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Introduction

Schizophrenia is, arguably, the most cost-
ly of mental illnesses. The economic bur-
den it places upon society, health care sys-
tems, caregivers, and families in partic-
ular is staggering. The present research
presents a structure for analysing models
used to study schizophrenia treatments,
seeking to provide cost and outcome esti-
mates when data are limited and/or based
on varying assumptions.

Treatment options for schizophrenia
have expanded greatly with the introduc-
tion of atypical antipsychotics, often re-
ferred to as second-generation antipsy-
chotics. These new drugs include cloza-
pine, risperidone, olanzapine, sertindole,
ziprasidone, quetiapine, and aripiprazole
and have demonstrated marked improve-
ments in negative symptoms and lower
levels of extrapyramidal symptoms (EPS)
[1, 2, 3]. While presenting several medi-
cal advantages, their acquisition costs are
markedly higher than first-generation an-
tipsychotics. Yet the latest published data
available reveal that drug acquisition costs
account for only 2-6% of the total cost of
care for all psychotic illnesses [4, 5, 6, 7].

Despite their higher acquisition costs,
several studies have demonstrated that
atypical antipsychotics are more cost-ef-
fective than less expensive typical antipsy-
chotics. Because most health economic
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Pharmacoeconomic
modelling in schizophrenia

Trap or support for decision makers?

studies collect data retrospectively, they
are limited in resource use measurement
methodology and design. Decision anal-
ysis models are frequently used to identi-
fy cost-effective solutions when extensive
prospective health economic data are un-
available. Such models strive to represent
the clinical and temporal sequence of pos-
sible decisions and options open to clini-
cians when treating a particular condition
or disease.

Pharmacoeconomic evaluations of new
drugs are becoming increasingly more im-
portant and, in some cases, obligatory.
These studies directly affect the decision-
making process, beginning with physi-
cian prescription and continuing with reg-
ulatory authorities (pricing and reimburse-
ment approval) through to formulary in-
scription. The ever-increasing cost of inno-
vative drugs requires an answer to the all-
important question, “Does a drug’s benefit
to the patient justify its cost?” Recent polls
have indicated that the market for antipsy-
chotics clearly opposed a second genera-
tion of atypical antipsychotics; first-gener-
ation compounds were still favoured.

Clinical impact
of atypical antipsychotics

The comparative effectiveness between
the two generations of antipsychotics is
similar. The tolerability profile of atypi-

cals, however, has been shown to be signif-
icantly better than that of typical antipsy-
chotics. Notably, atypicals are essentially
free of EPS compared with typicals. Con-
versely, atypicals are associated with a
number of side effects, predominantly se-
dation and weight gain [8, 9, 10], but the-
se are not as pronounced as side effects as-
sociated with typical antipsychotics. The
importance of side effects must be con-
sidered when taking into account com-
pliance, quality of life, and rehabilitation.
None of these factors has been assessed as
thoroughly as EPS. Yet data from a study
of amisulpride [11] suggest better efficacy
of atypicals as opposed to typicals in con-
trolling negative symptoms.

Economic impact
of atypical antipsychotics

All factors considered, atypicals are gener-
ally perceived as presenting an economic
advantage over typical antipsychotics be-
cause they are expected to generate sav-
ings that will effectively outweigh their
comparatively high cost. As is common
with all drugs, no actual data are available
at the time of market launch, and pub-
lished material is not always persuasive.
Data can therefore be obtained solely from
four sources: clinical trials, mirror studies,
naturalistic studies, and modelling exer-
cises. The first two sources are biased be-
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cause they are based on a restricted group
of patients and conducted under strict con-
trols. The third source has limited external
validity; there is uncertainty regarding the
relevant target group in the population to
be studied. This leaves modelling exercis-
es as the best available method [12].

The modelling exercise presents the
most relevant approach because it enables
nonpharmacologic treatment and con-
founding factors that modulate a drug’s
potential impact to be incorporated into
the analysis. Modelling involves simplify-
ing reality to a level that describes the es-
sential complications and consequences of
different options in decision making, but
it provides only “best estimates” derived
from currently available information. It is
often said, however, that modelled results,
when compared with results from ran-
domised clinical trials (RCTs), are more
relevant because they reflect daily practice
more accurately. RCTs are protocol driven
and have low external validity. They use a
selected population that is not necessarily
representative of the target population; re-
source utilisation is mandated by the study
protocol; and, above all, the choice of com-
parator is arbitrary and does not necessar-
ily reflect real-life practice.

Models may take the form of simple de-
cision analysis trees, which are appropri-
ate for acute episodes. However, this ap-
proach may be too simplistic for describ-
ing situations in which there are several al-
ternative actions, situations in which prob-
abilities may change over time, or chronic
diseases (such as schizophrenia) in which
the same decisions are frequently repeat-
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ed. Therefore, other models or modelling
approaches have been created. Markov
models, for example, are particularly suit-
ed to modelling repeated events or the pro-
gression of chronic diseases. Markov mod-
els require strict assumptions concerning
“zero memory, referred to as the Marko-
vian assumption [13], which specifies that
the behaviour of the process subsequent
to any cycle depends only on its descrip-
tion in that cycle [14, 15]. In other words,
the process has no “memory” of earlier cy-
cles.

By definition, a model is a distilled pic-
ture of reality. Its validity rests on whether
its assumptions are both reasonable and
based on the needs and purposes of the
decision maker and, more important-
ly, whether the implications make sense.
Hence, the quality of a model’s prediction
is only as good as the quality of the empir-
ical data put into the model.

Various schizophrenia models

The present theoretic model development
used in conjunction with the following
modelling review is a method for eval-
uating the economic and effectiveness
strengths of modelling in schizophre-
nia. Base case costs and probabilities that
will be implemented in the models along
with the theoretic development will be
considered. The first model, illustrated
in B Fig. 1, is a simple two-branch mod-
el that will be made more complex as ad-
ditional variables are added to it. In other
words, the additional variables create sub-
sequent branches (options) in the model.

Relapse <
Non relapse

Relapse

Mo relapse

Fig.3 < Institution model

The models are kept relatively simple in or-
der to facilitate their outlines. One is able
to recalculate the obtained results with the
information given in the base case and the
additional information given before each
model.

Two treatment strategies, A (atypical)
and B (typical), with the following hypo-
thetical half-yearly base-case costs and rel-
ative probabilities, are illustrated in @ Ta-
ble 1.

Relapse model

The relapse model is based on a well-ac-
cepted assumption that strategy A versus
strategy B decreases the relapse rate in a
clinical trial. Assuming that a reliable cost
of relapse is available, we can easily calcu-
late the incremental cost-effectiveness of
treatments A versus B using a decision
tree. Effectiveness can then be measured
as time without relapse or as success with-
out relapse. In the base-case scenario, the
incremental cost (AC = cost of strategy A
minus cost of strategy B) is USD 4,300,
and the incremental effectiveness (AE = ef-
fectiveness of strategy A minus effective-
ness of strategy B) is —0.20, which repre-
sents a difference of 5.2 weeks without re-
lapse. Treatment strategy B is more cost-
ly and less effective than strategy A; thus,
strategy A “dominates” strategy B.

Compliance model
In real practice, a certain percentage of pa-

tients are always noncompliant. This is a
major cause of relapse. Some patients re-
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lapse even though they are compliant with
their treatment regimen, but relapse result-
ing from noncompliance presents more se-
rious consequences. Weiden et al. found
that relapse in noncompliant patients was
more common, disruptive, and severe
[16]. Hence, a 10% reduction in relapse ra-
tes was shown for patients compliant with
their treatment regimen. An illustration
of a compliance model can be found in
O Fig. 2.

In this case the incremental cost is
USD 4,000, and the incremental effective-
ness is —0.188, which represents a differ-
ence of 4.8 weeks without relapse. The dif-
ference between effectiveness and cost is
reduced when the compliance rate is intro-
duced in the model.

Institution model

A number of patients with schizophrenia
are unable to live with their families or in
the community and require institutionali-
sation. These patients are expected to ha-
ve a 50% increase in compliance because
of closer surveillance by treatment staff,
and several published articles suggest that
compliance is higher among inpatients
than outpatients [17, 18].

In this model, the incremental cost is
USD 3,900 and the incremental effective-
ness is —0.187, which amounts to a differ-
ence of 4.8 weeks without relapse. The
A effectiveness of —0.187 in the model
equals a difference of 4.8 weeks without re-
lapse, which does not differ from the previ-
ous compliance model. The introduction
of the institutional variable in the model
does not modify the difference in effective-
ness nor does it significantly alter the dif-
ference in costs. An example of an institu-
tion model can be seen in B Fig. 3.

Dropout model

It is common in schizophrenia pathology
that patients who drop out of health ca-
re systems often reappear at hospitals later,
experiencing relapse. An estimated cost of
dropout has been entered in the model il-
lustrated in @ Fig. 4.

In this scenario, the incremental cost
is USD 3,700, and the incremental effec-
tiveness is —0.180, which represents a dif-
ference of 4.6 weeks without relapse. The

difference in effectiveness and cost is re-
duced when the dropout variable is intro-
duced in the model.

Switch model

Patients who do not respond to or cannot
tolerate a particular treatment require a
change to different medication. Some pa-
tients switch from typical to atypical an-
tipsychotics, and for others the reverse is
true. One explanation for switching from
atypicals to typicals is that atypicals, with
the exception of risperidone, are not avail-
able in depot form. Cost considerations
may be another factor [7]. Regardless of
the reason for switching, nonresponders
to strategy A switch to B or vice versa,
and a cost of switching (additional consul-
tations, etc.) is introduced in the model,
as illustrated in @ Fig. 5. In this scenario,
the incremental cost estimated from this
hypothetical model is USD 4,000 and the
incremental effectiveness is —0.180, which
amounts to a difference of 4.6 weeks with-
out relapse. The introduction of the switch
variable in the model increases the differ-
ence in cost but does not modify the differ-
ence in effectiveness.

Mixed case model

Risks and costs of relapse are quite dif-
ferent among subgroups of patients with
schizophrenia, as demonstrated by a 6-
month prospective cohort [19]. In this
model, three groups of patients were iden-
tified: institutionalised patients, intensive
care patients, and moderate care patients,
and rates of relapse were 2%, 8%, and
10%, respectively. The 6-month cost of re-
source utilisation when relapse occurred
was USD 42,300 for institutionalised pa-
tients, USD 18,900 for intensive care pa-
tients, and USD 2,900 for the moderate
population. When relapse did not occur,
costs decreased to USD 36,900 for the in-
stitutionalised patients, USD 18,500 for
the intensive care patients, and USD 1,500
for the moderate care patients. Consider-
ing that costs decrease 24-fold when pa-
tients are transferred from an institution
to a less-managed care setting, it is impor-
tant to identify each individual setting and
not consider them as one group. Introduc-
ing this information to the model will, in
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Abstract

Pharmacoeconomic evaluations are impor-
tant elements in the decision making pro-
cess, and decision tree analyses are statis-
tical models that analyse both clinical and
economic consequences of medical actions.
Using one theoretic model, key confound-
ing variables were identified that constitut-
ed a standardised framework for economic
evaluation of schizophrenia management.
The extent to which they were included in
several previously published schizophrenia
models was appraised. Five different mod-
els were developed, and a systematic re-
view of schizophrenia modelling studies
was conducted. Results indicate that atypi-
cal antipsychotics may be more or less cost-
effective depending upon whether key con-
founding variables were taken into account,
but vigilance is warranted when assessing
data because serious discrepancies can oc-
cur between different methods of analysis.
A need for standardised schizophrenia phar-
macoeconomic models exists. Additionally,
social rehabilitation should be considered
because this may also influence outcomes.
Standardising modelling techniques will fa-
cilitate adherence to guidelines issued by de-
cision makers.
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Atypical antipsychotic -

Economic modelling - Schizophrenia -
Cost-effectiveness analysis

Eur J Health Econom 1 - 2006 ‘ 21



Original Papers

Table 1

Base case costs (USD as of 1997)

and probabilities used in the five

Table 2

Summary of the theoretic model development (rounded sums; K=thousand)

models Model A Cost (USD as of 1997) A Effectiveness time without relapse
Relapse 43K -0.200
Factor Unit i
Compliance 4.0K -0.188
Cost of drug A 1,500
= g Institution 3.9K -0.187
Cost of drug B 750
9 3 Dropout 37K -0.180
Cost of rel 67,000
sl i g Switch 40K ~0.180
Cost of non-relapse $42,000
Cost of dropout $10,000 Table 3
e 31,000 Overview of articles included in the review (DB double-blind)
Rate %
Reference Study design: length, model type  Analysis
Relapse rate of strategy A 30% yieesy g e 4
Davies LM, 1 year + lifetime, decision analytic ~ Cost-effectiveness analysis
Relapse rate of strategy B 50% Drummond MF (1993) model
= i 0,
Non-compliance rate 40% Glazer WM, 1 year, decision analytic model Cost-effectiveness analysis
Institutional rate 10% Ereshefsky L (1996)
Dropout rate 4% Glennie JL (1997) 1 year + lifetime, decision analytic  Cost-utility analysis
Switch rate drug A 30% model
Switch rate drug B 40% Laurier Cet al. (1997) 9 days, decision analytic model Cost-effectiveness analysis
. . o Byrom B et al. (1998) 8 weeks + 1 year, decision analytic ~ Cost-effectiveness analysis
Source: database of schizophrenia patients in model
the catchment area of Pau, France [19]
Palmer CS et al. (1998) 3 months + 5 years, Markov model  Cost-effectiveness analysis

effect, balance cost and effectiveness be-
tween atypical and typical antipsychotics.

Summary of the theoretic model
development

To better understand the impact of includ-
ing an extra confounding factor in a schizo-
phrenia model, we have gathered all the re-
sults (A cost, A effectiveness) from the dif-
ferent models and summarised them in
O Table 2. As confounding factors are ad-
ded to the model, the marginal cost-effec-
tiveness decreases or increases along with
the marginal cost-effectiveness ratio.

Literature review of modelling
studies in schizophrenia

A review of all published models in schizo-
phrenia was conducted to analyse the ex-
tent to which examples of existing mod-
els consider key confounding factors. In-
clusion criteria for our analyses were the
use of a modelling technique to assess the
costs and outcomes of different pharma-
cologic treatment strategies and all lev-
els of care, notably inpatient, outpatient,
and day care treatments. Our comments
will centre on the treatment comparators,
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Davies A et al. (1998)

2 years, decision analytic model

Cost-effectiveness analysis

Almond S,
0'Donnell 0 (1998)

5 years, Markov process model

Cost-effectiveness analysis

Launois R et al. (1998)

10 years, Markov process model

Cost-effectiveness analysis

Almond S,
O’Donnell O (2000)

5 years, Markov process model

Cost-effectiveness analysis

Lecomte P et al. (2000)

1 year, semi-Markov model

Cost-effectiveness analysis

Tilden D et al. (2002)

5 years, Markov model

Cost-effectiveness analysis

Ganguly R et al. (2003)

1 year, decision analytic model

Cost-effectiveness analysis

therapeutic regimens, efficacy/effective-
ness parameters, exclusion of key vari-
ables and assumptions, and other factors.
Because all of the models are based on as-
sumptions, their appropriateness was de-
termined, unless specifically stated, by
the individual authors themselves. Oth-
er considerations such as the data inputs
and results were examined. When review-
ing the different papers, the following as-
pects were considered: the time frame
for the adopted perspective, the possibil-
ity of titration, the use of the most appro-
priate model (i.e. decision analysis, Mar-
kov, or a combination thereof) for the ti-
me frames considered, and reasonable
probabilities derived from appropriate tri-
als. Also considered were the functions
of expert panels, metaanalyses of the lit-

erature, appropriate costs (i.e. direct and/
or indirect costs), and appropriate out-
comes (i.e. cost-effectiveness, cost-effica-
cy, and cost-utility). We believe the pres-
ent selected reviews represent the overall
status of published modelling studies in
the treatment of schizophrenia. A Boole-
an search of Medline using the terms “de-
cision support technique;” “cost-effective-
ness,” “pharmacoeconomic,” “antipsychot-
ic,” “neuroleptic,” and “schizophrenia,” for
the years 1990-2004 revealed 20 different
articles. We eliminated two studies that
only modelled the cost of treating schizo-
phrenia [20, 21]; two studies [22, 23] ba-
sed on previously published models by
Almond and O’Donnell in 1998 [24] and
Glennie in 1997 [25]; one study in Span-
ish [26]; one cost-of-illness model [27];



and one study that was not based on a re-
al cost-effectiveness model [28]. In the
end, 13 articles were chosen to be includ-
ed in this review. B Table 3 depicts the ty-
pes of modelling for each of the 13 stud-
ies selected.

Discussing and appraising published
models helps assimilate new information
and evaluate the models’ economic and ef-
fectiveness strengths and weaknesses. It is
important to evaluate various types of stu-
dy designs by length, model type, and sty-
le of analysis. The following section pre-
sents a short description and assessment
of 13 different studies.

Davies LM, Drummond MF (1993)
Assessment of costs and benefits
of drug therapy for treatment-
resistant schizophrenia in the
United Kingdom. Br J Psychiatry
162:38-42[29]

This study was a clinical decision tree mod-
el based on a United States (US) cost-ef-
fectiveness analysis (CEA) of clozapine
for inpatients with longstanding, treat-
ment-resistant schizophrenia. The two
timeframes chosen to illustrate expected
net savings and outcomes per person were
1 year and an entire lifetime. A Delphi pan-
el of five British psychiatrists assessed how
use of resources would have differed in the
United Kingdom (UK). Patient outcomes
were defined as the number of years with
mild or no disability.

Assessment. Even though the authors ad-
mitted that they adapted the US model to

a UK setting, it cannot be assumed that US

management of treatment-resistant schizo-
phrenia would be the same as in the UK.
The authors listed different path probabil-
ities, but the probabilities for discharge to

a group home were not given. Subsequent
and nonsubsequent hospital admissions

were not broken down into two separate

probabilities, whereas two path possibili-
ties appear in the decision tree. Addition-
ally, different probability names appear in
the tables and the model, thus rendering
them confusing. Assessing how use of re-
sources would have differed in the UK was

a positive element in the study, but the un-
known process by which the Delphi panel
was composed is questionable.
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Glazer WM, Ereshefsky L (1996)

A pharmacoeconomic model of
outpatient antipsychotic therapy
in “revolving door” schizophren-
ic patients. J Clin Psychiatry
57(8):337-345 [30]

This clinical decision analysis indicates
that under a variety of assumptions,
switching a “revolving door” patient with
schizophrenia to a depot medication for
outpatient maintenance therapy could re-
sult in lower total direct treatment costs.
Covering a timeframe of 1 year, this cost-
effectiveness analysis employed a model
designed to take into account compliance
and associated rehospitalisation rates and
to compare the direct treatment costs as-
sociated with alternate outpatient antipsy-

chotic strategies for “revolving door” pa-
tients.

Assessment. The model is a simple deci-
sion analytic model that considers com-
pliance and then adherence to drug ther-
apy (stable, exacerbation) and associated
rehospitalisation. The study lacked sys-
tematically collected data, and the proba-
bilities were based on the authors’ clinical
experiences. The chosen time horizon of
1year can be justified when considering
compliance as the only variable. However,
because schizophrenia is a long-term and
often chronic disease, a lifetime impact
of the different drug strategies might al-
so have been considered. Somewhat alarm-
ing, due to the fact that they were not dis-
cussed in the paper, were the representa-
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tion and use of costs derived from the au-
thors’ own institutions.

Glennie JL (1997) Pharmacoeco-
nomic evaluations of clozapine in
treatment-resistant schizophrenia
and risperidone in chronic schizo-
phrenia. Technology overview:
pharmaceuticals. Canadian Coordi-
nating Office for Health Technology
Assessment (CCOHTA), Ottawa,
issue 7.0 [25]

This cost-effective analysis sought to evalu-
ate treatment sequences for clozapine and
risperidone. The authors constructed de-
cision analysis models based on the litera-
ture and expert panel input. The basic de-
sign for each tree highlighted a specific
drug and then delineated possible down-
stream events that included tolerability,
“success” versus “failure,” discharge from
hospital, and relapse. The risperidone tree
also incorporated the development of EPS
into its design.

Assessment. The decision analytic mod-
el was not illustrated in the paper, thus
rendering it difficult for the reader to vi-
sualise its structure. The composition of
the expert panel, their involvement in
the construction of the model, and their
method of agreement was unclear. The
studies used in the two models were of
moderately short duration (6-8 weeks),
and the authors themselves recognise that
their work did not explicitly report on eco-
nomically relevant parameters. The mod-
el used short-term data to estimate events
over a 1-year period, the results of which
were then extrapolated over 37 years. This
probably biased the results. Key variables
such as compliance or a switch to an alter-
native antipsychotic were not included in

the model.

Laurier C, Kennedy W, Lachaine

J, Gariepy L, Tessier G (1997) Eco-
nomic evaluation of zuclopenthixol
acetate compared with injectable
haloperidol in schizophrenic
patients with acute psychosis.

Clin Ther 19(2):316-329 [31]

A cost-effectiveness analysis of intramus-
cular zuclopenthixol acetate and intra-
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muscular haloperidol was performed us-
ing the Quebec Health Care System per-
spective. Total costs associated with both
drugs were modelled using a decision tree
built around the number of injections nec-
essary to achieve stabilisation. Patients
were assessed for a total of 9 days after
starting treatment. Costs were established
from expert panel input as well as from re-
viewing patient files. Only direct medical
costs were considered, and published liter-
ature was the principal source of compara-
tive data for clinical outcomes.

Assessment. Of all registered published
models concerning schizophrenia, this
may be one of the simplest. It is an uncom-
plicated clinical decision analytic model
and by no means an acute episode man-
agement model. Its short time horizon of
only 9 days does not fall within any recog-
nised recommendations. However, if this
model were considered a “submodel,” it
might be able to be used as part of a glob-
al model or as an intervening factor in the
control of an acute episode of schizophre-
nia. Finally, the composition of the expert
panel was according to standard, but the
report did not state how agreement was
reached (i.e. Delphi rounds).

Byrom B, Garratt C, Kilpatrick AT
(1998) Influence of antipsychotic
profile on cost of treatment of
schizophrenia: a decision analysis
approach. Int J Psychiatry
2:129-138[32]

The authors present a health economic
model for the treatment of an acute epi-
sode of schizophrenia and its subsequent
control through maintenance treatment.
Its predictions indicate that reported clin-
ical profiles of atypical antipsychotics
could lead to significant savings and lar-
ge improvements in effectiveness over
conventional therapy. A decision analytic
model was used to make a cost-effective
analysis and was divided into two mod-
ules, each represented in decision tree
form. The first relates to the management
of an acute episode of schizophrenia, and
the second to the subsequent stabilisation/
maintenance period of treatment. Default
values for each parameter were obtained
from the literature. A meta-analysis was

used to report average compliance rates
for compliant and noncompliant patients
receiving typical antipsychotic treatment.

Assessment. Given the repetitive nature
of schizophrenia, combining the author’s
two-part decision analytic model with
a Markov model may have been a better
idea. The chosen time horizons of 8 weeks
and 1 year corresponded to the length of
the clinical trial, but it would have been in-
teresting to consider lifetime predictions
as well. Assuming that patients will re-
lapse only once in a year seems quite con-
servative, as does the assumption that the
timing of relapse could be uniformly dis-
tributed across the same period. The mod-
el is limited by the experimental data avail-
able and does not contain a dropout or a
switch arm. However, there is transparen-
cy about the probabilities implemented,
and the different experiments (sensitivi-
ty analyses on variables) make it possible
to detect the influence of the antipsychot-
ic profile.

Palmer CS, Revicki DA, Genduso LA,
Hamilton SH, Brown RE (1998) A
cost-effectiveness clinical decision
analysis model for schizophrenia.
Am J Manag Care 4(3):345-355 [33]

The authors employed a decision analyt-
ic model to determine the cost-effective-
ness of treatments and outcomes that pa-
tients treated for schizophrenia may ex-
perience during a 3-month cycle over a
5-year period. In cases where clinical tri-
al results were unavailable, parameter es-
timates were based on published medical
literature and the advice of experts from
an 11-member international advisory pan-
el composed of psychiatrists and health
economists.

Assessment. Because the authors cho-
se to use a Markov model, it would have
been interesting to make lifetime calcula-
tions. Measures of health utility were ba-
sed on the calculation of quality-adjusted
life years. These were estimated from stan-
dard gamble utilities assigned to hypothet-
ical schizophrenia-related health states
by 12 psychiatrists in the UK. The appro-
priateness of this method and the exclu-
sive use of psychiatrists may be a topic for



further discussion. When looking close-
ly at the “treatment tree” and in particu-
lar at the “switch 2” arm, it is not stated to
where or to what the patient was switched.
Furthermore, suicide seems to be the only
cause of death in the model, whereas oth-
er causes of mortality (notably cardiovas-
cular events) are far from being negligible
for this population. In the tables, no prob-
abilities are given for the first four arms
of the “symptoms tree” It is also interest-
ing to note that the “no therapy” strate-
gy exhibits lower relapse rates than the
three other pharmacotherapies from cy-
cle 3 and beyond. Moreover, the process
by which agreement was reached within
the expert panel was not stated, nor was it
clear whether they had participated in the
construction of the global decision tree.
Finally, one of the effectiveness outcomes
used in the model was the Brief Psychiat-
ric Rating Scale (BPRS) score. The extent
to which this score is suited for long-term
modelling should be examined in further
detail.

Davies A, Langley PC, Keks NA,
Catts SV, Lambert T, Schweitzer |
(1998) Risperidone versus
haloperidol: Il. Cost-effectiveness.
Clin Ther 20(1):196-213 [34]

The authors developed a decision analytic
model to estimate the comparative effec-
tiveness of risperidone and haloperidol
in patients with schizophrenia. The mod-
el consisted of a decision tree that simulat-
ed the treatment of patients with chronic
schizophrenia and tracked distribution
along different pathways over a 2-year pe-
riod. The model was built using the results
of a metaanalysis of efficacy, tolerability,
dropout rates, and information from the
literature as well as advice from a panel of
psychiatric experts.

Assessment. The reasons for selecting a 2-
year time horizon were not sufficiently set
forth and led us to question why cost-ef-
fectiveness calculations were not calculat-
ed for those patients with chronic schizo-
phrenia. The transparency of the construc-
tion of the model was quite good; however,
the composition of the group constructing
the model remains unclear. The probabili-
ties not found in the metaanalysis were as-

signed based on an open discussion with
the panel. Again, not only was the compo-
sition of the panel unknown but the pro-
cess of agreement was not identified. All
the probabilities were not listed in the ta-
bles and, as such, did not enable a reanaly-
sis of the model. Finally, key variables such
as dropout and switch were not included
in the model.

Almond S, O'Donnell O (1998)

Cost analysis of the treatment of
schizophrenia in the UK: a compari-
son of olanzapine and haloperidol.
Pharmacoeconomics

13(5 Pt 2):575-588 [24]

A decision tree simulation model was
used to examine the costs associated with
the treatment of patients with schizophre-
nia. The authors employed a Markov pro-
cess to iterate patients through a series of
20 three-month cycles. During each cycle,
patients received treatment and faced the
probabilities of experiencing events such
as relapse or dropout. Parameter values
were taken from either an international
randomised clinical trial or from the rele-
vant literature and were the same as tho-
se used in the application of the model in
Us.

Assessment. The values and outcomes
used in the analysis were derived from
international clinical trial data. While
the trial included some UK participants,
the number was relatively low (too low,
in fact, for UK-specific trial data to be
used). To establish the cost-effectiveness
of olanzapine in a UK context, it would
have been preferable to rely on UK da-
ta to estimate parameter values and out-
comes. The management of schizophre-
nia differs from country to country; the
model should have been adapted to the
UK and not simply copied from the US.
In the UK, a substantial proportion of
patients with schizophrenia are treated
with medications administered in depot
form. This fact alone limits the applicabil-
ity of the US results. Examples of probabil-
ities not listed in the tables include “stay
on agent” as well as “switch 1” The model
construction is not specified. The BPRS
score was used as one of the effectiveness
measurements, but the appropriateness of

this score for long-term modelling could
have been considered.

Launois R, Graf von der Schulen-
berg M, Knapp M, Toumi M (1998)
Cost-effectiveness of sertindole
versus olanzapine or haloperidol: a
comprehensive model. Int J Psychi-
at Clin Pract 2 [Suppl 2]:79-86 [35]

This study evaluated three competing an-
tipsychotic drug strategies in normal prac-
tice using a 10-year cost effectiveness mod-
el based on a 6-month Markov cycle tree.
The model incorporated five care man-
agement strategies defined by place of
residence (hospital, managed care, or pri-
vate home), intensity of care (intensive or
mild), and clinical events (EPS, sedation,
weight gain, sexual dysfunction, relapse).
Dropout and direct medical costs associat-
ed with the above were also considered.

Assessment. This Markov model includ-
ed almost all of the key confounding vari-
ables emphasised in previous sections.
However, it did not include the possibility
of switch. Additionally, probabilities were
based on different trials and metaanalyses.
The manner in which the metaanalyses
were conducted was not specified, nor was
the composition of the group constructing
the model or the way in which they rea-
ched agreement. The institutionalisation
specificity in this model was unique. It
allowed for the grouping of diverse insti-
tutions in homogenous categories on an
international level. Mixing clinical status
with setting permitted the differentiation
of the quality of life coefficients with ac-
commodation and disease severity levels.
The study’s long-term timeframe was a
novelty among the reviewed papers; how-
ever, it might have been interesting to as-
sess lifetime impact as well.

Almond S, O'Donnell O (2000)

Cost analysis of the treatment of
schizophrenia in the UK: a simula-
tion model comparing olanzapine,
risperidone and haloperidol. Phar-
macoeconomics 17(4):383-389 [36]

This analysis is based on the same 5-year
Markov decision tree simulation model
used in the authors’ previously reviewed
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article. However, by adding risperidone
as a third initial treatment node, the au-
thors extended the model. This was ma-
de possible by including newly released
data from an international, multicentre,
double-blind 28-week prospective study
of 339 individuals.

Assessment. Because this model is a con-
tinuation of a previously published mod-
el, it was surprising to note that the au-
thors did not correct its weaknesses. Con-
sequently, the assessment does not dif-
fer from that of their 1998 paper [24], to
which the interested reader should refer.

Lecomte P, De Hert M, Dijk MV,
Nuijten M, Nuyts G, Persson U
(2000) A 1-year cost-effectiveness
model for the treatment of
chronic schizophrenia with acute
exacerbations in Belgium. Value
Health 3(1):1-11 [37]

A 1-year semi-Markov model was con-
structed to simulate the cost-effectiveness
of atypical (risperidone and olanzapine)
and typical (haloperidol) antipsychotic
treatments for schizophrenia. The mod-
el was based on data from the literature,
guidelines from the American Psychiatric
Association (APA), and the results of dis-
cussions with experts employing the Del-
phi method.

Assessment. The model improves upon
the few existing economic analyses of atyp-
ical antipsychotics. The definition of re-
sponse used was based on both the Posi-
tive and Negative Syndrome Scale (PANSS)
and Clinical Global Impression (CGI)
scores, providing a more global measure-
ment compared with the BPRS used in oth-
er studies. Furthermore, the opportunity to
decrease the dosage after 6 months in case
of response was in accordance with APA
guidelines. The use of shorter, more fre-
quent cycles that more closely follow clini-
cal practice for assessing patients permit-
ted the model to respond to changes in pa-
tient state with a greater degree of sensitivi-
ty, thus better reflecting real-life conditions.
However, the model did not incorporate in-
direct costs; they were obtained from offi-
cial tariff lists, which beg discussion of the
distinction between tariffs and charges.
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Tilden D, Aristides M, Meddis D,
Burns T (2002) An economic assess-
ment of quetiapine and haloperi-
dol in patients with schizophrenia
only partially responsive to
conventional antipsychotics.

Clin Ther 24(10):1648-1667 [38]

This study assessed the cost-effectiveness
of quetiapine compared with haloperidol
in partial responders with schizophrenia
using a 5-year Markov model based on 3-
month cycles. The different health states
in the model were derived from a clinical
trial of quetiapine versus haloperidol, and
the remaining states were based on tho-
se in Almond and O’Donnell’s 2000 mod-
el [36].

Assessment. The values and outcomes
used in the analysis were derived from
international clinical trial data, just as
in Almond and O’Donnell’s 2000 model
[36]. There were UK centres in the trial,
but the original article of the clinical trial
[39] did not describe the percentage of pa-
tients from the UK. As was mentioned in
the assessment of the model of Almond
and O’Donnell [36], if one wants to estab-
lish the cost-effectiveness of olanzapine in
a UK context, it would have been prefer-
able to rely on UK data only to estimate
parameter values and outcomes. As in the
original model paper, the model construc-
tion is not specified. In contrast to the orig-
inal model, the authors replaced the BPRS
score with the PANSS score as an effective-
ness measurement. Although PANSS is
more widely recognised, its appropriate-
ness for long-term modelling was not dis-
cussed.

Ganguly R, Miller LS, Martin BC
(2003) Future employability, a new
approach to cost-effectiveness anal-
ysis of antipsychotic therapy. Schi-
zophr Res 63:111-119 [40]

This study used a decision analytic cost-ef-
fectiveness model to compare risperidone
versus haloperidol over a 1-year period us-
ing the number of employable persons as
a measure of effectiveness. This model is
an extension of the model for schizophre-
nia outpatients by Glazer and Ereshefsky
[30], to which the authors added terminal

branches for assessing cognition and exec-
utive functioning. A Monte Carlo simula-
tion procedure was used to generate the
number of patients in each health state.

Assessment. The model is a simple deci-
sion analytic model that considers com-
pliance and health states (stable, exacer-
bated, and hospitalised) and employabili-
ty. It can be questioned whether “employ-
ability” is an accurate measure of changes
in health status, as it is known that the-
re is high unemployment among patients
with schizophrenia. The chosen time hori-
zon of 1 year was justified when consider-
ing compliance as the only variable. With
the addition of employability, however, a
longer period would have been suitable.
The authors used Glazer and Ereshefsky’s
1996 [30] estimates of resource utilisation,
which were based on data from the latter’s
own institution. The question of whether
these data were representative remains
unanswered.

Discussion and limitations

The intention of the present review was
to establish a reference point from which
various attributes could be studied and to
improve future pharmacoeconomic mod-
els. Confounding factors are rarely consid-
ered in modelling studies. Furthermore, at-
tributes such as the structure of the mod-
el, expert panel use, sensitivity analyses,
timeframes, type of analysis, and model
design are not systematically employed.
The most realistic and illustrative model
design for chronic diseases such as schizo-
phrenia would be a combination of the
Markov process and a decision analysis
tree. Markov models cover the possibili-
ty of patients transitioning back and forth
between health states when they enter a
new cycle, while decision tree analyses re-
veal distinct paths and probabilities. Few
published studies have employed this tech-
nique.

The most common type of analysis
recommended by official guidelines is a
cost-effectiveness study [41]. The majori-
ty of studies reviewed conducted this ty-
pe of analysis. One study even conducted
a cost-utility analysis [42]. The ideal time-
frame is one capable of projecting data
throughout a patient’s lifetime. In fact, sev-



Switch Mixed Source of probabilities

Table 4
Literature review (v indicates that the factor/variable was included in the model)
Study Better cost-effective Com- Institu- Dropout

alternative pliance tion case Harddata Expertpanel® Delphipanel®
Davies LM, Clozapine v V Yes Yes
Drummond MF(1993)
Glazer WM & Depot drug v Yes Yes
Ereshefsky L (1996)
Glennie JL (1997) Clozapine/risperi- v Yes Yes

done
Laurier Cetal.(1997)  Zuclopenthixol Yes Yes
ByromBetal.(1998)  Atypicals v v v v Yes
Palmer CSetal.(1998) Olanzapine V \J Yes Yes
DaviesAetal.(1998)  Risperidone v v ) Yes Yes
Almond S, Olanzapine V v Yes Yes
O’Donnell O (1998)
LaunoisRetal.(1998)  Sertindole V v V \J Yes
Almond S, Olanzapine ) v Yes Yes
O’Donnell O (2000)
Lecomte P etal. (2000) Atypicals v v V Yes
Tilden Detal.(2002)  Quetiapine v \ v Yes Yes
Ganguly Retal.(2003) Risperidone v Yes Yes
aExpert panel: collects probabilities through interviews based on personal belief and judgment; ® Delphi panel: has the goal of obtaining
the most reliable consensus of a group of experts by a series of intensive questionnaires interspersed with controlled feedback [42]

eral guidelines recommend that the time-
frame of an informative prediction mod-
el be 5 years, preferably with the ability to
project throughout a patient’s lifetime [15].
Yet in our review we noticed that the time-
frame adopted depended on the perspec-
tive and data incorporated into the model.
Most of the studies used short-term data
with short-term results. Only four of the
13 studies considered a timeframe exceed-
ing or equivalent to 5 years. Given schizo-
phrenia’s chronic nature and frequent
lengthy duration, long-term timeframes
would be preferable.

Most of the studies considered used
some form of expert panel. There was of-
ten a lack of transparency as to composi-
tion and method of agreement; the au-
thors simply stated the panel’s existence or
that a Delphi panel was employed. Evans
and Crawford [43] suggest that the terms
used to describe the process by which an
expert opinion panel is created for pharma-
coeconomic evaluation studies are fraught
with inconsistencies and rank expert opin-
ion use, stating that model validation is
their most important function and proba-

bility estimation their least important role.
In the published articles reviewed in this
research, expert panel participation in ei-
ther model validation or probability esti-
mation was never specified.

Sensitivity analyses can only partially
correct for biases in probability estimation
inherent in expert opinion use. Under no
circumstances can they repair biases gen-
erated by a faulty model [44].

Of the modelling studies reviewed in
this research, only a few conducted sensi-
tivity analyses, frequently in the form of
different scenario analyses. The impor-
tance of sensitivity scenario analyses in
pharmacoeconomic evaluations cannot
be stressed enough because they permit
robustness testing of the model as well as
probability estimations. The literature re-
view illustrated in @ Table 4 reveals that
most of the models studied did not in-
clude all key confounding variables. Inclu-
sion or exclusion of variables important
in a medical decision tree should be clear-
ly cited when reporting modelling studies.
Naturally, the inclusion/exclusion of cer-
tain variables depends on the objective

and perspective of the model. It would ha-
ve been interesting, nevertheless, to assess
the results obtained in the studied mod-
els had the missing key confounding vari-
ables been included. This was not possible
because missing probabilities in the pub-
lished studies rendered reconstruction of
the models nearly impossible.

Objectively, the ideal model would be
one capable of reflecting usual practice. To
date, no “gold standard” model exists, and
all are based upon assumptions that are
validated neither a priori nor a posteriori.
Pharmacoeconomic modelling studies are
further handicapped by limited empirical
data necessary to construct the model, the
validity of assumptions used, and whether
or not one setting can be adapted to anoth-
er. Finally, the use of expert panels is harsh-
ly criticised due to questionable reliability
even though they are, at times, the only
method available.

Conclusion

Our results argue in favour of standard-
ised pharmacoeconomic models for
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schizophrenia. The pharmacoeconom-
ic model is a unique tool for testing hy-
potheses and identifying the key variables
of cost drivers in schizophrenia. Associat-
ed environmental factors of a disease can
be incorporated into it, thereby contribut-
ing to more precise calculations and ac-
curate final analysis. In the field of men-
tal health — and especially in schizophre-
nia — there are a large number of variables
that contribute to determining drug treat-
ment strategy. The probabilities used in a
model as well as its very structure should
be carefully reviewed. No single global in-
tervention for the management of schizo-
phrenia exists. Therefore, complementary
strategies should be considered and the
most relevant included in the decision
tree when making economic evaluations.
None of the published models studied in
our research included nonmedical treat-
ments such as psychotherapy, family ther-
apy, or rehabilitation. Standardising mod-
elling techniques will facilitate adherence
to guidelines issued by decision makers
charged with allocating limited resources.
In the same manner as one can say that a
clinical trial has been performed accord-
ing to good clinical practice, it would be
helpful to be able to state the equivalent
with respect to pharmacoeconomic anal-
yses. Omission of key confounding ele-
ments can only complicate the decision-
making process. Although they do pos-
sess inherent biases, models remain the
best method of obtaining realistic assess-
ments of medical interventions. This ar-
ticle has been written with the hope that
peer review will help refine our observa-
tions and take standardisation of mod-
elling techniques one step further towards
better cost-effectiveness analyses.
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