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Objective We examine data from short‐term placebo‐controlled and comparator‐controlled clinical trials of ziprasidone in schizophrenia to
confirm the predictive capacity of early symptom changes for response. We pose the question of how early is too early to consider “stay or
switch” and evaluate the predictive capability of a clinical measure in this regard.
Methods We presented two separate pooled analyses of (i) two placebo‐controlled and (ii) two active comparator (risperidone and
olanzapine) randomized trials of ziprasidone in schizophrenia. Relationship between early changes in Positive and Negative Syndrome Scale
(PANSS) total, Brief Psychiatric Rating Scale (BPRS), and Clinical Global Impression‐Improvement (CGI‐I) scores and treatment outcome
was evaluated.
Results Week 2 improvement was more reliably predictive of subsequent outcome than week 1 improvement using PANSS and BPRS
scores with high sensitivity and specificity, whereas CGI‐I had much lower specificity. Overall, non‐improvement at week 1 or week 2 was
highly predictive of non‐response using BPRS scores and PANSS but not CGI‐I.
Conclusions These data, independent of antipsychotic used, confirm prior research showing that early improvement in symptoms is
predictive of response. There appears to be an important window of time, beyond week 1, during which important clinical decisions to stay
or switch medication may be made. Copyright © 2011 John Wiley & Sons, Ltd.
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INTRODUCTION

The extent to which early improvement in treated
patients with schizophrenia is predictive of subsequent
disease course, and outcome has been increasingly
studied with a view to improving clinical management
of the disorder as well as potentially optimizing clinical
trial design. Early prediction of antipsychotic treatment
response in schizophrenia, based on the presence or
absence of initial improvement, may facilitate a timely
decision to either continue treatment or switch to an
alternative agent. Current guidelines for the treatment
of schizophrenia do not address issues of response or
methods of predicting response. Treatment guidelines
recommend that physicians wait up to 4–8weeks
before switching antipsychotics because of lack of
efficacy (Kinon et al., 2008), and antipsychotic trial
durations of approximately 6weeks are the current
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recommendations. However, efficacy has been shown
to occur as early as the first week of treatment (Leucht
et al., 2005; Agid et al., 2006; Kinon et al., 2008), so
what is the significance of early symptomatic change
for treatment decisions?
Studies have focused mainly on two predictive

capacities: early improvement as a predictor of clinical
response (sensitivity and positive predictive value) and
lack of early improvement as a predictor of lack of
response (specificity and negative predictive value).
Sensitivity is the correct identification of subsequent
responders, and specificity is the correct identification
of subsequent non‐responders. Positive predictive
value (PPV) is the probability that early improvers
show subsequent response, whereas negative predictive
value (NPV) is the probability that early non‐improvers
are subsequent non‐responders (Jäger et al., 2009b).
These are valid methods and are useful when assessing
the overall predictive capacity of a symptommeasure to
evaluate the association between initial symptom
change and subsequent outcome.
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Previous studies examined several thresholds for
early improvement as a marker for later response using
different methodologies. Some studies used an early
improvement of ≥20% in Positive and Negative
Syndrome Scale (PANSS) total or Brief Psychiatric
Rating Scale (BPRS) total scores as a marker (Correll
et al., 2003; Chang et al., 2006; Emsley et al., 2006a,
2006b; Kinon et al., 2008). A naturalistic study by Jäger
et al. demonstrated that thresholds of a 20% and 30%
reduction in PANSS total scores in the first two weeks
had the highest total accuracy for prediction of remis-
sion (65%) and response (76%), respectively, at dis-
charge (Jäger et al., 2009b). In a recent prospective
study, Kinon and colleagues found that higher thresholds
for endpoint response (40% vs. 30% or 20% improve-
ments in PANSS total score) led to higher sensitivity for
the early improvement but lower specificity while the
overall predictive value was similar (Kinon et al., 2010).
Although much work has been carried out using various
definitions of clinical response at study endpoint
(improvements of 20%–50% on either the PANSS or
BPRS scales), a core clinical question iswhat do patients,
physicians, and caregivers really view as an acceptable
clinical outcome after 6, 8, and 12weeks of treatment.
Accepting that improvement on antipsychotic therapy

can occur in the first week (Leucht et al., 2005; Agid
et al., 2006; Kinon et al., 2008), and that early
improvement/non‐improvement has a valid and strong
predictive capability for longer‐term outcome, one
important question is how early is too early to make
the important “stay or switch” clinical decision.
Although most retrospective analyses and even prospec-
tive analyses have studied week 2 improvement, some
authors have evaluated week 1 as well (Correll et al.,
2003; Emsley et al., 2006b). In post hoc analyses of a
trial for the typical antipsychotic fluphenazine for
patients with chronic schizophrenia, Correll and col-
leagues reported a high degree of specificity (100%) at
week 1 for non‐improvers using a 20% threshold for
reduction in BPRS total score; although the sensitivity
was very low with only 35% of week 4 responders
showing improvement at week 1 (Correll et al., 2003). In
contrast, in first‐episode patients with schizophrenia,
Emsley et al. found specificity and sensitivity of 65%
and 69%, respectively, for week 1 symptom changes in
PANSS total scores (Emsley et al., 2006b). More
research would be helpful to elucidate the predictive
value of week 1 findings in different patient populations.
What is the optimal threshold for early improve-

ment for predicting later response and how does
the predictive capacity of various early measures
change over time? The data seems to suggest that the
later “early” time points are associated with greater
Copyright © 2011 John Wiley & Sons, Ltd.
predictive accuracy (Derks et al., 2010). However, in
the interest of not forcing patients to endure treatment
for unnecessarily long periods when they remain un-
responsive, an important question to ask might be “how
early is too early to make a stay or switch decision?”
Early prediction models have been developed for

several first‐ and second‐generation antipsychotics.
Among the first studies using systematic prediction
models assessing sensitivity and specificity was for the
drug fluphenazine looking at a 20% threshold of
improvement in the BPRS during week 1 (Correll
et al., 2003). Early symptom response (as a predictor of
outcome) and overall response has also been assessed
for the antipsychotics olanzapine and risperidone
(Chang et al., 2006; Kinon et al., 2008). These findings
have been validated in a recent prospective study that
examined early improvement and further evaluated the
benefit of a randomized switch for the early non‐
improvers from risperidone to olanzapine (Kinon et al.,
2010). Although these studies have detailed the
relationship between early symptom changes and
response, it is important to also verify this for individual
drugs, such as ziprasidone. Our initial analysis of two
short‐term, fixed‐dose, placebo‐controlled studies of
ziprasidone for the treatment of schizophrenia indicated
that the predictive power (PP) of improvement/non‐
improvement at week 2 for the week 6 response was
71% (week 2 improvement and week 6 response
defined as≥10% and≥30% reductions in PANSS total
score, respectively) (Kane et al., 2007).
The majority of work on early improvement/non‐

improvement for later outcomes in schizophrenia has
focused on the PANSS and BPRS scales. These
research tools are not readily used in clinical practice,
yet the “stay or switch” conundrum is clearly a clinical
one. For instance, Chang and colleagues used both
PANSS and BPRS scores from the first two weeks to
predict response (defined as a reduction in PANSS
total score of ≥20%) at weeks 4 and 6 and found that
PANSS scores were more accurate predictors than
BPRS scores (Chang et al., 2006). Recent publications
have evaluated the correlation between early PANSS
improvement and response and remission (Emsley
et al., 2007; Schennach‐Wolff et al., 2011). Masand
and colleagues evaluated data from 10 schizophrenia
studies for ziprasidone and found that a Clinical
Global Impression of Improvement (CGI‐I) score of
1 correlated with the remission criteria developed by
the remission working group and that a CGI‐I score of
1 or 2 at week 1 successfully predicted remission in
schizophrenia (Masand et al., 2011).
Here, we present analyses of placebo‐controlled and

comparator studies of ziprasidone in the treatment of
Hum. Psychopharmacol Clin Exp 2011; 26: 282–290.
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schizophrenia. Using retrospective data from the
placebo‐controlled trials, we looked at this phenom-
enon specific to ziprasidone (Daniel et al., 1999;
Rappard et al., 2006). Additionally, using data from
the comparator studies (involving olanzapine and
risperidone), we looked at this question generally
without regard to which antipsychotic was used
(Addington et al., 2004; Simpson et al., 2004). Our
hypothesis was that these analyses would support the
initial findings that demonstrated that early improve-
ment/non‐improvement predicts subsequent outcome
independent of the antipsychotic chosen.
We examined endpoint responses of ≥30% in the

placebo‐controlled studies and ≥40% in the compar-
ator studies (comprising ziprasidone, olanzapine, and
risperidone). Our aim was to determine whether early
improvement can predict response at 6weeks. In par-
ticular, we queried whether week 2 scores could
correctly identify the responders and non‐responders
(measures of sensitivity and specificity) at week 6 and
assessed the PP of examining early scores. For the
comparator studies, we further hypothesized that
clinically meaningful decisions could not be made as
early as week 1 because of several confounding
reasons and compared the predictive parameters of
week 1 and 2. Furthermore, we chose a relatively low
response of 10% reduction in BPRS and PANSS
scores to capture early signs of improvement at week
1. Our hypothesis was that there would be too many
confounding factors in that early time frame to allow
for meaningful clinical decisions to be made. Finally,
we assessed the predictive capability of CGI‐I at
weeks 1 and 2 for later response; it would be important
to know if clinical decisions about continuing or
stopping treatment could be made based on CGI,
which can be easily employed in clinical practice.

METHODS

These data reflect two separate, pooled, post hoc
analyses. Data from two similarly designed placebo‐
controlled studies were pooled and analyzed. Separately,
data from two active comparator trials were also pooled
and analyzed.

Placebo‐controlled studies

We pooled data from two similarly designed 6‐week,
fixed‐dose, randomized, placebo‐controlled trials
(studies 114 and 115) of ziprasidone in hospitalized
patients with schizophrenic illness (Daniel et al., 1999;
Rappard et al., 2006). Following a 3‐day to 7‐day wash-
out period, subjects were randomized to fixed‐dose
treatment with ziprasidone (40−160mg) or placebo.
Copyright © 2011 John Wiley & Sons, Ltd.
Subjects in the 40‐mg to 160‐mg dose range (N = 369)
were evaluated at weeks 2 and 6.

Inclusion criteria. Subjects had an acute exacerbation
of a chronic or subchronic schizophrenic illness as per
Diagnostic and Statistical Manual of Mental Disorders,
3rd Edition, Revised (DSM‐III‐R). All subjects were
diagnosed at least 6months prior to screening and had
been hospitalized <4weeks prior to screening. A
baseline PANSS total score of ≥60, with a score of
≥4 on ≥2 core items of the PANSS (conceptual
disorganization, hallucinatory behavior, suspiciousness,
and unusual thought content) was also required, as was
a score of ≥2 on the CGI‐I scale.

Response criteria. Week 2 improvement was defined
as a ≥10% reduction in PANSS total score, and lack
of improvement was defined as a <10% reduction in
PANSS total score. Week 6 response was defined as a
≥30% reduction in PANSS total score, and non‐
response was defined as a <30% reduction in PANSS
total score.

Comparator studies

Data from two similarly designed, flexible‐dose,
randomized, double‐blind, comparative trials (study
302 with ziprasidone versus risperidone for 8weeks
and study 548 with ziprasidone versus olanzapine for
6weeks) in hospitalized patients experiencing an acute
exacerbation of schizophrenia or schizoaffective
disorder were pooled (Addington et al., 2004;
Simpson et al., 2004).
In study 548, after screening and washout, subjects

were randomized double‐blind to either ziprasidone or
olanzapine (Simpson et al., 2004). During week 1, the
fixed‐dose regimen for ziprasidone was 40mg b.i.d on
days 1 and 2 and 80mg b.i.d on days 3–7; for olan-
zapine, it was 5mg/day on days 1 and 2 and 10mg/day
on days 3–7. From weeks 2 to 6, subjects received
flexible doses of ziprasidone (40, 60, or 80mg b.i.d) or
olanzapine (5, 10, or 15mg/day).
In study 302, after screening and washout, subjects

were randomized double‐blind to either ziprasidone or
risperidone (Addington et al., 2004). Ziprasidone
subjects started on 40mg b.i.d for the first week, which
was then adjusted at weekly intervals in increments of
20mg b.i.d within the range of 80 to 160mg/day.
Risperidone was titrated from 1mg b.i.d (day 1) to 3mg
b.i.d (days 3 to 7) during the first week and was then
adjusted at weekly intervals in 1mg increments to a
maximum of 5mg b.i.d.

Inclusion criteria. Subjects for both comparator
studies included men and women aged 18–64 years
Hum. Psychopharmacol Clin Exp 2011; 26: 282–290.
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Table 1. Baseline demographics and clinical characteristics of early
improvers and early non‐improvers in the placebo‐controlled studies

Characteristic

Early improvers
(≥10% reduction
in PANSS total
at week 2)

Early non‐improvers
(<10% reduction
in PANSS total
at week 2)

N = 159 N= 210

Age, years 38.0 38.4
Male, n (%) 112 (70.4) 145 (69.1)
Race/ethnicity
Caucasian, n (%) 109 (68.6) 146 (69.5)
African American, n (%) 35 (22.0) 43 (20.5)
Asian, n (%) 3 (1.9) 9 (4.3)
Other, n (%) 12 (7.6) 12 (5.7)

Weight, kg 75.9 78.5
Age at diagnosis, years 22.8 22.4
Diagnosis of schizophrenia
(versus schizoaffective
disorder), n (%)

113 (71.1) 160 (76.2)

PANSS total 95.6 93.6
CGI‐S 4.8 4.9

PANSS, Positive and Negative Syndrome Scale; CGI‐S, Clinical Global
Impression‐Severity.
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who were required to have a primary diagnosis of
schizophrenia or schizoaffective disorder. For study
548, subjects with a baseline CGI score of ≥4 and a
score of ≥4 on ≥1 of the PANSS positive symptom
items were included. For study 302, subjects with a
PANSS total score of ≥60 and a score of ≥4 on ≥2
core PANSS items were included.

Response criteria. Improvement at weeks 1 and 2
was defined as a ≥10% and a ≥20% reduction,
respectively, from baseline on the BPRS and PANSS
(data for week 1 only) scores or a measurement of 1,
2, or 3 for CGI‐I. Response at week 6 was defined as
a ≥40% reduction from baseline BPRS or PANSS
score or a measurement of 1 or 2 for CGI‐I. Subjects
in all treatment arms were included in the analyzed
data set.

Statistical analyses

We used measures of sensitivity, specificity, PPV, NPV,
and PP to examine the early improvement and response
to treatment. Sensitivity is the correct identification of
subsequent responders, and specificity is the correct
identification of subsequent non‐responders. PPV is the
probability that early improvers show subsequent
response, whereas NPV is the probability that early
non‐improvers are subsequent non‐responders (Jäger
et al., 2009b). A receiver operating characteristics
(ROC) curve was generated to further assess the ability
of week 1 or week 2 PANSS, BPRS, or CGI‐I total
scores to discriminate between week 6 responders and
non‐responders. Area under the ROC curve ranges from
0.5 (non‐informative) to 1 (perfect test discrimination).
Most researchers consider a value of 0.7−0.8 as
reasonable, whereas >0.8 has good discriminative
capacity (Weinstein and Fineberg, 1980).

Placebo‐controlled studies. The baseline characteris-
tics were continuous variables that were descriptively
compared for improvers and non‐improvers at week 2.
At each post‐baseline time point analyzed, a last
observation carried forward approach was used to
impute missing PANSS total scores.

Comparator studies. Baseline characteristics (demo-
graphics, PANSS, BPRS, and CGI‐I scores) for week
1 responders and non‐responders were compared
descriptively. The analyses used only observed cases
in both studies, such that subjects with missing
observation at time point of interest were excluded
from the analysis. As no symptom change scores were
assessed in study 302 at week 2, data from this study
were excluded for the week 2/week 6 comparison.
Copyright © 2011 John Wiley & Sons, Ltd.
RESULTS

Baseline demographics and clinical characteristics of
early improvers and early non‐improvers in the
placebo‐controlled studies are shown in Table 1.
Baseline demographics and clinical characteristics for
subjects in the comparator studies are shown in
Table 2 and are descriptively comparable across early
responders (≥20% reduction in BPRS) and non‐
responders (<20% reduction in BPRS) at week 2.

Predictive capacity of week 2 improvement/
non‐improvement for week 6 response/non‐response

Among a total of 369 subjects in the placebo‐
controlled trials, using PANSS total scores, 159 were
week 2 improvers (≥10%) and 90 were week 6 re-
sponders (≥30%). Improvement (≥10% reduction in
PANSS total score) at week 2 correctly predicted last
visit (week 6) response (≥30% reduction in PANSS
total score) in 71 of 90 (sensitivity, 78.9%) subjects.
Likewise, week 2 non‐improvers (<10% reduction in
PANSS total score) were correctly identified as non‐
responders at week 6 (<30% reduction in PANSS total
score) in 191 of 279 subjects (specificity, 68.5%). Of the
159 week 2 improvers, only 71 were week 6 responders
(PPV, 44.6%). However, a higher proportion of week 2
non‐improvers were week 6 non‐responders (191 of
210, NPV 91%) (Table 3). The PP at week 2 using
PANSS was 71.0%, and this was confirmed by the
ROC curve for week 2 PANSS scores as a predictor
of 30% response at week 6 (Figure 1a), which had
an area under the curve (AUC) of 0.74.
Hum. Psychopharmacol Clin Exp 2011; 26: 282–290.
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Table 2. Baseline demographics and clinical characteristics of early
improvers and early non‐improvers at week 1 in the comparator‐controlled
studies

Characteristic

Early improvers
(≥10% reduction
in PANSS total
at week 1)

Early non‐improvers
(<10% reduction
in PANSS total
at week 1)

N= 216 N= 300

Age, years 36.1 36.2
Male, n (%) 147 (68.1) 211 (70.3)
Race/ethnicity
Caucasian, n (%) 157 (72.7) 224 (74.7)
African American, n (%) 31 (14.4) 43 (14.3)
Asian, n (%) 7 (3.2) 6 (2.0)
Hispanic, n (%) 10 (4.6) 16 (5.3)
Other, n (%) 11 (5.1) 11 (3.6)

Weight, kg 81.3 80.2
Age at diagnosis, years 24.3 24.0
Diagnosis of schizophrenia
(versus schizoaffective
disorder), n (%)

172 (79.6) 231 (77.0)

BPRS total 53.1 52.9
PANSS total 93.7 92.7
CGI‐S 4.9 4.8

PANSS, Positive and Negative Syndrome Scale; BPRS, Brief Psychiatric
Rating Scale; CGI‐I, Clinical Global Impression‐Severity.
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Brief Psychiatric Rating Scale and CGI‐I scores for a
total of 153 patients were available for analysis at week
2 (ziprasidone and olanzapine data only). Although the
sensitivity for correctly identifying week 6 responders
at week 2 was consistent between CGI‐I (103 of 110,
93.6%) and BPRS (37 of 46, 80.4%), the specificity
was much lower for CGI‐I (11 of 43, 25.6%). The
NPV for BPRS and CGI‐I scores was 89.2% (74 of
83) and 61.1% (11 of 18), respectively. The PP for
week 2 BPRS scores (72.5%) was similar to CGI‐I
(74.5%) (Table 3). For week 2, the ROC curves for
Table 3. Predictive capabilities of week 2 changes for study endpoint outcome

Efficacy measure

Ziprasidone, placebo‐controlled data

PANSS

N (Total subjects) 369
Week 2 improvers 159 (71 TP+ 88 FP)
Week 2 non‐improvers 210 (191 TN+19 FN)
Week 6 responders 90
Week 6 non‐responders 279
Sensitivity 78.9% (71/90)
Specificity 68.5% (191/279)
PPV 44.6% (71/159)
NPV 91.0% (191/210)
PP 71% (262/369)

PANSS, Positive and Negative Syndrome Scale; BPRS, Brief Psychiatric Rating
FP, false positives; TN, true negatives; FN, false negatives; PPV, Positive Pr
Sensitivity =TP/week 6 responders, Specificity =TN/week 6 non‐responders; PPV
of our analyses, “TP+FP” refers to early improvers, and “TN+FN” refers to ea
aStudy 548 with olanzapine data only. Study 302 with risperidone did not have

Copyright © 2011 John Wiley & Sons, Ltd.
the BPRS scores had an AUC of 0.678, and for the
CGI‐I scores, the AUC was 0.676 (Figure 1b, c).

Predictive capacity of week 1 improvement/
non‐improvement for week 6 response/non‐response

Based on PANSS scores, among a total of 370 subjects,
162 were week 1 improvers (≥10% reduction), and
104 were week 6 responders (≥40% reduction). At
week 1, 69 of 104 (66.3%, sensitivity) were correctly
identified as week 6 responders; whereas 173 of 266
(65.0%, specificity) showing non‐improvement at week
1 were week 6 non‐responders. For the PANSS week 1
scores, the PP was 65.4% (Table 4).
Of a total of 369 subjects, 174 and 228 were week 1

improvers, and 107 and 238 were week 6 responders,
using BPRS and CGI‐I scores, respectively (Table 4).
For BPRS, of the 195 week 1 non‐improvers, 159
(81.5%, NPV) were week 6 non‐responders. However,
for CGI‐I, the NPV was lower (47.5%) as only 67 week
1 non‐improvers were amongst the 141 week 6 non‐
responders. The PP of the week 1 result was 62.3% for
BPRS and 62.6% for CGI‐I scores (Table 4). The
previously mentioned observations were confirmed
by ROC curves for week 1 PANSS, BPRS, and CGI‐I
scores. The AUC for week 1 was 0.576 for PANSS
total response, 0.558 for BPRS response, and 0.643 for
CGI‐I response (Figure 1).

DISCUSSION

Week 2 early improvement/non‐improvement predicts
response/non‐response

Our results confirm that early improvement/non‐
improvement in PANSS, BPRS, or CGI‐I during
week 2 can predict subsequent outcome. Across both
s

Ziprasidone/olanzapinea

BPRS CGI‐I

153 153
70 (37 TP + 33 FP) 135 (103 TP+ 32 FP)
83 (74 TN+ 9 FN) 18 (11 TN+ 7 FN)
46 110
107 43

80.4% (37/46) 93.6% (103/110)
69.2% (74/107) 25.6% (11/43)
52.9% (37/70) 76.3% (103/135)
89.2% (74/83) 61.1% (11/18)
72.5% (111/153) 74.5% (114/153)

Scale; CGI‐I, Clinical Global Impression‐Improvement; TP, true positives;
edictive Value; NPV, Negative Predictive Value; PP, Predictive Power.
= TP/(TP+ FP); NPV=TN/(TN+FN); PP = (TP+TN)/N. For the purpose
rly non‐improvers.
week 2 data.

Hum. Psychopharmacol Clin Exp 2011; 26: 282–290.
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Figure 1. Receiver operating characteristics curves predicting response
from early psychiatric testing in placebo‐controlled and comparator studies
(a) Positive and Negative Syndrome Scale total score week 1 versus
week 6 (placebo data) and week 2 versus week 6 (ziprasidone,
olanzapine data). (b) Brief Psychiatric Rating Scale total score week
1 versus week 6 (all comparator data) and week 2 versus week 6
(ziprasidone, olanzapine data). (c) Clinical Global Impression‐
Improvement total score week 1 versus week 6 (all comparator data)
andweek 2 versus week 6 (ziprasidone, olanzapine data). AUC, area
under the curve
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separate analyses (placebo and comparator data sets)
with both BPRS and PANSS, early improvement with
antipsychotics was associated with a sensitivity of
Copyright © 2011 John Wiley & Sons, Ltd.
approximately 80% and a specificity of just under
70%. These rates compare with studies reported by
Chang et al. with high rates of both sensitivity (~80%)
and specificity using a PANSS total score reduction
threshold of ≥20% within the first two weeks (Chang
et al., 2006). However, a later study by Kinon and
colleagues using the same threshold had a lower
sensitivity (45%) but high specificity of 89% (Kinon
et al., 2008). These variations may be attributed to
differences in baseline patient disease duration and
severity.
Our analyses of the comparator data show that the

CGI‐I had a higher sensitivity at 93.6%, correctly
identifying the majority of week 6 responders at week
2, whereas the specificity of CGI‐I was just over 25%.
Overall, the PP of CGI‐I at week 2 was approximately
equal to that of BPRS or PANSS. In particular, these
analyses highlight that non‐improvement is a partic-
ularly stronger predictor of non‐response compared
with early improvement predicting response.
An important aspect of this data set (PANSS and

BPRS at week 2) was that approximately 50% of early
improvers were false positives (they were not respon-
ders at week 6). As a result, the PPV of early improve-
ment was low. Furthermore, in our analysis of the
comparative dataset, we did not have week 2 data from
study 302 with risperidone, thereby reducing the power
of our analyses on BPRS and CGI‐I at week 2.
Although the number of subjects with week 2/6
PANSS data in the placebo‐controlled analyses was
higher than for the week 2/6 BPRS and CGI‐I data in
the comparative analyses (369 vs. 153), the overall PP
at week 2 was comparable across efficacy tools, as were
sensitivity, specificity, PPV, and NPV between BPRS
and PANSS. CGI‐I showed lower specificity and NPV
than BPRS and PANSS at the week 2 time point.

Limitations of week 1 data to predict response/
non‐response at week 6

The week 1 PANSS and BPRS data for early
improvement on antipsychotic treatment (zipraisdone,
olanzapine, or risperidone) showed sensitivity of
approximately 66% and specificities in the range of
60%–65%. The CGI‐I performed marginally better
than the BPRS and PANSS scales in terms of
sensitivity (68.9%) and outperformed both diagnostic
scales on PPV (71.9% vs. 40.8% and 42.6%,
respectively). Again, as with the week 2 data, CGI‐I
did not prove to be a particularly specific tool and
underperformed the PANSS and BPRS in terms of
NPV at week 1. Early non‐improvement was highly
predictive of later non‐response for BPRS, but not for
CGI‐I, such that the absence of early improvement at
Hum. Psychopharmacol Clin Exp 2011; 26: 282–290.
DOI: 10.1002/hup



Table 4. Predictive capabilities of week 1 changes for study endpoint outcomes

Efficacy measure

Ziprasidone/olanzapine/risperidone (comparator studies)a

PANSS BPRS CGI‐I

N (Total subjects) 370 369 369
Week 1 improvers 162 (69 TP+ 93 FP) 174 (71 TP+ 103 FP) 228 (164 TP+ 64 FP)
Week 1 non‐improvers 208 (173 TN+ 35 FN) 195 (159 TN+ 36 FN) 141 (67 TN+ 74 FN)
Week 6 responders 104 107 238
Week 6 non‐responders 266 262 131
Sensitivity 66.3% (69/104) 66.4% (71/107) 68.9% (164/238)
Specificity 65.0% (173/266) 60.7% (159/262) 51.1% (67/131)
PPV 42.6% (69/162) 40.8% (71/174) 71.9% (164/228)
NPV 83.2% (173/208) 81.5% (159/195) 47.5% (67/141)
PP 65.4% (242/370) 62.3% (230/369) 62.6% (231/369)

PANSS, Positive and Negative Syndrome Scale; BPRS, Brief Psychiatric Rating Scale; CGI‐I, Clinical Global Impression‐Improvement; TP, true positives;
FP, false positives; TN, true negatives; FN, false negatives; PPV, Positive Predictive Value; NPV, Negative Predictive Value; PP, Predictive Power.
Sensitivity =TP/week 6 responders, Specificity = TN/week 6 non‐responders; PPV=TP/(TP+FP); NPV=TN/(TN+FN); PP = (TP +TN)/N. For the purpose
of our analyses, “TP+FP” refers to early improvers and “TN+FN” refers to early non‐improvers.
aData from comparator studies 548 (olanzapine) and 302 (risperidone) included.
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week 1 or 2 was much more predictive (higher NPV)
of non‐response at week 6 using the BPRS scores.
Week 1 PPs were again equivalent across the PANSS,
BPRS, and CGI‐I as they were at week 2, although
overall predictive capacity increased from week 1 to
week 2 by approximately 10%. These findings are
reinforced by the ROCs with higher AUCs ranging
from 0.67 to 0.74 for week 2/6 responses that showed
acceptable discrimination compared with week 1/6
responses with AUCs ranging from 0.55 to 0.64.
There are some important limitations to interpreting

the week 1 data. Although we have a greater number of
subjects in the analyses of the comparative data for
week 1/6 on PANSS, BPRS, and CGI‐I, these studies
were associated with titration schedules during the first
week. As a result, it is questionable whether improve-
ment can really be assessed before a stable dose is
achieved. Additionally, the threshold of 10% improve-
ment may have been too low to be meaningful on a
predictive level. Although the intention was to be
lenient to capture early signs of improvement, it had the
effect of inflating the number of false positive and false
negatives at week 1. As previous work has shown,
although response can occur as early as the first
24 hours (Agid et al., 2006), we find that the PP of
early time points appears to increase from week 1 to 2
and onward. Previous studies have shown reasonable
predictive validity of early improvement for a 46%
PANSS total score improvement at week 2 and a 50%
improvement for remission (AUC: response 0.707,
remission 0.692) (Schennach‐Wolff et al., 2010).
Although we made no distinction between first and
multiple‐episode subjects in our analyses, a higher
threshold in the PANSS score within 2weeks of
Copyright © 2011 John Wiley & Sons, Ltd.
treatment may well have been more discriminating.
With the limitations associated with the frequent need
for dose titration in clinical practice and because of the
high degree of false positives at week 1, early
predictive assessment at this time point for clinical
decision making may be unrealistic. Indeed, this
observation supports the recommendation for longer
periods of assessment in hospital at a time when often
speedy discharge of patients from inpatient care is
advocated.

Potential value of Clinical Global Impression‐
Improvement to assess early improvement

As discussed previously, early non‐improvement was
highly predictive of later non‐response for BPRS but
not for CGI‐I. These differences between BPRS and
CGI‐I in predicting later non‐response suggests that
further research is needed to compare the predictive
capabilities of research versus clinical tools for out-
comes in schizophrenia. CGI‐I has been investigated as
a proxy for remission in schizophrenia, and it would be
worthwhile to further examine the utility of CGI‐I as a
tool in making “stay or switch” decisions, as it is
considered more physician friendly and representative
of global assessment. At present, the use of CGI‐I in
evaluating response and remission during clinical trials
as a primary endpoint is limited; however, efforts are
ongoing to determine if it is an appropriate tool for
predicting both response and remission (Masand et al.,
2011). Nevertheless, what exactly these diagnostic
scales measure is also an important consideration, as
unlike PANSS and BPRS scales, the CGI ratings may
correspond to relative change rather than absolute
change (Leucht et al., 2006).
Hum. Psychopharmacol Clin Exp 2011; 26: 282–290.
DOI: 10.1002/hup
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CONCLUSIONS

In light of several retrospective, prospective, and
naturalistic studies, it appears that early prediction of
response is possible and of value to clinicians. The
complex matrix of demographic factors (gender, dura-
tion of episode, number of episodes, duration of
untreated psychosis, impact of negative symptoms, and
drugs selected) contributing to response variability needs
to be further evaluated, and the interplay with improve-
ment threshold by time point needs to be further
elucidated (Mancama et al., 2002; Gunduz‐Bruce
et al., 2005; Gupta et al., 2006; Emsley et al., 2006a;
Usall et al., 2007; Jäger et al., 2009a). Further work is
needed to evaluate optimal early thresholds, how early is
too early to switch, treatment trajectories, outcomes after
switching to alternate medications, and how to better
facilitate clinical decision making. In addition to
improving patient care, advances in this area can
optimize clinical trial design, thereby reducing study
length and potentially reducing the costs associated with
research and development.
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