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E c o n o m i c  c o n s t r a i n t s  a r e  a r e a l i t y  i n  t h e  E u r o p e a n  h e a l t h c a r e  e n v i r o n m e n t .  B e c a u s e  i t  i s  i m p o s s i b l e  
to  a d o p t  a l l  p o t e n t i a l l y  e f f e c t i v e  t r e a t m e n t s  w i t h o u t  d e s t a b i l i s i n g  n a t i o n a l  w e l f a r e  s y s t e m s ,  t h e  c o s t s  o f  
d i f f e r e n t  t r e a t m e n t s  h a v e  b e e n  c o n s i d e r e d  w h e n  m a k i n g  d e c i s i o n s  i n  h o s p i t a l s  a n d  h e a l t h c a r e  
a d m i n i s t r a t i o n s .  H o w e v e r ,  t h i s  h a s  o f t e n  b e e n  d o n e  i m p l i c i t l y ,  i n t u i t i v e l y ,  o r  w i t h  s u b o p t i m a l  
i n f o r m a t i o n .  T o d a y ,  e c o n o m i c  e v a l u a t i o n s  a r e  a t t r a c t i n g  i n c r e a s i n g  a t t e n t i o n .  T h e i r  a i m  is  t o  c o n -  
s i d e r  t h e  o v e r a l l  p i c t u r e  o f  c o s t s  a n d  e f f e c t i v e n e s s  a s s o c i a t e d  w i t h  d i f f e r e n t  t r e a t m e n t s .  T h e  e s s e n t i a l  
p a r t s  o f  a n  e c o n o m i c  e v a l u a t i o n  a r e  a n  e s t i m a t e  o f  t h e  a d d i t i o n a l  c o s t s  i n c u r r e d  b y  o n e  t r e a t m e n t  o v e r  
a n o t h e r  a n d  t h e  f o r m a l  c o m p a r i s o n  o f  t h e s e  a d d i t i o n a l  c o s t s  w i t h  t h e  c o r r e s p o n d i n g  g a i n  i n  e f f e c t i v e -  
n e s s .  I n f o r m a t i o n  o n  e f f e c t i v e n e s s  s h o u l d  p r e f e r a b l y  c o m e  f r o m  l a r g e ,  p r o s p e c t i v e ,  r a n d o m i s e d  t r i a l s  
w i t h  s u f f i c i e n t  e x t e r n a l  v a l i d i t y .  C o s t  i n f o r m a t i o n  i s  u s u a l l y  r e t r i e v e d  f r o m  v a r i o u s  s e c o n d a r y  d a t a  
s o u r c e s .  A c o s t  e q u a l s  t h e  a m o u n t  o f  a r e s o u r c e  u s e d ,  m u l t i p l i e d  b y  its unit p r i c e .  I d e a l l y ,  k e y  d a t a  o n  
r e s o u r c e  u s e  s h o u l d  b e  c o l l e c t e d  f r o m  t h e  c l i n i c a l  t r i a l s  p r o v i d i n g  e f f e c t i v e n e s s  d a t a .  T h i s  a p p r o a c h  
r e q u i r e s  c l o s e  c o l l a b o r a t i o n  a m o n g  c l i n i c i a n s ,  s t a t i s t i c i a n s ,  a n d  h e a l t h  e c o n o m i s t s  i n  a l l  p h a s e s  o f  t h e  
t r i a l  p r o c e s s ,  i n c l u d i n g  t h e  d e s i g n  o f  t h e  p r o t o c o l .  W h e n  e c o n o m i c  e v a l u a t i o n s  r e s u l t  f r o m  a m u l t i -  
d i s c i p l i n a r y  a p p r o a c h  a n d  a r e  s y s t e m a t i c a l l y  i n t e g r a t e d  i n t o  t h e  w h o l e  c l i n i c a l  r e s e a r c h  p r o c e s s  f o r  a l l  
i m p o r t a n t  n e w  t r e a t m e n t s ,  t h e y  b e c o m e  a p o w e r f u l  t o o l .  T h e y  m a y  a s s i s t  d e c i s i o n  m a k e r s  o n  a l l  l e v e l s  
to  a l l o c a t e  s c a r c e  h e a l t h c a r e  r e s o u r c e s  i n  a r a t i o n a l  a n d  o p t i m a l  w a y ,  t h e r e b y  a l l o w i n g  o p t i m a l  g a i n s  
in l i f e  e x p e c t a n c y  a n d  q u a l i t y  o f  l i f e  w i t h i n  b u d g e t a r y  l i m i t s .  ~) 1997 P u b l i s h e d  b y  E l s e v i e r  S c i e n c e  L t d .  
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I N T R O D U C T I O N  
'CLASSIC' STUDY designs in cancer research are concerned with 
the assessment of outcomes. They focus on the clinical out- 
comes of efficacy or effectiveness and, increasingly, on quality- 
of-life outcomes. Information about these outcomes is aimed 
at helping clinicians and other decision makers at various 
levels of health policy administration to adopt the most 
appropriate treatment strategies for specific patient groups. 

However, economic constraints are a reality in today's Euro- 
pean healthcare environment. At any one time, it has become 
impossible to adopt, on a large scale, all potentially effective 
treatment options without seriously destabilising national 
welfare systems. In practice, this fact has been recognised and 
the costs associated with different treatments have been taken into 
account in daily decision making in hospitals and in healthcare 
administrations. However, this has often been done implicitly, 
intuitively, or on the basis of suboptimal information. 

Economic evaluations are an explicit, formal way to simul- 
taneously assess both the effectiveness and the costs of treat- 
ments. Given that the aim of healthcare is to maximise the 

total health of a population within a democratically decided 
budget, economic evaluations deliver crucial information to 
achieve this goal. It can be shown that allocating limited 
healthcare budgets on the basis of the sound and formal con- 
sideration of both costs and the effectiveness of treatments 
leads to more gains in health, measured in terms of life 
expectancy or quality of life, than allocating budgets on the basis 
of any other considerations, such as effectiveness data only. 

P R I N C I P L E S  O F  E C O N O M I C  E V A L U A T I O N S  
In contrast with traditional clinical research which deals 

with efficacy or effectiveness, economic evaluations deal with 
efficiency (Table 1). Efficiency is the relationship between 
costs and outcomes and can be expressed as the ratio of 
incremental cost over incremental effectiveness. The incre- 
mental cost associated with a new treatment is the difference 
in cost between the new treatment and the standard treat- 
ment to which it has been compared. 

The incremental effectiveness is the difference in effective- 
ness between the new and the standard treatment. If life 
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Table 1. Some basic concepts in health economics 

Concept Relevant questions 

Efficacy 
Effectiveness 

Efficiency 

Does the treatment have the potential to work? 
Does the treatment also work in a less controlled environment? 
Will patients comply with the treatment? 
Is the treatment worthwhile compared with other things that could be done with the same amount of money? 
Could we invest the money in other treatments that would be more beneficial? 

expectancy is the  ma in  ou t com e  measure ,  t hen  inc rementa l  
effectiveness is ideally expressed as the area be tween  two 
survival curves. T h e  ratio of  inc rementa l  cost over inc remen-  
tal effectiveness, the  inc rementa l  cost-effectiveness ratio, 
expresses the  cost pe r  un i t  of  effectiveness gained by the  
adop t ion  of  a new t r ea tmen t  c o m p a r e d  wi th  an  existing 
s t anda rd  t r ea tmen t  (e.g. the  cost per  extra life-year gained) .  
In  the  process of al locat ing hea l thcare  budgets ,  t r ea tmen t s  
wi th  a favourable  inc rementa l  cost-effectiveness ratio should  
be  prefer red  over t r ea tmen t s  wi th  a less favourable  incre-  
men ta l  cost-effectiveness ratio. 

E c o n o m i c  evaluat ions  tha t  express thei r  results  in t e rms  of  
an  inc rementa l  cost-effectiveness ratio are called cost-effec- 
t iveness studies.  T h e y  are the  mos t  widely applied type of 
economic  evaluat ion in heal thcare .  

A hypothetical example of a cost-effectiveness study 
T h e  example  given in Tab le  2 i l lustrates the  m a i n  pr inciple  

of cost-effectiveness studies.  T h e  first row shows the  costs,  
while the  second row shows the  effectiveness of five possible 
cancer  screening strategies. T h e  first strategy conta ins  only 
one test. T h e  o ther  strategies con ta in  the same test, bu t  per-  
fo rmed  up to five t imes.  W h e n  more  tests are per formed,  the  
total  cost increases and  the  effectiveness, in t e rms  of  de tec ted  
cancers,  improves.  

I f  the  average cost  per  de tec ted  cancer  is calculated for 
each strategy ( th i rd  row),  it can  be seen tha t  this increases 
wi th  the  n u m b e r  of  tests per formed,  bu t  no t  spectacularly.  
M a n y  specialists would  be  inc l ined  to r e c o m m e n d  tha t  all five 
tests be  per formed.  T h i s  app roach  leads to the  opt imal  out-  
come for an  average cost, which  does not  seem exceptional .  
However ,  the average cost per  de tec ted  cancer  is no t  the 
re levant  piece of in fo rmat ion  for a r e c o m m e n d a t i o n  abou t  
a l locat ion of scarce resources.  

T h e  four th  row of  Tab le  2 shows the  inc rementa l  cost for 
each screening strategy; tha t  is, the  addi t ional  cost  of  each 
strategy compared  with the  next  bes t  strategy. Similarly, the  
inc rementa l  effectiveness is shown in the fifth row. W h a t  one  
should  ul t imately  look at w h e n  mak ing  a r e c o m m e n d a t i o n  
abou t  which  strategy to adop t  is the inc rementa l  cost per  
de tec ted  cancer,  shown  in the  last row. It  can  t hen  be seen 

tha t  adopt ing,  for example ,  four tests ins tead  of  three  tests 
will induce  an  extra cost of  600 000 to detec t  three  more  
cancers,  wi th  a rat io of  200 000 pe r  extra de tec ted  cancer.  
Dec id ing  to adop t  the  five-test strategy would  give an  incre-  
men ta l  cost-effectiveness rat io of 400  000 per  extra de tec ted  
cancer.  T h e  difference be tween  the  average cost pe r  de tec ted  
cancer  wi th  the  two last strategies and  the  inc rementa l  cost 
per  de tec ted  cancer  is dramat ic .  Never theless ,  m a n y  decisions 
are based  on  an 'average cost  per  effect iveness '  basis. T h e  
only valid cr i ter ion is the  inc rementa l  cost-effectiveness ratio. 

W h e t h e r  400 000 for one  extra de tec ted  cancer  is ' m u c h '  
and  whe the r  society shou ld  pay for it is a different  quest ion,  
which  is no t  the  responsibi l i ty of  the economic  evaluator  
alone to answer.  Given  tha t  the  objective of  the  economic  
evaluat ion is to opt imise  hea l thcare  ou tcomes  wi th in  l imi ted 
budgets ,  the  re levant  ques t ion  is whe the r  the  400 000  can 
lead to more  potent ia l  benef i t  w h e n  spent  on  an  al ternat ive 
hea l thcare  in te rvent ion ,  ins tead  of  on  the  fifth screening test. 
I f  the  answer  is yes, t hen  any ra t ional  decis ion maker  would  
t ransfer  the  400 000  to the  other ,  more  beneficial  action. 

O f  course,  in order  to compare  the  cost-effectiveness of  
compe t ing  t r ea tmen t s ,  a c o m m o n  d e n o m i n a t o r  is needed .  In  
the  above example ,  the  ou t come  measure ,  the  n u m b e r  of  
de tec ted  cancers ,  has  to be  t rans la ted  into life expectancy 
gained. One  can  t hen  compare  the  inc rementa l  cost pe r  life- 
year gained of  the  var ious screening strategies wi th  the  incre-  
men ta l  cost per  life-year ga ined  by adopt ing  new t r ea tmen t s  
in lung cancer,  pros ta te  cancer ,  or ano the r  type of  cancer ,  or 
even by  adopt ing  new t r ea tmen t s  in diseases outs ide  the  
cancer  field. 

C O N S I D E R A T I O N  O F  A L L  O U T C O M E S  A N D  
C O S T S  

T h e  n u m b e r  of  life-years gained is indeed  the  mos t  com-  
monly  used  d e n o m i n a t o r  in cost-effectiveness studies,  since 
it allows b r o a d  compar i sons  be tween  t rea tments ,  even for 
different  diseases. However ,  this measure  denies  the  impac t  
on  quali ty of  life tha t  makes  m a n y  t rea tments ,  especially in 
cancer,  very valuable.  I m p a c t  on  quali ty of  life can be  taken 
into accoun t  in the  d e n o m i n a t o r  of a cost-effectiveness s tudy 
by applying utility weights  to the  t ime  periods pa t ien ts  spend  

Table 2. Five alternative strategies for screening for cancer X 

Variable 1 Test 2 Tests 3 Tests 4 Tests 5 Tests 

Screening costs for entire population 1 000 000 1 800 000 2 400 000 3 000 000 3 400 000 
Number of detected cancers 50 80 95 98 99 
Average cost per detected cancer 20 000 22 500 25 263 30 612 34 343 
Additional costs for entire population 1 000 000 800 000 600 000 600 000 400 000 
Extra number of detected cancers 50 30 15 3 1 
Additional cost per extra detected cancer 20 000 27 000 40 000 200 000 400 000 
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F i gure  2. Surv i va l  bene f i t  in  an e c o n o m i c  eva luat ion .  T h e  
area  b e t w e e n  two surv iva l  c u r v e s  is the  e f f ec t iveness  m e a s u r e  

o f  i n t e r e s t  for the  e c o n o m i c  eva luat ion .  

in different health states. These utility weights are numbers 
between 0 and 1 that represent the preference of patients, or 
alternatively, of random individuals representing society, for 
the various health states, compared with worst and best 
health. A number of methods exist for eliciting these prefer- 
ences either from patients or the general population [1, 2]. 

Figure 1 illustrates the concept of combining quality of life 
and length of life into one outcome measure. The increase in 
survival obtained by treatment is shown on the x-axis, while 
the improvement in quality of life is shown on the y-axis. The 
shaded area gives the total gain in 'quality adjusted survival'. 
When economic evaluations adjust life expectancy for the 
quality of life in the denominator of the incremental cost- 
effectiveness ratio, they are often called cost-utility studies. 

At the cost side of the economic evaluation, one can 
expand the scope towards expenditures other than direct 
medical costs, depending on the perspective of the study and 
the particular research question. If one takes, for example, a 
societal perspective, information on lost productivity (i.e. 
indirect costs) might sometimes be relevant. Other costs that 
might be relevant would include the various types of paid and 
unpaid costs incurred by patients, caregivers, and relatives, 
such as travel to and from the hospital and voluntary care. 

Apart from deciding which costs to include in the cost esti- 
mations, one should, especially in cancer therapy, look beyond 
the pure acquisition prices of the compared treatments and 
consider cost differences that might occur as a result of side- 
effects and cost differences that might occur during the follow- 
up time after the initial treatment. For example, supportive 
care that permits optimal chemotherapy might add to the 
short-term hospital bill, but might also postpone or even 
reduce future costs due to treatment failures. 

I N F O R M A T I O N  R E Q U I R E D  F O R  A N  E C O N O M I C  
EVALUATION AND T H E  R O L E  O F  CLINICAL 

TRIALS 
Clearly, reliable information is needed on both effectiveness 

and costs. Cancer clinical trials usually have life expectancy 
as their primary endpoint. The area between two survival 
curves is, therefore, the effectiveness measure of interest for 
the economic evaluation (Figure 2). Ideally, in order to 
enhance comparison between different economic evaluations, 

life expectancy should be adjusted for quality of life. How- 
ever, this requires estimates of the relative utility of the 
various health states that may occur during the course of the 
disease and that can be affected by the compared treatments. 
Instruments for utility estimation are not routinely included 
in clinical trials, but their inclusion is recommended for trials 
with an important economic component, comparing treat- 
ments for which overall quality of life is expected to be 
substantially different, or for which overall quality of life is an 
important endpoint. 

Effectiveness data are readily available from cancer clinical 
trials, but this is seldom the case for cost data. Retrieving cost 
data prospectively through the clinical trial process greatly 
improves the reliability of the economic evaluation, but has to 
be balanced against the additional workload caused by the 
collection of more extensive data. However, most economic 
evaluations will benefit substantially if only a few key eco- 
nomic variables are integrated in the Case Report Forms. 
Such integration of economic parameters in clinical trials has 
recently been advocated in an Advisory Report of the Euro- 
pean School of Oncology to the European Commission [3]. 

Within the European Organization for Research and 
Treatment of Cancer, economic parameters, ranging from a 
few simple questions to the inclusion of specific modules, 
have been incorporated in 11 clinical trials as of October 
1996. These trials deal with divergent subjects such as the 
comparison of various induction chemotherapy schedules 
and inpatient versus outpatient consolidation therapy in the 
treatment of acute myeloid leukaemia; the use of prophylactic 
antibiotics and haematopoietic growth factors with intensified 
chemotherapy in lung cancer; the use of postoperative inter- 
feron in high-risk melanoma; larynx preservation in head and 
neck cancers; short-term versus long-term androgen blockade 
in locally advanced prostate cancer; the comparison of var- 
ious 5-fluorouracil/folinic acid schedules in advanced color- 
ectal cancer; and the use of paclitaxel in advanced epithelial 
ovarian cancer. The common rationale for prospective inte- 
gration of economic parameters in all these studies was the 
perceived or expected 'economic' difficulties for turning the 
experimental treatments into daily practice, given that their 
superiority could be proven. Reliable data on the economic 
consequences of the treatment strategies compared in each 
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Table 3. Considerations when integrating economics in clinical trials 

A multidisciplinary approach is necessary. 
An economic chapter should be included in the protocol. 
Key resource utilisation should be counted through the Case Report Forms. 
Costing (finding unit prices of resources) should be done separately, taking into account the perspective of the study. 

trial were considered essential for assessing their 'value for 
money ' .  

T h e  idea that pharmaco-economic  claims should be based 
on sound clinical trials has also been expressed by the Uni ted  
States Food  and Drug  Administrat ion (FDA)[4] .  T h e  draft 
guidelines that were issued by the F D A  in 1995 state that 
comparat ive pharmaco-economic  claims must  be substan- 
tiated by adequate and well-controlled studies, and that these 
studies should have both internal validity, which can be 
found only in randomised clinical trials, and external validity, 
meaning that the approach should be relevant to current 
norms of  clinical practice. T h e  guidelines explicitly dis- 
courage secondary data analysis, or 'data dredging' ,  which 
now serves as the basis for most  economic evaluations. Basic 
principles for integrating economics into clinical trials are 
summarised in Table  3. 

When  it is decided to collect economic data prospectively, 
it is important  to distinguish clearly between resource utilisa- 
tion data and data regarding unit  prices of these resources. 
Only data on the amounts  of  resource utilisation, such as the 
number  of hospital days for various causes or the number  of  
b lood transfusions, should be collected prospectively. These  
resource utilisation amounts  can, at the time of  the analysis, 
be multiplied by specific sets of unit prices (e.g. the price of  
one hospital day or the price of  one blood transfusion) to 
obtain total costs from a specific perspective, such as that of a 
particular country or a specific health insurance organization. 

A N A L Y S I S  T O O L S  
Theoretically,  by using the appropriate instruments,  it is 

possible to collect all relevant information on resource utili- 
sation through the clinical trial. Multiplying the amounts  of  
resource utilisation by their relevant prices and then summing 
all the obtained products  provides an estimate of  total costs in 
the compared  t reatment  arms. These  total costs can then be 
compared  directly with the effectiveness in both arms through 
the incremental  cost-effectiveness ratios. Methods  for esti- 
mating confidence intervals around these cost-effectiveness 
ratios have recently been proposed and discussed in the 
literature [5]. 

In practice, however,  one will rarely be able to collect all 
cost information within a clinical trial. Moreover ,  some sub- 
stantial costs will only occur with a low probability (e.g. costs 
related to rare but  severe side-effects). Inclusion of  these 
costs would render  the overall cost estimates highly subject to 
random error. Finally, unit  prices can hardly be considered as 
fixed and yet differ according to the perspective of the study. 

Uncer ta inty  about  essential data is very often inherent in 
an economic  evaluation. Therefore,  a modell ing approach is 
usually the most  appropriate way to analyse the data, whether  
or not  the data have been collected prospectively. The  
modell ing approach consists of  the combinat ion of  prob- 
abilities of  clinical events (e.g. by means of a decision tree) 
affected by the compared  treatments,  with costs and out-  
comes associated with each of  these events. 

Even if an economic evaluation is not  integrated prospec- 
tively, cancer clinical trials can deliver good information on 
the probabilities of  the occurrence of  certain events that can 
be included in such a model  (e.g. incidences of side-effects, 
cure and relapse). The  challenge is to obtain good estimates 
of  the outcomes and costs associated with the various clinical 
events. Ideally, these estimates should come from the same 
clinical trial as the one that delivers the clinical information. 
Alternatively, they can be collected from different sources, 
such as a literature search, expert  interviews, or retrospective 
examinat ion of  patient files. Finally, given the uncertainty 
surrounding each economic evaluation, it is crucial to per- 
form univariate and multivariate sensitivity analyses on all 
the important  parameters in the evaluation, on the basis of 
reasonable lower boundary and higher boundary estimations 
(e.g. 95% confidence interval limits, or lowest and highest 
estimates by experts). 

C O N C L U S I O N  
Economic  evaluations are a powerful tool for assessing the 

efficiency of compet ing treatments  and providing insight to 
their relative 'value for money ' .  By adopting and prioritising 
the t reatments  with the best 'value for money ' ,  that is, with 
the most  favourable cost-effectiveness ratio, one maximises the 
health outcomes that can be obtained within a l imited budget  
[6]. In practice, economic evaluations are, above all, a mult i-  
disciplinary effort requiring input from clinicians, economists,  
statisticians and other  professionals. A good unders tanding of  
the clinical background of  the t reatment  alternatives evalu- 
ated is crucial, as is a rigorous application of economic and 
statistical techniques.  T o  ensure that economic evaluations 
are reliable and comparable,  a number  of  scientific principles 
should be adhered to. Al though there is considerable dis- 
agreement  among health economists with respect to specific 
concepts and methods,  several publications are now available 
to offer guidance on these principles to those who wish to 
carry out  or assess economic evaluations [3, 7-14].  In sum- 
mary, the inclusion of  economic evaluations in prospective 
clinical studies is a major challenge today, but  an important  
step towards more efficient healthcare tomorrow.  
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