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Abstract In adults with schizophrenia, early response/
non-response (ER/ENR) to antipsychotics at 2 weeks
robustly predicts ultimate response/non-response (UR/
UNR). However, less data about the predictive value of
ER/ENR exist in adolescents with schizophrenia. Post
hoc analysis of a 6-week trial in adolescents aged 13-17
with schizophrenia were randomized 2:1 to olanzapine
or placebo. ER was defined as >20 % reduction in Brief
Psychiatric Rating Scale-children (BPRS-C) total score at
week 2 (ER2) or 3 (ER3); UR was defined with increasing
stringency as total BPRS-C score reduction >20, >30, >40
or >50 %; remission was defined cross-sectionally using
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Andreasen et al. (2005) criteria. By week 2 (n = 69) and
3 (n = 66), olanzapine-treated youth achieved 73.3 and
85.5 % of their overall BPRS-C score reduction at 6 weeks
last observation carried forward. ER and ENR patients did
not differ significantly regarding baseline demographic, ill-
ness and treatment variables. ER 2 (frequency = 68.1 %)
and ER 3 (frequency = 65.2 %) significantly predicted UR
and remission (p = 0.0044—p < 0.0001), with ER3 hav-
ing more predictive power. A > 20 % BPRS-C reduction
threshold for ER had best predictive validity (area under
the curve = 0.88-0.92). At 6 weeks, patients with ER
had significantly greater improvements in BPRS-C, Clini-
cal Global Impressions Improvement and Severity scores,
greater cross-sectional remission and less all-cause discon-
tinuation (p = 0.047-p < 0.0001). Adverse event profiles
were similar in the ER and ENR groups. Adolescents with
schizophrenia experienced the majority of symptomatic
improvement early during olanzapine treatment. ER pre-
dicted UR and remission, with ER3 having best predictive
power. A > 20 % improvement threshold for defining ER
was confirmed as a robust outcome indicator.

Keywords Schizophrenia - Adolescents - Response -
Remission - Prediction

Introduction

Up to one-third of patients with schizophrenia have their
first symptoms of psychosis before the age of 18 [1]. Func-
tional impairment occurs most rapidly in the early illness
phase [2] and may correlate with a decrease in cerebral
gray matter [3, 4]. Moreover, the percent of time spent psy-
chotic in the early illness phase predicts future outcome [5].
Therefore, reducing time of ineffective treatment is crucial.
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In this context, early prediction of later response to antipsy-
chotic medication and the time course of response to antip-
sychotics are of considerable interest [6—12]. The lack of
biomarkers for antipsychotic response [2] make the use of
early response patterns an attractive tool that can be used to
guide clinicians in individual decisions regarding the tim-
ing of continuation or discontinuation of an antipsychotic
trial in patients with schizophrenia [13].

Adults with schizophrenia have shown greater symp-
tomatic improvement in the first 2 weeks of antipsychotic
treatment than in subsequent weeks measured as reductions
in total scores on the Brief Psychiatric Rating Scale (BPRS,
[14]) and Positive and Negative Syndrome Scale (PANSS,
[15]) [6, 16], although symptom improvement might be
somewhat slower in patients with a first-episode or recent
onset psychosis [15-17]. A body of evidence has shown
that in adults with schizophrenia, lack of noticeable reduc-
tion in total BPRS or PANSS scores at week one or two are
statistically significant and clinically relevant predictors of
later response status [7-12, 20, 21]. In addition to predict-
ing greater symptom reduction at study endpoint, several
post hoc analyses have demonstrated that early respond-
ers and early non-responders also differ significantly on
outcomes not related to the instrument that defines early
response/non-response. For example, compared to early
non-responders, early responders have had longer time to
all-cause treatment discontinuation [22], lower overall and
non-medication related treatment cost [12], and higher lev-
els of social and physical functioning as measured by the
medical outcome survey—short form 36 (SF-36) [12].

While the validity and utility of early response/non-
response for predicting ultimate outcome has been fairly
well established in adults with schizophrenia [13], much
less information is available in pediatric patients. Predict-
ing antipsychotic response in the adolescent population is
crucial, as youth with early-onset schizophrenia may have
lower response patterns than adults [23] and as adolescents
undergo crucial biological, psychosocial and educational
maturation processes that need to be disturbed for as short
a period as possible to not seriously affect the still all too
often unfavorable long-term trajectory of the illness [24].

To our knowledge, currently only 2 published studies
have examined this issue in adolescents with early-onset
schizophrenia [25, 26]. In one post hoc analysis of a large
randomized, placebo-controlled trial of aripiprazole in 200
adolescents aged 12-17, reduction of PANSS total scores
by >20 % at week 2 and, even more so, at week 3 were sig-
nificantly predictive of ultimate response status at week 6,
defined as a > 40 % total PANSS score reduction [25]. In
the other study, 79 youth aged 619 years with schizophrenia
(29 %) or psychotic disorder not otherwise specified (71 %)
received naturalistic treatment with clinicians’ choice sec-
ond-generation antipsychotics (77 % antipsychotic-naive).
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Early response was defined as a Clinical Global Impres-
sions Improvement (CGI-I, [27]) rating of at least minimally
improved at week 4, which significantly predicted ultimate
response at week 12, defined as a CGI-I rating of much or
very much improved [26]. These data suggested for the first
time that simple and fast CGI-I ratings in the early treatment
course could be used in clinical care to identify patients in
whom treatment will not yield meaningful efficacy, so that
antipsychotics could be changed earlier aiming for sparing
of ineffective treatments and possibly faster achievement of
ultimate response due to earlier treatment switches.

Since most of the adult data on the early response/non-
response paradigm are available for olanzapine and risperi-
done [8-12, 19, 21], we aimed to examine whether in adoles-
cents with schizophrenia treated for 6 weeks with olanzapine
(1) the improvement in total psychopathology is also largest
in the first 2 weeks, and (2) early response/non-response
defined as a percentage improvement on the BPRS-C total
score are significant predictors of response/non-response and
remission/non-remission at study endpoint. Based on the
adult data and early findings in adolescents reviewed above,
we hypothesized that early non-response at week 2 and, pos-
sibly, even more so at week 3 would predict ultimate non-
response and related poorer outcomes at study endpoint in
adolescents with schizophrenia treated with olanzapine both
in a statistically and clinically significant way.

Methods

This study was a post hoc analysis of data derived from a
randomized, placebo-controlled, multisite 6 week double-
blind trial comparing olanzapine and placebo in adoles-
cents with schizophrenia [28]. A brief description of the
parent study is provided below; additional details have
been published previously [28].

Study design and participants

The RCT study included 107 adolescents aged 13—17 years
and diagnosed with schizophrenia according to DSM-
IV-TR criteria and by interview and assessment with the
schedule for affective disorders and schizophrenia for
school-age children—present and lifetime (K-SADS-PL,
[29]). Patients could be either inpatients or outpatients and
were recruited from multiple sites in the United States (20
sites) and Russia (5 sites) from November 2002 to April
2005. Patients were required to have a total score of 35 or
higher on the anchored version of the Brief Psychiatric Rat-
ing Scale for children (BPRS-C, [14]), with a score of 3
or higher on at least one of the following BPRS-C items at
enrollment and randomization: hallucinations, delusions, or
peculiar fantasies.
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Eligible patients were randomly assigned in a 2:1 ratio
to either olanzapine in flexible doses (2.5-20.0 mg/day) or
placebo. Olanzapine was titrated to at least 10.0 mg/day by
the third week. Thereafter, investigators were instructed to
increase the dose of study medication to the highest toler-
ated dose, provided there were no tolerability concerns. The
present post hoc analyses included only those patients who
were allocated to the olanzapine arm (n = 72) and who had
at least two post-baseline assessments (at 2 or 3 weeks to
assess early response and at least one additional assessment
to determine ultimate response) (n = 69).

Efficacy and safety assessments

The primary efficacy measure was the mean change in
the BPRS-C total score. Other efficacy outcomes meas-
ures included the Positive and Negative Syndrome Scale
(PANSS, [15]), the Clinical Global Impressions-Severity
Scale (CGI-S, [27]) the Overt Aggression Scale (OAS,
[30]) and the Child Health Questionnaire Parent Form 50
(CHQ-PF50, [31]). In addition, changes in the Clinical
Global Impressions Improvement Scale (CGI-1, [27]) were
evaluated at endpoint.

Safety outcomes included frequency of adverse events
and changes in body weight and metabolic measures.
Extrapyramidal side effects (EPS) were assessed by the
Simpson—Angus Scale (SAS [32]), the Barnes Akathisia
Scale (BARS, [33]) and the Abnormal Involuntary Move-
ment Scale (AIMS, [34]). Tests were performed at proto-
col-specified time-points, when clinically indicated, and
when a patient completed the 6-week study period or dis-
continued early from the study. Fasting (>8 h) glucose and
lipids were collected at baseline and endpoint.

Statistical analysis

The focus of this study was to characterize and predict the
trajectory of treatment response in adolescents with schizo-
phrenia treated with olanzapine.

For the purpose of this post hoc analysis, early response
(ER) was defined as a >20 % reduction in BPRS-C total
score at week 2 (ER2) or week 3 (ER3). ENR was defined
as a <20 % reduction in BPRS-C total score at week
2 (ENR2) or week 3 (ENR3). Ultimate response (UR)
was defined as a percent BPRS-C total score reduction
at study endpoint (week 6) of >20 % (UR20), >30 %
(UR30), >40 % (UR40) or >50 % (URS50) (last observa-
tion carried forward, LOCF). Remission was defined at the
end of the double-blind phase (LOCF), using the symptom
severity component of the standardized remission criteria
[35], i.e., a score of <3 on 7 BPRS-C indicators, including
items 4: conceptual disorganization, 7: mannerisms/postur-
ing, 8: grandiosity, 11: suspiciousness, 12: hallucinatory

behavior, 15: unusual thought content, and 16: blunted
affect. The time criterion (6 months) of the consensus crite-
ria was not applied owing to the study duration of 6 weeks.

Sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) were evaluated to
determine the value of ER2/NER2 and ER3/NER3 for pre-
dicting presence or absence of ultimate response and remis-
sion at week 6. Sensitivity was defined as the proportion of
ultimate responders who were correctly classified as early
responders at week 2 or 3. Specificity was defined as the
proportion of ultimate non-responders who were correctly
classified as early non-responders at week 2 or 3. PPV was
defined as the proportion of early responders at week 2 or 3
who remained responders at week 6, and NPV was defined
as the proportion of early non-responders at week 2 or 3
who remained non-responders at week 6.

ER and ENR groups were compared on different vari-
ables using descriptive statistics for patient demographics
and baseline characteristics, as well as for the proportion-
ate weekly PANSS-T score change relative to the overall
PANSS-T score change. ER and the ENR groups were also
compared on the BPRS-C total, PANSS total, CGI-S, CGI-
I, OAS, CHQ-PF50 scores and all-cause discontinuation,
using Chi squared test or ¢ test for categorical and continu-
ous variables, respectively. Furthermore, receiver operating
characteristic curves (ROC curves) were calculated for ER2
and ER3 regarding the BPRS-C total score reduction (pre-
dicting >20, >30, >40 or >50 %) at week 6, to determine
the BPRS-C total score improvement threshold at week
2 and week 3 with the best predictive power for ultimate
response at week 6.

Finally, stepwise elimination logistic regression mod-
els for response and remission (in patients randomized to
olanzapine) were performed using baseline variables only
or baseline variables, ER status at week 2 or 3 and extrapy-
ramidal side effects (EPS) post-baseline to examine which
demographic, illness and treatment characteristics pre-
dicted treatment response (defined a priori as >40 % reduc-
tion in BPRS-C total score) or remission at endpoint.

Although this was a placebo-controlled trial like in prior
analyses of early antipsychotic response, we focused on
response prediction of patients randomized to olanzapine
only; placebo response patterns are the focus of a separate
report.

Results
Patient population
Of 107 adolescents with schizophrenia randomized to

6 weeks of treatment with olanzapine (n = 72) or placebo
(n = 35), 69 patients with at least two follow up visits, one
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Table 1 Baseline demographic, illness and treatment characteristics of olanzapine-treated subjects with an ER/ENR at study week 2 and of sub-
jects with an ER/ENR at study week 3

Week 2 Week 3
Olanzapine (n = 69) Olanzapine (n = 66)
Early non- Early responder p value Early non-responder Early responder p value
responder (n = 22) (n = 47) (n=23) (n=43)
Age, years, median 16 16 0.66 15 16 0.20
Gender male, n (%) 16 (72.7) 32 (68.1) 0.70 16 (69.6) 31 (72.1) 0.83
Race 0.43 0.99
White, n (%) 17 (77.3) 32 (68.1) 16 (69.6) 30 (69.8)
Non-white, n (%) 5(22.7) 15 (31.9) 7 (30.4) 13 (30.2)
Country, n (%) 0.92 0.35
Russia 10 (45.4) 22 (46.8) 9(39.1) 22 (51.2)
USA 12 (54.6) 25 (53.2) 14 (60.9) 21 (48.8)
BMI, kg/m?, median 23.2 21.6 0.32 23.3 21.5 0.22
Tllness characteristics
Illness duration, years, median 3.5 2 0.60 2 2 0.91
Age at onset, years, median 13 14 0.72 13 14 0.39
Onset before age 13, n (%) 14 (63.6) 31 (66.0) 0.85 14 (60.9) 30 (69.8) 0.47
Schizophrenia first degree relative, 6(27.3) 11 (23.4) 0.73 6(26.1) 9(20.9) 0.63
unknown/yes n (%)
Schizophrenia second degree relative, 9 (40.9) 22 (46.8) 0.65 9(39.1) 20 (46.5) 0.56
unknown/yes n (%)
Axis I history first degree relative, 7(31.8) 18 (38.3) 0.60 8 (34.8) 14 (32.6) 0.86
unknown/yes n (%)
BPRS-C total score, mean (SD) 49.6 (10.7) 50.3 (9.8) 0.79 51.1(11.6) 49.8 (9.4) 0.63
PANSS total, mean (SD) 93.0 (13.5) 96.1 (14.7) 0.40 96.0 (14.3) 94.7 (14.9) 0.74
CHQ-PF50 psychosocial*, mean (SD) 24.5 (13.1) 25.6 (11.0) 0.81 23.8 (13.1) 25.1(10.3) 0.76
CHQ-PF50 physical*, median 55.6 52.5 0.24 54.8 51.7 0.27
CGI-S 0.44 0.70
=4 (“moderate”), n (%) 10 (45.5) 14 (29.8) 8(34.8) 15 (34.9)
=5 (“marked”), n (%) 9 (40.9) 25(53.2) 10 (43.5) 22 (51.2)
=6 (“severe”), n (%) 3(13.6) 8 (17.0) 5217 6(13.9)
Mean (SD) 4.7(0.7) 4.9 (0.7) 4.7 (0.8) 4.8 (0.7)
OAS total score >0 n (%) 7(31.8) 23 (48.9) 0.18 8 (34.8) 20 (46.5) 0.36
Simpson-Angus total score > 0, n (%) 3(13.6) 14 (30.4) 0.23 2 (8.7) 15 (35.7) 0.02
Barnes Total Score >0, n (%) 6(27.3) 14 (30.4) 0.79 8 (34.8) 10 (23.8) 0.34
AIMS Total Score > 0, n (%) 209.1) 7(15.2) 0.25 4(17.4) 5(11.9) 0.71
Treatment characteristics
Olanzapine, mean modal dose (median) 10 12.5 0.43 10 12.5 0.65
Olanzapine, mean maximum dose (median) 15 15 0.43 15 12.5 0.09

Patients with an early response showed a > 20 % reduction from baseline in BPRS-C total score

AIMS Abnormal Involuntary Movement Scale, BMI body mass index, BPRS-C Brief Psychiatric Rating Scale-children, CHQ-PF50 Child Health
Questionnaire Parent Form 50, CGI-S Clinical Global Impression-Severity, ER early response, ENR early non-response, OAS Overt Aggression
Scale, PANSS Positive and Negative Syndrome Scale, SD standard deviation

* US subjects only; bolded p value: p < 0.05

of which included week 2 or week 3 were included in the  patients discontinuing early, 10 (13.9 %) discontinued due
analyses. to lack of efficacy and 5 (6.9 %) due to adverse events.
Patient disposition has been described in detail previ- Baseline demographic, illness and treatment character-
ously [28]. Briefly, 49/72 (68.1 %) olanzapine-treated  istics are shown in Table 1. The majority of patients were
patients completed the 6 week double-blind trial. Of the 23 ~ male, white and most had been treated previously with
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antipsychotics. There were no differences between ENR
and ER patients in baseline variables except for more ER3
than ENR3 patients having EPS at baseline [15 (35.7 %)
vs. 2 (8.7 %), p = 0.02].

Efficacy outcomes

Symptom reduction with olanzapine occurred predomi-
nantly early in the first 2 weeks of treatment (Fig. 1).
As early as by the end of week 1, on average, 51.1 %
of the overall improvement was already achieved with
an additional improvement of 22.2 % during week 2
(total = 73.3 %) and 12.2 % during week 3 (85.5 %).

At week 2, 47/69 patients (68.1 %) were ER, and at
week 3, 43/66 patients (65.2 %) were ER (Table 2). Sig-
nificantly more patients identified as early responders
at 2 or 3 weeks achieved an ultimate response of >40
or >50 % reduction in BPRS-C total score at week 6,
i.e., UR40: ER2 = 66.0 vs. ENR2 = 13.6 %, p < 0.001
and ER3 = 74.4 vs. ENR3 = 8.7 %, p < 0.001; UR50:
ER2 = 51.1 vs. ENR2 =9.1 %, p = 0.001 and ER3 = 60.5
vs. ENR3 =0 %, p < 0.001 (Table 2).

Compared to ENR2 patients, ER2 patients had signifi-
cantly greater improvements in BPRS-C total score at every
study week (p = 0.003—p < 0.001) and LOCF endpoint
(—16.6 & 23.2 vs. —50.4 £ 21.2, p < 0.001) (Table 2). Like-
wise, compared to ENR3 patients, ER3 patients also had
significantly greater improvements in BPRS-C total score
at every study week and LOCF endpoint (—15.2 & 20.6 vs.
—53.7 £ 20.0, p < 0.001). In addition, ER2 and ER3 patients
had significantly greater improvements in LOCF CGI-S
and CGI-I scores compared to ENR2 and ENR3 patients
(p = 0.047- <0.001). ER3 patients had significantly greater
improvement in OAS score (p = 0.02) compared to ENR3
patients, whereas the change in OAS score was not signifi-
cantly different between ER2 and ENR?2 patients (p = 0.15).
The changes in CHQ-PF50 were significantly different
between ER and ENR patients (p = 0.025-0.006), except for
the psychosocial summary mean at week 2 (Table 2). Finally,
compared to early non-responders, all-cause discontinuation
was significantly less likely in ER2 (p = 0.047) and ER3
(p = 0.018) subjects (Table 2).

Significantly more ER2 than ENR2 patients had remitted
at study endpoint [33 (70.2 %) vs. 9 (40.9 %), p = 0.039].
The same was true for ER3 compared to ENR3 patients [34
(79.1 %) vs. 7 (30.4 %), p < 0.001].

Predictive value of early response and non-response

The results of the predictive value analyses of an early
response of >20 % reduction in BPRS-C total score at
week 2 or week 3 for predicting ultimate response and
remission at week 6 are summarized in Table 3. Early

response at week 3 generally had slightly better predic-
tive power than early response at week 2 for both ulti-
mate response and remission. The same was true for
the prediction of ultimate non-response via presence of
early non-response. For UR40 and URS5O0, the specific-
ity (86100 %) and PPV (91-100 %) were high, while
the sensitivity (51-74 %) and NPV (46-66 %) were
moderate.

Regarding the prediction of remission, ER2 and ER3
showed moderate and somewhat lower predictive validity
than for UR. Consistent with the findings for UR, values
for remission were higher regarding sensitivity (70-79 %)
and PPV (79-83 %) than for specificity (59-70 %) and
NPV (48-64 %), and ER3 had the best predictive valid-
ity for remission with both sensitivity and PPV of around
80 %.

Receiver operating characteristic (ROC) curves
to determine the best cut-off for early response/
non-response

To find the optimal cut-off threshold of the psycho-
pathological improvement at 2 or 3 weeks to predict
response/non-response Or remission/non-remission at
week 6, ROC curves were generated for the reduction
in BPRS-C total score at week 2 and week 3 (Table 4).
At 2 weeks, a cut-off threshold of 19.8 % reduction to
predict >20 % reduction showed the highest accuracy
(accuracy = 84 %) and the greatest area under the curve
(AUC = 0.88). At 3 weeks, cut-off thresholds of 20.0
and 38.7 % reduction to predict >20 and >50 % reduc-
tion, respectively, at week 6, showed the highest accu-
racy (accuracy = 83.3, 84.8 %) and the greatest AUC
(AUC = 0.92, 0.91). Except for the ER3 of 38.7 % to
predict >50 % reduction, all other optimal cut-off points
for ER2 and ER3 to predict a percentage response at
week 6 were around 20 % (19.8-23 %). This was also
true for remission, where ROC curves showed optimal
cut-off points of 16 % reduction in BPRS-C total score
at week 2 and 20 % at week 3 to best predict remission
at week 6.

Predictors of ultimate response and remission

The logistic regression analysis showed that predictors of
response (defined as >40 % reduction in BPRS-C total
score) were ER2 (p = 0.0001), ER3 (p < 0.0001), a lower
baseline AIMS total score (0.041-0.044), a higher baseline
SAS total score (p = 0.047), male gender (p = 0.0075) and
a higher baseline BPRS-C withdrawal score (p = 0.026)
(Table 5). Predictors of remission were ER2 (p = 0.0044),
ER3 (p = 0.0003) and a lower baseline CGI-Severity score
(p = 0.0007-0.0013) (Table 5).
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LOCEF: last observation carried forward

Fig. 1 Weekly percent BPRS-C reduction from baseline to endpoint
(LOFC)

Adverse effect outcomes

There were no differences in adverse effect outcomes
between ER2/ER3 patients and ENR2/ENR3 patients,
except for ER3 patients having a greater improvement in
EPS assessed by the Simpson—Angus Scale compared to
ENR3 patients (p = 0.008) (Table 6). Both ER and ENR
patients gained body weight over the 6 weeks of treat-
ment and increased mean blood cholesterol, triglycerides
and fasting glucose from baseline to endpoint. Moreover,
around 45 % of the patients gained >7 % of body weight
(Table 6).

Discussion

Main findings from this post hoc analysis of a 6-week ran-
domized, double-blind, placebo-controlled trial of olan-
zapine vs. placebo for adolescents suffering from schizo-
phrenia include: (1) most of the symptomatic improvement
with olanzapine was achieved by weeks 1 and 2; (2) ER
and ENR patients did not differ significantly with regards
to baseline demographic, illness and treatment variables;
(3) ER2 and even more so ER3 significantly predicted UR
and remission; (4) a threshold for ER of >20 % BPRS-
C reduction was confirmed as having the best predictive
validity for UR; (5) patients with ER had better efficacy
than NER patients on almost all other efficacy outcomes
that were independent of the BPRS-C, which was used to
define ER, while adverse effects did not differ significantly
between ER and NER patients; (6) ER2 and ER3 remained
significant predictors of UR in multivariable regression
analyses that only identified one or two additional clinical
predictors.

Our finding that patients achieved most of the sympto-
matic response early in treatment (51 % by week 1, 73 %

@ Springer

by week 2 and 86 % by week 3) is consistent with stud-
ies in adults with schizophrenia where the improvement
up to week 2 was significantly larger than the additional
improvement up to week 4 [6, 36] or where the 4-week
improvement was larger than symptom reductions over the
next 11 months [16, 36]. Similarly, our findings are also
consistent with emerging data in adolescents with schizo-
phrenia [25] or youth with schizophrenia spectrum disor-
ders [26], in whom most of the symptomatic improvement
also occurred in the first 2—4 weeks of a new treatment trial.
Nevertheless, the relative symptomatic improvement at
week 1 was double than that seen in a 6-week double-blind
randomized trial with aripiprazole, in which at week 1 and
2 about 25 % of the overall PANSS total score reduction
was seen [25]. This difference may be due to more sedat-
ing effects of olanzapine, potentially leading to a reduction
in general psychopathology, variations in the titration speed
until therapeutic dose levels were reached, or in the overall
PANSS score reduction from baseline (which was larger in
the aripiprazole arms (—31 points) [37] than in the olanzap-
ine arm (—21 points) [28], with parallel differences in the
placebo response (—21 and —9 points, respectively)).

In line with studies in adults [7-12, 38, 39] and emerg-
ing pediatric data [25, 26], we confirmed that early
responders at week 2 or 3 had significantly better outcomes
across a variety of efficacy measures. Exceptions were the
isolated lack of a difference in the psychosocial summary
score of the CHQ-PF50 between ER2/NER2 at week 6,
as functional improvement may take longer than 6 weeks,
and in adverse effects in this short-term study. Moreo-
ver, in a 6-week, placebo-controlled study of adolescents
with schizophrenia treated with aripiprazole [25], early
response/non-response status at week 3 was more predic-
tive of ultimate outcome than early response/non-response
status at week 2.

Similar to prior work in adults [9, 13] and the common
practice in the literature on ER in schizophrenia, we found
with the exception of a single outlier (ER3 of 38.7 % to
predict URS50) that thresholds of around 20 % (16-23 %)
reduction of BPRS-C total score at week 2 or 3 were the
optimal cut-off point for ER to predict UR and remis-
sion. Using equipercentile linking, the >20 % reduction
in PANSS (or Brief Psychiatric Rating Scale) scores was
found to be comparable to “minimal improvement” on the
CGI-I scale [40]. Since the CGI-I can easily be utilized in
busy clinical settings, it should be considered in clinical
care, as lack of at least minimal improvement on the CGI-I
at week 4 was shown to predict UNR at week 12, defined
as much or very much improved on the CGI-I in youth with
schizophrenia spectrum disorders [26].

Using this 20 % improvement threshold in BPRS-
C total score at week 2 or 3 to define ER or ENR, 65 %
of the olanzapine-treated adolescents with early-onset
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Table 2 Summary of efficacy related outcomes assessed at week 6 (LOCF) in olanzapine-treated subjects by ER2 vs. ENR2 or by ER3 vs.
ENR3

Outcome Week 2-ER Week 3-ER

Early non-responder Early responder p value Early non-responder Early responder p value

(n=22) (n=47) (n=23) (n=43)

BPRS-C Total score, % change, mean (SD) —16.6(23.2) —50.4 (21.2) <0.001 —15.2 (20.6) —53.7 (20.0) <0.001
Remission, n (%) 9 (40.9) 33 (70.2) 0.039 7(30.4) 34 (79.1) <0.001
Ultimate BPRS-C reduction >20 %, n (%) 9 (40.9) 45 (95.7) <0.001 10 (43.5) 42 (97.7) <0.001
Ultimate BPRS-C reduction >30 %, n (%) 6(27.3) 36 (76.6) <0.001 5217 36 (83.7) <0.001
Ultimate BPRS-C reduction >40 %, n (%) 3(13.6) 31 (66.0) <0.001 2(8.7) 32(74.4) <0.001
Ultimate BPRS-C reduction >50 %, n (%) 2(9.1) 24 (51.1) 0.001 0(0.0) 26 (60.5) <0.001
CGI-S change, mean (SD) —0.6 (0.8) —1.4(0.9) 0.001 —-0.5(0.6) —1.5(0.9) <0.001
CGI-I change, mean (SD) —-0.6 (1.4) —-1.3(1.2) 0.047 -04(1.2) —1.5(.1) <0.001
OAS total change, mean (SD) 0.3(2.0) 1.2 3.1 0.15 —-0.3(3.1) 1.5 (2.6) 0.02

CHQ-PF50* point change psychosocial —6.5(9.3) —12.5(13.8) 0.19 —4.5(9.2) —16.4 (12.5) 0.006

summary, mean (SD)

Physical summary, mean (SD) 11.1(11.1) 2.5(6.2) 0.025 9.1 (10.5) 2.2(6.2) 0.042
All-cause discontinuation, n (%) 10 (45.5) 9(19.1) 0.047 10 (43.5) 6 (14.0) 0.018

BPRS-C Brief Psychiatric Rating Scale-children, CGI-I Clinical Global Impression-Improvement, CGI-S Clinical Global Impression-Severity,
CHQ-PF50 Child Health Questionnaire Parent Form 50, ER early response, LOCF last observation carried forward, OAS Overt aggression Scale

* US Subjects only; bolded p value: p < 0.05

Table 3 Predictive value of early response for ultimate response to olanzapine defined by different percent score reductions at study endpoint
(week 6 LOCF)

Predictive value for UR  Accuracy in predicting a BPRS-C total score reduction at endpoint Accuracy in predicting

remission at endpoint

Early response-week 2 Early response-week 3 ER-week 2 ER-week 3

>20 %* 230 %* =40 %* =50 %* =20 %* =30 %* =240 %* =50 %*
Sensitivity (%) 96 77 66 51 98 84 74 60 70 79
Specificity (%) 59 73 86 91 57 78 91 100 59 70
PPV (%) 83 86 91 92 81 88 94 100 79 83
NPV (%) 87 59 54 46 93 72 66 58 48 64

BPRS-C Brief Psychiatric Rating Scale-children, ER early response, LOCF last observation carried forward, NPV negative predictive value, PPV
positive predictive value, UR ultimate response

* Reduction in BPRS-C total score

schizophrenia were categorized as ER. This two-third fig-
ure for ER status is higher than that found in a study of
adolescents with early-onset schizophrenia randomized to
aripiprazole, where ER2 and ER3 was achieved by 33 and
49 %, respectively [25]. However, the early response fre-
quency of about 65 % is also higher than that reported in
adult studies, where frequencies were 43—47 % in first-epi-
sode schizophrenia [18, 38] and 22-30 % in chronic schiz-
ophrenia also treated with olanzapine [10-12]. Reasons
for this difference in the proportion of early responders
are unclear, but could possibly relate to differences in pre-
baseline exposure to antipsychotics and degree of required

washout, which each will affect pre-baseline response
status and baseline severity of psychopathology. Another
possibility is that olanzapine and aripiprazole have differ-
ing levels and/or time course of efficacy, yet these findings
should be followed up in future studies, ideally comparing
different antipsychotics head-to-head.

Further, our results suggest that prediction of UR may
be more accurate in adolescents with schizophrenia than
prediction of UNR, at least when treated with olanzapine.
From a clinical point of view, however, NPV and specificity
for prediction of ultimate non-response are the most impor-
tant variables, since an accurate and early identification of
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Table 4 Receiver operating characteristic curve-derived best cut-off scores for defining early response as a predictor of ultimate response to
olanzapine defined by different percent BPRS score reductions of at study endpoint (week 6 LOCF)

ER ROC Sensitivity  Specificity PPV NPV Accuracy AUC Lower Upper 95 % CI
threshold (%) 95 % CI
Early response at week 2
Ultimate response:
>20 % BPRS | 19.8 0.833 0.867 0.957  0.591 0.841 0.877 0.777 0.976
>30 % BPRS | 23.0 0.786 0.704 0.805  0.679 0.754 0.792 0.680 0.904
>40 % BPRS | 23.0 0.882 0.686 0.732  0.857 0.783 0.829 0.735 0.924
>50 % BPRS | 23.0 0.923 0.605 0.585  0.929 0.725 0.810 0.709 0.910
Early response at week 3
Ultimate response
>20 % BPRS | 20.0 0.808 0.929 0977  0.565 0.833 0.918 0.847 0.989
>30 % BPRS | 21.6 0.878 0.760 0.857  0.792 0.833 0.864 0.773 0.956
>40 % BPRS | 21.6 0.941 0.688 0.762 0917 0.818 0.887 0.810 0.963
>50 % BPRS | 38.7 0.808 0.875 0.808  0.875 0.848 0914 0.848 0.979

CI confidence interval, ER early response, NPV negative predictive value, PPV positive predictive value, ROC receiver operating characteristic,

AUC area under the curve, BPRS Brief Psychiatric Rating Scale

Table 5 Stepwise elimination logistic regression models for response and remission using baseline variables only or baseline variables and early
response status at week 2 or 3 plus extrapyramidal side effects post-baseline

Models Response: >40 % Reduction in BPRS-C total score Remission®
Significant variables p value r square Significant variables p Value r squared
1. Baseline variables only
Overall model 0.013 0.116 Overall model 0.0003 0.163
Lower baseline AIMS total score 0.044 Lower baseline CGI-severity score 0.0013
Higher baseline SAS total score 0.047
2. Baseline variables plus early response at week 2 and SAS > 0 post-baseline
Overall Model <0.0001 0.336 Overall model <0.0001 0.259
Early response® at week 2 0.0001 Lower baseline CGI-severity score 0.0007
Male gender 0.0075 Early response® at Week 2 0.0044
Lower baseline AIMS total score 0.041
3. Baseline variables plus early response at week 3 and SAS > 0 post-baseline
Overall model <0.0001 0.409 Overall model <0.0001 0.369
Early response® at week 3 <0.0001 Early response® at Week 3 0.0003
Higher baseline BPRS-C withdrawal 0.026 Lower baseline CGI-severity score 0.0009

AIMS Abnormal Involuntary Movement Scale, BPRS-C Brief Psychiatric Rating Scale-child version, SAS Simpson—Angus Rating Scale

* Remission: defined cross-sectionally as a score of <3 (mild or less) on the following eight PANSS items at the end of the study (LOCF after
week 2 assessment), using the cross-sectional remission criteria by Andreasen et al. [32]: P1 (delusions), P2 (conceptual disorganization), P3
(hallucinatory behavior), G9 (unusual thought content), G5 (mannerisms/posturing), N1 (blunted affect), N4 (social withdrawal), and N6 (lack

of spontaneity/flow of conversation)
® Early Response: defined as at least a 20 % reduction in BPRS-C

non-responders provides an opportunity of changing treat-
ment to more effective options without exposure of patients
to ultimately ineffective or suboptimal treatments. For UR40
and URS0, the specificity was between 86 and 100 %. Thus,
most or all of the patients who were ultimate non-respond-
ers at week 6 were already early non-responders at week 2

@ Springer

or 3. Nevertheless, while PPV was high (91-100 %), sensi-
tivity (51-74 %) and NPV (46-66 %) were only moderate,
indicating that 2 or 3 weeks may not suffice to reliably iden-
tify youth with schizophrenia who will not have sufficient
benefit from longer treatment with the same antipsychotic.
These results are somewhat in line with data from adults
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Table 6 Adverse effects during the 6-week trial in subjects treated with olanzapine achieving either ER2/ENR2 or ER3/ENR3

Outcome ENR2 ER2 p value ENR3 ER3 p value
(n=22) (n = 46) (n=23) (n=42)

Mean change from baseline in:
Total cholesterol (mmol/l), mean (SE) 0.06 (0.03) 0.09 (0.02) 0.46 0.06 (0.03) 0.10 (0.02) 0.39
Change in triglycerides (mmol/l), mean (SE) 0.48 (0.19) 0.55 (0.13) 0.75 0.79 (0.19) 0.41 (0.13) 0.11
Change in fasting glucose (mmol/l), mean (SE) 0.07 (0.03) 0.02 (0.02) 0.20 0.03 (0.03) 0.04 (0.02) 0.83
Change in body weight (kg), mean (SE) 4.0 (2.9) 5.0(4.2) 0.31 4.4 (2.6) 5.3 4.1) 0.35

Change in body weight (%), mean (SE) 6.2 (1.3) 7.6 (0.9) 0.38 6.7 (1.2) 8.1(0.9) 0.37
Weight gain > 7 %, n (%) 7 (31.8) 24 (52.2) 0.22 9(39.1) 22 (52.4) 0.50
Change in BMI z score, mean (SE) 0.3(0.1) 0.4 (0.1) 0.49 0.3(0.1) 0.4 (0.1) 0.31

Mean change from baseline in:
Simpson-Angus Scale total score 0.1 (0.8) —0.3(1.8) 0.14 0.4 (0.8) —0.5(1.7) 0.008
Barnes Akathisia Scale total score 0.6 (2.0) 0.5 (2.0) 0.83 0.4 (2.2) 0.5 (2.0) 0.94
AIMS total score 0.2 (1.1) 0.5 (1.7) 0.33 0.5 (1.8) 0.4 (1.5) 0.73
Simpson-angus scale total score > 0, n (%) 3(13.6) 14 (29.8) 0.23 6(26.1) 10 (23.3) 1.0
Barnes Akathisia scale total score > 0, n (%) 29.1) 8 (17.0) 0.48 4(17.4) 5(11.6) 0.71
AIMS total score >0, n (%) 1 (4.6) 9 (12.8) 0.42 14.4) 6 (14.0) 0.41

AIMS Abnormal Involuntary Movement Scale, ENR, early non-response, ER early response

Bolded p value: p < 0.05

with first-episode schizophrenia [18, 19] in whom also a
longer time until ultimate treatment response was observed
than reported in studies with more chronic patients, even
though this difference was not significant in a recent meta-
analysis comparing the predictive validity of early response/
non-response in first-episode and chronic samples [13].
However, these data contrast with the findings from the
study of adolescents with schizophrenia treated with ari-
piprazole where ER at week 2 and 3 had very favorable
NPVs for UR40 of 81.7 and 93.6 % [25]. Although these
discrepant findings could also be influenced by different
response rates in the two populations, these varying results
underscore the need to identify additional clinical and bio-
markers of response to antipsychotics in patients with schiz-
ophrenia. Moreover, recent work has extended the early
antipsychotic response paradigm that dichotomizes the early
illness course and uses this to predict UR and remission to
examining different trajectories of symptomatic change
from baseline to endpoint [41-44]. Other approaches have
included trying to identify a smaller number of most pre-
dictive individual PANSS items that comprise the early
response, rather than using a cut-off across ratings of all 30
PANSS items [45]. It remains to be seen how this work can
inform individualized clinical decision making in the future.

Finally, using multivariable regression analyses, we
confirmed that ER2 and ER3 remained robust and signifi-
cant predictors of UR and remission, even when entering
baseline variables as potential moderators and change in
the severity of symptom severity in EOS subjects as poten-
tial mediators. In addition, higher BPRS-C withdrawal

and baseline SAS scores, lower baseline AIMS scores
and male sex predicted response, whereas lower baseline
CGI-S score predicted remission. Studies in adults found
next to early response higher baseline psychopathology
scores to be predictive of UR, whereas lower baseline psy-
chopathology scores predicted remission at endpoint [46—
48]. In our study, only higher baseline BPRS-C withdrawal
scores were associated with greater response, but we also
found that patients with less CGI severity, i.e., those closer
to remission, were more likely to achieve remission dur-
ing the 6-week study. The finding that higher baseline SAS
scores were associated with a higher likelihood of UR may
relate to a change from antipsychotics with higher EPS
potential that can interfere with full therapeutic benefits in
youth [26] and adults [49]. Similarly, higher baseline, but
not 4-week akathisia ratings were found in subsequently
non-remitting first-episode schizophrenia subjects [17].
The finding that lower AIMS baseline scores were asso-
ciated with achieving UR is consistent with findings in
adults with chronic schizophrenia indicating that patients
with tardive dyskinesia respond more poorly to antip-
sychotics [50], possibly indicating greater disruption of
physiological dopamine transmission. Finally, although
male sex has traditionally been associated with poorer
antipsychotic response, recent findings have been more
heterogeneous, which may have to do with the time frame
of observation. Interestingly, male sex no longer predicted
poor treatment outcome in the majority of recent stud-
ies that focused on the early post-acute period, whereas
studies that confirmed a poorer outcome in males with a

@ Springer



1494

Eur Child Adolesc Psychiatry (2015) 24:1485-1496

first-episode of schizophrenia reported mostly on time
frames of at least one year [2].

Strengths and limitations

Results from this study must be interpreted within its limita-
tions. First, the study was a post hoc analysis and since the
study was a randomized controlled trial, its generalizability
to everyday clinical samples may be reduced. Second, we
were only able to evaluate early improvement and its predic-
tive validity within the first 6 treatment weeks, whereas pre-
diction of longer-term outcome is also very important. Third,
our outcome variables did not extend to subjective wellbe-
ing or daily functioning at school, work or interpersonally.
On the other hand, strengths of this study include the use of
standardized assessment instruments, double-blind treatment
assignment and symptom ratings, relatively low dropout rate,
use of a single antipsychotic and reasonable large sample
size of adolescents with early-onset schizophrenia.

Conclusions

Adolescents with schizophrenia treated with olanzapine
achieved the majority of symptomatic improvement during
the first 1-2 weeks of treatment. Early response at 2 and
3 weeks predicted ultimate response and remission at week
6, with ER3 having the best predictive power. ER patients
were more likely to maintain their improvements through
the study endpoint, while ENR did not have similarly high
predictive power for UNR. A 20 % improvement thresh-
old for defining ER was confirmed as a robust measure.
ER and ENR should be assessed and considered as valu-
able information for clinical decision making in youth with
early-onset schizophrenia. Additional research is needed
to enable more individualized antipsychotics treatment
and determination of the best time and circumstance for
either continuing an antipsychotic trial in a patient with still
insufficient response or discontinuing the trial and switch-
ing to another agent.
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