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It has been argued that the efficacy superiority found in
meta-analyses for some of the atypical antipsychotics is
an artifact of higher dropout rates due to side effects in
the haloperidol group combined with last-observation-
carried-forward (LOCF) analyses. We therefore reana-
lyzed a number of pivotal studies comparing new generation
antipsychotics (NGAs) and conventional antipsychotics
(CAs). A total of 5 studies (n = 1271) comparing amisulpr-
ide and 3 studies (n = 2454) comparing olanzapine with CAs
were reanalyzed using original patient data. We applied 4
different models: LOCF, completer analysis, LOCF but
excluding dropouts due to adverse events, and LOCF
but excluding all dropouts with the exception of dropouts
related to efficacy. Effect sizes expressed as standardized
mean differences between NGAs and CAs based on the 4
different analysis models were compared. The overall
results were not different irrespective of the model used.
Single studies, however, showed higher effect sizes when
LOCF instead of other models was used. Overall, it
does not seem that higher dropout rates due to side effects
in the haloperidol groups together with LOCFanalyses con-
sistently biased the results in favor of amisulpride and olan-
zapine. Because the results of the single studies, however,
showed that this may occasionally be the case, future stud-
ies should look at the data from different angles applying
sensitivity analyses, and they may use alternative statistics
such as mixed models, which need to be developed further.
Ultimately, strategies to reduce dropout rates are needed.
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Introduction

There is currently a debate about the new generation anti-
psychotics (NGAs), so-called atypical antipsychotic
drugs. While it is quite clear that the NGAs induce fewer
extrapyramidal side effects (EPS) than high potency con-
ventional antipsychotics (CAs) such as haloperidol,1,2

meta-analyses have also shown that some of the new anti-
psychotics—amisulpride, clozapine, olanzapine, and ris-
peridone—may be more efficacious than CAs.2,3 Many
have recently argued that this efficacy superiority of
the NGA may just have been an artifact of the use
of last-observation-carried-forward (LOCF) analyses,
and this point has been developed most elegantly by
Rosenheck.4 The argument made concerns the following:
when a patient terminates a study prematurely, in LOCF,
his last observation is used (carried forward) as his end-
point evaluation. Given that the high potency CAs such
as haloperidol induce more EPS than NGAs, it is as-
sumed that more patients in the CA group leave the stud-
ies prematurely than in the NGA group. Thus, NGAs
have more time to act on symptoms if the data are ana-
lyzed on an LOCF basis.4

We, therefore, reanalyzed original patient data from
pivotal studies comparing amisulpride and olanzapine
with CAs to assess whether the results differed if the cal-
culations were based on LOCF or on 3 other models tak-
ing the dropout problem into account.

Methods

The Database

We reanalyzed original patient data of 5 published ran-
domized controlled trials (RCT) that compared ami-
sulpride with haloperidol/flupenthixol5–9 and 3 studies
comparing olanzapine with haloperidol10–12 in a post
hoc analysis. Important characteristics of the studies
included are presented in table 1.
The 5 amisulpride studies represent the manufacturer’s

complete data set of trials comparing amisulpride with
CAs with the exception of one trial13 which did not
use either the Brief Psychiatric Rating Scale (BPRS14)
or the Positive and Negative Syndrome Scale (PANSS15)
and could therefore not be included. A number of further
old and small amisulpride vs CAs comparisons have been
published, but the necessary original patient data are no
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longer available because amisulpride has changed its
owner several times.16–21

The 3 olanzapine studies are the largest trials compar-
ing olanzapine with haloperidol and are the ones that
were used for registering olanzapine at the Food and
Drug Administration (FDA). All studies were ran-
domized and all but one5 were double blind. All trials
examined patients with schizophrenia, schizoaffective
disorder, or schizophreniform disorder according to
Diagnostic and Statistical Manual for Mental Disorders,
Third Edition, Revised (DSM-III-R) or (DSM-IV ),22,23

and with one exception,6 all required various minimum
scores as an inclusion criterion to assure that the patients

had positive symptoms. One potentially ineffective
100 mg/d amisulpride dose group (n = 61) from the study
by Puech and colleagues8 and the potentially ineffective
1 mg and 5 6 2.5 mg olanzapine dose groups were ex-
cluded a priori. Otherwise, if studies used several effective
dose groups, these were pooled and considered as one
group in the analysis.8,10,11 The mean BPRS total score
at baseline of all included patients in the amisulpride
studies was 59.2 6 12.5, and in the olanzapine studies
it was 53.0 6 11.2. The total number of patients in the
amisulpride data set was 1271 (812 men, 459 women;
825 received amisulpride, 445 received haloperidol or
flupenthixol; mean age 35.47 6 10.83 years, weight

Table 1. Characteristics of the Included Studies

Study
Antipsychotic
Drugs Used (mg) n Weeks

Selected
Patient
Characteristics

Mean BPRS
at Baseline

Amisulpride studies

Möller et al7 AMI 800 95 6 Inpatients with paranoid, disorganized, or
undifferentiated schizophrenia, DSM-III-
R, BPRS psychotic subscorea $ 12, and
at least 2 BPRS-psychosis items $ 4

61
HAL 20 96

Puech et al8 AMI 100, 400,
800, 1200

61, 64, 65, 65 4 Inpatients with acute exacerbations of
paranoid, disorganized, or
undifferentiated schizophrenia, DSM-III-
R, BPRS psychotic subscore $ 12, and
at least 2 BPRS-psychosis items $ 4

61

HAL 16 64

Colonna et al5 AMI 200–800 369 51 Inpatients or outpatients with acute
exacerbations of paranoid, disorganized,
or undifferentiated schizophrenia, DSM-
III-R, and at least 2 BPRS-psychosis
items $ 4

56
HAL 5–20 118

Carrière et al6 AMI 400–1200 97 17 Inpatients with paranoid schizophrenia or
schizophreniform disorder, DSM-IV

65
HAL 10–30 105

Wetzel et al9 AMI 1000/600 70 6 Acutely admitted inpatients with paranoid
or undifferentiated schizophrenia, DSM-
III-R, BPRS total score $ 36 but no
predominant negative symptoms defined
as SANS composite score > 55

53
FLU 25/15 62

Olanzapine studies
Beasley et al10 OLA (7.5 6 2.5,

10 6 2.5, 15 6 2.5)
(65, 64, 69) 6 Inpatients with acute exacerbations of

schizophrenia, DSM-III-R, BPRS total
score $ 42

60

HAL 15 6 2.5 69
PBO 68

Tollefson et al12 OLA 5–20 1336 6 In- and outpatients with schizophrenia,
schizophreniform disorder, or
schizoaffective disorder, DSM-III-R,
BPRS total score $ 36

52
HAL 5–20 660

Beasley et al11 OLA (1, 7.5 6 2.5,
10 6 2.5, 15 6 2.5)

(88, 87, 86, 89) 6 Inpatients with acute exacerbations of
schizophrenia, DSM-III-R, BPRS total
score $ 42, CGI-S $ 4

59

HAL 15 6 5 81

Note: n, number of patients; AMI, amisulpride; CGI-S, Clinical Global Impressions – Severity Scale; DSM-III-R(-IV), Diagnostic and
Statistical Manual of Mental Disorders, 3rd edition, revised (4th edition); FLU, flupenthixol; HAL, haloperidol; OLA, olanzapine;
PBO, placebo; SANS, Scale for the Assessment of Negative Symptoms.
aSum of conceptual disorganization, suspiciousness, hallucinatory behavior, and unusual thought content.
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70.13 6 14.39 kg, height 171 6 9 cm). In all, 2454 patients
were included in the olanzapine studies (1628 men, 826
women; 1645 received olanzapine, 809 received haloper-
idol; mean age 38.16 6 11.23 years, weight 76.86 6 17.10
kg, height 172 6 10 cm).

Statistical Analysis

We used BPRS rather than the PANSS for our analyses
because not all studies used the PANSS.When necessary,
the BPRS items were extracted from the PANSS. All
analyses were based on the difference between amisulpr-
ide/olanzapine and CAs concerning the change of the
BPRS total score from baseline. In total, 4 different
models were compared:

Model1. The results were calculated based on an LOCF
approach including all patients who had been random-
ized. In contrast to recent trials that often included
only those patients who had at least one postbaseline rat-
ing, we included all randomized patients. This approach,
a strict once randomized-analyzed model that is also ap-
plied in reviews of the Cochrane Schizophrenia Group,24

should bias the findings even more in favor of the new
antipsychotics because severe EPS such as acute dysto-
nias induced by haloperidol frequently occur in the first
days of treatment. Including only those patients with at
least one postbaseline assessment would mean to exclude
early dropouts due to haloperidol-induced EPS. In the
amisulpride data set only 23 (1.8%) and in the olanzapine
only 63 (2.6%) patients dropped out without a postbase-
line rating, however, so that it is very unlikely that the ‘‘at
least one postbaseline assessment approach’’ would have
yielded different results. LOCF shows the efficacy of
a drug on the whole-study population for the entire
time when patients are on it. It is, however, a composite
measure reflecting also factors other than efficacy. As-
sume that there are differences in dropouts due to side
effects (or any other reason) between the drugs com-
pared. Then the time the more side effect–associated
drug had to act on symptoms will be shorter in the
LOCF analysis. A major problem of LOCF is that it
assumes that there would not have been any change after
dropout if the assessments had been conducted (see later
in ‘‘Discussion’’).

Model 2. Completers (CO) were analyzed, which means
only those patients who were still in the study at the last
planned evaluation. Thus, these were the patients who in
both groups received the full length of the planned treat-
ment. Such a CO analysis can tell what the maximum ef-
fect is that a clinician could expect from a medication in
people who are willing to continue taking it. This can to
a certain extent rule out the problem that LOCF is not
necessarily conservative when atypical and typical anti-
psychotics are compared. Because the tolerability of
the former is better, more people on typical antipsy-

chotics may dropout, so that atypical antipsychotics
have more time to act on the symptoms. In CO analyses,
both groups received treatment for the same amount of
time.

Model3. This was an LOCF analysis excluding all those
patients who dropped out of the studies due to adverse
events. This model directly addresses the criticism that
the higher rate of adverse events under treatment with
CAsmay bias the results when LOCF is applied.4 Exclud-
ing all dropouts due to adverse events eliminates this fac-
tor. Thus, this model analyses the efficacy of 2 drugs for
all patients who tolerate them.

Model 4. This was an LOCF approach excluding all
dropouts with the exception of those due to inefficacy
of treatment or due to remission. This model is very sim-
ilar to the CO analysis, but it keeps the efficacy-related
dropouts in the analysis. A pure CO analysis may be
overly positive toward the efficacy of the less efficacious
compound because patients who dropped out due to in-
efficacy are excluded from such a CO model. Therefore,
this model was applied in addition. It analyzes the
efficacy of the antipsychotics for those patients who
completed the study or discontinued it due to an efficacy-
related reason.
Effect sizes as statistical measures of the magnitude of

the difference between amisulpride/olanzapine and CAs
were used to compare the results based on the 4 different
models. Effect sizes were expressed as standardized mean
differences (SMDs). Various formulas for the calculation
of SMDs are available. In the primary analysis, we used
Hedges g and its standard error SE(g) according to the
formulas:

g =
ffiffiffiffi
F

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

n1
þ 1

n2

s �
1� 3

4dfe � 1

�

and

SEðgÞ=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðn1 þ n2ÞðF þ 2dfeÞ

2n1n2dfe

s
;

where n1 and n2 are the number of patients in the ami-
sulpride/olanzapine and CAs groups, respectively, F is
the F value of the treatment contrast between amisulpr-
ide/olanzapine and CAs, and dfe the number of degrees of
freedom of its error term.25(p22–23),65 Both were taken
from an analysis of covariance using treatment as a factor
and baseline BPRS as covariate. In the pooled database,
‘‘study’’ was used as a further covariate. The significance
of the individual effect sizes was calculated as z = effect
size/SE(effect size). P values below .05 (2-tailed) were
considered to show statistical significance. All analyses
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were made with SPSS for Windows version 12.0 and
Microsoft Excel 2000.

Results

Amisulpride

The results of the amisulpride studies are summarized in
tables 2 and 3. In the pooled database, no dramatic differ-
ences between the 4 test conditions were found. Although
the lowest effect size was found in the CO analysis (0.20),
the range of the mean effect sizes was small (0.20–0.27),
95% confidence intervals overlapped broadly, and all 4
conditions yielded highly statistically significant superi-
orities of amisulpride (P = 0.01 or lower in all cases).
The argument made in the literature that dropouts due
to adverse events biased the results in favor of amisulpr-
ide was rejected because the exclusion of the dropouts due

to adverse events in model 3 led to an only marginally
lower effect size compared with the general LOCF model
(0.23 vs 0.27). The lack of pronounced differences be-
tween models may be in part explained by a relatively
small difference in terms of dropout rates between ami-
sulpride and comparators of only 9.7%, althoughwith the
exception of uncooperativeness and recovery of the
patients, the dropout rates for all the specific reasons
were lower in the amisulpride group (see table 3).
When the single studies were analyzed separately,

a rather heterogeneous picture was found, however.
For example, Wetzel et al9 yielded the same directions
of effect in the 4 models as in the pooled analysis. Again,
the CO analysis (model 2) showed the lowest effect size
finding even a minimal trend in favor of the CA (effect
size: �0.03). In Puech et al,8 however, the lowest effect
size was found in model 4 (LOCF but excluding all drop-
outs with the exception of inefficacy), possibly because in

Table 2. Amisulpride vs Conventional Antipsychotics—Results Based on 4 Different Test Conditions

g CI-low CI-up P F n1 n2

Model 1: LOCF
Pooled results 0.27 0.15 0.39 0.00 21.15 825 445
Puech et al8 0.22 �0.06 0.51 0.12 2.41 194 64
Möller et al7 0.23 �0.05 0.52 0.11 2.66 95 96
Colonna et al5 0.32 0.11 0.53 0.00 9.24 368 118
Carrière et al6 0.35 0.07 0.63 0.01 6.24 97 105
Wetzel et al9 0.29 �0.05 0.64 0.09 2.88 71 62

Model 2: Completers only
Pooled results 0.20 0.05 0.34 0.01 6.86 560 261
Puech et al8 0.07 �0.27 0.41 0.68 0.17 150 43
Möller et al7 0.26 �0.09 0.60 0.15 2.16 71 59
Colonna et al5 0.35 0.07 0.63 0.02 5.95 215 62
Carrière et al6 0.28 �0.07 0.62 0.12 2.53 72 59
Wetzel et al9 �0.03 �0.45 0.38 0.87 0.03 52 38

Model 3: LOCF after
exclusion of dropouts
due to adverse events

Pooled results 0.23 0.11 0.35 0.00 13.57 775 380
Puech et al8 0.10 �0.21 0.40 0.53 0.40 186 54
Möller et al7 0.20 �0.10 0.49 0.19 1.77 92 86
Colonna et al5 0.37 0.15 0.58 0.00 11.63 441 106
Carrière et al6 0.26 �0.04 0.55 0.09 2.88 93 83
Wetzel et al9 0.13 �0.24 0.49 0.49 0.48 66 51

Model 4: LOCF after
exclusion of all dropouts
except inefficacy or recovery

Pooled results 0.25 0.11 0.39 0.00 13.09 624 307
Puech et al8 �0.02 �0.34 0.30 0.90 0.02 170 47
Möller et al7 0.20 �0.12 0.52 0.22 1.52 81 68
Colonna et al5 0.49 0.23 0.75 0.00 13.92 237 77
Carrière et al6 0.31 �0.02 0.63 0.06 3.52 78 69
Wetzel et al9 0.19 �0.19 0.58 0.32 0.99 58 46

Note: g, the effect size Hedges g; F, F value; df = n1 þ n2 � 3; n1, number of patients in the amisulpride group; n2, number of patients in
the conventional antipsychotic group; CI-low, lower limit of 95% confidence interval; CI-up, upper limit of 95% confidence interval; P,
P value; LOCF, last-observation-carried-forward.
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contrast to the other studies, more patients in the ami-
sulpride group than in the haloperidol group dropped
out due to inefficacy. In Möller et al,7 the highest effect
size was found in the CO analysis, although again the
results of the 4 models did not differ greatly. In the
Colonna et al,5 the conventional LOCF model yielded
the lowest effect size so that again the efficacy superiority
of amisulpride cannot be simply explained by LOCF.
Carrière et al6 was the study with the highest difference
in terms of dropouts due to adverse events between
amisulpride (4.1%) and haloperidol (21%). This may in
part explain why here the effect size in model 3 exclud-
ing dropouts due to adverse events was indeed the
lowest one.

Olanzapine

The results of the olanzapine studies are summarized in
tables 4 and 5. Pooling all studies, the difference in terms
of global dropout rates between olanzapine and haloper-
idol was somewhat more pronounced (17%) than in the
amisulpride database (9.3%). Fewer patients treated with
olanzapine than with haloperidol dropped out in all ma-
jor categories. However, pooling the studies, the results
based on the 4 models did not differ to any important
extent with mean effect sizes between 0.23 and 0.28
and all P values below 0.001. Although the lowest effect
size was indeed found in model 3 excluding dropouts due
to adverse events, it is noteworthy that the highest differ-
ence between olanzapine and haloperidol was found in
the CO model 2 rather than in the LOCF model. There-
fore, in contrast to the assumption that the inclusion of
dropouts in LOCF affected the results in favor of olan-
zapine, it seems the longer olanzapine was given, the
higher its efficacy superiority became.
Looking at the single studies, again a heterogeneous

pattern was found. While in Tollefson et al12 the effect
sizes of all 4 models were virtually identical, in Beasley
et al,11 the highest effect size was found inmodel 4 exclud-
ing dropouts due to inefficacy and the lowest one in
model 3 excluding dropouts due to adverse events. In
Beasley et al,10 the highest effect size was found in the
COs and the lowest one in model 4 excluding dropouts
due to inefficacy.

Discussion

Our analyses show that higher rates of dropouts due to
adverse events in the haloperidol groups and using LOCF
alone do not explain the statistically significantly higher
efficacy of amisulpride and olanzapine compared with
CAs found in meta-analyses.2,3,26 The pooled effect sizes
found in all models analyzed were similar and showed
statistically significant superiorities of the 2 NGAs
even when dropouts due to adverse events were removed
from the analyses.

Table 3. Dropout Rates in the Amisulpride Studies

Amisulpride Haloperidola All

n % n % N %

Pooled studies
Completed 590 66.6 253 56.9 843 63.3
Lost to follow-up 18 2.0 10 2.2 29 2.2
Inefficacy 83 9.4 52 11.7 135 10.1
Adverse event 50 5.6 65 14.6 115 8.6
Uncooperative 112 12.6 48 10.8 160 12.0
Recovery 4 0.5 2 0.4 6 0.5
Other 29 3.3 15 3.4 44 3.3
Total 886 100.0 445 100.0 1332 100.0

Wetzel et al9

Completed 51 71.8 37 59.7 88 66.2
Lost to follow-up 0 0.0 0 0.0 0 0.0
Inefficacy 5 7.0 8 12.9 13 9.8
Adverse event 5 7.0 11 17.7 16 12.0
Uncooperative 6 8.5 4 6.5 10 7.5
Recovery 2 2.8 1 1.6 3 2.3
Other 2 2.8 1 1.6 3 2.3
Total 71 100.0 62 100.0 133 100.0

Puech et al8

Completed 149 76.8 43 67.2 192 74.4
Lost to follow-up 3 1.5 0 0.0 3 1.2
Inefficacy 20 10.3 4 6.3 24 9.3
Adverse event 8 4.1 10 15.6 18 7.0
Uncooperative 8 4.1 7 10.9 15 5.8
Recovery 1 0.5 0 0.0 1 0.4
Other 5 2.6 0 0.0 5 1.9
Total 194 100.0 64 100.0 258 100.0

Möller et al7

Completed 70 73.7 57 59.4 127 66.5
Lost to follow-up 1 1.1 2 2.1 3 1.6
Inefficacy 11 11.6 11 11.5 22 11.5
Adverse event 3 3.2 10 10.4 13 6.8
Uncooperative 8 8.4 11 11.5 19 9.9
Recovery 0 0.0 0 0.0 0 0.0
Other 2 2.1 5 5.2 7 3.7
Total 95 100.0 96 100.0 191 100.0

Colonna et al5

Completed 203 55.2 57 48.3 260 53.4
Lost to follow-up 10 2.7 5 4.2 16 3.3
Inefficacy 33 9.0 20 16.9 53 10.9
Adverse event 30 8.2 12 10.2 42 8.6
Uncooperative 77 20.9 17 14.4 94 19.3
Recovery 1 0.3 0 0.0 1 0.2
Other 14 3.8 7 5.9 21 4.3
Total 368 100.0 118 100.0 487 100.0

Carrière et al6

Completed 72 74.2 59 56.2 131 64.9
Lost to follow-up 2 2.1 3 2.9 5 2.5
Inefficacy 6 6.2 9 8.6 15 7.4
Adverse event 4 4.1 22 21.0 26 12.9
Uncooperative 8 8.2 9 8.6 17 8.4
Recovery 0 0.0 1 1.0 1 0.5
Other 5 5.2 2 1.9 7 3.5
Total 97 100.0 105 100.0 202 100.0

Note: n, number of patients.
aIn Wetzel et al,9 the comparator was flupenthixol.
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The argument that LOCF biases study results in favor
of NGAs assumes that adverse events are themain reason
why patients terminate trials prematurely. In the olanza-
pine studies, however, most patients dropped out due to
lack of efficacy because it has also been reported for
a larger set of studies.27 In the amisulpride studies, the
most common dropout reason was patients’ uncoopera-
tiveness, although the rates of inefficacy of treatment and
adverse events were in the same range. Obviously, the ef-
fect of dropouts due to adverse events in an LOCF anal-
ysis depends on the proportion of patients terminating
a study for this reason and whether the proportions dif-
fered between NGA and CA groups. For example, in the
pooled amisulpride studies, 2.6 times more patients trea-
ted with CAs dropped out due to adverse events (5.6% vs
14.6%). If these numbers and their difference had been
higher, they should have had a stronger impact on the
results.

A number of methodological limitations of our anal-
ysis must be discussed. How representative are our
results? For amisulpride, we analyzed all randomized
comparisons with CAs available in the manufacturers’
database. Only some older studies for which original pa-
tient data are no longer available due to changes of own-
ership of amisulpride could not be included. The latter
studies were small and therefore did not have a strong

impact on the results of meta-analyses.2,3 The olanzapine
studies are not complete, but the 3 studies included are
the largest comparisons of olanzapine with haloperidol
and they were used for registration at the FDA. We
want to emphasize that we did not specifically select
favorable studies. Tollefson et al12 was especially impor-
tant for our purposes. It has recently been argued by
Rosenheck4 that in contrast to their own trial,28 olanza-
pine was more efficacious than haloperidol in Tollefson
et al12 because in the latter, prophylactic antiparkinson
medication was not used. Therefore, Rosenheck4 specu-
lated that many patients in the haloperidol group drop-
ped out due to adverse events, and LOCF biased the
results. However, the results in Tollefson et al12 were vir-
tually identical irrespective of the model we used. Only
4.5% (olanzapine) vs 7.3% (haloperidol) patients dropped
out to adverse events so that this factor did not explain
olanzapine’s efficacy superiority. Another reason ex-
plaining the different results of Rosenheck et al28 and
Tollefson et al12 may be that the population in the latter
study was more chronic, which finds its expression in the
minimal reduction of symptoms (about 10 PANSS
points) during the 1-year course of the study.
We hasten to emphasize that our analysis focused

solely on the effects of dropouts in combination with
LOCF. A number of other biases might have potentially

Table 4. Olanzapine vs Haloperidol—Results Based on 4 Different Test Conditions

g CI-low CI-up P F n1 n2

Model 1: LOCF
Pooled results 0.25 0.16 0.33 0.00 33.03 1639 805
Beasley et al11 0.16 �0.10 0.43 0.23 1.46 174 80
Beasley et al10 0.01 �0.29 0.30 0.95 0.00 130 67
Tollefson et al12 0.29 0.20 0.39 0.00 38.15 1335 658

Model 2: Completers only
Pooled results 0.28 0.17 0.40 0.00 22.77 1068 387
Beasley et al11 0.19 �0.16 0.55 0.29 1.16 107 43
Beasley et al10 0.36 �0.08 0.80 0.11 2.62 62 30
Tollefson et al12 0.29 0.16 0.42 0.00 19.28 899 314

Model 3: LOCF after exclusion
of dropouts due to adverse events

Pooled results 0.23 0.14 0.32 0.00 26.82 1560 739
Beasley et al11 0.06 �0.23 0.34 0.69 0.16 160 68
Beasley et al10 �0.05 �0.36 0.26 0.75 0.10 125 61
Tollefson et al12 0.30 0.20 0.39 0.00 36.04 1275 610

Model 4: LOCF after exclusion
of all dropouts except inefficacy
or recovery

Pooled results 0.25 0.16 0.35 0.00 27.56 1399 624
Beasley et al11 0.23 �0.08 0.54 0.14 2.20 134 58
Beasley et al10 �0.08 �0.42 0.27 0.67 0.18 100 47
Tollefson et al12 0.30 0.19 0.40 0.00 32.05 1165 519

Note: g, the effect size Hedges g; F, F value; df = n1 þ n2 � 3; n1, number of patients in the olanzapine group; n2, number of patients in
the haloperidol group; CI-low, lower limit of 95% confidence interval; CI-up, upper limit of 95% confidence interval; P, P value;
LOCF, last-observation-carried-forward.
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led to artificial efficacy superiorities of the new antipsy-
chotics. For example, side effects could have played a
role. Haloperidol induces EPS such as parkinsonism or
akathisia that can mimic negative symptoms or agitation.
In the absence of prophylactic antiparkinson medication,
these side effects can have artificially inflated the BPRS
ratings of the haloperidol-treated patients.4 In contrast to
Tollefson and colleagues,12 Rosenheck et al28 did use pro-
phylactic antiparkinson medication. Another potential
source of bias is that many patients in the studies had pre-
viously been partial nonresponders to haloperidol. If
such patients are randomized to haloperidol, their chance
to respond is lower than if they are randomized to a new

compound with a different receptor-binding profile. In-
deed, first-episode studies have usually shown small or no
efficacy superiorities of NGAs,29–31 but first-episode
patients respond so well that ceiling effects are a problem.
To assess these and other factors, further analyses are
needed.
A further important limitation of our analysis is that

the reasons for dropping out are not validated in such
studies. In our experience, the description of the dropout
reason is often straightforward. But there are also occa-
sions when, eg, a patient experiences a side effect without
complaining about it, simply saying he no longer wants to
be part of the study, and this is classified as ‘‘consent
withdrawn,’’ or a patient decides to participate in a study
because he hopes to receive treatment with a new antipsy-
chotic. If he then realizes that he is receiving haloperidol
because he experiences EPS, he may withdraw from the
study and give some other reason. How often such prob-
lems occurred in our studies is unclear. This is not a prob-
lem for the newermixed-effects model techniques because
they ignore the reason for withdrawal anyway and simply
include all cases as far as they go (see below). This issue
has received little research attention. Perhaps a probing
question could sharpen these data and increase the pre-
cision of measuring this effect.
We also do not conclude that LOCF should be the pri-

marymodelused toanalyzeantipsychoticdrug trials.Reg-
ulatory authorities such as the FDA preferred LOCF in
the last decade, but theyalso asked for sensitivity analyses.
In our individual studies, a variety of patterns were seen
and occasionally CO analyses yielded the worst result.
We have the impression that currently the choice of
LOCF or CO analysis is often based on which model
showed the best results for the manufacturer’s drug.32

There is also a trend to use more complex mixed-effects
designs to analyze antipsychotic drug trials. Their general
idea is to use information from the observed data to pro-
vide information on the missing data, but missing data
are not explicitly imputed.33 We did not apply such an
approach because our question was not what the ‘‘best’’
way of analyzing such studies is but only whether higher
dropout rates due to adverse events in the haloperidol
group combinedwith the use of LOCFbiased the findings
in favor of atypical antipsychotics. Mixed-effects models
would not have been able to answer this specific question
becausemissing values are estimated in thesemodels, irre-
spectiveof the reason fordropout.Thus, for thepurposeof
our specific question, our ‘‘pragmatic’’ method was more
appropriate.
Although we go beyond the scope of our article

here, we want to briefly summarize the current debate
around newer statistical methods for randomized clinical
trials. The general problem is how dropouts in RCTs
need to be addressed. Theoretically, there are 3 different
situations: (1) Data are missing completely at random
(MCAR) if the missingness is related neither to observed

Table 5. Dropout Rates in the Olanzapine Studies

Olanzapine Haloperidol Total

n % n % N %

Pooled results
Complete 1056 64.2 382 47.2 1438 58.6
Adverse event 79 4.8 66 8.2 145 5.9
Criteria not met/
compliance

60 3.6 33 4.1 93 3.8

Lack of efficacy 342 20.8 246 30.4 588 24.0
Lost to follow-up 22 1.3 18 2.2 40 1.6
Patient decision 77 4.7 62 7.7 139 5.7
Satisfactory
response

5 0.3 0 0.0 5 0.2

Sponsor decision 4 0.3 2 0.2 6 0.2
Total 1645 100.0 809 100.0 2454 100.0

Beasley et al11

Completed 108 61.7 43 53.1 151 59.0
Adverse event 14 8.0 12 14.8 26 10.2
Criteria not met/
compliance

8 4.6 2 2.5 10 3.9

Lack of efficacy 22 12.6 16 19.8 38 14.8
Lost to follow-up 3 1.7 2 2.5 5 2.0
Patient decision 15 8.6 6 7.4 21 8.2
Satisfactory
response

5 2.9 0 0.0 5 2.0

Total 175 100.0 81 100.0 256 100.0

Beasley et al10

Completed 60 45.1 30 43.5 90 44.6
Adverse event 5 3.8 6 8.7 11 5.4
Criteria not met/
compliance

8 6.0 2 2.9 10 5.0

Lack of efficacy 42 31.6 19 27.5 61 30.2
Lost to follow-up 4 3.0 5 7.2 9 4.5
Patient decision 14 10.5 7 10.1 21 10.4
Total 133 100.0 69 100.0 202 100.0

Tollefson et al12

Completed 888 66.4 309 46.9 1197 60.0
Adverse event 60 4.5 48 7.3 108 5.4
Criteria not met/
compliance

44 3.3 29 4.4 73 3.7

Lack of efficacy 278 20.8 211 32.0 489 24.5
Lost to follow-up 15 1.1 11 1.7 26 1.3
Patient decision 48 3.6 49 7.4 97 4.9
Sponsor decision 4 0.3 2 0.3 6 0.3
Total 1337 100.0 659 100.0 1996 100.0
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nor to unobserved outcomes. (2) Data are missing at ran-
dom (MAR) if the missingness is explained by observed
outcomes but not by unobserved outcomes. (3) Data are
not missing at random if the missingness depends on the
unobserved outcomes.33 Leon et al34 classified the
multiple strategies for coping with dropouts into 3
groups—‘‘complete case analysis,’’ ‘‘imputation strate-
gies,’’ and ‘‘analyses of incomplete data’’ (mixed-effects
models, pattern mixture models, and propensity adjust-
ment). ‘‘COs-only’’ analyses assume MCAR, although
this assumption is unlikely for RCTs in schizophrenia.
Nevertheless, they can be useful sensitivity analyses as
carried out in our analysis.34 LOCF is a crude method
of imputation which also assumes MCAR and which
assumes that the subjects’ responses would have been
constant after dropping out. This is unlikely to be
true. Indeed, LOCF has been shown sometimes to over-
estimate and sometimes to underestimate treatment
effects.33 For example, in a recent first-episode study
in schizophrenia, LOCF did not find olanzapine to be
more efficacious than haloperidol, while a mixed-effects
model did; thus, LOCF was more conservative.30 Much
more sophisticated imputation strategies than LOCF ex-
ist, such as ‘‘multiple imputation.’’ Among the analyses
of incomplete data, mixed-effects models have recently
been advocated for.33 Here, the observed information
is used to provide information about the missing data.
In contrast to LOCF, mixed models assume only
MAR; they have been shown to be more robust in the
face of the biases of missing data and to control better
for type I and type II errors, although in many occasions
the results were the same.33 A number of questions on
mixed-effects models remain open. The phenomena we
have been exploring, namely, the different rates of drop-
outs due to adverse events, may affect certain mixedmod-
els. We plan a parallel analysis using mixed models to
examine this question. In contrast to LOCF or CO anal-
yses, mixed models are hard to understand intuitively.
There are a number of different approaches, but authors
rarely explain among which models they chose, why they
decided on a specific one, and to what extent the assump-
tions of the model were met. This leads to an uncertainty
in the reader, and the concern about potential misuse (by
picking the model that fits one’s purposes best) has been
expressed.35 Guidelines describing the different models
and the situations for which they are best suited along
with standards for reporting are needed to enhance the
transparency of these complex methods.35 Again, for
our specific question, they were not the most appropriate
tool.

We conclude that higher dropout rates due to adverse
events combined with using LOCF did not consistently
bias the results of RCTs in favor of amisulpride and
olanzapine. The results of single studies, however, var-
ied. Future analyses should look at the data from dif-
ferent angles. A further elaboration of alternative

statistical approaches, such as mixed-effects models,
for dealing with dropouts is needed. Finally, strategies
to reduce the dropout rates in such studies are urgently
needed.
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