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Chapter 1 0

Prospects and Problems for
the Economic Evaluation of

Genetic Testing

Introduction

Genetic testing in the workplace has potential
benefits and costs to workers, employers, and
society as a whole. The magnitude of those ben-
efits and costs and their distribution among the
sectors of society will help determine the desira-
bility of this approach to improving occupational
health. The techniques of economic evaluation—
cost-benefit and cost-effectiveness analyses—are
methods for collecting, organizing, and present-
ing evidence about the benefits and costs of alter-
native courses of action. They are systematic ap-
proaches to examining the tradeoffs among the
different kinds of consequences—for example,
dollar outlays today versus improved levels of
health 5 years hence—stemming from a decision.

The usefulness of economic evaluation rests on
its ability to improve decisions. Even when eco-
nomic analysis is severely limited by uncertain-
ties about the magnitude, direction, or value of

certain consequences—as is the case with genetic
testing—it can still be a useful exercise. The very
identification of key areas of uncertainty, for ex-
ample, can be used to set priorities for further
research, It can also show how sensitive the re-
sults of an analysis are to changes in assumptions
concerning these uncertain elements of the de-
cision.

This chapter considers the fundamental prin-
ciples and limitations of economic evaluation and
proposes a general framework for economic eval-
uation. Then, the specific issues and problems
that arise in applying the framework to genetic
testing are discussed. The goal is to illustrate the
kinds of information that are currently available
to support such analysis and the present level of
knowledge about the costs and benefits of these
approaches to occupational health.

Economic evaluation in health

The analytic pillars of economic evaluation are
cost-benefit and cost-effectiveness analyses. They
share a common purpose—to help decisionmakers
understand the consequences of the choices be-
fore them. This objective is approached from dif-
ferent perspectives under the two techniques.
Consequently, each technique has strengths and
limitations that make it more or less acceptable
to analysis of particular problems.

General principles

In theory, a cost-benefit analysis identifies,
quantifies, and places a value on all consequences,
both positive (benefits) and negative [costs) aris-

ing from each possible alternative course of ac-
tion. If all such consequences are valued in the
same unit of measure (for example, dollars), the
decisionmaker would merely have to tally these
values and compare them across all possible alter-
natives. The alternative with the highest level of
net benefit (or lowest net cost) would be preferred
to all others.

In practice, no cost-benefit analysis is ever com-
pletely comprehensive or accurate in measuring
consequences, and the valuation of such conse-
quences, even when they can be measured, is
replete with conceptual and methodological dif-
ficulties. Consequently, in practice a cost-benefit
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152 ● The Role of Genetic Testing in the Prevention of Occupational Disease

analysis is not a definitive decisionmaking tool but
rather a useful framework for arraying informa-
tion (11).

Indeed, the Achilles’ heel of cost-benefit analysis
is its need to assign a monetary value to all meas-
ured consequences of each alternative. This value
is generally accepted as the sum of the values of
the consequence to each affected member of
society. But how does one assess the value that
a person places on a reduction in the probability
of early death, pain, or discomfort associated with
illness, especially when the changes may occur
at different times in the future? The question of
how to value consequences has been addressed
at length in the cost-benefit literature (11). Meth-
ods do exist (some of which are discussed below)
that are generally accepted by economists as rea-
sonable for assigning monetary values to some
important consequences. None, however, is com-
pletely satisfactory, and the technique of cost-
effectiveness analysis was developed to sidestep
the valuation problem.

In cost-effectiveness analysis, the monetary
costs of an alternative are compared with one or
more measures or indexes of effectiveness, such
as “number of lives saved,””number of life-years
saved, ” or “quality-adjusted life-years saved”
(11,16). The effectiveness measure must act as a
surrogate for all of the nonmonetary conse-
quences that are otherwise unmeasured. Only
those alternatives whose consequences are well
represented by the selected effectiveness measure
should be compared with one another. Conse-
quently, cost-effectiveness analysis can be used
to compare only a narrow range of alternatives.
Whereas cost-benefit analysis is theoretically
powerful enough to compare widely different al-
ternatives, such as occupational health programs
versus housing programs, cost-effectiveness anal-
ysis can be used only to compare alternatives with
the same or a very similar range of nonmonetary
consequences, such as different approaches to
reducing workers’ exposure to a particular in-
dustrial carcinogen.

Economic evaluation does not require the ag-
gregation of all benefits and costs into a single
index. Recently, some scholars have advocated a
social accounting approach in which all of the im -

portant dimensions of benefit and cost are ar-
rayed and, to the extent possible, their magnitude
estimated (11,17). Some dimensions would be
measured in dollars, some in physical units, and
some in constructed scales. The decisionmaker
would have a balance sheet showing the perform-
ance of each alternative on each dimension. The
advantage of this disaggregated approach is that
important but hard-to-measure consequences of
an alternative will not be ignored. However, if
many dimensions of outcome are important but
cannot be measured precisely, the enumeration
of effects can obscure rather than clarify the dif-
ferences among alternatives.

Identifying and measuring
consequences

What are the consequences of alternative strat-
egies for achieving occupational health? Such
strategies typically reduce exposure to illness- or
injury-causing hazards. This exposure reduction
presumably lowers the incidence or severity of
occupational illness. These positive health effects
are bought at the price of the occupational health
program expenditures. But the positive health ef-
fects of the program also mean reductions in the
cost of illness. The cost of illness has three com-
ponents, each of which maybe altered by the pro-
gram’s health effects. First, the reduction in the
incidence and severity of illness over workers’
lifetimes will mean fewer expected expenditures
for health and medical care at various points in
the future. The discounted value* of these imme-
diate and future monetary outlays is called the
direct cost of illness.

The consequences of a strategy do not end with
these direct costs. When a worker dies or falls
ill, his or her productivity is lost or diminished.
This productive activity has a value in the market
place, and its loss is referred to as the indirect
cost of illness. Thus, a program that improves
worker health will reduce the indirect cost of ill-

*An outlay in the future cannot be compared directly with one
made today because the postponement of the expenditure allows
for the investment of those funds in alternatives and because peo-
ple prefer a benefit today to one in the future. The value of the
future expenditure must therefore be discounted by a rate equal
to the return from those alternative investments.
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ness as we]]. But the consequences of illness go
still further. Quite apart from its effect on pro-
ductivity, illness brings about pain, suffering, anx-
iety, emotional distress, and grief in patients, their
families, friends, and others. The value of these
losses are the psychosocial costs of illness (l).

The “benefit” of an occupational health strategy
is the value of changes in these costs of illness
due to the program, The goal of cost-benefit anal-
ysis is to measure the impact of a program or
strategy on the cost of illness and to compare this
benefit with the cost of the program. If the dif-
ference between benefit and cost is positive, socie-
ty would be better off if it were to implement the
strategy. If the net benefit is negative, however,
the program is not worth its cost. The assump-
tion underlying these conclusions is that all of the
costs and benefits can be quantified.

The challenges to measurement and valuation
of the cost of illness are great, even when the
health effects of a program are known with preci-
sion. There are two different conceptual ap-
proaches to measuring the cost of illness: human
capital and willingness to pay, Illness is something
that people are clearly willing to pay to avoid, and
in theory, this willingness to pay is the value of
the health benefits resulting from a program. But
for a variety of reasons it is not easy to determine
how much people would be willing to pay to re-
duce, say, the probability of contracting a given
disease at some point in the future. * Consequent-
ly, most cost-benefit analyses employ the human
capital approach to valuing benefits.

The human capital approach measures only
those benefits that have a value in the market
place: the direct and indirect costs of illness.
Psychosocial costs are left to be considered in
some other way. Under this method, the value
of lost production due to illness or death is meas-
ured by the market price for workers’ labor. Oc-
cupational health strategies directed toward those
members of society with lower wages or lower
rates of participation in the work force, such as
women, minorities, and the elderly, therefore
would be valued at less than those aimed at
others.

Cost-effectiveness analysis typically does not in-
volve the valuation of either the indirect or
psychosocial costs of illness. The effectiveness
measure (such as life-years saved) presumably
acts as a proxy for both of these. The net costs
of a program are defined as the sum of the direct
program cost and the change in the direct cost
of illness-that is, present and future medical care
costs. If this net cost is negative, the program is
cost-saving without even considering effective-
ness. But if program expenditures outweigh the
discounted value of savings in direct medical care
costs, ratios of net cost to effectiveness then are
constructed for each alternative under study.

The cost-effectiveness approach also contains
built-in value judgments, For example, the “life-
years saved” measure would treat 10 extra years
of life to a 45-year-old patient the same as 10 ex-
tra years of life to a 70 year old, There is substan-
tial evidence from survey research that the value
of these outcomes is not the same in most peo-
ple’s minds (4), but a cost-effectiveness analysis
using the life-years measure would not be able
to account for such differences.

problem of value judgments

Biases and value judgments are inherent in all
economic evaluations, no matter how comprehen-
sive. Value judgments creep in through the fram-
ing of the question, the choice of measures of
benefit, effectiveness, and cost, the choice of data
sources, and the design of measurement instru-
ments, A value judgment also is present in the
general neutrality of economic evaluation toward
the winners and losers of a decision, Each alter-
native will affect the distribution of benefits and
costs among segments of the population. These
differences generally are netted out in economic
evaluations under the assumption that if the win-
ners could more than compensate the losers, so-
ciety as a whole would be ahead, whether or not
the compensation actually takes place. * In reali-
ty, of course, such compensation rarely occurs;
consequently, economists increasingly have come
to view the analysis of distributional conse-
quences of alternatives as a fundamental element

*For a discussion of the willingness-to-pay concept, and the dif-
ficulties of measuring it, see ref. 6. *For a discussion of the compensation test, see ref. 7.
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of economic evaluation, especially when they are
major (17).

Perhaps the most important value judgment in
any economic evaluation is the definition of alter-
natives, Relevant alternatives can be easily ex-
cluded from consideration simply because they
are not recognized at the time the study is de-
signed. In genetic testing, the definition of a
strategy must include not only the testing proto-
col and procedures, but also the followup and en-
forcement activities that follow testing. Minor

Framework for economic

There are five critical elements of any economic
evaluation, be it cost effectiveness, cost benefit,
or some hybrid of the two. This section identifies
and discusses the five components.

Alternatives compared

The most important characteristic of an evalua-
tion is the set of alternatives chosen for study,
since the usefulness of an analysis for any deci-
sion depends on the choice of relevant alterna-
tives. There are two entirely different kinds of
relevant alternatives for genetic testing in the
workplace. The first involves strategies for re-
search on genetic testing, including development
and refinement of the testing technology and epi-
demiological and clinical research on the relation-
ship between occupational exposure and disease
in various human populations.

The second set of alternatives involves the use
of these tests to screen or monitor specific worker
populations with the purpose of following up on
the test results with strategies to reduce exposure.
These are strategies of intervention, as opposed
to research.

It is possible to structure the research question
as one for economic evaluation on the rationale
that limited research resources should be allo-
cated to projects that can promise the highest
ratios of benefit to research cost. But the meas-
urable benefits of research rest largely on the
benefits of the interventions subsequently made

modifications in the definition of a genetic testing
strategy, such as the inclusion or exclusion of
counseling services for employees, can have major
effects on program costs, anticipated health ef-
fects, and psychosocial consequences. Yet, avail-
able funds may limit the number of alternative
strategies that can be compared, so choices must
be made as an analysis is designed. Often, one can-
not be certain that the best strategy has been in-
cluded as an alternative in the study.

evaluation

possible by it. Thus, even economic evaluations
of alternative research strategies must consider
interventions. To date, the use of economic anal-
ysis as a guide for biomedical research has been
limited. This is primarily the result of the inherent
difficulty of predicting the outcomes of research
projects, their timing, and even their probability
of occurring. Consequently, the discussion in
subsequent sections will concentrate on alterna-
tive strategies for implementation of genetic
testing.

Population studied

The definition of the population to which the
alternatives apply is also an important attribute
of any analysis. A comparison of two alternatives
can have widely different results depending on
the characteristics of the population. For exam-
ple, the potential importance of age as a factor
in susceptibility to exposure argues for separa-
tion of populations into age groupings. Narrow-
ly defined populations have an advantage in that
the interpersonal variation in measured costs and
benefits is low. On the other hand, if the worker
population is defined so narrowly that few fall
into each category, the analysis may lack the sta-
tistical power to identify differences among alter-
natives even when they actually exist.

The population also may be defined so narrowly
that the benefits and costs associated with a strat-
egy cannot be achieved in actual practice, Con-
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sider, for example, the costs and benefits of ge-
netic screening for thalassemia trait in workers.
If the study were to compare alternatives only
for workers in specific high-incidence ethnic or
racial groups, the results might be irrelevant for
the actual operation of an occupational health pro-
gram, where it may not be ethical or lawful to
require the test on the basis of race or nationali-
ty. In other words, an economic analysis might
show the desirability of screening for thalassemia
trait if the procedure were limited to blacks and
Mediterraneans, whereas in reality no screening
program could be limited to that population.

The consequences considered

As discussed earlier, an economic evaluation
may be characterized by the range of conse-
quences (costs and benefits) included in its pur-
view. It is possible to consider only the direct costs
of a program. If, for example, a screening pro-
gram can be shown to reduce net direct costs
(consisting of the sum of the cost of administer-
ing the program and the net reduction in the dis-
counted costs of present and future health care),
consideration of other consequences, such as the
indirect and psychosocial benefits, may be unnec-
essary. However, a usual precondition to the ac-
curate estimation of the net direct costs of a
strategy is the ability to estimate the impact of
the program on the health of workers and there-
fore on their need for medical care. Thus, even
ignoring the indirect and psychosocial costs, eco-
nomic evaluation generally cannot evade the need
for some estimate of a strategy’s health effects.

Inclusion of indirect cost impacts into an eco-
nomic assessment adds an additional degree of
complexity to the evaluation problem. Even when
it is possible to assess the impact of a program
on the incidence of disease, it may be difficult to
assess its impact on the person’s ability to work
at his or her level of productivity.

Methods for aggregating consequences

The consequences of any action will be distri-
buted over time and among the members of socie-
ty. These effects must be aggregated into coher-
ent summary measures if the analysis is to be use-
ful to decisionmakers.

The usual approach for dealing with effects oc-
curring through time is to discount future costs
or benefits by an appropriate rate. The further
away in the future that a consequence will oc-
cur, the less importance or value it will have when
discounted, There is no generally accepted ‘(cor-
rect” rate at which future consequences should
be discounted to their present value. Discount
rates of 3, 5, and 10 percent per year are com-
mon, Even nonmonetary effectiveness measures
such as ‘(lives saved” are often discounted in
economic evaluations, though it is difficult to
determine the appropriate discount rate for these
kinds of effects. Estimates of lifetime direct and
indirect costs vary widely with the choice of dis-
count rate (3,6).

Aggregating consequences across individuals
also is necessary. Two issues are pertinent to the
aggregation methods employed. The first is the
statistical issue of the best measure to represent
a potential distribution of impacts. Commonly ac-
cepted measures such as the mean or median may
obscure important effects occurring in a subset
of the population. The direct and indirect costs
of large changes in health status may be quite dif-
ferent from those of smaller changes, and meas-
ures such as the mean may not reflect these im-
portant differences.

The second issue is one of equity. Consequences
are likely to be differentially distributed among
sectors of the society, Exposed workers comprise
one affected group, the industrial employer an-
other. Workers in other industries and the gen-
eral public are other affected sectors. Analyses
can be, but rarely have been, structured to show
how the costs and benefits of a program are dis-
tributed among these groups.

Study design

All analyses ultimately rest on estimates of the
expected effect of each alternative on the conse-
quences of interest. How these estimates are de-
rived will determine their validity and, hence, the
validity of the economic evaluation itself. Thus,
the issues inherent in study design in general—
internal and external validity-are important in
economic evaluation as well (2).
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Most economic evaluations contain one or more
estimates that are based on assumptions or rules
of thumb. Estimates are often necessary because
of a lack of data. When such estimates are in-
cluded in the analysis, however, validity necessari-
ly suffers. An accepted procedure for dealing with
uncertainty is to conduct a sensitivity analysis, a
study of the impact of changes in assumptions on

an evaluation, it is necessary precisely and fully
to define the alternative strategies, specify the
population to which the alternative strategies will
apply, determine the consequences to be included
and the methods of measurement, select methods
of aggregating consequences over time and across
individuals, and identify those estimates whose
validity is sufficiently suspect to warrant sensitivi-

the findings of the evaluation. If the results of the ty analysis. These steps will be applied in the next
analysis are insensitive across the entire reason- sections as
able range of correct values (that is, the most pre- analysis of
ferred alternative remains so regardless of as- monitoring
gumptions), then its findings can be considered
valid.

the use of economic evaluation for
genetic screening and cytogenetic
is explored,

Using the framework

The five components of economic evaluation de-
scribed above define the analysis. In structuring

Economic evaluation of genetic screening

To carry out an economic evaluation of genetic
screening in the workplace, the following kinds
of information must be available:

. a detailed description of the proposed testing
strategy, including followup procedures,

● estimates of the prevalence of the genetic
trait in the worker population under study,
and

. estimates of the differential effect of worksite
exposure on the incidence and severity of dis-
ease in the target population.

Genetic screening programs consist of a fami-
ly of strategies for identifying and reducing ex-
posure of workers with particular genetic traits.
A strategy may or may not include counseling of
workers with positive test results. The costs and
benefits of any such program will depend not only
on the type of screening test but also on the fol-
lowup actions associated with positive and nega-
tive test results. For example, a preemployment
screening test might result in job denial, whereas
a program for employed workers could result in
transfer or termination. Alternatively, the choice
might be left to the employee, who could remain
in the position, request a transfer, or resign. Each

of these strategies has different implications for
costs and benefits and for the distribution of these
consequences among the sectors of society.

The definition of the strategy also depends on
the configuration of the screening program itself.
Since the tests for detecting genetic conditions are
rarely perfectly sensitive or specific but involve
some false positive and false negative results, the
testing strategy may well include retesting of all
those with initial positive results, Or, when two
or more different tests, one more costly than
another, are available to detect a condition, the
testing strategy might consist of a broad screen-
ing with the less costly procedure and using the
more expensive test to retest positives. Program
costs will depend on the configuration selected,

The prevalence of genetic traits in worker pop-
ulations also may vary. Some susceptible workers
may self-select themselves out of high-risk envi-
ronments. Therefore, reliable data on the preva-
lence of a trait in given populations is not always
available.

The benefits of a genetic screening strategy pre-
sumably are manifested in the reduced incidence
of the disease associated with the genetic trait.
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A necessary condition for such an impact is that
the person with the condition be truly at en-
hanced risk because of exposure to hazardous
substances found in the work environment, and
the followup action must reduce the probability
of the disease. Thus, the complicated chain of rela-
tionships between the existence of a genetic trait,
occupational exposure to a hazardous agent, and
disease onset must be known if the effects of a
strategy on worker health are to be estimated.
At present, the evidence is generally inadequate
to assess the relationship between genetic traits
and increased susceptibility to industrial ex-
posure. Yet, even lacking data on these basic rela-
tionships, economic evaluation can provide some
insights that may assist in decisionmaking regard-
ing the use of genetic screening.

As an example of how economic evaluation
might proceed, consider screening for heterozy -
gous serum alpha1-antitrypsin (SAT) deficiency in
work environments containing respiratory irri-
tants. This condition has been selected as an ex-
ample because estimates of its prevalence in the
general population are available and some work
has been done to estimate the economic costs of
the illness it may provoke-emphysema. Evidence
has accumulated that people who display an in-
termediate deficiency of SAT are at increased risk
of developing emphysema. Assume for the pur-
poses of this example that a correlation has been
shown between intermediate SAT deficiency and
an increased risk for respiratory disease in work
environments containing respiratory irritants.
About 3 to 4 percent of the population in the
United States is thought to have this genetic con-
dition. Tests for SAT deficiency are relatively in-
expensive. Suppose a large-scale screening pro-
gram could be implemented for $20 per person.
The cost of screening 1,000 workers, then, would
be $20,000. Assume also that a worker with a pos-
itive test result is removed from an environment
containing respiratory irritants. The following
question can be asked: How many cases of em-
physema would have to be prevented or delayed
by such an action to make the test program pay
for itself in direct and indirect benefits? The direct
and indirect costs of emphysema in 1979 were

estimated at $1,300 per person* (10). If this esti-
mate is accepted as accurate, the screening pro-
gram would have to prevent 15.3 cases of emphy-
sema (in the 1,000 workers screened) in order to
pay for itself in direct and indirect cost savings.
This implies that emphysema would have to be
prevented in 37 to 50 percent of the SAT-deficient
workers detected in the screening program.

Since estimates of the average cost of a SAT
screening test and the direct and indirect costs
of emphysema are uncertain, an analysis of the
sensitivity of the break-even point to different
values of these parameters is shown in table 17.
The practical lower limit of the average cost of
a genetic screening test is about $5. * * At this unit
cost, the break-even number of cases declines to
8 to 16 percent of the SAT-deficient population.
Although there are no epidemiological studies re-
lating different levels of exposure to respiratory
irritants in work environments with increased
risks of emphysema in SAT-deficient individuals,

*This estimate is only a rough approximation of the discounted
lifetime costs associated with a new case of emph~sema,  It is an
estimate of the costs incurred in 1979 by all then-extant cases of
emphysema, These “prevalence costs” o~’erestimate the lifetime costs
of a new case because they are not discounted. Conversely, to the
extent that the incidence of emphysema has been growing, the total
costs in 1979 disproportionately represent the early and presumably
less costly stages of the illness. The extent to which these sources
of overestimation and underestimation compensate for one another
is unknown. Good data on the incidence of emph~wema  in the L~nited
States do not exist; hospitalization rates have been ciecreasing  since
1970, but the pre~’alence  of the condition has been on the increase
(9),

* *The a~erage unit cost of a worksite hypertension screening pro-
gram \\’as recently estimated at $6 (13), Since hypertension screen-
ing in~’oli~es  minimal equipment and technician time, it is likely that
it represents a lower  bound on other types of wrorksite  screening
tests as we]],

Table 17.—Hypothetical Break-Even Number of Cases
Averted by SAT Testing per 1,000 Workers
(break-even percent of SAT-deficient workers)

Direct and indirect cost Cost per test
of emphysema $20 $5
$1,040 . . . . . . . . . . . . . . . . . . . . . 19.2

( 4 9 - 6 4 % )  (12-41 %)
$1,300 . . . . . . . . . . . . . . . . . . . . . 15.3

(37-50%) (10-31%)
$1,560 . . . . . . . . . . . . . . . . . . . . . 12.8 3.2

(32-430/o) (8-10°/0)
SOURCE: Office of Technology Assessment.
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it is known that only 10 percent of all SAT heter-
ozygotes will develop the disease (8) and that em-
physema may be brought on by multiple causes
(5,8). Thus, the likelihood is low that a SAT defi-
ciency screening program can be justified in
terms of its impact on direct and indirect benefits.
Moreover, additional research into the relation-
ship between exposure and disease is unlikely to
change this conclusion, given what is already
known about the potential impact of screening
on the incidence of emphysema,

This conclusion does not suggest, however, that
the SAT screening issue should be put to rest. Psy-
chosocial consequences have not been included
in the analysis; these can be extremely important
in a debilitating disease like emphysema. Suppose,
for example, that a program of screening and sub-
sequent removal of susceptible individuals from
exposure is able to prevent emphysema in only
5 percent of SAT-deficient workers who would
otherwise be exposed. This implies that society
would incur a net direct and indirect cost of
$1,460 to $11,800 for each case of emphysema
prevented, depending on assumptions about
screening costs, direct and indirect illness costs,
and the frequency of SAT-deficient heterozygotes
in the population tested. Is it worth up to $10,000
to prevent the psychosocial consequences of a
case of emphysema? And how do these psycho-
social costs compare to the psychosocial costs of
a positive finding on a genetic screening test? Pos-
itive test results, whether correct or incorrect,
may cause anxiety and disruption to people’s lives
(that is, psychosocial costs). This is especially true
if workers are denied jobs or lose self-esteem be-
cause they are labeled as “susceptible. ” Thus, the
$1,460 to $11,800 net direct and indirect cost per
case averted cannot be measured against only one
type of psychosocial cost.

Note also that the different categories of cost
would be borne by different actors. The costs of
screening might be incurred by the employer (and
ultimately in part by the public in higher prices)
or by the government. The direct and indirect
benefits would be shared by the individual work-
er and the public (through impacts on health in-
surance and disability programs), The psychoso-
cial costs and benefits primarily accrue to work-
ers themselves. Thus, the immediate monetary

costs of a screening program are borne by the
employer and the public, while the worker and
the general public stand to gain monetary benefits
in the future and workers may gain psychosocial
benefits in the future at the expense of monetary
and psychosocial costs in the near term,

It is interesting to compare the principles of
economic evaluation with a set of criteria sug-
gested by Stokinger and Scheel for applying ge-
netic screening to the workplace (14). These in-
vestigators listed the following conditions that
should be met for a genetic screening to be ap-
propriate:

●

●

●

●

the condition detected by the test should have
a relatively high prevalence in the worker
population;
people with the condition should be suscep-
tible to agents commonly occurring in indus-
try;
the genetic condition should be compatible
with an apparently normal life until exposure
occurs; and
the test should be simple, inexpensive, and
amenable to large-scale use.

These conditions are consistent with but more
rigid than economic analysis. For example, it
might be highly cost effective to screen for a rare
condition if the testing cost is low and the health
effects of exposure reduction are very large. The
conditions of Stokinger and Scheel do not make
such tradeoffs explicit, whereas an economic eval-
uation does.

The prevalence of a trait can be so high that
genetic screening becomes impractical. A pro-
gram consisting of genetic screening with subse-
quent removal of the worker from the high ex-
posure environment must then be compared with
other strategies for reducing exposure levels of
all workers. If, for example, 70 percent of all
workers are susceptible, it may be more cost ef-
fective to take general action to reduce exposure
of all workers. How high the prevalence must be-
come before screening is eclipsed by more general
exposure reduction strategies depends on the par-
ticular situation. For example, slow acetylation
rates have been linked to aromatic amine-induced
cancer. Approximately 12)000 workers were ex-
posed to these chemicals in the workplace in 1974
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(15). Yet, about 50 percent of the U.S. population
have slow rates of acetylation. Thus, it may be
more effective to reduce exposure levels to all
workers than to remove about half of the workers
from the potential labor pool. The feasibility of
either alternative would depend on the pervasive-
ness of exposure to the offending chemicals and
the technical barriers to reducing ambient expo-
sure levels. Of course, much more information
would be needed before such an hypothesis could
be accepted or rejected, but the question could
be addressed through economic evaluation of the
relelvant alternatives.

Whether one sees the SAT example given above
as informative or misleading depends on expec-
tations about the use to which the information
will he put in decisionmaking. Critics of cost-
benefit and cost-effectiveness analyses claim that

incomplete analyses such as that provided above
are given too much attention merely because the
results are in a quantified form. Moreover, the
unquantified effects, despite their importance,
tend to be ignored because they are bothersome.
Supporters of the approach Would claim that the
analysis clarifies the central tradeoff between net
direct and indirect costs to society and psycho-
social benefits and costs to workers. Both sides
would agree, however, that economic evaluation
is severely, perhaps fatally, flawed when substan-
tial uncertainty is present in the central estimates
of effectiveness or benefit. Sensitivity analysis can
remove some of the limitations, but when the re-
sults of the analysis are highly sensitive to esti-
mates of cost or effectiveness, as they are in the
case of SAT testing, economic analysis is of limited
usefulness.

Economic evaluation of cytogenetic monitoring

The case for using cytogenetic studies to mon-
itor workplace exposure to hazardous material
rests on the hypothesis that exposure to muta-
genic or carcinogenic agents is related to somatic
chromosomal damage, which is in turn correlated
with an increased risk of disease. If this hypoth-
esis is accepted, and particularly if the relation-
ship between exposure level, degree of chromo-
somal damage, and risk of disease is known and
quantified, then cytogenetic tests might be used
as biological monitoring devices for workplace
hazards.

The potential uses of cytogenetic monitoring are
to identify carcinogenic agents and to identify
populations at risk due to overexposure to these
agents. Ultimately it might be possible to use the
tests to develop standards for safe levels of oc-
cupational exposure to chemicals and radiation.

It is difficult to lay out a specific strategy for
evaluation of a cytogenetic monitoring program
because of the profound lack of knowledge about
the relationships between occupational exposure,
chromosomal damage, and disease in human pop-
ulations. For the sake of discussion, however, let
us suppose that the research evidence were suf-

ficient at this time to justify the use of cytogenetic
monitoring to identify carcinogenic agents. Sup-
pose that it has been established that there is a
high correlation between chromosomal damage
in a group and subsequent cancer rates. Then,
employers might establish programs for periodic
monitoring of workers who are routinely exposed
to industrial chemicals. The cost of such a pro-
gram would be highly sensitive to features such
as the frequency of testing (that is, monthly, quar-
terly, yearly), the sample size in each testing
period, the methods of recordkeeping and quali-
ty control, and the actual cytogenetic procedures
employed. Cytogenetic studies are relatively ex-
pensive laboratory procedures. The estimated
cost is between $100 and $300 per test, depend-
ing on a laboratory’s volume and organization,
although testing costs may be reduced in the fu-
ture with the development of automated methods.
At an average cost per test of $100, however, the
features of the monitoring program make an
enormous difference in program costs. For ex-
ample, testing 500 workers once each year would
cost $50,000, whereas a quarterly testing program
of the same number of workers would cost
$200,000 annually.
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Both the costs and benefits of a monitoring pro-
gram depend on the actions taken on the basis
of its results. If significant chromosomal damage
were followed by removal of the chemical from
the workplace or some other method of exposure
reduction, the major hypothesized benefit would
be a reduction in the rate of exposure-induced
cancer. The costs of exposure reduction would
depend on the technical and economic relation-
ships in the production process. If no action were
taken, neither benefits nor additional costs would
ensue. It is reasonable to assume that an expen-
sive monitoring program would be undertaken
only if some benefits could be expected; therefore,
a program for exposure reduction must be as-
sumed to be a natural sequel to cytogenetic mon-
itoring.

To estimate the economic benefits of cytogenet-
ic monitoring programs, it is necessary to know,
or at least to estimate, the probability that the
agents found in the monitored workplaces will
be found to produce chromosomal damage, Fur-
ther, precise analysis would demand that the im-
pact of exposure on cancer rates be estimated
with reasonable certainty. But if the latter were
known, the need for a monitoring program of the
type outlined above is questionable. Thus, the
prospects are poor for reasonably accurate a
priori estimates of the health effects, and hence
benefits, of cytogenetic monitoring.

Though it is not possible now, and may never
be, to estimate the benefits of cytogenetic moni-

Conclusion

toring with any precision, it is useful to consider
the order of magnitude of the economic benefits
that would result from each case of cancer that
might be prevented by such a program. The di-
rect and indirect costs per case of cancer were
estimated in 1978 at about $22)000, consisting of
$5,000 in direct and $17,000 in indirect costs*
(12). These costs vary with the age of onset and
the type of cancer, but they can be taken as a
general guide to the order of magnitude of the
monetary benefits associated with each case of
cancer prevented. In a pioneering but highly spec-
ulative study, Abt attempted to estimate the com-
bined indirect and psychosocial costs of cancer
(1). These costs were estimated at $137,000 per
case. Thus, even though this estimate is based
largely on assumptions and rules of thumb, it il-
lustrates the overwhelming importance of psy-
chosocial costs in the consequences of cancer.

The stakes are clearly high on both sides of the
issue. The costs of cytogenetic monitoring are
potentially high, but the costs of cancer are also
high. At present there is insufficient evidence to
assess the value of cytogenetic monitoring be-
cause the relationships between chromosomal
damage and clinically relevant effects have not
been demonstrated. Yet, the magnitude of the
costs involved argues for increased research into
these relationships.

*These are prevalence costs. Possible sources of inaccuracy in
these estimates are discussed in an earlier footnote,

Cost-benefit and cost-effectiveness analyses are risk of disease, preclude the rigorous application
economic methodologies that can be useful in of these tools to this technology. However, these
structuring the analysis involved in decisionmak- tools can help identify the uncertainties involved
ing and in assessing the desirability of alternative and provide a rough sense of the benefits, bur-
outcomes. The significant uncertainties associated dens, and tradeoffs associated with genetic test-
with genetic testing, particularly the limited evi- ing programs.
dence of an association between endpoints and
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