died, might be declared
to have died of cervical cancer. Or, a woman with cancer and
also a bad heart could be declared dead due to coronary problems,
the cancer never having been reported. An uncritical acceptance
of mortality data could distort the results in unpredictable ways.

Nevertheless, it is necessary to use these data. A woman
who is found to have had cervical cancer, but who has died of
some other cause, may be said in a sense to have had a clinically
discovered cancer. In any case, the cancer was not found by
screening. To leave these cases out of the process of estimating
the progressive dwell time distribution would cause one to under-
estimate the incidence of progressive cases.

A final type of data error is mis-identification. A woman
may be screened twice, but may appear in the records as two
different women, each woman having been screened once. This could
be due to a change of name at marriage, or a change of doctors,
or to a misspelling by the doctor of the patient's name. This
error will cause an error in the observed frequency distribution
of screening intervals. That is, if a woman had two screenings
four years apart, but was identified as a different woman on each
occasion, the number of four-year screening intervals would be
underestimated. Thus the incidences of cases with different
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dwell times will be overestimated. However, the number of
intervals cannot be underestimated by more than 5 - 10%, and the

incidences should be overestimated by approximately the same
amount.
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1.3 . The False-Negative Rate in Screening for Cervical Cancer

J. H. Bigelow and D. B. Ellis

This paper deals with the error rates for the Papanicolaou
smear test when it is used as a screening test (as opposed to
diagnostic test), and discusses how these rates can be reduced.

The success or failure of a cancer screening test is measured
in terms of the percentage of false-positive and false-negative
results. The false-positive smears do not present a real pro-
blem, since they will .iost likely be picked up in subsequent
diagnostic procedures and be returned to the negative pool. It is
the false-negative rate that is the critical error rate for any
screening procedure, an error that can lead to a false sense of
security, and worse, to delay in or omission of treatment. The
false-negative rate can be estimated under a variety of conditions
and by a variety of methods that are discussed in this paper.

The estimates of the false-negative rate will depend on the
material used and on the method employed. A useful catagorization
of materials is shown in Figure 1. The most direct, relevant
source of data is Pap-smears obtained from a screening program,
either taken alone or in the course of a more extensive examination.
The latter is the more usual procedure.

Second, old Pap smears taken during a screening effort may
be re-examined upon the later discovery of disease. These re-
classified smears will provide a lower error estimate than would
the smears as originally interpreted. However, the estimate would
be of interest as a reasonable limit on the accuracy of the smear
as a screening device.

Finally, data are obtained from clinical trials. These data
are likely to provide the lowest error estimates, since they
usually include a small number of smears, each performed and
interpreted with the utmost care.

Possible methods for making estimates are shown in Figure 2.
Direct methods (that is, methods that attempt to pinpoint the
particular smears that are in error) include waiting for a sug-
gestion of error to occur subsequent to a negative smear, or
comparing the Pap smear with another test carried out at the same
time. There is also an indirect, statistical method that we will
describe later,

There are several instances of direct methods applied to
clinical trial data. For example, the Mayo Clinic took nearly
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— PaP SMEARS FROM SCREENING EFFORT
- ALONE
- COMBINED WITH OTHER TEST
(E.G. COLPOSCOPY) OR GYN. EXAM,

— OLD PAP SMEARS RE-EXAMINED,

— DATA FROM CLINICAL TRIALS,

Figure 1. Material for false-negative estimation.

— WAIT FOR SUGGESTION OF ERROR
(E.G. POSITIVE SMEAR FOLLOWING
NEGATIVE) .

— (COMPARE PAP SMEARS WITH

OTHER TEST.

—  STATISTICAL METHOD.

Figure 2. Methods for false-negative estimation.
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140,000 smears in the course of twelve years (Soule and Dahlin
{171), finding a false-negative rate of 2.4%. 1In this study,
every smear--negative as well as positive--was followed up

and verified or falsified by a biopsy. This procedure changed
what would have been a modest screening effort into an enormous
clinical trial. The rate is only of interest as the lowest
possible bound, and is unrealistic when the Pap smear is used to
screen large populations of symptomless subjects.

Another method of estimating the false-negative rate is to com-
bine the Pap smear with another painless, safe and simple screen-
ing procedure, such as routine colposcopy, each method serving as
a control of the other. For example, Limburg [10], using the
smear technique alone, had a false-negative rate of 11.1% (based
on cases found by colposcopy); using colposcopy alone, he had
a rate of 3% (based on cases found by cytology). Combining both
techniques, he had a false-negative rate of only 0.68% (based on
two cases found by incidental curettage of the canal).

Richart [15] attained a low false-negative rate of 1.4%
scoring a false-negative smear. The negative smear was obtained
where dysplasia or carcinoma in-situ was found by colpomicroscopy
on the day that this and/or the negative smear was bracketed by
positive smears. Navratil et al. [11], as a result of screening
18,112 patients with both of these methods, found only 1.3%
of all the cases that turned up had remained undetected in the
screening trial.

These rates are undoubtedly low because the number of
cases missed by both of these methods is surely underestimated.
These cases are not sought out in these studies. Rather, the
investigators must wait passively for them to come to light, a
process that may require years. Peterson [13], for example,
found clinical cases developing from known in-situ lesions--biopsied
lesions at that--as long as fifteen years after discovery. It
must be borne in mind that colposcopty can be used only for dis-
covering carcinomas in the ectocervix, and will entirely miss
carcinomas of the endocervix.

When the material used comes exclusively from Pap smears
obtained in screening programs, the method for determining the
false-negative rate is to wait for a later positive smear, or to
wait for clinical symptoms or tissue studies to be done for a
reason other than a suspicion of cervical cancer. Then the estimates
of the false-negative rate vary from about 10% to as high as 30.6%.
One commonly assumes that all cases of carcinomia in-situ that turn
up subsequent to a negative smear make that smear falsely negative.
Cases that may have begun in the interval between screenings, for
instance, also fall into this group.

Often, when a case of carcinomia in-situ is discovered or
suspected, the original smears are re-examined. This results in
a "true" false-negative rate that is not due to observer error,
this rate is lower than the rate that includes the observer error,
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as well as cases that did not yield positive cells for the initial
smear and new cases which developed in the interval. Cuyler [2]
could reduce his 11.3% rate to 8.6% after re-examination of
initial smears; Friedell, Hertig and Younge [5] revised their
figure from 30.1% to 19% upon diagnosis of malignancy. Here such
factors as prior knowledge of the histological findings can also
contribute to further reduction of the error upon re-examination,
as was the case in [5]. These revised rates are of interest only
as limits on the accuracy of the Pap smear as a screening test,
and not as estimates of the actual error rates to be expected.

Figure 3 summarizes the direct estimates of the false-negative
rate. (Direct methods are those that attempt to identify those
particular smears that are in error.) These methods can be
criticized because when the data used are from screening programs
(the most relevant source of data), there is no clear way to
establish those smears that are wrong; thus the estimating proce-
dure is itself subject to considerable error.

The third method, the statistical method, avoids this
problem. It is based on the idea, illustrated in Figure 4, that
successive screenings will exhaust the cases prevalent in the
screened population at a rate that depends on the false-negative
rate of the smear.

A group of women, prior to a first screening, will contain
a backlog of cases that have yet to progress to invasive cancer.
The first screening will detect a fraction of those equal to one
minus the false-negative rate. The second screening will detect
the same fraction of the cases which appear between the two
screenings, plus that fraction of the remaining backlog. After
many screenings, each new screening will detect the same number of
cases as appear between successive screenings. (Some cases that
appear between screenings will be missed, but their number will
be made up from cases that were missed earlier and are detected by
the present screening.) The change in the number of cases detected
will be slow if the false-negative rate is high, because the
initial backlog will not be depleted quickly. Conversely, a low
false-negative rate implies a rapid change in the number of cases
detected .

The model, first developed by Knox [8], is simple.

Let:
P. = the fraction of women screened who have pre-
i - ; : . . .
clinical disease just prior to their i
screening;
and
Di = the fraction of women screened whose prgﬁ

clinical disease is discovered by the i
screening.
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Methods

Wait for
Suggestion
of Positive

Compare
Smear with
Other Test

30.00%
11.30%

0.68%

(Garrett [6])
(Cuyler [2])

(Limberg [101)
(Navratil [11])

13.00% (Garrett [6])

8.60%
19.00%

(Cuyler [2])
(Friedell [51)

1.40%

(Richart [15])

1.40% (Richart [15])
2.40% (Soule and
Dahlin [17])

False-negative rates from direct methods.
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Clearly, if p is the false-negative rate, these quantities are
related by:

D, = (1 ~ p)Pi . (1)
Further, if:

n, = the average amount of time that elapses between
the ith smear and the i + 1St;

and
0 = the incidence rate of the disease;
then:
P.yq = (P, = Dy) +on, . (2)
In this model, the gquantities that are observed are D, and
n,; the quantities we wish to estimate are p and v. The size of

the prevalence pool, Pi’

marginal interest. Ideally, both D, and n; should be calculated

is an intermediate variable of only

on an age-adjusted basis. However, insufficient information is

given in our chosen source (Dunn et al. [3]) to “age-correct" the
n;; thus we have not bothered to adjust the number of detections,
Di'

The data for statistical estimation are summarized in Figure
5. From these data, and using this simple model, one can estimate
a false-negative rate of 24%, and an incidence of thirty-six
cases per 100,000 women-years.

The source of the error lies in the failures of cytology,
observer errors, or in unrepresentative smears--"true" false-nega-
tives. Both types of false-negatives can arise in the taking of
the specimen and in associated clinical work. Much literature
exists about the site from which to obtain the specimen with the
greatest probability of finding diagnostic cells, as well as about
the manner of collection (see Reagan [14]; Friedell, Hertig and
Younge [5]; Ayre [1]; Seibels [16]; Parker et al. [12]; Gusberg [7];
Kulcsar [9]; Foote and Li [4]).

The rate of false-negatives is reduced when more than a single
set of smears is used. It is established that carcinoma does not
grow at a constant rate, nor does it grow constantly. It seems
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Humber of

Number of Averagde Month
Screening Women Cases to Next
Number Screened Detected Screening
1 33,746 350 16.93
|
]
2 9,109 26 14.16
3 3,995 4 —
4 1,586 0 —_
Source: [3]

Figure 5. Data for

statistical estimation.
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logical to assume that the tumor does not constantly exfoliate
cells and that it is possible to take a set of smears from a
patient with a malignant tumor without finding malignant cells.
Thus, the number of cell smears taken in each case, especially if
more are obtained at interval examinations, is important to the
efficiency of screening techniques, as are dilution, quantity

and care in obtaining material and in preparing the slide. The
representative cellular sample must include the squamocolumnar
junction, wherever it may lie, and all cells must be fixed promptly
to avoid distortion in drying.

Reading and interpretation of slides account for observer
error. Accuracy standards play an important role for the cytol-
ogist in making the decision, for which no quantitative test ex-
ists. The problem is whether women with 3a or 3b dysplasia, the
"suspicious" group, have carcinomas, and whether the smear is to
be scored positive.

Since, from the viewpoint of the patient, there is little
choice between "suspicions of malignancy" and “"positive,” it
appears logical to place both grades in a single category. One
can go further and include the significantly abnormal, dyskaryotic
smears, in this category, with only "normal" and "atypical" smears
being called negative. In this context, a false-negative error
may be defined as a "normal" report on a smear containing cells
that subsequent histology grades dyskaryotic, suspicious or posi-
tive.

Accuracy standards, problems in scoring smears and those
arising in cytology itself (e.g. training programs, differences
dependent on the site of the specimen, use of complementary col-
poscopy) are all factors to be considered with respect to false-
negative rates. Each of these has an important impact on the
resultant false-negative rate. However, two additional factors
are the method and material used for estimating false-negative
rate. Using the indirect, statistical method for estimating the
false-negative rate described here, we can avoid problems arising
when we try to determine those smears that are falsely negative.
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1.4 Summary of Discussions on Error Rates

in Cervical Screening

Most of the Workshop's discussion on cervical screening
centered on the sources and remedies for errors. There was some
limited discussion of the model used to calculate statistically
the false-negative rate. Also, there was some discussion of the
costs inherent in a false-positive smear.

The Statistical Model

The model used to obtain a 24% false-negative rate from the
data of Dunn, et al. [1] assumes that the false-negative rate is
the same for each smear. This is untrue. The largest source of
false-negative smears is unsatisfactory smears. A small percen-
tage of doctors provide the bulk of unsatisfactory smears, simply
because they are not careful or are not skilled at taking smears.
Their patients will have a much higher false-negative rate than
the entire screened population.

Further, it may be difficult to take a smear from a parti-
cular woman; this is most often the case for women in the post-
menopausal phase. In addition, the probability of obtaining a
false-negative smear may be higher if the lesion is very small.

The low ability of some doctors to take smears as well as
the difficulty of taking smears from particular women can be dealt
with by partitioning the data. For example, all smears taken by
a particular doctor could be used to calculate a false-negative
rate. Data from women over forty-two years (the approximate age
of menopause) could also be used separately.

However, if the false~negative rate changes markedly from
the earliest in-situ lesions to microinvasive cases, it is diffi-
cult to see what adjustments should be made. This question has
been dealt with theoretically [2], [3], but to our knowledge no
method has been developed for actually measuring the dependence
of the false-negative rate on the extent of the lesion. This
issue requires more consideration.

False-Positive Smears

The cost inherent in a false-negative smear is widely under-
stood. A potentially lethal disease will be allowed to remain
undetected. The program, whose purpose is to detect these cases,
in this instance will have failed.
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A false-positive smear, however, will be followed up. The
patient will be biopsied, and the absence of disease verified.
Thus it would seem that false~positive smears are acceptable, and
that no great effort should be expended to reduce their number.

But false-positive smears are costly. To be biopsied, a
woman must travel to her doctor or to a hospital. The tissue
sample must be examined. When it proves negative, a second,
perhaps more extensive biopsy may be taken, possibly requiring
some days' hospitalization. Finally, the false-positive smear
will have caused the patient a great deal of unnecessary worry.

To some extent it is possible to trade off the false-positive
rate against the false-negative rate. However, because interpret-
ing the PAP smear has such a subjective quality, it is difficult
to consciously choose a desired false-negative or false-positive
rate. Thus changing both error rates relies largely upon quality
control measures.

Reducing Error Rates

Errors occur in cytological screening either in the collec-
tion and preparation of smears, or in the actual reading of them.
Thus, if the person who takes the smears does not do so carefully,
and does not fix the smear immediately, it is likely to be un-
readable. If the cytologist is not well trained and experienced,
or if his work is not checked by experienced cytologists, there
will by many mis-read slides.

In general, physicians were thought to provide the least
satisfactory smears. They regard themselves as overqualified, and
tend to be careless in taking and fixing smears. Nurses make
better smear-takers, as do midwives, who carry out this activity
in Sweden. Technicians trained especially for this activity are
the most reliable,

The cytology laboratory can help train the smear takers by
the simple expedient of rejecting unsatisfactory smears. (These
are the source of most errors, especially in laboratories that
attempt a diagnosis from every smear they receive). When a smear
is rejected, a repeat smear is usually requested, which entails
only a small cost. It is certainly worthwhile to incur this cost
in exchange for an improved repeat smear and a slightly better-
trained smear taker,

Organization within a cytology laboratory can affect error
rates. To be good, a laboratory must read at least 20,000 smears
a year, and preferably 50,000 smears a year. A laboratory of this
size will have enough people reading slides that each can check
his interpretations against others. Five or ten percent of all
slides should be re-examined. Every suspicious slide, even a
mild atypia, should be viewed by many people. This sort of care
and self-checking can do much to reduce errors in the reading of
slides.
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An important implication of these facts is that a good

cytological screening program will take years to set up properly.
The cytologists as well as the smear takers must have training and
experience. A sufficient number of smears must be provided to
justify good guality control measures in the laboratory. Given

time,

(1}

[2]

[3]

a program can reduce its error rates to very small values.
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1.5 Summary of Discussions on Treatment

No paper was presented to the Workshop on the treatment
of cervical cancer. A summary of the discussion of this
subject is given below.

Treatment of Dysplasia

Dysplasia is not a predecessor of cancer. Nevertheless,
enough cases of dysplasia progress to carcinoma in-situ and
invasive carcinoma that it is worthwhile destroying this lesion.
This is especially true because treatment of dysplasia is safe,
quick, and easy to carry out.

The oldest treatment for dysplasia is coagulation or
cauterization. A newer method is cryosurgery, in which a cryode
is inserted in the cervical canal and frozen by adiabatic ex-
pansion of CO2 or nitrous oxide within it. Either method can

be carried out without hospitalization, at little expense, and
with a high probability of destroying the dysplastic tissue.
Because these treatments are simple, it is justifiable to carry
them out even where there is only a reasonable suspicion of
dysplasia. One participant suggested this treatment even where
the smear is "suspicious” and no biopsy is required.

As a result of the treatment of dysplasia there has been
a reduction in the number of carcinoma in-situ and invasive
cancer over the last twenty years. The Workshop suggested that
IIASA's proposed study should examine this point.

Treatment of Carcinoma in-situ

In large screening programs, most in-situ lesions are
treated by conization. Properly done, and with a careful
examination of the excised tissue to determine how completely
the lesion has been removed, this procedure can be considered
curative [1]. However, it should not always be the treatment

of choice.

Hysterectomy is the treatment most likely to replace
conization in some women with carcinoma in-situ. The con-
ditions under which hysterectomy should be chosen are a) the
woman has almost no contact with the medical system and would
therefore be difficult to follow up, or, b) the woman has too
many children and does not wish to bear more.
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Treatment of Invasive Cancer

Typical five-year survival rates for treated invasive
cancers depend upon the stage of the cancer at the time of
treatment. Campbell [2] reports typical five-year survival
rates of 75% for Stage I cancer, 55% for Stage II, 30% for
Stage III, and 10% for Stage IV. The opinion of participants
at the Workshop was that there is little chance to improve
these rates using surgery and radiotherapy. Nor does chemo-
therapy of advanced cases appear promising [3]. A combination
of therapies, such as surgery followed by chemotherapy and
immunotherapy, might prove effective.
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1.6 Summary of Discussions on Factors Associated

With or Predisposing to Cervical Cancer

Dr. Stormby presented some information on this topic.
Since Dr. Stormly's information was not presented in a work-
shop paper, a summary of his remarks is given below.

Over the last five years, an increasing number of Swedish
teenage girls have been given cytologic examinations, usually
because they have requested a prescription for the pill or for
another kind of contraceptive (e.g. diaphragm or IUD). There
are on file 13,200 smears taken between the years 1970 - 1973,
from girls between fifteen and nineteen years of age. Within
this group there have been twenty cases of histologically
verified carcinoma in-situ, and some hundreds of cases of dys-
plasia, metaplasia and atypia.

It is interesting to observe the association between ab-
normal cytology and abnormal microbiology. The examinations
revealed that very few cytologically normal girls had any
flora besides the normal D&derline organisms found on their
smears. A rather high proportion of girls with abnormal
cytology exhibit microplasma and cocoid flora on their smears.

These abnormal organisms are the result of sexual activity,
often with many partners, and poor sexual hygiene. Thus these
data establish an association between early sexual activity
and poor hygiene, and cervical cancer. There is also the
suggestion that some celluar atypias may be explained by virus
infections; this point has been suggested elsewhere [1].

Findings such as these suggest that the incidence of ab-
normal cytological findings, and possibly cervical cancer,
could be reduced if physicians would treat these infections
when they are found in their patients. This is not the practice.
For example, when trichomonas infection is discovered, it is
left without treatment in virtually every case. These findings
also suggest that if gynecologists would instruct their yourg
patients in proper sexual hygiene, the incidence of cervical
cancer could be reduced considerably.

In the discussion that followed these remarks, the work-
shop agreed that poor hygiene and early and frequent sexual
activity were important determinants of cervical cancer. Their
presence lowers the age at which women can expect to contract
cervical cancer. In India, for example, where poor hygiene and
early marriage have been the rule, the peak incidence in cervical
cancer occurs at an age ten years younger than the age of the
peak incidence among European women.
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Although the age at which women suffer cervical cancer is
influenced by other factors, age itself is probably the most
important factor. Women under thirty-five rarely have invasive
cancer, and its incidence also drops off sharply among women
over sixty-five. Other factors that appear to be associated
with cervical cancer are probably factors associated with age,
or early sexual activity, or poor hygiene. For example, the
number of children will relate to age or to early sexual
activity, and income or husbands occupation will correlate
well with hygiene and the amount of regular medical care.

On the basis of these factors, the participants expected
that the incidence of cervical cancer in developing nations
would decrease, even if no programs were implemented to deal
specifically with the disease. This decrease would result from
improved hygiene (because of improved sanitation and education),
later marriages and fewer children (to be expected as development
proceeds), and more widely available, regular medical care. To
some extent, general development would take the place of cervical
screening programs in these countries.

The workshop observed that, since some of the factors pre-
disposing to cervical cancer were behavioral, the groups at
risk could change. The risk to young girls appears to be
increasing due to their freer sexual activities. Thus a periodic
reexamination of those segments of the population that are at
greater risk is essential.
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PART II. SOCIOLOGICAL AND ORGANIZATIONAL ISSUES

2.1 Factors Affecting Participation

H. L. Brown

Purgose

The purpose of this paper is to establish why certain groups
of women, namely the young, the old, and the poor, are least
likely to be screened for cervical cancer, and subsequently to
suggest certain policy recommendations that might be implemented
to improve their low attendance rates. The problem to be faced
is best illustrated in the form of graphs shown in Figures 1-4
[31: [7); [91}.

Two Types of Screening

The term participation itself says nothing about the nec-
essary frequency of participation in a cervical cancer screening
program. In order to be able to offer continuous protection
from this type of cancer, the program must be organized as to
ensure that the smears are repeated at regular intervals. Other-
. wise, the whole program may have no effect on the incidence and
mortality rates of cervical cancer. 1In other words, a program
can claim to have achieved a 100% attendance mark, in that every
woman has been screened at least once, but may fail in not pro-
viding these women with the essential follow-up and repeat ser-
vices. A differentation between two kinds of participation
should therefore be made:

- regular screening at predetermined intervals including
a coordinated follow-up system; and

- irregular, infrequent screening where a woman may have
been screened but still runs the risk of developing
cervical cancer and not having it detected in the
earliest phases.

Taking of Smears

An analysis of where and under what circumstances smears
are taken indicates how embedded a cervical cancer screening
program is in the existing health care system. In the US and
in Canada, about 80-90% [7)}, [1], [4], of all smears are taken
by some type of private physician. Significantly, the Pap
test is often done in the course of examining some other complaint
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Screening
. 1 Total .
Age 1966 Population SZiZen?ngs Pogfﬁi;;on
20-29 119,900 46,474 3.88
30-39 112,800 45,742 4.66
40-49 117,400 43,857 3.74
50-59 91,600 25,955 2.83
60-69 60,400 10,431 1.73
70 64,400 4,976 .77
Source: [3]
Figure 1. Age dependence of screening rates.
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Figure 2. Age dependence of screening
rates in British Columbia.
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1,469 Respondents

Household Income

Total Number of

Percentage of

(in Canadian Dollars) Respondents Respondents
under $3,000 295 47
$3,000 - $6,000 802 67
over $6,000 399 72
Source: [9]
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Figure 4. Percentage of women in each income

group who had a test.
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unrelated to cancer detection, and a woman agreed to have a
smear taken mostly on the advice of her doctor. There are
three drawbacks to the use of this method for detecting
cervical cancer. First, it can only be effective, if the
physicians' offices are visited routinely for examinations,
secondly, if physicians who are visited routinely also take
cervical tests, and thirdly, if the entire population of women
is willing to visit physicians' offices for the tests.

Utilization of a private doctor's services, in the US at
least, is a function of income; the wealthier can better afford
it while the less well off cannot. Poor people depend to a
very large extent (in some cases up to 80% of a given population)
on their neighborhood clinic, the emergency ward, or outpatient
department of a city hospital as their "general practitioner".
This type of patient receives even less advice on preventive
health care because of the more impersonal nature of most large
clinics and because of the demand on time of the house officers.
Yet it is precisely these people who are in the greatest need
of such preventive care. This is reflected in the number of
positive smears and the death ratios among these groups, shown
in Figures 5 and 6 [2].

Hospital-based screening programs have achieved success [2].
These are, at times, bedevilled by external circumstances,
such as the discontented attitude of the people meant to be
screened toward the hospital. McGowan [5] has described a
hospital based cervical cancer screening program in the US,
and found that most people believed it was of importance that
the hospital be of good reputation before they were willing
to attend. But hospitals cannot satisfy everyone's expectations,
and people are reluctant to enter institutions of mediocre or
worse standards for any sort of care.

In the UK, the cervical cancer screening program is carried
out on a national basis and intended for all women over thirty
five. Doctors subseguently receive a payment from the National
Health Service for cytotests performed on women of this age
group. Despite the doctors being paid, there is not only poor
penetration of screening in certain groups of the population,
but more smears are taken in family planning or local health
authority clinics than by family doctors. ! (Figure 7) [7].

It is often alleged that the reason for this is attributable

1The data are from 1965 and there is a distinct trend toward
more general practitioners taking cervical smears. Whether this
trend has continued, I cannot say. Further investigation is
required in this area.
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to the smallness of the fee doctors can claim. The consequences
of this particular weakness are revealing. A pilot study con-
ducted in Manchester, UK, and aimed at women between the ages
of twenty-five and sixty attempted to find out how women came
to have a cervical test in the first place. Most of the women
(60%) had the test as part of another examination, only 10%
were advised by their doctor, and 30% asked their doctor per-
sonally to do the test [6]. 30% is a fairly high percentage

in comparison to the Alameda County data [4] collected by
Breslow where unly 10% voluntarily and individually presented
themselves for screening. The reason for this 30% figure may
be not so much a greater awareness of English women of the
benefits of cervical cancer screening but more the physicians'
personal reluctance to suggest the test since the financial re-
imbursement appears unrewarding.

Follow-up and Repeat of Smears

In a cervical cancer screening program, it is imperative to
make both doctor and patient aware of the need of repeat smears
and follow-up. When exactly a repeat smear is recommended varies
from program to program but it can almost universally be said
that most women, across all ages and social groups, fail to
return on the anniversary date of their previous negative smear.
The reasons for this are multiple and complex, but certain
interesting differences are revealed when knowledge of the
need for periodic examinations is related to the way in which
women come to have their first test. In the Manchester data [6],
women who had the test at the family doctor's suggestion (although
not as part of a routine vaginal examination) were best informed
about the need for repeat tests (91.8%). Those who asked their
doctor to do the test were also well informed (89.8%). Unfortu-
nately, over one third of the women who had their first smear
as part of another examination did not know of the need for
further tests. Furthermore, of the women who were unaware of
the existence of the test until they had it done, over three
quarters were unaware of the need for later repeat smears.

Some women, usually of lower income, were never told that they

had had the test and others received no report about their results.
These women are unlikely to further participate in the screening
program-.

The question arises who should have responsibility for
recall? Leaving responsibility to the women themselves is
impractical for the reasons just mentioned. A centralized recall
system that would send out invitations for repeat smears is not
the ideal solution since a letter alone has little influence on
a woman making an action-oriented decision. The family doctor
seems best placed to undertake recall although he would need help
and cooperation from other screening services such as hospitals
and clinics.
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Main Causes for Low Attendance

The reasons why specific demographic groups do not attend
cervical cancer screening programs lie not so much in attitudes
and cognitive make-up toward cervical cancer in particular, but
rather in the inherent disorganization of such screening pro-
grams and the restrictive manner in which they are integrated
into the medical care system. A program almost totally based on
the work of private physicians will never be able to reach people
who only irregqgularly and infrequently visit a private physician's
office.

The unavailability of adequate screening facilities for
these population groups is striking. Specifically, the old
and the poor are simply not offered a realistic opportunity to
be screened. The costs involved including finances, time
wasted on travel, and sitting in overcrowded waiting rooms, makes
screening a tedious and bothersome exercise for these people.

Admittedly, the problem for these nonparticipating women
is also, to a degree, one of inexperience and unawareness of
the need to take preventive action. Once someone of the medical
profession has advised them to have a smear and has clearly
explained the procedure, the probabilities of their accepting or
refusing the test are similar to those of any social or income
group. At this point, very few women refuse the test.

Economics of Screening

Up to now I have happily ignored the problem of the economics
of large population screening. A later speaker will have more
to say about this than I can. But given certain unavoidable
economic constraints in any cervical cancer screening program,
the question must be raised whether it is essential that sufficient
financial resources be found so that the program be geared to-
ward the screening of all women of all ages and all income
levels. Although it is quite unlikely that all women will pre-
sent themselves for screening at a given time, if by some strange
miracle this should occur, the whole screening program would
be greatly overburdened and as a result collapse. It might be
the unstated policy in some screening programs to, so to speak,
"ignore" certain groups of women because the chances of their
getting cervical cancer are small or the difficulties in having
them tested are too great and expensive.

Policy Measures

The problem remains of what procedures can be altered
or newly introduced to increase the overall attendance
rates. In the United States, more hospital-based screening
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programs could be formed since this is one of the major

points of contact for the poor with the medical system.

The difficulty becomes one of keeping these people in the pro-
gram by getting them to return at a later date for a repeat
smear; in general, the outpatient department of a city or county
hospital rarely provides any sort of continuous medical care.
Perhaps to compensate for this particular weakness, a trial
program could be given a chance to establish itself in places or
areas of employment where women are predominantly employed. This
again would probably affect women of a lower income level more
than any other and facilitate their entering the screening pro-
gram by eliminating any inconvenience caused by travel, time,
and additional expenses.

The screening of young women presents us with different
sorts of problems. First, it is still uncertain at what age
it is best to start taking cervical smears. Christopherson,
for example, found that the screening of women under twenty is
unrewarding; in his study, only a single carcinoma in-situ
occurred in this age group while almost 20% of the total effort
went into their screening [2]. Nevertheless it was thought to
be a good educational procedure to initiate preventive medicine
at such an early age. This proved not to be the case since these
girls very rarely returned the next year for a repeat smear.

Women in the twenty-to-thirty age group are also not parti-
cipating in the program. This same age group has the highest
incidence of pregnancies and these women invariably seek medical
aid. It is apparent, therefore, that if an antenatal and/or
postnatal smear could be obtained from every patient, attendance
rates would be improved. To an extent, this is the case in
Manchester, UK, where about half of the smears of women under
thirty five were taken during postnatal care [5]. As a comparison,
in British Columbia in 1967 only 20% of the women in this age
group knew they had a smear taken during their last pregnancy [9].

Older women represent a hard core resistance group.
Eowever the problem of their nonattendance is often brushed
aside in the knowledge that they will eventually be displaced
by the middle-aged group who will, by then, have been screened
to a much larger extent.

Personal attitudes and opinions about cancer are undeniably
important factors in a woman's willingness to participate in
a cancer screening program. In the Manchester study, knowledge
about the curability of cancer showed a wide variation between
the social classes in the population of screened women; 90% of
the women in the highest social class thought that cancer was
usually or sometimes curable as against 53% of the women in the
lowest social class [6]. The belief that cancer is incurable
may deter people from taking a preventive measure such as a
cervical smear, because it may show that they do have cancer.
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Even revealing the presence of pre-cancerous conditions in the
neck of the womb is taken to mean the same thing, because the
cytotest has been too much publicized as a "cancer test”. Given
this, a belief in the seriousness of cancer, without a con-
comitant belief in the possibility of cure, is likely to deter
women from having a cytotest.

The obvious conclusion is that some way must be found to
change people's beliefs and attitudes. Ideally, a health
education scheme could provide the relevant information. The
objective of public health education in any preventive health
program is to obtain individual, voluntary, preventive health
action. As regards cervical cancer screening, it can be stated
that, at present, this type of behavior seldom occurs. There-
fore, what has to be determined is in what manner and form
people should be made aware of the benefits of receiving a cer-
vical smear. For example, if one considers the source of first
time information about cervical cancer with social class, a
sharply defined gradient appears (Figure 8). More women in the
higher social classes hear about the test from the mass media
than women of lower social classes who are more likely to
acquire their information from so-called "personal sources”.
The lower the social class, the less likely women are to have
first heard about the test from the impersonal mass media [6].
I do not think this is surprising, but it does indicate that
a health education program increases its funding for more
coverage of cervical cancer screening in newspapers, on TV or
radio, will bypass exactly those women who it is trying to
attract.

One fact that sociological studies have found consistently
is that, among all the possible ways of influencing people to
engage in any sort of behavior, the most effective way is
through personal contact. The weight of evidence would suggest
that, if one really wishes to increase the proportion of
people seeking a preventive cancer check-up, this could best
be done by addressing direct, personal requests to the
individuals concerned.
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2.2 Economic Aspects of Screening for Cervical Cancer

N. J. Glass

Economic analysis of health service projects is paralysed
between two conflicting notions. On the one hand, resources
for health service projects are limited, and the fear of the
economic consequences of sickness and of early death is im-
portant. On the other hand, there is the feeling, widespread
among the medical profession and the public at large, that pain
and suffering caused by disease cannot, and should not, be
measured in money terms.

Much of this ambiguity results from different concepts
of the role of cost-benefit analysis. The limited concept of
cost-benefit analysis applies this term to a procedure that
attempts to trace a large number of the effects attributable
to various methods of achieving a specified goal, and to
characterise these effects in useful ways some of which will
be in monetary terms. The wider conception of cost benefit
analysis includes the above procedure, but also defines cost-
benefit analysis as a means of choosing between methods of
achieving a goal or even between goals on the basis of a cost-
effectiveness or cost-benefit index.

There may be areas of public activity where any effects
that cannot be valued in monetary terms are adjudged to be
trivial. This is certainly not the case with health services.

Economists have insisted over the past ten or fifteen
years on the "investment" character of many expenditures
formerly regarded as "social" expenditure (e.g. education).
They have stressed the contribution of such expenditure to
economic growth (Bowman [2], Blaug [1]). However, the de-
ficiencies of this approach are even more apparent with
respect to health services. HMuch of health service expenditure
is devoted to activities that have little or nothing to do with
economic activity; the relationship between specific health
services expenditure and prolonged active life is difficult to
establish (Mushkin [6]).

It has been observed that calculations of increased pro-
ductivity are likely to be of limited guidance to those respon-
sible for the direction and volume of health services expenditure.
This observation should not be confused with the notion that
decisions on health services expenditure should be made on
medical grounds or without any reference to the effect of
alternative decisions on the use and availability of resources.
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To say that a particular program is essential or that it should
be available as a right "no matter what the cost", is to imply
that other programs should not be carried out without a prior
knowledge of what these other programs are.

The limited concept of cost-benefit analysis as des-
cribed above is intended to make as explicit as possible the
"opportunity costs" of various programs (i.e., the opportuni-
ties foregone by adopting certain programs). It does not
claim that any form of quantitative analysis can decide those
programs that should be adopted.

This paper discusses some of the problems encountered in
a cost-benefit analysis of screening. Where possible, examples
are given from cost-benefit analyses of cervical cancer screening
programs; where necessary these are supplemented by examples
from other screening programs.

Average versus Marginal

A recurring point throughout this paper is that, for Jeci-
sion purposes, it is more important to know about marginal or
incremental guantities than to know average quantities. This
is best illustrated by the following example.

Let us suppose that a public health authority was thinking
of launching a cervical cancer screening program, and that
after due consideration, he decided to do this as a "one-shot"
operation; and further suppose that the decision rule were:

"We shall undertake this screening program provided the expected
prevalence of in-situ carcinoma of the cervix is greater than

4 cases per 1,000, since the cost of screening a population

with a prevalence of less than 4 per 1,000 is too high in
relation to the benefits". Further let us suppose that an
epidemiologist could provide (or invent) estimates of pre-
valence (see Figure 1). It can be clearly seen that the popu-
lation prevalence of in-situ carcinoma of the cervix is 4.31.
Should the public health department screen this population?

Closer examination reveals that although the average pre-
valence is 4.31, a prevalence greater than # is found only in
four of the thirteen age groups. Extending the screening pro-
gram to include women in the 50-54 age group for example would
yield a prevalence of 3.92 cases per 1,000, below the threshold
level of acceptance stipulated by the public health department.

It may be contended that the "savings" on the high-yield
groups can be used to offset the "losses" on the low-yield
group. But the decision rule of the department would appear to
imply that it has more valuable wavs of spending the money
necessary to screen 10,000 cases if such expenditure is going
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Age Group Prevalence Rate
(per 1,000)
20-24 1.05
25-29 3.23
30-34 5.55
35-39 6.73
40-44 6.11
45-49 5.10
50-54 3.92
55-59 3.98
60-64 3.85
65-69 2.139
70-74 2.98
7579 1.80
80 and over 1.29
?élaigezver 4,31

Source: [4]

Figure 1.

Age specific prevalence rates of in-
situ squamous carcinoma of cervix,

1960-66,

Canada.
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to yield less than forty cases. On this basis, only a program
limited to women in the thirty to fifty age group would be
justified, despite the fact that the population as a whole has
a disease prevalence that exceeds the threshold.

To most of you here I am sure that my highly simplified
example is unnecessarily belaboring an obvious point--namely,
that a cervical cancer screening program may be justifiable for
certain age groups but not necessarily for all. I have only
made the point, with some diffidence, because two of the three
fully worked-out examples of cost-benefit analyses of cervical
cancer screening were done in terms of the whole population
rather than discrete segments (Schneider and Twiggs [7],

Dickinson [3]). Two other studies appear to have been carried
out in average rather than marginal terms (Knox [5], Thorn
et al. [9]). The only study that I have been able to find that

explicitly mentions the importance of the chosen age groups in
affecting costs and benefits was that carried out by an economist
(Schweitzer [8]). Since he is an economist, Schweitzer limits
himself to noting the importance of the age groups, and does

not proceed to any further calculations.

In the example cited above, we held the marginal cost (i.e.
the cost of detecting another case) constant and allowed the
marginal benefit (i.e. the number of new cases) to vary over
age groups. It is possible that the situation might be the
opposite of this. The age prevalence of the disease might be
constant in all areas of a given geographical region. However,
the cost of detecting a case might rise as one moved from urban
to rural areas. Thus while the average benefit might be above
the average cost for the region as a whole, it might fall below
this cost for the rural areas.

This concentration on average guantities can lead to
apparently contradictory conclusions. Fidler et al. [4] for
example, suggests that, on the basis of mortality figures shown
in Figure 2, a cervical cancer screening program is justified
in Canada; however, it "would not be worth while" in Israel
since the mortality rate in Israel is about one-ninth that of
Canada. The figures that they quote on the incidence of in-situ
carcinoma in Canada show that for women in the age group of
65-69, the incidence of the disease is less than one-tenth that
of the age group 25~29. These data show that: a) a screening
program is not worth while for Canadian women aged 65-69; or that
b) it is worth while for the Israeli women in the 25-29 age
group. This assumes that there is a similar age-prevalence
distribution in the two countries.
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Country Rate
USA

(non-white) 181.7
Denmark 111.5
UK (England and Wales) 108.4
Usa

(white) 95.2
Scotland 88.6
Canada 82.2
Australia 68.5
France 35.1
Sri Lanka 19.9
Japan 14.9
Israel (Jewish) 8.7

Source: World Health Organization, 1959.

Figure 2. Death rates per million, females,
carcinoma of cervix, 1952-56.
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The Full Costs of Screening

The cost of a screening program does not include only the
screening test needed to determine the presumptive existence
of an abnormality. It should also include: a) costs of
inducing a given population to participate in the program;
b) costs of confirmatory tests and subsequent treatment; c) costs
to the patient in terms of time away from her normal routine;
and d) administrative costs of the program.

The question of participation has been dealt with in
previous discussions at the Workshop, and it shall confine my
remarks to the costs of inducing participation. Participation,
defined to include both the proportion of the population
screened and the frequency of participation, might be increased
in a number of ways. Methods might include changes in organi-
zation so that women would more frequently come in contact
with screening agencies; changes in location of screening fa-
cilities; the use of tests that are more acceptable to the
public; increased health education programs; subsidies to
patients and so forth.

The cost of inducing participation is unlikely to remain
constant as one tries to move nearer to 100% participation.
Changes in organization, education, etc. will almost always
involve a cost, either financial or in terms of the efficiency
of the test. As one attempts to get all the population to
come forward at the appropriate rate, the cost is likely to
rise continuously.

Figure 3 shows how the cost curve is likely to look. A
program organized around ante-natal and post-natal visits
might achieve a slow growth rate of participation at a
relatively low cost. As one wishes to increase the rate of
participation and to achieve this rate of participation more
quickly, the cost of attracting these extra participants is
likely to greatly exceed the cost per head of attracting the
earlier participants i.e., the marginal cost of participation
is likely to increase. Attracting the poor, the old and other
recalcitrant groups may turn out to be a relatively expensive
business.

The Problem of Time

In an evaluation of screening programs, timing is of the

essence. That is, the justification of screening lies in the
ability of earlier intervention to avoid or postpone later
diseases. 1In economic terms, screening consists of incurring

an earlier cost in order to postpone or avoid a later cost.
Thus there must be some way to compare earlier costs with
later costs.
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Cost

T
50% 100%

Participation Rate

Figure 3. Costs of inducing participation.
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Most economic studies of cervical cancer screening programs
have cited the avoidance of hospital care for patients with in-
vasive cancer as one of the principal economic benefits to a
community to offset against the cost of the screening program.
After a cervical cancer screening program had been introduced,
and the participation rate gradually increases, the lag time
between costs and benefits should gradually increase. This is
because, given a lengthy time interval for development of
carcinoma in-situ, much of the prevalent stock of cases that
would be detected in the early years of the program would have
a shorter lag time to invasive cancer than the ten to fifteen
year averade frequently suggested. As the program approached
100% participation, the costs incurred would be preventing
costs that would have been incurred in ten to fifteen years time.

In cost-benefit analysis, costs and benefits occurring at
different points in time are normally made commensurate by means
of a discount rate. The discount rate is a factor that attri-
butes a lower value to any cost or benefit the longer it is
delayed; it takes account of the fact that resources can earn
a return over time and that a lower sum is therefore needed to
yield a given sum in, say, ten years time. The method by which
a discount factor is chosen and its exact mathematical form are
not of interest here. However, if a screening program is
financed out of public funds, it would seem reasonable that
the same factor that is used for other government programs should
alsc be used in order to ensure consistency among programs.

The studies by Schneider and Twiggs [7] and by Dickinson [3]
do not use any form of discounting procedure, i.e. they apply
implicitly a zero discount rate to all costs and benefits. It
is doubtful if in private or business life, responsible persons
are prepared to lend sums of money for ten to fifteen years
at zero interest! Government investment programs in the UK are
supposed to apply a 10% discount rate. The use of such a dis-
count rate significantly reduces the value of costs and benefits
that are delayed for ten to fifteen years.

While a zero discount rate is applied to the costs of those
persons who contract cervical cancer, an (implicit) infinite
discount rate is applied to the hospital costs of those who are
prevented from contracting the disease. That is the studies cited
do not take account of the fact that terminal hospital care
is eventually necessary even for those who are prevented from
dying of cervical cancer. These patients do not live forever.
If the purpose of an economic analysis is to clarify the costs
to the community of preventing cervical cancer, it should be
pointed out that a screening program at best postpones terminal
hospital care; it does not eliminate the need for it. The dis-
counted cost of each postponed terminal care is greatly reduced
by the postponement, but it does not become zero.



-73-

Equity versus Efficiency

A final point I wish to make concerns a possible conflict
between the efficiency (narrowly defined) of a screening pro-
gram (e.g. getting as large a yield as possible for a given
expenditure or some other rule of this kind), and the notions
of fairness (e.g. that everyone should have an equal chance of
being prevented from contracting cervical cancer). Given the
fact that certain classes of the population are less likely
than others to come forward for a program, the option will
always exist that for a given expenditure one might sacrifice
a higher yield to ensure that the benefits were more evenly
spread. One might, for example, increase the screening interval
and use the resources saved to set up mobile clinics in areas of
social deprivation.

The question of fairness is a difficult one; the most one
can say is that it is unlikely that any screening policy would
be concerned only with maximizing yield or minimizing cost.
More likely, a screening policy would set some constraint on
the distribution of benefits or would attach some value to
reductions in the differences in the distributions of benefits
between social classes.

The point to be stressed is that, once a decision has been
made about efficiency, it will almost certainly imply a decision
about the distribution of the benefits or the fairness of the
scheme. It is unlikely that these two factors can be separated.
It is likely that the price of increasing one of the factors
will be a decrease in the other.

Conclusions

This paper has attempted to set a number of hares running
in order to provoke discussion; it is hoped that we do not end
up chasing different hares. The measurement of health service
benefits in economic terms has provoked disbelief; but this
should not provcke the opposite reaction, i.e. that health
services should not be discussed in such a way as to frighten
the horses. The importance of incremental magnitudes for de-
cisions has been stressed; the implications for choosing the
target population, the optimal participation rate and the
appropriate manpower have been mentioned. The paper has also noted
the importance of time and of discounting, and has pointed to a
possible conflict between efficiency and equity in screening
programs.
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2.3 Summary of Discussions on Sociological and

Organizational Issues

There was much discussion at the Workshop of the causes of
the unsatisfactory results often obtained in cervical cancer
screening programs. Participants stressed the need to educate
doctors, to have laboratories refuse unsatisfactory smears, and
to have a laboratory sufficiently large to ensure high stand-
ards. A turnover of between 20,000 and 50,000 smears per year
was suggested as the optimum range.

It was made clear that for a mass screening campaign to
be carried out, the campaign must take place with the coopera-
tion of the existing medical system; withouth such cooperation
the organization of a campaign would be prohibitively expensive.
The brief flirtation with patient-administered tests has been
abandoned due to the unsatisfactory specimens obtained; however
one participant reported of a new trial of a patient-administered
test that was to begin shortly in Denmark.

Because of difficulties of attracting the old and the poor
to participate in a cervical cancer screening program, the Workshop
strongly recommended that every woman who came to a hospital either
as an inpatient or an outpatient should have a smear. Otherwise,
it was noted, one third of women over forty-five would never have
a screen.

The participants agreed that although older women were
harder to attract, once they were attracted to the program,
they tended to return. Younger women, on the other hand,
tended to be much less conscientious about returning.

One discussant referred to the difficulties of attracting
immigrants to participate in screening programs. There was a
lengthy discussion of the difficulties of measuring the benefits
of cervical cancer screening programs. Opinions were divided
as to the appropriate place to accord measures of loss of pro-
ductivity due to cervical cancer. All discussants agreed that
health ministries were, in general, interested only in the
costs of the screening program and in the hospital costs of
cancer patients. The majority of discussants believed that
ministries of finance were interested in the economic effects of
avoiding cancer.

The differential costs of screening different groups of
the population was emphasised. One discussant presented figures
showing how costs varied between age groups and also between
demographic groupings as a result of the different incidence
of the disease. The rising cost of inducing very high levels of
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participations was also mentioned. Another discussant stressed
the importance of having a program as widespread as possible
since this would increase participation rates through personal
contact.

Dr. Christopherson presented to the Workshop his view
of the essentials of a program for the evaluation of the effect
of mass screening on morbidity and mortality of cervical cancer.
These criteria, as given below, summarize the Workshop's
discussions of the organization of a screening program.

Essentials of a Program for the Evaluation of

the Effect of Mass Screening on Morbidity

and Mortality of Cervix Cancer

I. General Requirements

1. A population of previously unscreened high risk (forty
years of age and older), geographically defined women.

2. Community resources and interest to pursue a study
for at least one generation.

3. A population-based uterine cancer registry to estab-
lish base line age-dependent incidence rates for a
period of 3-5 years prior to initiation of the
screening program (this can be done retrospectively).

II. Specific Personnel and Facilities

1. Competent cytopathologist and supportive personnel:

a) adequate laboratory facilities for both cytology
and pathology that can rapidly expand to meet
growth needs.

2. Competent gynecologist with an interest in uterine cancer:

a) outpatient and inpatient facilities to carry out
the diagnosis, treatment and follow up of the
patients.

3. Competent radiotherapists and supportive personnel:

a) sophisticated equipment for the delivery of
therapeutic irradiation.
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4. Epidemiologic statistical and clerical personnel
to maintain records, to rapidly retrieve data,
to follow up patients, and to operate a population-
based uterine cancer registry:

a) Adequate space and data processing equipment.

III. Collaborative Personnel, Voluntary and Governmental Agencies.

1. The program must have the input and support of the
organized medical community.

2. Any existing voluntary organizations with an interest
in the problem should be involved from the onset,
e.g. cancer societies, women's groups, religious
institutions, public service groups.

3. The above (1+2) are necessary for an effective public
education program to insure screening of 80-90 percent
of the population at risk over a limited period of
time, and to maintain interest in the program after
the initial thrust has subsided.

4. The governing body of the community and/or country

should commit financial support as needed, and give
assurance that the long-term study will be completed.

IV. Continuing Professional Education

1. There must be a continuing dialogue among involved
personnel to insure good quality of cytologic-pathol-
ogic correlation (false-negative and false-positive
smears) .

2. The adequacy of biopsy material must be continually
analysed and controlled.

3. A tumor board, consisting of a cytopathologist and/or
pathologist, gynecologist, radiotherapist and epi-
demiologist should meet regularly to discuss each
case in detail, thus providing a forum for their own
education and that of students, interns, etc.

4. Presentations at appropriate intervals should be
made to the medical community to sustain their
interest and to improve their performance.



V.

-78-

On-Going Evaluation

1.

2.

A critical evaluation of the program should be
made once a year by outside consultants.

A semi-annual print out of results should include:

a. number of women with biopsy recommended;
b. number of women with biopsy performed;
c. a list of women not brought to diagnosis;

d. rates of proved cases by specific diagnosis
and age. Where indicated additional groupings
by race, religion etc. could be made;

e. treatment data; and

f. data on recurrence and survival.
The above is the minimal information necessary to
evaluate the quality of the program. It must be
kept in mind that without rigid control of the
quality through all steps of detection, diagnosis,

treatment and follow up the program could conceiv-
ably result in more harm than good.

Other factors to be evaluated at regular intervals:

a. cost effectiveness ratio;
b. work load of personnel; and

c. ability of program to reach those women at
high risk.

Evaluation

Was the program successful in reaching almost the
entire female population?

Was the morbidity and mortality for cervix cancer
significantly reduced in the geographic population
area over a 10-20 year period?

If so, was the cost effectiveness ratio acceptable
to the economy of that particular area?
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Part III. Cervical Screening Research Plan

Design of IIASA's Proposed Cervical Screening Study

J. H. Bigelow

At this last session of the Workshop, I would like to
weave the ideas that have been expressed into the plan for
ITASA's proposed cervical screening study.

Purpose

It is worthwhile recalling that the purpose of our study
is to provide guidance for cervical screening policy. Thus we
expect to give preliminary answers to questions such as the
following:

a)

b)

c)

d)

What are the costs (e.g. hospital bed-days, physicians'
time, laboratory facilities) and the benefits (e.g.
reduced mortality and morbidity, additional years of
life) of a screening program? How can they be measured?

How does one design a screening program in order to
maximize some measure of benefits while keeping the
different costs of the program within specified limits?
What parts of the population should the program attempt
to screen? How frequently? What resources should be
expended on recruiting people to be screened? What
resources should be expended on following up cases
whose screening test shows a positive result?

How sensitive is the performance of the screening program
to changes in program design? What benefits would
result from increasing the resources available for
screening? How much of one benefit (e.g. reduced
mortality) must be given up in order to obtain a given
amount of another benefit (e.g. additional person-years
of life)? (This might be accomplished by screening
less intensively among the old, and more intensively
among the young and middle aged, who, if prevented from
dying of the disease, will live longer.) Might some

of the resources be better devoted to research, e.g. to
make the screening test more sensitive and/or specific,
or to improve the treatment for invasive cancer?

How shall the program be implemented? What resources
are required initially to train needed personnel (e.g.
cytologists) to cope with the increased patient load?
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How rapidly will the cases that are prevalent in the
population be exhausted due to the screening activity?
What are the conseaguences of a gradual increase in

the level of screening, as opposed to a rapid increase?

e) What should be the relationship between: a cervical
cytology program and the medical care system; and
a cervical cytology program and other screening pro-
grams; and a cervical cytology program and the health
insurance system?
Method

The basic strategy to be applied in this study was described
in the Introduction to these proceedings. It is to relate three
kinds of information, first by means of an optimization method-
ology, and second, by means of simulation techniques. The three
kinds of information needed are:

a)

b)

c)

information about the design of the screening program,
including who takes the smears (e.g. doctor, nurse, or
technician), where are they taken (e.g. doctor's office,
hospital clinic, mobile unit), what procedures are there
for recruiting women to be screened (e.g. letter,
personal visit, wait until women sees her doctor), etc.;

information about the composition of the population to
be screened, by age, race, income, and other relevant
factors; and

information about the effects the screening program will
have on the given population, including the program's
cost, its manpower needs, its effect on mortality and
morbidity, etc.

Simulation techniques will predict the effects of the program
from its design and the population it serves. Optimization
techniques will calculate the least costly design that will
achieve the desired effects while serving the particular popu-
lation.

In order to optimize or to simulate a screening program,
we will need to know the natural history of the disease. Thus
three methodologies combine to form the basis of our study:
statistical estimation of the natural history; simulation of
screening programs; and optimization of screening programs.

I have described our estimation methods earlier, and so I need
not do so again. But I will outline briefly the other two
methodologies.
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Optimization

The purpose of the optimization model is to determine the
best screening policy to adopt as a function of the population
to be served, as well as the resources available for screening.
This model will not consider problems of time-phasing, such as
the capital investment needed in training facilities or the
preparation necessary to convince the population to participate.
Rather, it will be assumed that the program has been in operation
for many years, and that the composition of the population,
and the prevalence and incidence of the disease, have reached
their steady-state values. Thus, this model will chose only
the best steady-state situation.

We will chose some measure of benefit to maximize, while
limiting the amounts of the different resources available. Thus
we might maximize the reduction in mortality, requiring that
a limited amount of the physician's time be taken by screening
activities, or that a patient not be required to travel more
than ten kilometers to receive her test, or that the total
screening budget not exceed a certain number of dollars.

The optimal design of a screening program will depend on
the medical environment in which the screening program is im-
plemented. For example, in a place where people are medically
served only by a few large hospitals and clinics, to set up
small, neighborhood screening facilities would be very expensive.
Where neighborhood clinics already exist, the screening test
could be offered there at little additional cost. It might prove
optimal in the first case to provide a few mobile screening
facilities, housed in large trucks, while, in the second case,
it would probably be better to dispense screening tests through
the existing clinics.

Some data on resource requirements are available in the
published literature (e.g. Dickinson [1], and Schneider and
Twiggs [4]. Other information - largely qualitative but still
quite valuable - is available in these proceedings. Benefits,
on the other hand, will be calculated using our own model of
the disease, possibly in a manner similar to Knox [2], [3], but
probably more direct. Other considerations involved in calcu-
lating costs and benefits have been discussed by Glass (see II.2).

Simulation
Our simulation model will help us to investigate certain
questions of implementation of screening programs. These

questions include:

a) How, and how quickly, are the necessary resources (e.g.
cytologists and cytology facilities) to be mobilized?
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b) How quickly are efforts to attract participants in
the program to be implemented?

c) What will be the changing needs of the program from
the first few years when it is dealing with the back-
log of prevalent cases to later years when it is
locating only the incident cases?

d) What will be the impact on the program of variations
in the incidence of the disease or participation in
the program?

Questions of this type are not dealt with in the framework
of the optimization problem because to do so would result in
the model being too large. Instead, we will identify prefered
policies using the optimization model and assuming a steady-state
(hence constant) participation, level of screening effort, and
disease incidence. In order to explore possible difficulties
of arriving at these policies, as well as potential problems in
returning to a steady-state following a perturbation, we resort
to a simulation approach.

Our simulation method is a fairly common one. We will
simulate one case at a time. From the starting point (e.g.
age twenty) we will step forward in intervals of some convenient
length (e.g. three months) until the subject has died or has
reached a maximum age (probably seventy years); or until a
case of cervical cancer is detected by screening or in the clinic.
In each step we may ask whether a screening test has been done,
and if so, whether it is "valid". (That is, if the woman were
to have carcinoma of the cervix, this test would detected it.)
If a valid test has been performed and the subject is diseased,
the simulation of this case terminates with a cancer detected
by screening. If the test is not valid or if no test has been
performed, and if the subject has cervical cancer, we ask
whether the case will be detected clinically in this time inter-
val. If so, the simulation terminates with a clinically detected
cancer. Otherwise, the remaining dwell time of this case is
reduced by the length of the interval, the patient's age is
increased by the length of the interval, and we are prepared for
the next step forward.

Finally, we deal with the possibility that the patient does
not have cervical cancer at this time. We then ask whether she
will contract the disease during the interval. If she will not,
we advance her age; we are ready to step forward again. .If she
will be diseased, we decide if her case will be progressive oOr
regressive, and we select a dwell time; we advance her age, and
proceed to the next forward step.
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As the simulation proceeds, the number of women screened
and the frequency with which they are tested may change. So
may the false-negative rate, for example, due to the increasing
experience of the cytology laboratory personal. Cases prevalent
in the population at the beginning of the program will be exhausted,
and the yield will drop to the number of cases that occur in the
intervals between screenings. Thus, as the simulation proceeds,
we will observe time streams of both costs and benefits, that
must be compared to determine the cost-effectiveness of a
particular implementation strategy for a screening program.

Data Requirements

The following was given in response to a request by the
participants for information or data requirements of the IIASA
study.

For estimating the natural history of cervical cancer, we
need the following data on a large number of women:

a) birth date, plus any information on race, income,
occupation (or husbands occupation), date of marriage(s),
number of children;

b) dates and results of each Pap smear. Possible results
are: normal, dysplasia, carcinoma in-situ, smear
unsatisfactory;

c¢) if the woman has had carcinoma in-situ or invasive
cancer, when and how (screening or clinic) was it
discovered and treated. Also, the length of sub-
sequent survival, and, if the woman has died, whether
death was for a cause related to uterine cancer;

d) if the woman has been removed from the group at risk
from cervical cancer either by hysterectomy or death,
the date when this removal occured and whether it was
for reasons related to cervical or uterine cancer; and

e) survival rates by age for the population being served.

The data will contain three different kinds of cases.
First, there will be cases which, after a succession of normal
or unsatisfactory smears, will be found clinically to have
cervical cancer. We wish to be given all available data on
all of these cases. Second, there will be cases that will have
a positive smear, and subsequent histological confirmation,
after a succession of normal or unsatisfactory smears. We
also wish to have all available data on all of these cases.



—84-

Finally, there will be cases that consist of only a succession
of normal and unsatisfactory smears. We will need only a sample,
consisting of a few thousand women.

Success of the Workshop

It is not amiss to give our evaluation here of whether the
Workshop succeeded. The reader will recall that we had three
objectives in hosting the Workshop. These were:

a) to obtain advice on cervical screening from experts
in the field;

b) to obtain access to data from existing screening
programs; and

c) to persuade one or more of the Workshop participants
to act as a client for this study.

The Workshop succeeded in its first objective. These pro-
ceedings reflect the advice we were given by the invited experts
on cervical screening. Further, we expect these experts will
review our progress from time to time and offer us corrective
advice.

We may tentatively judge the Workshop to have accomplished
its second objective. Several participants expressed a willing-
ness to give us access to their data. However, acquiring the
data in a useful form may require too much time. At the time
of this writing, we are still exploring this problem.

It is not possible to say whether the third objective was
achieved. At least one participant expressed an interest in
the role of client, but no one made a firm commitment. Negoti-
ations on this point are now in progress.
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