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Clinical trials are
designed to answera_

- - specific clinical question

and not to assess cost-

 effectiveness, and thus the _
use of models is often nec-

essary to fill in the gaps.

when completing a CEA. -

.._KawnM.l(umz_.Sc.ﬁ. iy A

- If there were unlimited resourees.to spend on
- health, then a reasonable approach for a soci-

ety would be to implement any medical inter- -
vention that has an overall health benefit. -

Given that resources are limited, it-is-useful to' -
- know how- various medical interventions com-
. pare with one another.in terms of the amount =~ "
. of health beneflt pr0v1ded for cach addmonai

dollar spent.

Cost- effectweness analysis (CEA) is an analyti-

cal ool that provides the means for a reasoned
approach to the-allocation of health- -care dol-

. lars in light of constrained resources. CEA’

~ determines the optimal use of available medical
technologies, where “optimal” means maximiz-
-ing the health of a population for a given bud-

get: Because there exist political, ethical, and

légal issues that are relevant to the allocation of -

health-care resources, ‘CEA is offered only as
an aid'to pohcy makers and does not “make.

-the clec:s:on

Arnong the pioneers and practitioners of. CEA
it is customary to use analytical structures—or |
mathematical models—to synthesize data on <
.- the costs and benefits of alternative clinical -

strategies. More recently, economic analyses

have become.integrated into the. framework of -
" clinical trials which previously focused on clini-

- cal outcomes alone, One of the controversies
surrounding the application of CEA in this

context.involves the appropriate use of model-
ing techniques as a supplement to the primary

" _data collection and analysis. Specifically,-math-
. ematical models are used to link data from

multiple sources, extrapolate costs and health -
effects beyond the time horizon of a trial, and
investigate how cost-effectiveness ratios might

_ change if the values of key parameters ina
~ model are changed. =

This issue of RISK IN PERSPECTIVE dls-

- “cusses the usé of CEA for the evaluation of

: medical technologies, and hlghhghts the i 1mpor—

. tance of mode]mg in thts context.
- The Use.of Models in

Cost-Effectiveness Analysis -

~ In CEA, mathematical representations are ofren
. used to sn“_m.llate the prognosm_o_f a hypotheti-- -
cal cohort of patients unider various treatment

" scenarios.” The utility and properties of these

‘The Importance of Modeling in the Economic Evaluation of _'M_e'dical '_T'echnﬁlogi_es'

models have prevmuslv been demonstratcd by -

“decision analysts, systems analysts, and opera-
- tions researchers. Of particular value to clini- -

cians is the ability of a model to simulate a

patient’s life experience based on data from
- imultiple sources including clinical trials, meta-

analyscs observational databases, and expert

-opinion. Once the structure of a model is
established, data on short- and long-term -
.events (e.g., heart attack, cancer recurrence, or
. death); health-related quahry of life, and costs

are used to operauonahze the structure.

Typical outputs from a model are life

expectancy, quality-adjusted life cxpectamy,
and lifetime costs:

Recenrly, the Food and Drug Admlms‘:ratlon

. (FDA) issued draft guidelines on the regulation -

“of commercial claims made about the cost-

-effectiveness of pharmaceuticals.. While the

- “guidelines recognize the value of CEA and-
.embrace the use of randomized controlled trials °

to assess the cost-effectiveness of a drug, they

* seem to adopt an unfavorable view of the use

of modeling. This stance toward modeling is

- of concern to practitioners.of CEA. Clinical

trials are designed to answer a specific clinical -

-‘question and not to assess cost-effectiveness, -

and thus the use of models is often ﬂe'cessarj(- to.
fill in the gaps when complcnng a CEA.-

: Ilhporrancc of \/[c)de

Economic analyses are mcreasmg]y becormng
standard adjuncts to clinical trials. Economic -

. outcomes and health-related,, quallty-of -life
_measures are collected durlng the trial on all or

a subset of the trial participants. Although:this
new source of data is useful in CEA, there are.
a number of situations where a modeling effort

< is warranted iri the context of a clmlca] tnai

-Chmcal trials are often not deﬂgned to evalu-. :

ate the long-term differences between two-

- study groups of patients., For example, trials .

designed to evaluate therapies for patients who

are positive for HIV often usé a biological end-

point to measure effectiveness rather than dis-"
ease per se. An example of a surrogate marker
is the CD4 count in a patient’s blood rather

than mortality. It is w1dtly accepted that.a
‘patient’s CD4 count is a valid predictor of
- mortality and thus it is not always necessary to

study patients all the way until death. In this’
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ratio calculated dlrectly from the trial would
yield an incremerital cost per decrease in CD4

count averted. A ratio presented in these units -

wauld only be uséful for comparison to other -
costeeffectiveness studies that utilize the same .

" units. ‘A modeling effort that specifies the

known relationships between CD4 count and
AIDS incidence, and AIDS and death is

_ life years { (QALYs) savefl :Use of these mea-

"+ sures permits.comparisons of cost-effectiveness
e ratu:)s across d;verse medjcal mterventlons

Ina CEA all competing clinical strateg:l,es fo &
: parncular indication should be evaluated =~
's1multane0usly Competmg stratégies are
ordered by increasing cost and increasing bene-

" fit, and the iricremental c’ost-effectlyen‘ess ratio
. of a particular strategy is comparéd to the next

less expensive strategy. Hence, the comparison.

~ strategy for an intervention is riot arbitrary and
may, not coincide with the choice of compara-
*tor in a trial designed simply to measure effec--

- tiveness. For example, a clinical trial compar-
" ing a statin versus placebo for cholesterol -

reduction may not be appropriate for an: eco-
nomic analysis because it does not consider
dietary therapy or less expensive- alternative
-medications such as niacin. Thus; a model

~ would be nécessary to combine data from vari- |
- ous sources to compare the cost-effectiveness of

all relevant cholesterol reductron strateg1es

- The average cost estimated for each armina
“clinical trial can be mﬂuenced greatly by, hlgh s
- cost, infrequent events like hospitalizations. A

“clinical trial inay not be powered sufficiently
(i.e., have sufficient numbers of pat1ents} to
prov:cle stable-estimates of the rare-event rates;

) however, there may exist large clatabases that_ oy

provide better estimates for these rates. A"

‘model can be used to calculate the overall cost

for each arm using the external estimates of

- rare-event rates, and can also investigatea

number.of alternative scenarios about the reia-
tive frequencies of rare-events bétween treat-
ment arms and their Jong-term costs. Without

by imbalances in'highncost infrequent events .

 between the tWo arms that are solely due '
~_chance. : ;

‘ -An Example

Insulin-dependent diabetes rnellltus (IDDM} is
a disease with a mumber of progressive comor-
bid conditions.. Early complications such as

proliferative retinopathy (eye disease) can lead

" to more ‘dévastating conditions such as blind-
- ness. The Diabetes Control and Comphcatrons ;
. Trial (DCCT) was a multicenter randomized ~
controlled clinical trial designed to compare the -
- effects of intensive and convennonal therapy in
~ . patients who have IDDM. Intensive diabetes .

- therapy was shown.to deldy the onset and slcrw

- the progress1on ‘of ear]y comphcatlons of

LTI ng-ter - effectiveness analyses.”
a model, CEA results may be unduly influenced

> type Gf study, an mcremental cost—effectweness .. IDDM. However, the trial.did not continue

long enough to demonstrate reductions in the

" costly, end-stage complicationis of IDDM such

as blindness, end-stage renal disease, and lower' -

. extremity amputatlon - A-GEA baséd solely. on-
 the trial data would clearly-be biased against
© the intensive therapy because it would exclude

“the cost and health consequem.es associated

- with these late events..

~ required to convert the trial outcome into.a © ¢
“ore broadly useful measure of effectivénéss

~ such as years of life saved or quallty -adjusted

o £ Order to perforrh a valld CEA of intensive

therapy versus conventional therapy for

 patients with IDDM, the DCCT Research
_Group developed a mathema_tical model to cal-
.. culate the lifetime benefits and costs of these "

two.arms: Initially; they used the 9 years of

~observed data from the DCCT to establish a

mathematical relat1onsh:p between treatment

-and cumulative incidence of each of the early

compfications. DCCT could not be used

" directly to assess the tisk of ‘progression to end-
* stage complications and thus data from other -~ .
large clinical trials. and’ epldemnologlcal studies
_were used to portray the progressive nature of . = -
‘each oomphcauon, A conservative assumpnon

was made that the risk of progression from an-
early to end-stage complication was the same

~for both treatment groups. In this example,
modeling effort-was.necessary to account for
the high cost, morbidity, and mortality associ-
_ated with end-stage complicatioris that were
“not dlrectly observaible in tho DCCT =

SUMMARY

_ Clinical tr1als can provnde 1mportant mforma—
tiont about cost and health-related quality-of-
“life measures for new technologies, but there

often exist data from other sources that can i

“and should be 1ncorp0rated into an'economic -

analysls. In addition, the time frame of el1n1cal: )
trials is often too short to obtain adequate esti- .

.mates of the, nurnber of quallry adjusted years -

of life saved by a treatment.,_For these reasons,
the use of models remain an important and

~necessary comporrent.of CEAs. The Panel on
" Cost-Effectiveness in Health and Medicine con-.
- cluded that “modeling to estimate effectiveness

is a valid mode of scientiﬁc--iné;uiry for cost-
The Panel also pro- -
- vided guidance on the proper construction of -

; models and theu' proper role in a CEA




