
BackgroundBackground Second-generation anti-Second-generation anti-

psychoticsmayhave few advantages overpsychoticsmayhave fewadvantages over

older, cheaperdrugs, except for possiblyolder, cheaperdrugs, except for possibly

reducedriskoftardive dyskinesia.reducedriskoftardive dyskinesia.

AimsAims To evaluate the cost-effectivenessTo evaluate the cost-effectiveness

of second-generation antipsychoticswithof second-generation antipsychoticswith

regard to reducing tardive dyskinesia.regard to reducing tardive dyskinesia.

MethodMethod Literaturewas reviewed onLiteraturewasreviewed on

riskof tardive dyskinesiawith second-riskoftardive dyskinesiawith second-

generation antipsychotics; on severity,generation antipsychotics; on severity,

duration and impairmentoftardiveduration and impairmentoftardive

dyskinesia; and onthe relationship ofthisdyskinesia; and onthe relationship ofthis

disorder to qualityof life and quality-disorder to qualityof life and quality-

adjusted life-years (QALYs).Diverse costadjusted life-years (QALYs).Diverse cost

andbenefit assumptions and of1-year andandbenefit assumptions and of1-year and

5-year planninghorizonswere examined5-year planninghorizonswere examined

in a deterministic sensitivity analysis.in a deterministic sensitivity analysis.

ResultsResults Estimating 0.143 QALYslostEstimating 0.143 QALYslost

per case of severe tardive dyskinesia,1-percase of severe tardive dyskinesia,1-

yearcost-effectiveness estimates foryear cost-effectiveness estimates for

second-generation antipsychotics rangedsecond-generation antipsychotics ranged

from »185 000 ($370 000) to »850 000from »185 000 ($370 000) to »850 000

($1.7 million) per QALY, and 5-year($1.7 million) per QALY, and 5-year

cumulative estimates ranged fromcumulative estimates ranged from

»74 000 ($149 000) to »342 000»74 000 ($149 000) to »342 000

($683 000) per QALY, all above the($683 000) per QALY, all above the

conventionalpolicy threshold of »25 000conventionalpolicy threshold of »25 000

($50 000) .($50 000) .

ConclusionsConclusions Reduction oftardiveReduction oftardive

dyskinesiawith second-generationdyskinesiawith second-generation

antipsychotics appearsunlikely tomeetantipsychotics appears unlikely tomeet

standards for cost-effectiveness.standards forcost-effectiveness.
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Second-generation antipsychotic medica-Second-generation antipsychotic medica-

tions have emerged as one of the mosttions have emerged as one of the most

costly drug classes, with annual spendingcostly drug classes, with annual spending

in the US of £5 billion annually ($10 bil-in the US of £5 billion annually ($10 bil-

lion) (Rosack, 2006), or £45 ($90) per USlion) (Rosack, 2006), or £45 ($90) per US

household.household.

Initial randomised trials, primarilyInitial randomised trials, primarily

sponsored by industry, suggested that thesesponsored by industry, suggested that these

drugs were superior to first-generation anti-drugs were superior to first-generation anti-

psychotics in the treatment of schizo-psychotics in the treatment of schizo-

phrenia – reducing both symptoms andphrenia – reducing both symptoms and

neurological side-effects such as extra-neurological side-effects such as extra-

pyramidal symptoms and tardive dys-pyramidal symptoms and tardive dys-

kinesia (Tamminga & Woerner, 2002;kinesia (Tamminga & Woerner, 2002;

DavisDavis et alet al, 2003; Tarsy & Baldessarini,, 2003; Tarsy & Baldessarini,

2006) as well as reducing healthcare costs2006) as well as reducing healthcare costs

(Hamilton(Hamilton et alet al, 1999). However, more, 1999). However, more

recent studies, conducted by independentrecent studies, conducted by independent

investigators, cast doubt on these conclu-investigators, cast doubt on these conclu-

sions, finding virtually no substantial differ-sions, finding virtually no substantial differ-

ence in health outcomes, quality of life,ence in health outcomes, quality of life,

neurological side-effects or non-drug healthneurological side-effects or non-drug health

costs between these two classes of drugscosts between these two classes of drugs

(Leucht(Leucht et alet al, 2003; Rosenheck, 2003; Rosenheck et alet al,,

2003, 2006; Lieberman2003, 2006; Lieberman et alet al, 2005; Jones, 2005; Jones

et alet al, 2006; Swartz, 2006; Swartz et alet al, 2007). The earlier, 2007). The earlier

studies commonly relied on haloperidol asstudies commonly relied on haloperidol as

the comparator – a high-potency anti-the comparator – a high-potency anti-

psychotic often used at higher than recom-psychotic often used at higher than recom-

mended dosages (Hugenholtzmended dosages (Hugenholtz et alet al, 2006), 2006)

and without prophylactic anticholinergicand without prophylactic anticholinergic

medication. Using such treatment as amedication. Using such treatment as a

comparator posed an especially high riskcomparator posed an especially high risk

of extrapyramidal symptoms, akinetic de-of extrapyramidal symptoms, akinetic de-

pression and possibly tardive dyskinesiapression and possibly tardive dyskinesia

(Rosenheck, 2005). One literature review(Rosenheck, 2005). One literature review

found that in studies that used dosages offound that in studies that used dosages of

12 mg or less of haloperidol (or the equiva-12 mg or less of haloperidol (or the equiva-

lent), no benefit in efficacy or overall toler-lent), no benefit in efficacy or overall toler-

ability was observed for second-generationability was observed for second-generation

antipsychotics, although a reduction inantipsychotics, although a reduction in

extrapyramidal symptoms was notedextrapyramidal symptoms was noted

(Geddes(Geddes et alet al, 2000). Two reviews have, 2000). Two reviews have

also suggested that industry-sponsoredalso suggested that industry-sponsored

studies of second-generation antipsychoticsstudies of second-generation antipsychotics

are especially likely to favour the manufac-are especially likely to favour the manufac-

turers’ product (Montgomeryturers’ product (Montgomery et alet al, 2004;, 2004;

HeresHeres et alet al, 2006), a phenomenon familiar, 2006), a phenomenon familiar

in other areas of medicine as wellin other areas of medicine as well

(Bekelman(Bekelman et alet al, 2003; Lexchin, 2003; Lexchin et alet al, 2003)., 2003).

Cost studies have now demonstratedCost studies have now demonstrated

that the higher costs of second-generationthat the higher costs of second-generation

antipsychotics increase annual total healthantipsychotics increase annual total health

costs by £1200–3000 ($2400–6000) percosts by £1200–3000 ($2400–6000) per

patient (Rosenheckpatient (Rosenheck et alet al, 2003, 2006;, 2003, 2006;

Duggan, 2005; JonesDuggan, 2005; Jones et alet al, 2006). A, 2006). A

consensus has also emerged that theseconsensus has also emerged that these

newer drugs are more likely than first-newer drugs are more likely than first-

generation antipsychotics to cause weightgeneration antipsychotics to cause weight

gain, diabetes and metabolic syndromegain, diabetes and metabolic syndrome

(American Diabetes Association(American Diabetes Association et alet al,,

2004), although short-term cost conse-2004), although short-term cost conse-

quences may be small (Leslie & Rosenheck,quences may be small (Leslie & Rosenheck,

2005).2005).

The hope remains that second-The hope remains that second-

generation antipsychotics are superior togeneration antipsychotics are superior to

the earlier drugs on at least one importantthe earlier drugs on at least one important

neurological side-effect: lowering the riskneurological side-effect: lowering the risk

of tardive dyskinesia (Kane, 2006; Casey,of tardive dyskinesia (Kane, 2006; Casey,

2006; Tandon & Constantine, 2006).2006; Tandon & Constantine, 2006).

A recent meta-analysis of eleven 1-yearA recent meta-analysis of eleven 1-year

follow-up studies, including four clinicalfollow-up studies, including four clinical

trials, found a lower annual incidence oftrials, found a lower annual incidence of

tardive dyskinesia with second-generationtardive dyskinesia with second-generation

drugs, but its authors acknowledged thatdrugs, but its authors acknowledged that

their findings might have been biased bytheir findings might have been biased by

the use of high doses of haloperidol inthe use of high doses of haloperidol in

comparison treatments. Like other recentcomparison treatments. Like other recent

summaries (Kane, 2006), the outcome ofsummaries (Kane, 2006), the outcome of

interest was simple incidence of tardive dys-interest was simple incidence of tardive dys-

kinesia without consideration of severity ofkinesia without consideration of severity of

disorder, functional impairment, recovery,disorder, functional impairment, recovery,

relationship to quality of life, or longer-relationship to quality of life, or longer-

term planning horizons. Clinical decision-term planning horizons. Clinical decision-

making and formulary policy must makemaking and formulary policy must make

use of data on these broader health out-use of data on these broader health out-

comes.comes.

METHODMETHOD

We reviewed published research comparingWe reviewed published research comparing

the risks of tardive dyskinesia in treatmentsthe risks of tardive dyskinesia in treatments

with the two classes of antipsychoticwith the two classes of antipsychotic

among adults with schizophrenia, notingamong adults with schizophrenia, noting

methodological limitations and biases.methodological limitations and biases.

Data were then derived from diverse pub-Data were then derived from diverse pub-

lished studies along with some previouslylished studies along with some previously

unpublished data that addressed the expect-unpublished data that addressed the expect-

able ranges of severity and duration ofable ranges of severity and duration of

tardive dyskinesia and its relationship totardive dyskinesia and its relationship to

functional capacity and quality of life.functional capacity and quality of life.

Although no single trial has addressed allAlthough no single trial has addressed all

of these relevant issues, we combined dataof these relevant issues, we combined data

from several sources to develop an estimatefrom several sources to develop an estimate

of the potential cost-effectiveness of sec-of the potential cost-effectiveness of sec-

ond-generation antipsychotics in reducingond-generation antipsychotics in reducing

risk of tardive dyskinesia in adults withrisk of tardive dyskinesia in adults with
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schizophrenia. A range of alternativeschizophrenia. A range of alternative

assumptions and planning horizons wereassumptions and planning horizons were

considered in a deterministic sensitivityconsidered in a deterministic sensitivity

analysis that examined best- and worst-caseanalysis that examined best- and worst-case

scenarios. Unfortunately, available datascenarios. Unfortunately, available data

were insufficient to support a full probabil-were insufficient to support a full probabil-

istic sensitivity analysis of the typeistic sensitivity analysis of the type

recommended for regulatory reviewrecommended for regulatory review

(Briggs, 2005; Claxton(Briggs, 2005; Claxton et alet al, 2005)., 2005).

RESULTSRESULTS

Comparative incidence of tardiveComparative incidence of tardive
dyskinesia with first- and second-dyskinesia with first- and second-
generation antipsychoticsgeneration antipsychotics

The review by CorrellThe review by Correll et alet al (2004)(2004)

summarised data on 1707 patients treatedsummarised data on 1707 patients treated

in four randomised trials for an averagein four randomised trials for an average

median duration of 8.8 months, plus 1571median duration of 8.8 months, plus 1571

patients treated in seven observationalpatients treated in seven observational

studies. Consistent with older studies (Kanestudies. Consistent with older studies (Kane

et alet al, 1984; Chouinard, 1984; Chouinard et alet al, 1986; Glazer, 1986; Glazer

et alet al, 1993); the annual incidence of tardive, 1993); the annual incidence of tardive

dyskinesia with first-generation anti-dyskinesia with first-generation anti-

psychotics was estimated to be 5.4%. Thepsychotics was estimated to be 5.4%. The

annual risk with second-generation drugs,annual risk with second-generation drugs,

in contrast, was estimated at 0.8%, yieldingin contrast, was estimated at 0.8%, yielding

a 4.6% greater attributable risk of thisa 4.6% greater attributable risk of this

complication with the older drugs. How-complication with the older drugs. How-

ever, further examination of these studiesever, further examination of these studies

reveals methodological biases that mightreveals methodological biases that might

have led to overestimation of the benefitshave led to overestimation of the benefits

of the newer antipsychotics.of the newer antipsychotics.

Of the four randomised trials – theOf the four randomised trials – the

studies that provide the highest quality ofstudies that provide the highest quality of

evidence – the one that showed the greatestevidence – the one that showed the greatest

advantage for second-generation anti-advantage for second-generation anti-

psychotics compared ziprasidone, whichpsychotics compared ziprasidone, which

had an annualised incidence of tardive dys-had an annualised incidence of tardive dys-

kinesia of 6.8%, with placebo, which waskinesia of 6.8%, with placebo, which was

reported to have an annualised incidencereported to have an annualised incidence

of this side-effect of 35.7% (Aratoof this side-effect of 35.7% (Arato et alet al,,

2002). Although tardive dyskinesia occa-2002). Although tardive dyskinesia occa-

sionally emerges in schizophrenia in the ab-sionally emerges in schizophrenia in the ab-

sence of antipsychotic medication (Chakossence of antipsychotic medication (Chakos

et alet al, 1996; Fenton, 2000), the 35.7%, 1996; Fenton, 2000), the 35.7%

annualised incidence rate reported withannualised incidence rate reported with

placebo most probably reflects withdrawalplacebo most probably reflects withdrawal

dyskinesia due to residual effects from pre-dyskinesia due to residual effects from pre-

vious antipsychotic medications, coupledvious antipsychotic medications, coupled

with discontinuation of anticholinergicswith discontinuation of anticholinergics

(Woods, 1999), rather than a true associa-(Woods, 1999), rather than a true associa-

tion of placebo and tardive dyskinesia.tion of placebo and tardive dyskinesia.

The other three randomised trials usedThe other three randomised trials used

haloperidol as the comparator at relativelyhaloperidol as the comparator at relatively

high doses (13–15 mg), without prophylac-high doses (13–15 mg), without prophylac-

tic anticholinergics. Using data from thetic anticholinergics. Using data from the

trial with the largest number of participantstrial with the largest number of participants

(Beasley(Beasley et alet al, 1999), Correll, 1999), Correll et alet al (2004)(2004)

included only those patients with 6 weeksincluded only those patients with 6 weeks

or more of treatment which left only 36%or more of treatment which left only 36%

of the original 1714 participants, a notableof the original 1714 participants, a notable

attrition from the original randomisedattrition from the original randomised

sample. In the original publicationsample. In the original publication thatthat

included the entire sample (Beasleyincluded the entire sample (Beasley et alet al,,

1999) 35 of 48 (73%) cases of tardive1999) 35 of 48 (73%) cases of tardive

dyskinesia occurred during the first 6dyskinesia occurred during the first 6

weeks, further suggesting that withdrawalweeks, further suggesting that withdrawal

dyskinesia or extrapyramidal side-effectsdyskinesia or extrapyramidal side-effects

were not well differentiated from tardivewere not well differentiated from tardive

dyskinesia. In a third study, incidence ofdyskinesia. In a third study, incidence of

tardive dyskinesia was based on simpletardive dyskinesia was based on simple

adverse events reporting, an imprecise andadverse events reporting, an imprecise and

unstandardised measure of this complexunstandardised measure of this complex

syndrome (Csernanskysyndrome (Csernansky et alet al, 2002)., 2002).

Although the experimental data sup-Although the experimental data sup-

porting reduced risk of this side-effect withporting reduced risk of this side-effect with

second-generation antipsychotics are thussecond-generation antipsychotics are thus

flawed, the conviction that these drugsflawed, the conviction that these drugs

lower the risk of tardive dyskinesia is notlower the risk of tardive dyskinesia is not

entirely based on such direct evidence.entirely based on such direct evidence.

Many have inferred that less frequentMany have inferred that less frequent

occurrence of extrapyramidal symptomsoccurrence of extrapyramidal symptoms

with these drugs results in a lower risk ofwith these drugs results in a lower risk of

tardive dyskinesia (Tamminga & Woerner,tardive dyskinesia (Tamminga & Woerner,

2002; Tarsey & Baldessarini, 2006; Ten-2002; Tarsey & Baldessarini, 2006; Ten-

backback et alet al, 2006). However, a meta-analysis, 2006). However, a meta-analysis

of 31 randomised controlled trials that in-of 31 randomised controlled trials that in-

cluded 2320 patients found no differencecluded 2320 patients found no difference

in risk of extrapyramidal symptoms be-in risk of extrapyramidal symptoms be-

tween low-potency first-generation drugstween low-potency first-generation drugs

and second-generation drugs other thanand second-generation drugs other than

clozapine (Leuchtclozapine (Leucht et alet al, 2003). Nor has, 2003). Nor has

the hypothesis been sustained that anticho-the hypothesis been sustained that anticho-

linergics, prescribed to prevent extrapyra-linergics, prescribed to prevent extrapyra-

midal symptoms, themselves increase riskmidal symptoms, themselves increase risk

of tardive dyskinesia (Gardos & Cole,of tardive dyskinesia (Gardos & Cole,

1983). It is thus likely that the reduction in1983). It is thus likely that the reduction in

risk of extrapyramidal symptoms as well asrisk of extrapyramidal symptoms as well as

of tardive dyskinesia with second-generationof tardive dyskinesia with second-generation

antipsychotics has been overstated.antipsychotics has been overstated.

Perhaps because larger numbers ofPerhaps because larger numbers of

patients have now been exposed to thepatients have now been exposed to the

newer antipsychotics, recent observationalnewer antipsychotics, recent observational

studies (Hallidaystudies (Halliday et alet al, 2002; Lee, 2002; Lee et alet al,,

2005; Rochon2005; Rochon et alet al, 2005; Woods, personal, 2005; Woods, personal

communication, 2007) as well as random-communication, 2007) as well as random-

ised trials (Liebermanised trials (Lieberman et alet al, 2005; Jones, 2005; Jones etet

alal, 2006), 2006) have found rates of extrapyrami-have found rates of extrapyrami-

dal side-effects and tardive dyskinesia thatdal side-effects and tardive dyskinesia that

were no greater with first-generation thanwere no greater with first-generation than

second-generation drugs. Since evidencesecond-generation drugs. Since evidence

for the superiority of the newer anti-for the superiority of the newer anti-

psychotic (other than the infrequentlypsychotic (other than the infrequently

used drug clozapine) is weak, and contraryused drug clozapine) is weak, and contrary

evidence is increasing, the 4.6% attributableevidence is increasing, the 4.6% attributable

risk advantage that we use in our analysisrisk advantage that we use in our analysis

is likely to be an optimistic,is likely to be an optimistic, upper-boundupper-bound

estimate for adults with schizophrenia.estimate for adults with schizophrenia.

SeveritySeverity

Severity of illness and functional impair-Severity of illness and functional impair-

ment are central to health outcomement are central to health outcome

assessment but have been largely neglectedassessment but have been largely neglected

in research on tardive dyskinesia. The mostin research on tardive dyskinesia. The most

widely used measure of this disorder, thewidely used measure of this disorder, the

10-item Abnormal Involuntary Movements10-item Abnormal Involuntary Movements

Scale (AIMS; Guy, 1976), rates involuntaryScale (AIMS; Guy, 1976), rates involuntary

movements in seven topographic bodymovements in seven topographic body

zones (e.g. mouth, arms, trunk) and alongzones (e.g. mouth, arms, trunk) and along

three global dimensions (objective severity,three global dimensions (objective severity,

subjective experience and functional im-subjective experience and functional im-

pairment). The definition of tardivepairment). The definition of tardive

dyskinesia used in most studies is a dichot-dyskinesia used in most studies is a dichot-

omous measure representing onset of eitheromous measure representing onset of either

moderately severe movements in one of themoderately severe movements in one of the

seven body zones or mild movements inseven body zones or mild movements in

two (Schooler & Kane, 1982). Only a fewtwo (Schooler & Kane, 1982). Only a few

published studies have reported data frompublished studies have reported data from

the global severity ratings that are includedthe global severity ratings that are included

in the AIMS, although severity shouldin the AIMS, although severity should

clearly be considered in the evaluation ofclearly be considered in the evaluation of

any health outcome. One study of out-any health outcome. One study of out-

patients with first-episode schizophreniapatients with first-episode schizophrenia

reported that of the 16% of patients whoreported that of the 16% of patients who

developed tardive dyskinesia, 89% haddeveloped tardive dyskinesia, 89% had

mild symptoms, 11% moderate symptomsmild symptoms, 11% moderate symptoms

and none severe symptoms of this side-and none severe symptoms of this side-

effect (Chakoseffect (Chakos et alet al, 1996). A recent, 1996). A recent

European study of 8739 chronically illEuropean study of 8739 chronically ill

out-patients found that of 9.4% with evi-out-patients found that of 9.4% with evi-

dence of tardive dyskinesia, 80% had nodence of tardive dyskinesia, 80% had no

significant interference in functioning orsignificant interference in functioning or

quality of life from it (Tenbackquality of life from it (Tenback et alet al,,

2006). Thus 80–90% of out-patients with2006). Thus 80–90% of out-patients with

schizophrenia diagnosed with tardive dys-schizophrenia diagnosed with tardive dys-

kinesia appear to have mild symptoms.kinesia appear to have mild symptoms.

For contrast, we present new data fromFor contrast, we present new data from

participants in two large US Department ofparticipants in two large US Department of

Veterans Affairs (VA) trials of psychiatricVeterans Affairs (VA) trials of psychiatric

in-patients – patients whose illness isin-patients – patients whose illness is

presumably more severe – for whom bothpresumably more severe – for whom both

baseline and 1-year follow-up data werebaseline and 1-year follow-up data were

available. The first trial involved partici-available. The first trial involved partici-

pants with refractory schizophrenia whopants with refractory schizophrenia who

were receiving in-patient treatment withwere receiving in-patient treatment with

clozapine or haloperidol (Rosenheckclozapine or haloperidol (Rosenheck et alet al,,

1997); and the second, in-patients who1997); and the second, in-patients who

were assigned to olanzapine or haloperidolwere assigned to olanzapine or haloperidol

(Rosenheck(Rosenheck et alet al, 2003). Since there were, 2003). Since there were

robust differences in tardive dyskinesia be-robust differences in tardive dyskinesia be-

tween treatment groups in the first study,tween treatment groups in the first study,

we present data separately for each treat-we present data separately for each treat-

ment group. Data from the second studyment group. Data from the second study

are pooled (Table 1). Over the 1-yearare pooled (Table 1). Over the 1-year

follow-up, the prevalence of any tardivefollow-up, the prevalence of any tardive

dyskinesia (mild to severe) was more thandyskinesia (mild to severe) was more than

halved among patients taking clozapine,halved among patients taking clozapine,

declined only slightly among those takingdeclined only slightly among those taking
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haloperidol in the same trial and was un-haloperidol in the same trial and was un-

changed in the study of patients treatedchanged in the study of patients treated

with olanzapine and haloperidol (Table 1,with olanzapine and haloperidol (Table 1,

row 1).row 1).

Of patients with any tardive dyskinesia,Of patients with any tardive dyskinesia,

a half to a quarter had moderate–severea half to a quarter had moderate–severe

ratings initially (Table 1, row 4), andratings initially (Table 1, row 4), and

samples that had no change in the overall ratesamples that had no change in the overall rate

of this condition showed sharp declines inof this condition showed sharp declines in

rates of moderate–severe symptoms – by wellrates of moderate–severe symptoms – by well

over a third in the clozapine–haloperidolover a third in the clozapine–haloperidol

study and by almost half in the olanzapine–study and by almost half in the olanzapine–

haloperidol study – so that at 12 monthshaloperidol study – so that at 12 months

71–87% of those with tardive dyskinesia71–87% of those with tardive dyskinesia

had mild illness (Table 1). Even smallerhad mild illness (Table 1). Even smaller

proportions of these patients reportedproportions of these patients reported

moderate to severe subjective distress aboutmoderate to severe subjective distress about

their tardive dyskinesia – 17% to 30%their tardive dyskinesia – 17% to 30%

across the three samples at baseline – andacross the three samples at baseline – and

only 3–16% reported moderate to severeonly 3–16% reported moderate to severe

distress 1 year later (Table 1, row 6). Rat-distress 1 year later (Table 1, row 6). Rat-

ings of moderate to severe functionalings of moderate to severe functional

impairment due to tardive dyskinesiaimpairment due to tardive dyskinesia

affected about 10% of those with thisaffected about 10% of those with this

condition at baseline and declined tocondition at baseline and declined to

substantially less than 5% at 1 yearsubstantially less than 5% at 1 year

(Table 1; row 7). Thus published data,(Table 1; row 7). Thus published data,

although limited, suggest that only 10–although limited, suggest that only 10–

20% of identified tardive dyskinesia among20% of identified tardive dyskinesia among

out-patients is rated as more than mildout-patients is rated as more than mild

(Chakos(Chakos et alet al, 1996; Tenback, 1996; Tenback et alet al, 2006),, 2006),

and data from hospitalised patients showand data from hospitalised patients show

only a third to a half of those with theonly a third to a half of those with the

disorder to have moderate or more severedisorder to have moderate or more severe

ratings, dropping to about a quarter 1 yearratings, dropping to about a quarter 1 year

later. Prevalence of moderate subjective dis-later. Prevalence of moderate subjective dis-

tress or dysfunction was even less frequent,tress or dysfunction was even less frequent,

affecting no more than 10%. The fact thataffecting no more than 10%. The fact that

tardive dyskinesia can be severe andtardive dyskinesia can be severe and

debilitating in infrequent cases must notdebilitating in infrequent cases must not

be minimised, but a health outcomes per-be minimised, but a health outcomes per-

spective must recognise that most tardivespective must recognise that most tardive

dyskinesia is mild and causes limiteddyskinesia is mild and causes limited

distress or impairment.distress or impairment.

Changing incidence and recoveryChanging incidence and recovery

In a long-term study of 971 patients withIn a long-term study of 971 patients with

schizophrenia, initiated during the 1970s,schizophrenia, initiated during the 1970s,

the incidence of tardive dyskinesia withthe incidence of tardive dyskinesia with

first-generation antipsychotic therapy de-first-generation antipsychotic therapy de-

clined with time, from 6.1% in the firstclined with time, from 6.1% in the first

year of illness to 2.1% by year 20year of illness to 2.1% by year 20

(Tamminga & Woerner, 2002). Unfortu-(Tamminga & Woerner, 2002). Unfortu-

nately, similar longitudinal data are notnately, similar longitudinal data are not

available concerning treatment with sec-available concerning treatment with sec-

ond-generation antipsychotics.ond-generation antipsychotics.

A recent 1-year clinical trial that in-A recent 1-year clinical trial that in-

volved first-episode schizophrenia foundvolved first-episode schizophrenia found

that among those treated with haloperidol,that among those treated with haloperidol,

9% had persistent tardive dyskinesia9% had persistent tardive dyskinesia

compared with 5% of those treated withcompared with 5% of those treated with

risperidone (risperidone (PP¼0.28) (Schooler0.28) (Schooler et alet al,,

2005). However, these persistent cases re-2005). However, these persistent cases re-

presented only 19% of all diagnosed tard-presented only 19% of all diagnosed tard-

ive dyskinesia, 81% of which lasted lessive dyskinesia, 81% of which lasted less

than 3 months, with similar recovery ratesthan 3 months, with similar recovery rates

for the two drugs (80%for the two drugs (80% v.v. 82%). In an82%). In an

earlier era, Chakosearlier era, Chakos et alet al (1996) reported(1996) reported

that in first-episode schizophrenia 24% ofthat in first-episode schizophrenia 24% of

people experiencing episodes of tardive dys-people experiencing episodes of tardive dys-

kinesia showed recovery within 3 months,kinesia showed recovery within 3 months,

rising to 35% of those with onset in yearrising to 35% of those with onset in year

2, and then falling to 11% of those with2, and then falling to 11% of those with

onset in year 4. In the previously citedonset in year 4. In the previously cited

long-term study of first-generation anti-long-term study of first-generation anti-

psychotics (Tamminga & Woerner, 2002),psychotics (Tamminga & Woerner, 2002),

40% of those tardive dyskinesia with onset40% of those tardive dyskinesia with onset

during the first year of illness recoveredduring the first year of illness recovered

within 3 months; this figure dropped towithin 3 months; this figure dropped to

26% of incident cases in year 5 and to26% of incident cases in year 5 and to

19% in year 15.19% in year 15.

Although estimates of onset and recov-Although estimates of onset and recov-

ery from tardive dyskinesia thus varyery from tardive dyskinesia thus vary

widely across studies, it appears that itswidely across studies, it appears that its

annual incidence in patients taking conven-annual incidence in patients taking conven-

tional antipsychotics drops from 6% to 2%tional antipsychotics drops from 6% to 2%

over 20 years, whereas recovery can be asover 20 years, whereas recovery can be as

high as 80% in the first year but alsohigh as 80% in the first year but also

declines, to as little as 15%, in later years.declines, to as little as 15%, in later years.

Although comparable data are notAlthough comparable data are not

available for second-generation drugs,available for second-generation drugs,

evaluation of the health consequences ofevaluation of the health consequences of

tardive dyskinesia should consider recoverytardive dyskinesia should consider recovery

rates as well as incidence rates.rates as well as incidence rates.

Treatment of tardive dyskinesiaTreatment of tardive dyskinesia
with second-generation drugswith second-generation drugs

There have been reports that tardiveThere have been reports that tardive

dyskinesia can be effectively treated withdyskinesia can be effectively treated with

second-generation antipsychotics. Althoughsecond-generation antipsychotics. Although

it has long been claimed that, paradoxi-it has long been claimed that, paradoxi-

cally, either lowering or increasing thecally, either lowering or increasing the

dosage of first-generation drugs can some-dosage of first-generation drugs can some-

times reduce symptoms of this disordertimes reduce symptoms of this disorder

(Tamminga & Woerner, 2002), recent(Tamminga & Woerner, 2002), recent

studies involving clozapine (Tammingastudies involving clozapine (Tamminga etet

alal, 1994) and olanzapine (Kinon, 1994) and olanzapine (Kinon et alet al,,

2004) suggest more complete recovery with2004) suggest more complete recovery with

the newer drugs. After one sample ofthe newer drugs. After one sample of

patients with tardive dyskinesia werepatients with tardive dyskinesia were

treated for several months with olanzapine,treated for several months with olanzapine,

they showed little evidence of recurrencethey showed little evidence of recurrence

when dosages were subsequently reduced.when dosages were subsequently reduced.

The 4.6% reduction in risk estimated forThe 4.6% reduction in risk estimated for

second-generation antipsychotics in thesecond-generation antipsychotics in the
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Table1Table1 Distribution of severity of tardive dyskinesia at baseline and at1-year follow-up in three samplesDistribution of severity of tardive dyskinesia at baseline and at1-year follow-up in three samples

In-patients with refractoryIn-patients with refractory

schizophreniaschizophrenia11
In-patients with non-refractoryIn-patients with non-refractory

schizophreniaschizophrenia22

Clozapine (Clozapine (nn¼121)121) Haloperidol (Haloperidol (nn¼110)110) All patients (All patients (nn¼177)177)

BaselineBaseline 12 months12 months BaselineBaseline 12 months12 months BaselineBaseline 12 months12 months

AnyTD, %AnyTD, % 3636 1717 3838 3434 2828 2828

Percentage of patients with anyTD, %Percentage of patients with anyTD, % 100100 100100 100100 100100 100100 100100

Mild TDMild TD 7373 7171 5555 8787 5757 7272

Moderate^severeTDModerate^severeTD 2727 2929 4545 1313 4343 2828

Anypatient awarenessAnypatient awareness 7878 3333 5959 2525 5252 3333

Moderate^severe subjective distressModerate^severe subjective distress 3030 1010 2424 33 1717 1616

Any functional impairmentAny functional impairment 3939 1919 3636 1313 2121 2020

Moderate^severe impairmentModerate^severe impairment 77 55 1212 33 22 44

TD, tardive dyskinesia.TD, tardive dyskinesia.
1. Rosenheck1. Rosenheck et alet al (1997).(1997).
2. Rosenheck2. Rosenheck et alet al (2003).(2003).
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comprehensive review (Correllcomprehensive review (Correll et alet al, 2004), 2004)

does not address the potential benefit ofdoes not address the potential benefit of

switching to these drugs that may be availableswitching to these drugs that may be available

to patients who develop tardive dyskinesiato patients who develop tardive dyskinesia

while taking a conventional antipsychotic.while taking a conventional antipsychotic.

It is notable in this respect that the costIt is notable in this respect that the cost

estimates we use below for first-generationestimates we use below for first-generation

antipsychotics from the Clinical Anti-antipsychotics from the Clinical Anti-

psychotic Trials of Intervention Effective-psychotic Trials of Intervention Effective-

ness (CATIE) (Rosenheckness (CATIE) (Rosenheck et alet al, 2006),, 2006),

incorporate the cost of the transition ofincorporate the cost of the transition of

about half of the patients receiving theseabout half of the patients receiving these

drugs to treatment with second-generationdrugs to treatment with second-generation

antipsychotics, as occurred during the trial.antipsychotics, as occurred during the trial.

The cost data used in our descriptive cost-The cost data used in our descriptive cost-

effectiveness analysis thus favour the newereffectiveness analysis thus favour the newer

drugs because they incorporate the natural-drugs because they incorporate the natural-

istic cost impact of patients’ switch in treat-istic cost impact of patients’ switch in treat-

ment. Thus, even though tardive dyskinesiament. Thus, even though tardive dyskinesia

was not the reason for most of the treat-was not the reason for most of the treat-

ment switches in CATIE, our cost estimatesment switches in CATIE, our cost estimates

include the costs that would be incurredinclude the costs that would be incurred

through switching patients from conven-through switching patients from conven-

tional to atypical antipsychotics – switchingtional to atypical antipsychotics – switching

that would further lower the risk of tardivethat would further lower the risk of tardive

dyskinesia in real-world practice and thatdyskinesia in real-world practice and that

might foster recovery from cases of thismight foster recovery from cases of this

side-effect that had occurred. The 4.5%side-effect that had occurred. The 4.5%

benefit in tardive dyskinesia reduction withbenefit in tardive dyskinesia reduction with

second-generation antipsychotics wouldsecond-generation antipsychotics would

thus be reduced in real-world practice.thus be reduced in real-world practice.

Tardive dyskinesia and qualityTardive dyskinesia and quality
of lifeof life

Although assessment of quality of life is anAlthough assessment of quality of life is an

essential feature of health outcomes re-essential feature of health outcomes re-

search, only one small study (search, only one small study (nn¼60) has60) has

examined the association of tardive dys-examined the association of tardive dys-

kinesia and reduced quality of life. Thiskinesia and reduced quality of life. This

study found modestly lower quality of lifestudy found modestly lower quality of life

in patients with this condition, but thein patients with this condition, but the

sample was too small to allow statisticalsample was too small to allow statistical

adjustment for the greater severity ofadjustment for the greater severity of

schizophrenia symptoms that was alsoschizophrenia symptoms that was also

found in these patients and could have beenfound in these patients and could have been

the cause of their lower quality of lifethe cause of their lower quality of life

(Browne(Browne et alet al, 1996)., 1996).

To examine this issue further weTo examine this issue further we

present more data from the two VA clinicalpresent more data from the two VA clinical

trials referenced above (Rosenhecktrials referenced above (Rosenheck et alet al,,

1997, 2003). In these analyses average1997, 2003). In these analyses average

scores on the Heinrichs–Carpenter Qualityscores on the Heinrichs–Carpenter Quality

of Life Interview (QoLI; Heinrichsof Life Interview (QoLI; Heinrichs et alet al,,

1984) were compared across different levels1984) were compared across different levels

of tardive dyskinesia, as defined by theof tardive dyskinesia, as defined by the

overall global severity scale of the AIMS.overall global severity scale of the AIMS.

The QoLI is a 20-item, schizophrenia-The QoLI is a 20-item, schizophrenia-

specific scale that assesses social and instru-specific scale that assesses social and instru-

mental functioning, community activitiesmental functioning, community activities

and intrapsychic (subjective) well-being.and intrapsychic (subjective) well-being.

Items are scored from 0 to 6 (total scoreItems are scored from 0 to 6 (total score

range 0–120), with higher scores indicatingrange 0–120), with higher scores indicating

better quality of life. Because (as notedbetter quality of life. Because (as noted

above) symptoms of schizophrenia areabove) symptoms of schizophrenia are

likely to have a potentially confounding im-likely to have a potentially confounding im-

pact on analysis of the relationship betweenpact on analysis of the relationship between

tardive dyskinesia and quality of life, wetardive dyskinesia and quality of life, we

also analysed these data with multivariatealso analysed these data with multivariate

adjustment for the Positive and Negativeadjustment for the Positive and Negative

Syndrome Scale (PANSS; KaySyndrome Scale (PANSS; Kay et alet al, 1987)., 1987).

Data from the clozapine–haloperidolData from the clozapine–haloperidol

study (Rosenheckstudy (Rosenheck et alet al, 1997) showed a, 1997) showed a

small but progressive decline in quality ofsmall but progressive decline in quality of

life with more severe tardive dyskinesialife with more severe tardive dyskinesia

(Table 2). Patients with moderate or severe(Table 2). Patients with moderate or severe

tardive dyskinesia had 12.3% lower QoLItardive dyskinesia had 12.3% lower QoLI

scores than those without this side-effect,scores than those without this side-effect,

and severity of dyskinesia explained lessand severity of dyskinesia explained less

than 1% of QoLI variance. After covaryingthan 1% of QoLI variance. After covarying

for schizophrenia symptoms there was nofor schizophrenia symptoms there was no

significant difference in QoLI scores acrosssignificant difference in QoLI scores across

tardive dyskinesia severity levels (tardive dyskinesia severity levels (PP¼0.43)0.43)

(Table 2), but the model explained 36%(Table 2), but the model explained 36%

of the variance. Differences in symptom se-of the variance. Differences in symptom se-

verity in this sample thus entirely accountedverity in this sample thus entirely accounted

for the modest differences in quality of lifefor the modest differences in quality of life

associated with tardive dyskinesia.associated with tardive dyskinesia.

Data from the VA study of patientsData from the VA study of patients

with non-refractory disorder (Rosenheckwith non-refractory disorder (Rosenheck

et alet al, 2003) also showed significantly lower, 2003) also showed significantly lower

quality-of-life scores with tardive dyskine-quality-of-life scores with tardive dyskine-

sia (by 5–9%; Table 2), again explainingsia (by 5–9%; Table 2), again explaining

only 1% of the variance. After adjustingonly 1% of the variance. After adjusting

for symptom severity, differences in QoLIfor symptom severity, differences in QoLI

scores with tardive dyskinesia remained sta-scores with tardive dyskinesia remained sta-

tistically significant (tistically significant (PP¼0.002), but the var-0.002), but the var-

iance explained by the model increased toiance explained by the model increased to

24%. Severity of tardive dyskinesia thus24%. Severity of tardive dyskinesia thus

explained only 4.5% of total explainedexplained only 4.5% of total explained

variance in quality of life when symptomsvariance in quality of life when symptoms

of schizophrenia were also considered.of schizophrenia were also considered.

Although these analyses demonstrate aAlthough these analyses demonstrate a

significant relationship between tardivesignificant relationship between tardive

dyskinesia and a disease-specific measuredyskinesia and a disease-specific measure

of quality of life the effect of this disorderof quality of life the effect of this disorder

was small, with a 5–12% reduction in mag-was small, with a 5–12% reduction in mag-

nitude of QoLI scores and annitude of QoLI scores and an rr22 value ofvalue of

about 1%, suggesting that it explained onlyabout 1%, suggesting that it explained only

1% of the variance in quality of life, a far1% of the variance in quality of life, a far

smaller proportion than symptoms ofsmaller proportion than symptoms of

schizophrenia.schizophrenia.

Tardive dyskinesia and qualityTardive dyskinesia and quality
of life in cost-effectiveness analysisof life in cost-effectiveness analysis

Cost-effectiveness analysis is based on theCost-effectiveness analysis is based on the

use of a common metric for health out-use of a common metric for health out-

comes that is not specific to any particularcomes that is not specific to any particular

illness. The standard measure of quality ofillness. The standard measure of quality of

life for such analyses, as recommended bylife for such analyses, as recommended by

the 1996 US Public Health Service Taskthe 1996 US Public Health Service Task

Force (GoldForce (Gold et alet al, 1996), is the quality-, 1996), is the quality-

adjusted life-year (QALY), a year of lifeadjusted life-year (QALY), a year of life

rated on a scale from 0 (worst possiblerated on a scale from 0 (worst possible

health) to 1 (perfect health). These unitshealth) to 1 (perfect health). These units

are assessed with methods in which dis-are assessed with methods in which dis-

ease-specific health states are evaluatedease-specific health states are evaluated

with universal health equivalents such aswith universal health equivalents such as

the risk of death or years of life lost, andthe risk of death or years of life lost, and

with procedures such as the ‘standardwith procedures such as the ‘standard

gamble’ or the ‘time trade-off’.gamble’ or the ‘time trade-off’.

A recent series of studies has estimatedA recent series of studies has estimated

QALYs in schizophrenia using a multistepQALYs in schizophrenia using a multistep

procedure (Lenertprocedure (Lenert et alet al, 2003, 2004; Mohr, 2003, 2004; Mohr

et alet al, 2004). First, on the basis of cluster, 2004). First, on the basis of cluster

analysis of a large PANSS data-set, eightanalysis of a large PANSS data-set, eight

empirically derived schizophrenia healthempirically derived schizophrenia health

states were defined. Next, a group ofstates were defined. Next, a group of

experts working with professional actorsexperts working with professional actors

developed video scripts to convey thesedeveloped video scripts to convey these

health states to raters, along with five com-health states to raters, along with five com-

mon drug side-effects, including severemon drug side-effects, including severe

tardive dyskinesia. Using these video pre-tardive dyskinesia. Using these video pre-

sentations, the health states were rated bysentations, the health states were rated by

620 members of the general public using620 members of the general public using

the standard gamble, the favoured methodthe standard gamble, the favoured method

for measuring QALYs (Goldfor measuring QALYs (Gold et alet al, 1996)., 1996).

In the standard gamble people are queriedIn the standard gamble people are queried

about the risk of death that they wouldabout the risk of death that they would

accept to be cured of each health state,accept to be cured of each health state,

e.g. ‘If you were in this health state, howe.g. ‘If you were in this health state, how

great a risk of dying would you accept togreat a risk of dying would you accept to

be fully cured?’ In particular, one videobe fully cured?’ In particular, one video

clip, determined by the panel of experts toclip, determined by the panel of experts to

represent a case of severe tardive dyskine-represent a case of severe tardive dyskine-

sia, showed a man with relentless jaw andsia, showed a man with relentless jaw and

arm movements, who had difficulty speak-arm movements, who had difficulty speak-

ing and with whom his doctor expressesing and with whom his doctor expresses

sympathy but no hope of cure. Peoplesympathy but no hope of cure. People

imagining that they were in this health stateimagining that they were in this health state

were willing to accept a 14.3% chance ofwere willing to accept a 14.3% chance of

death on average if they could be cured ofdeath on average if they could be cured of

this problem, a modest effect consistentthis problem, a modest effect consistent

with the analysis of QoLI data reportedwith the analysis of QoLI data reported

above. The resultant QALY rating, deter-above. The resultant QALY rating, deter-

mined by subtracting the accepted risk ofmined by subtracting the accepted risk of

death from 1.0 (perfect health) would bedeath from 1.0 (perfect health) would be

0.857. The QALYs derived through this0.857. The QALYs derived through this

series of videotaped vignettes using thisseries of videotaped vignettes using this

method ranged from 0.44 to 0.88 for themethod ranged from 0.44 to 0.88 for the

eight schizophrenia health states, whereaseight schizophrenia health states, whereas

QALYs for side-effects ranged from a lowQALYs for side-effects ranged from a low

of 0.857 for severe tardive dyskinesia toof 0.857 for severe tardive dyskinesia to

0.959 for weight gain.0.959 for weight gain.

Cost-effectivenessCost-effectiveness

In summarising the diverse array of infor-In summarising the diverse array of infor-

mation presented above, we again followmation presented above, we again follow
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the method of calculation recommended bythe method of calculation recommended by

the US Public Health Service Task Forcethe US Public Health Service Task Force

(Gold(Gold et alet al, 1996) for comparing the cost-, 1996) for comparing the cost-

effectiveness of treatments: the incrementaleffectiveness of treatments: the incremental

cost-effectiveness ratio (ICER), the ratio ofcost-effectiveness ratio (ICER), the ratio of

differences in the cost of treatments to dif-differences in the cost of treatments to dif-

ferences in their benefits. This ratio reflectsferences in their benefits. This ratio reflects

how much one would have to pay, on aver-how much one would have to pay, on aver-

age, for a certain benefit. We apply a rangeage, for a certain benefit. We apply a range

of estimated ICERs in a sensitivity analysisof estimated ICERs in a sensitivity analysis

of best-case and worst-case scenarios, toof best-case and worst-case scenarios, to

evaluate the consistency of the resultsevaluate the consistency of the results

across different measures and assumptionsacross different measures and assumptions

based on the diverse data reviewed above.based on the diverse data reviewed above.

Cost differencesCost differences

For the incremental cost of second-For the incremental cost of second-

generation antipsychotics we use threegeneration antipsychotics we use three

annualised estimates derived from theannualised estimates derived from the

CATIE study (RosenheckCATIE study (Rosenheck et alet al, 2006), 2006)

(Table 3), a randomised trial of over(Table 3), a randomised trial of over

1400 patients assigned to receive one first-1400 patients assigned to receive one first-

generation antipsychotic (perphenazine) orgeneration antipsychotic (perphenazine) or

one of four second-generation drugs (olan-one of four second-generation drugs (olan-

zapine, risperidone, quetiapine or ziprasi-zapine, risperidone, quetiapine or ziprasi-

done) and followed for 18 months. Thedone) and followed for 18 months. The

three cost estimates include:three cost estimates include:

(a)(a) a lower-bound estimate of £1200a lower-bound estimate of £1200

($2400) per year based on stable drug($2400) per year based on stable drug

cost differences of £100 ($200) percost differences of £100 ($200) per

month between perphenazine andmonth between perphenazine and

second-generation antipsychotics duringsecond-generation antipsychotics during

the last 9 months of the trial, whenthe last 9 months of the trial, when

many patients assigned to perphenazinemany patients assigned to perphenazine

were taking the newer drugswere taking the newer drugs

(Rosenheck(Rosenheck et alet al, 2006);, 2006);

(b)(b) an intermediate cost estimate ofan intermediate cost estimate of

£1700 ($3500) per year (the annualised£1700 ($3500) per year (the annualised

difference in monthly total health costsdifference in monthly total health costs

between perphenazine and olanzapine,between perphenazine and olanzapine,

the next least costly treatment, overthe next least costly treatment, over

the entire trial);the entire trial);

(c)(c) an upper-bound cost difference ofan upper-bound cost difference of

£3100 ($6200) per year, representing£3100 ($6200) per year, representing

the annualised total health cost differ-the annualised total health cost differ-

ence between perphenazine and quetia-ence between perphenazine and quetia-

pine, the most expensive treatment inpine, the most expensive treatment in

the trial.the trial.

These annualised cost estimates areThese annualised cost estimates are

similar to those suggested in two sets ofsimilar to those suggested in two sets of

published cost estimates presented forpublished cost estimates presented for

application to the CATIE data (Basilapplication to the CATIE data (Basil et alet al,,

2006; Davis, 2006) as well as to the results2006; Davis, 2006) as well as to the results

of two other clinical trials that comparedof two other clinical trials that compared

the costs of first- and second-generationthe costs of first- and second-generation

antipsychotics (Rosenheckantipsychotics (Rosenheck et alet al, 2003;, 2003;

JonesJones et alet al, 2006). None of the specific, 2006). None of the specific

trials that evaluated risk of tardive dyskine-trials that evaluated risk of tardive dyskine-

sia included cost estimates, but we believesia included cost estimates, but we believe

these estimated cost differences representthese estimated cost differences represent

an appropriate range and are consistentan appropriate range and are consistent

with many studies.with many studies.

Cost-effectivenessCost-effectiveness

In our first estimate of cost-effectivenessIn our first estimate of cost-effectiveness

we used the best-case scenario for second-we used the best-case scenario for second-

generation antipsychotics, i.e. the smallestgeneration antipsychotics, i.e. the smallest

estimate of increased costs and the greatestestimate of increased costs and the greatest

estimate of health gain. The lowest costestimate of health gain. The lowest cost

difference from CATIE (£1200 or $2400)difference from CATIE (£1200 or $2400)

and greatest benefit for second-generationand greatest benefit for second-generation

drugs (4.6% fewer cases) as suggested bydrugs (4.6% fewer cases) as suggested by

(Correll(Correll et alet al (2004) yielded an ICER of(2004) yielded an ICER of

£26 000 ($52 000) per case of tardive dys-£26 000 ($52 000) per case of tardive dys-

kinesia avoided, increasing to £68 000kinesia avoided, increasing to £68 000

($135 000) per case avoided with the higher($135 000) per case avoided with the higher

cost estimates (Table 3, row 2). In terms ofcost estimates (Table 3, row 2). In terms of

cost per QALY, this analysis is the equiva-cost per QALY, this analysis is the equiva-

lent of assuming that each case of tardivelent of assuming that each case of tardive

dyskinesia prevented represents a 1.0dyskinesia prevented represents a 1.0

QALY gain, i.e. the equivalent of avoidingQALY gain, i.e. the equivalent of avoiding

death and maintaining perfect health fordeath and maintaining perfect health for

4.6% of those treated. In our second4.6% of those treated. In our second

approximation we used the more realisticapproximation we used the more realistic

published estimate of a 0.143 reduction inpublished estimate of a 0.143 reduction in

QALYs per case of severe tardive dyskinesiaQALYs per case of severe tardive dyskinesia

(Lenert(Lenert et alet al, 2004) rather than the 1.0, 2004) rather than the 1.0

QALY estimate used in the first analysis.QALY estimate used in the first analysis.

In this second analysis we assumed thatIn this second analysis we assumed that

all cases of tardive dyskinesia were severeall cases of tardive dyskinesia were severe

(in spite of the evidence presented above(in spite of the evidence presented above

that this is not the case). In this set ofthat this is not the case). In this set of

analyses ICERs ranged from £186 000analyses ICERs ranged from £186 000

($373 000) per QALY to £483 000($373 000) per QALY to £483 000

($965 000) per QALY (Table 3, row 3).($965 000) per QALY (Table 3, row 3).
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Table 2Table 2 Qualityof Life Interview scores (least squaremeans) by severityof tardive dyskinesia (analysis of covariancebased on all available observations from423 and 309Qualityof Life Interview scores (least squaremeans) by severityof tardive dyskinesia (analysis of covariancebased on all available observations from 423 and 309

unique patients respectively in each sample)unique patients respectively in each sample)

Severity of TDSeverity of TD11 PP RR22 (%)(%) VarianceVariance

NoTDNoTD MarginalMarginal MildMild Moderate/Moderate/

severesevere

explained byexplained by

TD (%)TD (%)

In-patients with refractory schizophreniaIn-patients with refractory schizophrenia

(Rosenheck(Rosenheck et alet al, 1997), 1997)

nn 989989 498498 499499 142142

Unadjustedmean QoLI scoreUnadjustedmean QoLI score 43.243.2 42.042.0 40.340.3 37.937.9 550.0010.001 0.70.7

Difference from patients with noTD, %Difference from patients with noTD, % 0.00.0 772.72.7 776.76.7 7712.312.3

Mean QoLI score adjusted for symptomsMean QoLI score adjusted for symptoms22 41.441.4 42.742.7 42.042.0 42.242.2 0.430.43 36.336.3 1.91.9

Difference from patients with noTD, %Difference from patients with noTD, % 0.00.0 3.23.2 1.41.4 2.02.0

In-patients with non-refractory schizophreniaIn-patients with non-refractory schizophrenia

(Rosenheck(Rosenheck et alet al, 2003), 2003)

nn 637637 266266 269269 107107

Unadjustedmean QoLI scoreUnadjustedmean QoLI score 49.049.0 44.844.8 46.546.5 45.445.4 0.0030.003 1.11.1

Difference from patients with noTD, %Difference from patients with noTD, % 0.00.0 778.68.6 775.15.1 777.37.3

Mean QoLI score adjusted for symptomsMean QoLI score adjusted for symptoms22 48.948.9 44.944.9 46.646.6 46.646.6 0.0020.002 24.524.5 4.54.5

Difference from patients with noTD, %Difference from patients with noTD, % 0.00.0 778.28.2 774.74.7 774.84.8

QoLI,Quality of Life Interview;TD, tardive dyskinesia.QoLI,Quality of Life Interview;TD, tardive dyskinesia.
1. Global scores on the Abnormal Involuntary Movements Scale.1. Global scores on the Abnormal Involuntary Movements Scale.
2. Rated on the Positive and Negative Syndrome Scale.2. Rated on the Positive and Negative Syndrome Scale.
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Since most tardive dyskinesia is, as we haveSince most tardive dyskinesia is, as we have

shown, mild in severity, the third set of ana-shown, mild in severity, the third set of ana-

lyses estimated – again conservatively – thatlyses estimated – again conservatively – that

two-thirds of cases were mild and a thirdtwo-thirds of cases were mild and a third

moderate to severe. We further assumedmoderate to severe. We further assumed

that those with mild disorder lose half asthat those with mild disorder lose half as

many QALYs (0.7 QALYs) as those withmany QALYs (0.7 QALYs) as those with

moderate to severe symptoms (the 0.143moderate to severe symptoms (the 0.143

QALY estimate presented above). WithQALY estimate presented above). With

two-thirds of cases losing 0.7 QALYs andtwo-thirds of cases losing 0.7 QALYs and

one-third losing 0.143 QALY, the weightedone-third losing 0.143 QALY, the weighted

average loss across the entire population ofaverage loss across the entire population of

patients with tardive dyskinesia would bepatients with tardive dyskinesia would be

0.093 QALYs gained per case avoided.0.093 QALYs gained per case avoided.

Using this severity-adjusted estimate ofUsing this severity-adjusted estimate of

QALY benefits with second-generationQALY benefits with second-generation

antipsychotics, ICERs were found to in-antipsychotics, ICERs were found to in-

crease further, ranging from £280 000crease further, ranging from £280 000

($561 000) per QALY to £727 000($561 000) per QALY to £727 000

($1 453 000) per QALY (Table 3, row 4).($1 453 000) per QALY (Table 3, row 4).

Finally, we incorporated the assumptionFinally, we incorporated the assumption

that at least 15% of cases recover and thusthat at least 15% of cases recover and thus

included only 85% of second-generationincluded only 85% of second-generation

antipsychotic benefits. Estimated ICERsantipsychotic benefits. Estimated ICERs

under these assumptions increased furtherunder these assumptions increased further

to a range of £330 000 ($660 000) perto a range of £330 000 ($660 000) per

QALY to £855 000 ($1 700 000) per QALYQALY to £855 000 ($1 700 000) per QALY

(Table 3, row 5).(Table 3, row 5).

Extending the planning horizonExtending the planning horizon

The analysis we have presented represents aThe analysis we have presented represents a

1-year time horizon occurring roughly at1-year time horizon occurring roughly at

the mid-point of potentially lifelong schizo-the mid-point of potentially lifelong schizo-

phrenia. Because longitudinal data are notphrenia. Because longitudinal data are not

available on the long-term risk of tardiveavailable on the long-term risk of tardive

dyskinesia with second-generation anti-dyskinesia with second-generation anti-

psychotic medication, it is not possible topsychotic medication, it is not possible to

estimate precisely the reduction in risk withestimate precisely the reduction in risk with

these drugs over a lifetime. It is appropri-these drugs over a lifetime. It is appropri-

ate, however, to focus on a 5-year projec-ate, however, to focus on a 5-year projec-

tion at present, because between 2007 andtion at present, because between 2007 and

2012 patents on both risperidone and olan-2012 patents on both risperidone and olan-

zapine are likely to expire, bringing sub-zapine are likely to expire, bringing sub-

stantially lower prices for these drugs.stantially lower prices for these drugs.

In a best-case clinical scenario forIn a best-case clinical scenario for

second-generation antipsychotics the an-second-generation antipsychotics the an-

nual attributable risk of 4.6% wouldnual attributable risk of 4.6% would

accumulate linearly over 5 years. The incre-accumulate linearly over 5 years. The incre-

mental risk for first-generation drugs is thusmental risk for first-generation drugs is thus

55660.0460.046¼23% at the end of 5 years, with23% at the end of 5 years, with

an average annualised attributable risk ofan average annualised attributable risk of

half this magnitude (11.5%). Since costshalf this magnitude (11.5%). Since costs

and risks accrue simultaneously, discount-and risks accrue simultaneously, discount-

ing is not necessary. Assuming that costing is not necessary. Assuming that cost

differences remain the same over thedifferences remain the same over the

5 years, we estimate cost-effectiveness5 years, we estimate cost-effectiveness

ratios of £75 000 ($149 000) per QALY toratios of £75 000 ($149 000) per QALY to

£193 000 ($386 000) per QALY, assuming£193 000 ($386 000) per QALY, assuming

all cases of tardive dyskinesia are severeall cases of tardive dyskinesia are severe

(Table 4); £112 000 ($224 000) per QALY(Table 4); £112 000 ($224 000) per QALY

to £291 000 ($581 000) per QALY, assum-to £291 000 ($581 000) per QALY, assum-

ing two-thirds of cases are mild; anding two-thirds of cases are mild; and

£132 000 ($264 000) per QALY to£132 000 ($264 000) per QALY to

£342 000 ($684 000) per QALY assuming£342 000 ($684 000) per QALY assuming

15% of cases recover. This projection is15% of cases recover. This projection is

conservative because rates of tardive dyski-conservative because rates of tardive dyski-

nesia will be lower than projected amongnesia will be lower than projected among

the group taking first-generation drugsthe group taking first-generation drugs

because the new-case incidence of thisbecause the new-case incidence of this

side-effect declines with age, and becauseside-effect declines with age, and because

we have built into the cost estimateswe have built into the cost estimates

the assumption that half the samplethe assumption that half the sample

taking first-generation drugs switches totaking first-generation drugs switches to

the newer antipsychotics, which will boththe newer antipsychotics, which will both

prevent some cases of tardive dyskinesiaprevent some cases of tardive dyskinesia

and facilitate recovery in some incidentand facilitate recovery in some incident

cases.cases.
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Table 3Table 3 Cost-effectiveness ratio ^ second-generationCost-effectiveness ratio ^ second-generation v.v. first-generation antipsychotics: sensitivity analysisfirst-generation antipsychotics: sensitivity analysis

DifferenceDifference CATIE lost cost estimateCATIE lost cost estimate CATIE total olanzapineCATIE total olanzapine CATIE total risperidoneCATIE total risperidone

in effectin effect
UK »UK » US $US $ UK »UK » US $US $ UK »UK » US $US $

Difference in annualised health costDifference in annualised health cost v.v. perphenazineperphenazine 12001200 24002400 17341734 34683468 31083108 62166216

Difference in risk of TD cases (CorrellDifference in risk of TD cases (Correll et alet al, 2004), 2004)11 0.0460.046 26 08726 087 5217452174 3769637696 7539175391 6756567565 135130135130

Assume all cases are severe (0.14 QALY loss;Assume all cases are severe (0.14 QALY loss;

LenertLenert et alet al, 2004), 2004)

0.140.14 186 335186335 372 671372 671 269255269255 538509538 509 482 609482 609 965217965217

Assume 2/3 mild (QALY loss 0.07), 1/3 moderate/severeAssume 2/3 mild (QALY loss 0.07), 1/3 moderate/severe

(QALY loss 0.14)(QALY loss 0.14)

0.0930.093 280 505280 505 561056101010 405330405330 810 659810 659 726 508726 508 1453 01453 01515

Assume15% of cases lastAssume15% of cases last553 months3 months 0.850.85 330 006330 006 660 0660 01212 476 858476 858 953717953717 854854 715715 1709 4301709 430

CATIE,Clinical AntipsychoticTrials of Intervention Effectiveness; QALY, quality-adjusted life-year;TD, tardive dyskinesia.CATIE,Clinical AntipsychoticTrials of Intervention Effectiveness; QALY, quality-adjusted life-year;TD, tardive dyskinesia.
1. These estimates represent the cost per QALYassuming each case of TD is poor health equivalent to death (QALY loss due toTD1. These estimates represent the cost per QALYassuming each case of TD is poor health equivalent to death (QALY loss due toTD¼1.0).1.0).

Table 4Table 4 Cost-effectiveness ratio ^ second-generationCost-effectiveness ratio ^ second-generation v.v. first-generation antipsychotics: 5-year projectionfirst-generation antipsychotics: 5-year projection

DifferenceDifference CATIE lost cost estimateCATIE lost cost estimate CATIE total olanzapineCATIE total olanzapine CATIE total risperidoneCATIE total risperidone

in effectin effect
UK »UK » US $US $ UK »UK » US $US $ UK »UK » US $US $

Difference in annualised health costDifference in annualised health cost v.v. perphenazineperphenazine 12001200 24002400 17341734 34683468 31083108 62166216

Difference in risk of TD casesDifference in risk of TD cases11 0.1150.115 10 43510 435 20 87020 870 15 07815 078 30 15730 157 2702627026 54 05254 052

Assume all cases are severe (0.143 QALYs lost)Assume all cases are severe (0.143QALYs lost) 0.140.14 74 53474 534 149 068149 068 107 702107 702 215 404215 404 193 043193 043 386 087386 087

Assume 2/3 are mild (QALY loss 0.07)Assume 2/3 are mild (QALY loss 0.07) 0.0930.093 112 202112 202 224 404224 404 162132162132 324 264324 264 290 603290 603 581206581206

Assume15% of cases lastsAssume15% of cases lasts553 months3 months 0.850.85 132 002132 002 264 005264 005 190 743190 743 381487381487 341886341886 683772683772

CATIE,Clinical AntipsychoticTrials of Intervention Effectiveness; QALY, quality-adjusted life-year;TD, tardive dyskinesia.CATIE,Clinical AntipsychoticTrials of Intervention Effectiveness; QALY, quality-adjusted life-year;TD, tardive dyskinesia.
1. These estimates represent the cost per QALYassuming each case of TD is poor health equivalent to death (QALY loss due toTD1. These estimates represent the cost per QALYassuming each case of TD is poor health equivalent to death (QALY loss due toTD¼1.0).1.0).
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DISCUSSIONDISCUSSION

With recent evidence that second-With recent evidence that second-

generation antipsychotics may be no moregeneration antipsychotics may be no more

effective and pose no greater risk ofeffective and pose no greater risk of

Parkinsonian side-effects than first-Parkinsonian side-effects than first-

generation drugs, reduced risk of tardivegeneration drugs, reduced risk of tardive

dyskinesia may be their principal remainingdyskinesia may be their principal remaining

advantage. Although several recent inde-advantage. Although several recent inde-

pendent trials as well as several observa-pendent trials as well as several observa-

tional studies have not found substantialtional studies have not found substantial

advantages for the newer antipsychotics inadvantages for the newer antipsychotics in

reducing the risk of tardive dyskinesia, wereducing the risk of tardive dyskinesia, we

based our evaluation on a meta-analysisbased our evaluation on a meta-analysis

of older studies that found an annual inci-of older studies that found an annual inci-

dence of this side-effect that was lower bydence of this side-effect that was lower by

4.6% with second-generation drugs. We4.6% with second-generation drugs. We

considered important components of healthconsidered important components of health

outcome neglected in previous studies ofoutcome neglected in previous studies of

tardive dyskinesia, including severity, dura-tardive dyskinesia, including severity, dura-

tion and quality of life attributable to thistion and quality of life attributable to this

condition, and approximated a 5-yearcondition, and approximated a 5-year

planning horizon.planning horizon.

Because available data are limited weBecause available data are limited we

used estimates from a variety of sources,used estimates from a variety of sources,

in each instance presenting both best-casein each instance presenting both best-case

and worst-case scenarios. Even under theand worst-case scenarios. Even under the

best-case clinical 5-year scenario, the costbest-case clinical 5-year scenario, the cost

per QALY for second-generation anti-per QALY for second-generation anti-

psychotics based on reducing risk of tardivepsychotics based on reducing risk of tardive

dyskinesia ranged from £75 000 ($150 000)dyskinesia ranged from £75 000 ($150 000)

per QALY to £190 000 ($380 000) perper QALY to £190 000 ($380 000) per

QALY.QALY.

The approximate cut-off for reimburse-The approximate cut-off for reimburse-

ment of drugs in the UK, Australia andment of drugs in the UK, Australia and

Canada has been reported to range fromCanada has been reported to range from

£20 000 ($40 000) per QALY to £25 000£20 000 ($40 000) per QALY to £25 000

($50 000) per QALY (Neumann, 2005:($50 000) per QALY (Neumann, 2005:

pp. 99, 102–3, 105). Thus, reduction of riskpp. 99, 102–3, 105). Thus, reduction of risk

of tardive dyskinesia with second-of tardive dyskinesia with second-

generation antipsychotics as estimated here,generation antipsychotics as estimated here,

even for the best-case scenario, does noteven for the best-case scenario, does not

seem likely to meet conventional standardsseem likely to meet conventional standards

for cost-effective treatments. These findingsfor cost-effective treatments. These findings

could be an argument for lowering pay-could be an argument for lowering pay-

ments for these products to a level at whichments for these products to a level at which

tardive dyskinesia benefits would be worthtardive dyskinesia benefits would be worth

the price.the price.

Our study is limited by the small num-Our study is limited by the small num-

ber of randomised trials that have com-ber of randomised trials that have com-

pared the risk of tardive dyskinesiapared the risk of tardive dyskinesia

between the two classes of antipsychotics.between the two classes of antipsychotics.

Data on severity, duration and QALYs ofData on severity, duration and QALYs of

states of this side-effect are also quite lim-states of this side-effect are also quite lim-

ited. The applicability of US cost data toited. The applicability of US cost data to

the UK situation is unclear, but cost differ-the UK situation is unclear, but cost differ-

ences in the US CATIE trial (Rosenheckences in the US CATIE trial (Rosenheck etet

alal, 2006) were very similar to those of the, 2006) were very similar to those of the

UK (Cost Utility of the Latest Antipsycho-UK (Cost Utility of the Latest Antipsycho-

tics in Schizophrenia Study (CUtLASS;tics in Schizophrenia Study (CUtLASS;

JonesJones et alet al, 2006). We also did not account, 2006). We also did not account

for diabetes or other metabolic risks, whichfor diabetes or other metabolic risks, which

would result in poorer health and increasedwould result in poorer health and increased

costs, further shifting the cost-effectivenesscosts, further shifting the cost-effectiveness

balance against the second-generationbalance against the second-generation

drugs.drugs.

Our estimates also do not apply toOur estimates also do not apply to

elderly people, in whom studies haveelderly people, in whom studies have

shown greater risks of tardive dyskinesiashown greater risks of tardive dyskinesia

with first-generation antipsychotics (Jestewith first-generation antipsychotics (Jeste

et alet al, 1995; Correll, 1995; Correll et alet al, 2004), although, 2004), although

most older patients do not receive anti-most older patients do not receive anti-

psychotic treatment for schizophrenia, thepsychotic treatment for schizophrenia, the

clinical focus of this review. One recentclinical focus of this review. One recent

study of older Americanstudy of older American patients foundpatients found

no net benefit of second-no net benefit of second-generation drugsgeneration drugs

even compared with placebo in Alzheimer’seven compared with placebo in Alzheimer’s

disease (Schneiderdisease (Schneider et alet al, 2006)., 2006).

It must be acknowledged that owing toIt must be acknowledged that owing to

the limited data available and the necessitythe limited data available and the necessity

of estimating outcomes and costs from dif-of estimating outcomes and costs from dif-

ferent studies, this presentation is based onferent studies, this presentation is based on

a bounding argument in which we founda bounding argument in which we found

that even in the best-case scenario forthat even in the best-case scenario for

second-generation antipsychotics benefitssecond-generation antipsychotics benefits

were unlikely to justify the increased costswere unlikely to justify the increased costs

by conventional standards. Since we lackby conventional standards. Since we lack

information on the probability distributioninformation on the probability distribution

of the various outcomes, our data are insuf-of the various outcomes, our data are insuf-

ficient to support a full probabilistic sensi-ficient to support a full probabilistic sensi-

tivity analysis (Briggs, 2005), the standardtivity analysis (Briggs, 2005), the standard

of cost-effectiveness analysis for policyof cost-effectiveness analysis for policy

making (Claxtonmaking (Claxton et alet al, 2005). However,, 2005). However,

such analysis may not be as critical in thissuch analysis may not be as critical in this

case as in other situations, because evencase as in other situations, because even

when we examined the best-case determi-when we examined the best-case determi-

nistic scenario for the newer antipsychotics,nistic scenario for the newer antipsychotics,

costs per QALY exceeded the generally ac-costs per QALY exceeded the generally ac-

ceptable threshold. Probabilistic sensitivityceptable threshold. Probabilistic sensitivity

analysis, which tests whether our resultsanalysis, which tests whether our results

could have resulted from chance alone,could have resulted from chance alone,

would not be likely to change this conclu-would not be likely to change this conclu-

sion to one favouring these drugs.sion to one favouring these drugs.

There has been considerably more con-There has been considerably more con-

troversy in the USA than in the UK abouttroversy in the USA than in the UK about

whether cost-effectiveness analysis shouldwhether cost-effectiveness analysis should

influence clinical practice or healthcare pol-influence clinical practice or healthcare pol-

icy (Ubel, 2000; Neumann, 2005). The ana-icy (Ubel, 2000; Neumann, 2005). The ana-

lyses presented here suggest that, in view oflyses presented here suggest that, in view of

recent studies showing little or no advan-recent studies showing little or no advan-

tage of second-generation antipsychoticstage of second-generation antipsychotics

for symptoms or extrapyramidal side-for symptoms or extrapyramidal side-

effects, reduced risk of tardive dyskinesiaeffects, reduced risk of tardive dyskinesia

does not appear likely to provide sufficientdoes not appear likely to provide sufficient

health benefit by itself to justify the pre-health benefit by itself to justify the pre-

dominant use of these agents in treatmentdominant use of these agents in treatment

of schizophrenia. However, in view of theof schizophrenia. However, in view of the

many limitations noted above, the implica-many limitations noted above, the implica-

tions of these findings for either policy ortions of these findings for either policy or

practice must be applied with considerablepractice must be applied with considerable

caution and must ultimately be determinedcaution and must ultimately be determined

by public debate among relevant stake-by public debate among relevant stake-

holders and governmental agencies (Danielsholders and governmental agencies (Daniels

& Sabin, 2002).& Sabin, 2002).
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