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Dose-associated changes in safety and efficacy
parameters observed in a 24-week maintenance
trial of olanzapine long-acting injection in
patients with schizophrenia
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Abstract

Background: In a recently published 24-week maintenance study of olanzapine long-acting injection (LAI) in
schizophrenia (Kane et al., 2010), apparent dose-associated changes were noted in both efficacy and safety
parameters. To help clinicians balance safety and efficacy when choosing a dose of olanzapine LAI, we further
studied these changes.

Methods: Outpatients with schizophrenia who had maintained stability on open-label oral olanzapine for 4 to
8 weeks were randomly assigned to “low” (150 mg/2 weeks; N = 140), “medium” (405 mg/4 weeks; N = 318), or
“high” (300 mg/2 weeks; N = 141) dosages of olanzapine LAI for 24 weeks. Potential relationships between dose
and several safety or efficacy measures were examined via regression analysis, the Jonckheere-Terpstra test
(continuous data), or the Cochran-Armitage test (categorical data).

Results: Safety parameters statistically significantly related to dose were mean weight change (low: +0.67 [SD =
4.38], medium: +0.89 [SD = 3.87], high: +1.70 [SD = 4.14] kg, p = .024; effect size [ES] = 0.264 high vs. low dose),
mean change in prolactin (low: -5.61 [SD = 12.49], medium: -2.76 [SD = 19.02]), high: +3.58 [SD = 33.78] μg/L,
p = .001; ES = 0.410 high vs. low dose), fasting triglycerides change from normal at baseline to high (low: 3.2%,
medium: 6.0%, high: 18.9%, p = .001; NNT = 7 high vs. low dose) and fasting high-density lipoprotein cholesterol
change from normal at baseline to low (low: 13.8%, medium: 19.6%, high: 30.7%, p = .019; NNT = 6 high vs. low
dose). Efficacy measures significantly related to dose included Positive and Negative Syndrome Scale total score
mean change (low: +2.66 [SD = 14.95], medium: -0.09 [SD = 13.47], high: -2.19 [SD = 13.11], p <.01; ES = 0.356 high
vs. low dose), relapse rate (low: 16%, medium: 10%, high: 5%, p = .003; NNT = 9 high vs. low dose), all-cause
discontinuation rate (low: 36%, medium: 30%, high: 24%, p = .037; NNT = 9 high vs. low dose), and rate of
discontinuation due to efficacy-related reasons (low: 20%, medium: 14%, high: 6%, p <.001). Time to all-cause
discontinuation (p = .035) and time to relapse (p = .005) were also significantly related to dose.

Conclusions: Analyses of several safety and efficacy parameters revealed significant associations with dose of
olanzapine LAI, with the highest dose generally showing greater efficacy as well as greater adverse changes in
metabolic safety measures. When considering olanzapine LAI, as with all antipsychotics, it is important to carefully
consider the potential benefits and risks for an individual patient.
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Background
Olanzapine long-acting injection (LAI) has been studied
in both the short-term [1] and long-term [2] treatment of
schizophrenia. In a 24-week maintenance study of olan-
zapine LAI, apparent dose-associated changes were
observed for both safety and efficacy parameters [2].
Some previous studies in patients treated with oral olan-
zapine have found an association between olanzapine
plasma concentrations and changes in some metabolic
parameters [3,4], as well as differences in changes in effi-
cacy and safety parameters in a sample including patients
treated with doses greater than 20 mg/day [5]. Consider-
ing these reports, the observed dose-associated changes
were not completely unexpected and warranted further
investigation. Reports of dose-associated changes invol-
ving other depot antipsychotics are sparse. In older, typi-
cal depots such as haloperidone decanoate, dose-related
extrapyramidal symptoms (EPS) have long been observed
[6]. Among atypical depots, risperidone long-acting injec-
tion has been reported as having dose-related changes for
both weight and EPS, similar to that seen with oral ris-
peridone [7]. Based on a limited number of studies, pali-
peridone palmitate may also have dose-related changes
for weight, EPS, and prolactin [8].
Although the US prescribing information for olanza-

pine LAI [9] provides dosing recommendations based
on the desired or target oral olanzapine dose, there is
currently little information available to help clinicians
balance safety and efficacy when selecting a dose. To
that end, we conducted a further investigation of the
dose-associated changes observed in the 24-week main-
tenance study mentioned above [2].
This article reports the results of post hoc analyses of

a 24-week maintenance study of olanzapine LAI [2]
examining the potential association between olanzapine
LAI dose and several safety and efficacy parameters of
clinical interest. Based on inspection of results pre-
viously reported [2], we hypothesized that significant
dose-associated changes would be identified for both
safety and efficacy parameters in this olanzapine LAI
clinical trial.

Method
A complete description of the clinical trial including the
study design and patient population are found in the
primary publication [2]. We provide only the methodo-
logical details pertinent to the post hoc analysis reported
here. The study was conducted in accordance with the
ethical principles set forth in the Declaration of Hel-
sinki, good clinical practices (GCPs), and applicable laws
and regulations. For each investigational site, ethical
review boards provided written approval of the study
protocol and the informed consent document.

Patients
All patients from the 24-week maintenance study [2]
who had been randomly assigned to 1 of 3 therapeutic
doses of olanzapine LAI (N = 599) were included in
these analyses. Patients were 18 to 75 years of age with
a diagnosis of schizophrenia according to the DSM-IV
or DSM-IV-TR.

Measures
Safety/tolerability measures investigated included inci-
dence of unsolicited treatment-emergent adverse events
occurring in ≥5% of patients or with between-groups
p <.10, mean changes in weight and certain laboratory
parameters (i.e., fasting glucose, lipids, and prolactin
measures), and treatment-emergent categorical changes
in these laboratory values [10,11].
Efficacy measures included time to relapse and rate of

relapse. Relapse was defined a priori as 1) an increase of
any Brief Psychiatric Rating Scale (BPRS) [12] positive
symptom item to a score >4, with an absolute increase
≥2 for the specific item since randomization; or 2) an
increase of any BPRS positive symptom item to a score
>4, with an absolute increase ≥4 on the positive symp-
tom subscale since randomization; or 3) hospitalization
as the result of worsening of positive psychotic symp-
toms. Other efficacy/effectiveness measures included
mean change in Positive and Negative Syndrome Scale
(PANSS) [13] total, positive, and negative scores; time to
all-cause discontinuation; rate of overall discontinuation;
and rate of discontinuation due to efficacy-related rea-
sons. “Efficacy-related reasons” was defined as disconti-
nuation due to lack of efficacy or discontinuation due to
any psychiatric adverse event (e.g., “schizophrenia,”
“paranoid disorder,” etc.).

Procedures and Dosing
Outpatients with schizophrenia who had maintained sta-
bility on open-label oral olanzapine for 4 to 8 weeks
were randomly assigned to receive 1 of the following
olanzapine LAI dosages for 24 weeks: 1) 150 mg every
2 weeks, hereafter referred to as “low” (N = 140), 2)
405 mg every 4 weeks, hereafter referred to as “medium”
(N = 318), or 3) 300 mg every 2 weeks, hereafter
referred to as “high” (N = 141). The approximate oral
equivalents for these olanzapine LAI dosages are 10 mg/
day for the low dose, 15 mg/day for the medium dose,
and 20 mg/day for the high dose.

Statistical Analyses
The primary objective of these post hoc analyses was to
examine the potential relationship between different
olanzapine LAI doses and changes in safety and efficacy
parameters. For continuous (or mean change) data, we
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used linear regression to analyze the relationship
between dose and the endpoint assessments of PANSS
total score, prolactin, weight, and fasting glucose and
lipids measures. These endpoint assessments were the
mean change from baseline using the last-observation-
carried forward (LOCF) method. Patients were only
included in the analysis if they had a baseline and at
least one post-baseline assessment. To check the robust-
ness of the analyses, we also utilized the non-parametric
Jonckheere-Terpstra [14] test for the safety measures
including mean changes in weight, as well as fasting glu-
cose, lipids, and prolactin measures. Effect sizes between
doses were estimated as the difference of the least-
squares means divided by the square root of model resi-
dual variance. Least-squares estimates were obtained
from the following ANOVA model: change from base-
line = therapy + geographic region.
For categorical data, we used the Cochran-Armitage

test [15] for incidence of treatment-emergent adverse
events, treatment-emergent categorical changes in pro-
lactin, weight, and fasting glucose and lipids (using
American Diabetes Association and National Cholesterol
Education Program criteria) [11,16], and relapse and dis-
continuation rates. For time-to-event measures, we used
Kaplan-Meier survival method and compared potential
dose effects using the log-rank test. Finally, we calcu-
lated number needed to treat (NNT) and number
needed to harm (NNH) values for the categorical safety
and efficacy outcomes.
Unless otherwise specified, analyses were performed

on a subset of the original intent-to-treat population;
that is, those patients in the 3 treatment groups (3 clini-
cal olanzapine LAI doses) from the original study. Statis-
tical significance was defined as 2-tailed p <.05. Because
the purpose of the analyses was to detect a potential
relationship between changes in certain efficacy and
safety variables and 3 different study drug doses, no
type I error adjustments for multiplicity were performed.

Results
Safety and Tolerability Analyses
As reported in the published manuscript [2], the 3 dose
groups did not significantly differ on any baseline demo-
graphic or illness characteristics, with the exception of
mean baseline PANSS total score (high-dose group sig-
nificantly higher at baseline than the medium-dose
group, 56.8 vs. 55.1).
Table 1 presents the incidence and the Cochran-Armi-

tage trend test p-values for treatment-emergent adverse
events occurring in ≥5% of patients in the dose groups,
or with between-groups p <.10. Only “increased appe-
tite” showed a significant dose association, the incidence
of which increased with increasing dose.

Table 2 provides the mean changes in weight and in
several fasting glucose, lipids, and prolactin laboratory
measures, along with results of the trend tests from
both a regression analysis and the Jonckheere-Terpstra
test. Significant dose-associated changes were identified
for weight and for prolactin, both of which exhibited
mean increases with increasing dose. The resulting scat-
terplots, trendlines, and regression equations are shown
in Figure 1 for weight and in Figure 2 for prolactin.
Note that in these equations, “dose” refers to the calcu-
lated oral equivalent daily dose (i.e., 10.7, 14.5, or
21.4 mg/day), not the actual injected dose.
Table 3 presents the incidence of categorical changes

in these laboratory measures at endpoint, along with
results of the Cochran-Armitage trend tests. Significant
dose associations were identified for fasting high-density
lipoprotein (HDL) cholesterol normal at baseline to low
at endpoint and fasting triglycerides normal at baseline
to high at endpoint, the incidence of which increased
with increasing dose.

Efficacy and Effectiveness Analyses
Figure 3 presents the Kaplan-Meier survival curves by
dose group for time to relapse. The high-dose group
had a significantly longer time to relapse than the low-
dose group. Rates of relapse (low: 16%, medium: 10%,
high: 5%) also showed a significant dose association
based on the Cochrane-Armitage test (p = .003), indicat-
ing declining relapse rates with increasing dose.
A statistically significant dose association based on

regression analysis was identified for baseline-to-end-
point mean change in PANSS total score (low: +2.66 [SD
= 14.95], medium: -0.09 [SD = 13.47], high: -2.19 [SD =
13.11], p <.01) and PANSS positive score (p = .04), but
not PANSS negative score (p = .08). The resulting scat-
terplot, trendline, and regression equation are shown in
Figure 4. Mean PANSS total scores declined with increas-
ing dose, indicated by the negative slope. Effect sizes for
PANSS total were: 0.356 high vs. low, 0.203 medium vs.
low, and 0.152 high vs. medium. Effect sizes for PANSS
positive were 0.258 high vs. low, 0.167 medium vs. low,
and 0.091 high vs. medium.
Figure 5 presents discontinuation rates, both overall

(low: 36%, medium: 30%, high: 24%, p = .037) and due
to efficacy-related reasons (low: 20%, medium: 14%,
high: 6%, p <.001). Significant dose associations were
identified for both of these measures based on the
Cochran-Armitage test, indicating declining discontinua-
tion rates with increasing dose. Figure 6 presents the
Kaplan-Meier survival curves by dose group for time to
all-cause discontinuation. The high-dose group had a
significantly longer time to all-cause discontinuation
than the low-dose group.

Hill et al. BMC Psychiatry 2011, 11:28
http://www.biomedcentral.com/1471-244X/11/28

Page 3 of 10



Number Needed to Treat (NNT)/Number Needed to Harm
(NNH) Analyses
For changes in HDL cholesterol normal at baseline to
low at endpoint, the NNH was 6 (95% CI: 4 to 43)
when comparing high- and low-dose groups. This NNH
value indicates that for every 6 patients treated with the
high dose instead of the low dose for 24 weeks, 1 addi-
tional HDL change (normal to low) can be expected.
For changes in triglycerides from normal at baseline to
high at endpoint, the NNH was 8 (95% CI: 5 to 64)
when comparing the high-dose with the medium-dose
group and 7 (95% CI: 4 to 24) when comparing the
high-dose with the low-dose group. These NNH values
indicate that 1 additional triglycerides change (normal
to high) can be expected to occur for every 8 patients
treated with the high dose instead of the medium dose,
or for every 7 patients treated with the high dose instead
of the low dose.
The NNT for relapse rate was 20 (95% CI: 11 to 294)

when comparing the high-dose with the medium-dose
group and 9 (95% CI: 6 to 24) when comparing the
high-dose with the low-dose group. These NNT values
indicate that 1 less relapse can be expected for every
20 patients treated with the high dose instead of the
medium dose for 24 weeks; likewise, 1 less relapse can
be expected for every 9 patients treated with the high
dose instead of the low dose. As with relapse rate, the
NNT for overall discontinuation rate comparing high
dose and low dose was 9 (95% CI: 5 to 103), indicating
that for every 9 patients treated with the high dose
instead of the low dose, 1 additional patient is expected
not to discontinue treatment. The NNT for discontinua-
tion due to efficacy-related reasons was 8 (95% CI: 5 to
18) for high versus low dose and 13 (95% CI: 8 to 46)
for high versus medium dose.
Additional variables analyzed for NNT or NNH were

not significant.

Discussion
These analyses further investigated apparent dose-asso-
ciated changes for both safety and efficacy variables
observed in a 24-week maintenance study of olanza-
pine LAI in patients with schizophrenia [2]. In this
post hoc analysis, we identified statistically significant
dose-associated changes for several measures, including
safety/tolerability variables (incidence of increased
appetite, mean changes in weight and prolactin, cate-
gorical changes in HDL cholesterol and triglycerides)
and efficacy/effectiveness measures (i.e., relapse,
PANSS change, and discontinuation). When making a
decision about the dosage of olanzapine LAI, both
safety and efficacy must be considered, along with
other factors. This analysis suggests that higher doses
of olanzapine LAI may be associated with both clini-
cally desirable efficacy outcomes, including fewer
relapses and longer time to discontinuation, and disad-
vantageous changes in certain safety outcomes, such as
greater weight gain.
Prior studies have inconsistently found dose-associated

changes in safety or efficacy measures for oral olanzapine.
Several articles have reported a lack of dose-associated
changes for oral olanzapine within the labeled dose range
[4,17,18]; however, others have identified differences in
safety and/or efficacy changes between doses within the
labeled dose range and a higher dose which appear to be
related to olanzapine plasma concentrations [3,5]. Why
did the current analysis find a dose relationship? The
true fixed-dose design of the study used for this analysis
was more suited for a dose comparison than were some
previous oral olanzapine studies, which allowed for small
dose adjustments (increases and decreases) within the
fixed dose designs. Additionally, the nature of the injec-
tion itself provided for a more controlled dose compari-
son. Olanzapine LAI delivers a continuous, consistent
dose of olanzapine to the system, so any variations due to

Table 1 Treatment-emergent adverse events occurring in ≥5% of patients or with between-groups p <.10

OLZ LAI 150
(N = 140)

OLZ LAI 405
(N = 318)

OLZ LAI 300
(N = 141)

Overall p-valuea Cochran-Armitage Test p-value

Anxiety 5 (3.57%) 17 (5.35%) 7 (4.96%) .767 .686

Headache 7 (5.00%) 9 (2.83%) 3 (2.13%) .355 .216

Increased appetite 1 (0.71%) 3 (0.94%) 5 (3.55%) .080 .031

Insomnia 11 (7.86%) 23 (7.23%) 9 (6.38%) .871 .632

Nasopharyngitis 8 (5.71%) 11 (3.46%) 7 (4.96%) .442 .947

Schizophrenia 6 (4.29%) 3 (0.94%) 2 (1.42%) .047 .165

Somnolence 8 (5.71%) 10 (3.14%) 5 (3.55%) .367 .467

Weight increased 12 (8.57%) 16 (5.03%) 15 (10.64%) .071 .267

Abbreviations: OLZ LAI = olanzapine long-acting injection; OLZ LAI 150 = group receiving low-dose olanzapine LAI, 150 mg every 2 weeks, approximate oral
equivalent 10 mg/day (N = 140); OLZ LAI 405 = group receiving medium-dose olanzapine LAI, 405 mg every 4 weeks, approximate oral equivalent 15 mg/day
(N = 318); and OLZ LAI 300 = group receiving high-dose olanzapine LAI, 300 mg every 2 weeks, approximate oral equivalent 20 mg/day (N = 141).
aTest of overall group differences based on Fisher’s exact test.

Hill et al. BMC Psychiatry 2011, 11:28
http://www.biomedcentral.com/1471-244X/11/28

Page 4 of 10



Table 2 Mean changes in weight and laboratory values

OLZ LAI 150
(N = 140)
Mean (SD)

OLZ LAI 405
(N = 318)
Mean (SD)

OLZ LAI 300
(N = 141)
Mean (SD)

R-
Square

Regression
Slope

Regression
p-value

Jonckheere-
Terpstra p-value

Effect Sizes

High vs. Low
(95% C.I.)

Medium vs. Low
(95% C.I.)

High vs. Medium
(95% C.I.)

Weight (kg) 0.67 (4.38) 0.89 (3.87) 1.70 (4.14) 0.0086 0.10 .024 .034 0.264 0.063 0.201

in lbs: 1.47 (9.64) 1.96 (8.51) 3.74 (9.11)

Fasting glucose
(mmol/L)

0.14 (1.36) 0.17 (1.29) 0.22 (1.19) 0.0005 0.01 .642 .092 0.049 0.016 0.033

in mg/dL: 2.52 (24.50) 3.06 (23.24) 3.96 (21.44)

Fasting HDL (mmol/L) -0.00 (0.22) 0.00 (0.24) -0.05 (0.24) 0.0064 -0.01 .094 .215 0.196 0.022 0.218

in mg/dL: -0.00 (8.49) 0.00 (9.27) -1.93 (9.27)

Fasting LDL (mmol/L) -0.04 (0.57) -0.07 (0.64) 0.02 (0.73) 0.0015 0.01 .423 .169 0.078 0.041 0.119

in mg/dL: -1.54 (22.01) -2.70 (24.71) 0.77 (28.19)

Fasting total
cholesterol (mmol/L)

-0.12 (0.65) -0.07 (0.73) 0.01 (0.78) 0.0037 0.01 .199 .240 0.165 0.065 0.100

in mg/dL: -4.63 (25.10) -2.70 (28.19) 0.39 (30.12)

Fasting triglycerides
(mmol/L)

-0.18 (1.84) -0.03 (1.23) 0.03 (1.19) 0.0022 0.02 .324 .958 0.147 0.107 0.039

in mg/dL: -15.93 (162.83) -2.65 (108.85) 2.65 (105.31)

Prolactin (μg/L):

All patients -5.61 (12.49) -2.76 (19.02) 3.58 (33.78) 0.0209 0.87 .001 <.001 0.410 0.127 0.283

Females -8.27 (16.1) -2.86 (30.31) 4.33 (23.16) 0.0294 1.16 .026 <.001 0.493 0.212 0.281

Males -3.88 (9.17) -2.72 (9.65) 3.16 (38.56) 0.0159 0.70 .025 .018 0.347 0.047 0.300

Abbreviations: OLZ LAI = olanzapine long-acting injection; OLZ LAI 150 = group receiving low-dose olanzapine LAI, 150 mg every 2 weeks, approximate oral equivalent 10 mg/day (N = 140); OLZ LAI 405 = group
receiving medium-dose olanzapine LAI, 405 mg every 4 weeks, approximate oral equivalent 15 mg/day (N = 318); and OLZ LAI 300 = group receiving high-dose olanzapine LAI, 300 mg every 2 weeks, approximate
oral equivalent 20 mg/day (N = 141); HDL = high-density lipoprotein cholesterol; LDL = low-density lipoprotein cholesterol.
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Figure 1 Regression scatterplot of mean change in weight at endpoint (LOCF) by dose. Figure 1 shows the scatterplot, regression line,
and resulting equation for the relationship between endpoint weight change and dose. In the equation, “dose” refers to the calculated oral
equivalent daily dose (10.7, 14.5, or 21.4 mg/day), not the actual injected dose. Abbreviations: OLZ LAI = olanzapine long-acting injection; OLZ
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inconsistent medication adherence, intentional or other-
wise, are eliminated, allowing for a closer link between
prescribed dose and systemic concentrations. While plau-
sible hypotheses, additional research is needed to verify
these findings in other studies and to explore related fac-
tors. Experience in clinical practice, outside of registra-
tion trials, may also provide needed perspective.
The NNT and NNH analyses provide important clini-

cal insight into selecting doses. There were both advan-
tages and disadvantages to using the highest dose rather
than the lowest dose, and also for using the highest
dose versus the medium dose. We did not find signifi-
cant NNT or NNH values comparing low dose with
medium dose, suggesting that any clinical differences
between these 2 doses could be difficult to detect in
practice. It should be noted that in addition to the 3
doses described here, there are 2 other doses of olanza-
pine LAI that have been studied (300 mg every 4 weeks
and 210 mg every 2 weeks, which are roughly equivalent
to 150 mg every 2 weeks and 405 mg every 4 weeks,
respectively). In addition, the doses described in this
analysis are for maintenance treatment; prescribers
should refer to the medication labeling for recommen-
dations on initiating therapy with olanzapine LAI.

There are some important limitations to the current
analyses. First, these analyses were conducted post hoc
in a single clinical trial and therefore should be consid-
ered exploratory. Next, it is important to note that
because this was a maintenance study, patients in this
analysis had been taking open-label oral olanzapine for
4 to 8 weeks prior to baseline to establish clinical stabi-
lity; thus, any adverse events occurring during that lead-
in phase are not represented here (although lead-in
phase data were collected and are reported in the pri-
mary manuscript [2]). Therefore, certain safety signals,
such as weight gain or metabolic changes, may be
underestimated in this analysis. At the same time, as we
did not correct for multiple comparisons, some safety
signals could be false positives occurring due to chance
alone. Another consideration is that the very low dose
of olanzapine LAI, 45 mg/4 weeks (approximately 1.6
mg/day oral equivalent) was not included. Whereas
inclusion of this very low dose would have allowed an
examination of trends across a much wider dosing
range, this dose was shown to be non-therapeutic in the
study [2], is unlikely to be utilized in clinical practice,
and could lead to a distortion of the trends in the true
dosing range of olanzapine LAI. Finally, one aspect of

Table 3 Categorical changes in weight and laboratory values at endpoint

OLZ LAI 150 n/N
(%)

OLZ LAI 405 n/N
(%)

OLZ LAI 300 n/N
(%)

Cochran-Armitage p-
value

Weight ≥7% gain 17/140 (12.14) 34/315 (10.79) 24/140 (17.14) .127

≥7% loss 9/140 (6.43) 13/315 (4.13) 7/140 (5.00) .720

Fasting glucose Normal to borderline 14/75 (18.67) 37/176 (21.02) 25/89 (28.09) .121

Normal/borderline to high 5/106 (4.72) 6/244 (2.46) 4/108 (3.70) .855

Normal to high 1/75 (1.33) 2/176 (1.14) 0/89 (0) .311

Borderline to high 4/31 (12.90) 4/68 (5.88) 4/19 (21.05) .320

Fasting HDL Normal to low 8/58 (13.79) 26/133 (19.55) 19/62 (30.65) .019

Fasting LDL Normal to borderline 6/26 (23.08) 15/66 (22.73) 5/18 (27.78) .702

Normal to high 0/26 (0) 0/66 (0) 0/18 (0) —————

Borderline to high 6/53 (11.32) 14/129 (10.85) 9/73 (12.33) .804

Fasting total
cholesterol

Normal to borderline 9/48 (18.75) 15/133 (11.28) 10/51 (19.61) .607

Normal to high 0/48 (0) 2/133 (1.50) 2/51 (3.92) .127

Borderline to high 4/34 (11.76) 13/65 (20.00) 5/35 (14.29) .959

Fasting triglycerides Normal to borderline 13/62 (20.97) 17/133 (12.78) 9/53 (16.98) .713

Normal to high 2/62 (3.23) 8/133 (6.02) 10/53 (18.87) .001

Normal to extremely high 0/62 (0) 0/133 (0) 1/53 (1.89) .082

Borderline to high 3/14 (21.43) 11/38 (28.95) 3/18 (16.67) .556

Borderline to extremely
high

0/14 (0) 0/38 (0) 1/18 (5.56) .114

Prolactin Normal to high (females) 2/17 (11.76) 9/42 (21.43) 7/21 (33.33) .112

Normal to high (males) 4/49 (8.16) 16/116 (13.79) 7/52 (13.46) .523

Abbreviations: OLZ LAI = olanzapine long-acting injection; OLZ LAI 150 = group receiving low-dose olanzapine LAI, 150 mg every 2 weeks, approximate oral
equivalent 10 mg/day (N = 140); OLZ LAI 405 = group receiving medium-dose olanzapine LAI, 405 mg every 4 weeks, approximate oral equivalent 15 mg/day (N
= 318); and OLZ LAI 300 = group receiving high-dose olanzapine LAI, 300 mg every 2 weeks, approximate oral equivalent 20 mg/day (N = 141); HDL = high-
density lipoprotein; LDL = low-density lipoprotein.
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Figure 3 Kaplan-Meier survival analysis of time to relapse by dose group. Figure 3 illustrates the survival curves for time to relapse by dose
group. Relapse or “psychotic exacerbation” was defined as 1) an increase of any BPRS positive symptom item to a score >4, with an absolute
increase ≥2 for the specific item since randomization, 2) an increase of any BPRS positive symptom item to a score >4, with an absolute increase
≥4 on the positive symptom subscale since randomization; or 3) hospitalization as the result of worsening of positive psychotic symptoms.
Median time to relapse not reported because no group had >50% rate of relapse. Abbreviations: OLZ LAI = olanzapine long-acting injection;
OLZ LAI 150 = group receiving low-dose olanzapine LAI, 150 mg every 2 weeks, approximate oral equivalent 10 mg/day (N = 140); OLZ LAI
405 = group receiving medium-dose olanzapine LAI, 405 mg every 4 weeks, approximate oral equivalent 15 mg/day (N = 318); and OLZ LAI
300 = group receiving high-dose olanzapine LAI, 300 mg every 2 weeks, approximate oral equivalent 20 mg/day (N = 141).

OLZ LAI 150
OLZ LAI 405

OLZ LAI 300

PANSS total = 6.5366 - 0.4249dose

Figure 4 Regression scatterplot of mean change in PANSS total score (LOCF) by dose. Figure 4 shows the scatterplot, regression line, and
resulting equation for the relationship between endpoint PANSS total score change and dose (R2 = 0.0133). In the equation, “dose” refers to the
calculated oral equivalent daily dose (10.7, 14.5, or 21.4 mg/day), not the actual injected dose. Abbreviations: OLZ LAI = olanzapine long-acting
injection; OLZ LAI 150 = group receiving low-dose olanzapine LAI, 150 mg every 2 weeks, approximate oral equivalent 10 mg/day (N = 140);
OLZ LAI 405 = group receiving medium-dose olanzapine LAI, 405 mg every 4 weeks, approximate oral equivalent 15 mg/day (N = 318); and OLZ
LAI 300 = group receiving high-dose olanzapine LAI, 300 mg every 2 weeks, approximate oral equivalent 20 mg/day (N = 141).
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Figure 5 Rates of overall discontinuation and discontinuation due to efficacy-related reasons by dose group. Figure 5 illustrates the
rates of overall discontinuation (NNT = 9 high vs. low dose) and discontinuation for efficacy-related reasons (NNT = 8 high vs. low dose; NNT =
13 high vs. medium dose) by dose group. Efficacy-related reasons includes lack of efficacy and/or any psychiatric adverse event (e.g.,
“schizophrenia”, “paranoid disorder,” etc.). Abbreviations: OLZ LAI = olanzapine long-acting injection; OLZ LAI 150 = group receiving low-dose
olanzapine LAI, 150 mg every 2 weeks, approximate oral equivalent 10 mg/day (N = 140); OLZ LAI 405 = group receiving medium-dose
olanzapine LAI, 405 mg every 4 weeks, approximate oral equivalent 15 mg/day (N = 318); and OLZ LAI 300 = group receiving high-dose
olanzapine LAI, 300 mg every 2 weeks, approximate oral equivalent 20 mg/day (N = 141).
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Figure 6 Kaplan-Meier survival analysis of time to all-cause discontinuation by dose group. Figure 6 shows the survival curves for time to
all-cause discontinuation by dose group. Abbreviations: OLZ LAI = olanzapine long-acting injection; OLZ LAI 150 = group receiving low-dose
olanzapine LAI, 150 mg every 2 weeks, approximate oral equivalent 10 mg/day (N = 140); OLZ LAI 405 = group receiving medium-dose olanzapine
LAI, 405 mg every 4 weeks, approximate oral equivalent 15 mg/day (N = 318); and OLZ LAI 300 = group receiving high-dose olanzapine LAI,
300 mg every 2 weeks, approximate oral equivalent 20 mg/day (N = 141).
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the study design affects how safety and efficacy data are
interpreted; specifically, some patients experienced a
change in dose from the stabilization period to the
maintenance period. Patients who had been stabilized
on 20 mg/day oral olanzapine and subsequently rando-
mized to the lowest olanzapine LAI dose (approximately
10 mg/day oral equivalent) essentially experienced a
dose decrease. Likewise, patients stabilized on 10 mg/
day oral olanzapine and subsequently randomized to the
highest olanzapine LAI dose (approximately 20 mg/day
oral equivalent) experienced a dose increase. These dose
changes make interpreting our findings regarding safety
and efficacy more difficult.

Conclusions
Analyses of several clinically important safety and effi-
cacy measures revealed significant dose-associated
changes for olanzapine LAI, with the highest dose gen-
erally showing greater efficacy (e.g., longer time to
relapse) as well as greater changes in certain safety mea-
sures (e.g., greater weight gain). When considering olan-
zapine LAI, as with all antipsychotics, it is important to
carefully consider the potential benefits and risks for an
individual patient.

Acknowledgements
The authors wish to acknowledge Angela C. Lorio, ELS, of i3 Statprobe for
editorial assistance and Rui Miao and Nan Zhou of InVentiv Clinical Solutions
for SAS programming support. Funding for this investigation was provided
by Eli Lilly and Company, which was also responsible for the study designs;
the collection, analysis and interpretation of data; the writing of the report;
and the decision to submit the paper for publication.

Author details
1Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, Indiana,
46285, USA. 2Eli Lilly Canada Inc., 3650 Danforth Avenue, Toronto, Ontario
M1N 2E8, Canada.

Authors’ contributions
ALH was responsible for proposing the project and designing the analyses.
BS was responsible for designing as well as conducting the statistical
analyses. JLK was responsible for designing the analyses. SBW was
responsible for the literature review and for drafting and revising the
manuscript. DPM provided medical leadership and was responsible for data
collection and design of the original study. In addition to these roles, all
coauthors contributed to the interpretation of the results and reviewed and
approved the final version of the manuscript.

Competing interests
All coauthors are employees and/or shareholders of Eli Lilly and Company.

Received: 28 June 2010 Accepted: 15 February 2011
Published: 15 February 2011

References
1. Lauriello J, Lambert T, Andersen S, Lin D, Taylor CC, McDonnell D: An 8-

week, double-blind, randomized, placebo-controlled study of olanzapine
long-acting injection in acutely ill patients with schizophrenia. J Clin
Psychiatry 2008, 69:790-799.

2. Kane JM, Detke HC, Naber D, Sethuraman G, Lin DY, Bergstrom RF,
McDonnell D: Olanzapine long-acting injection: a 24-week, randomized,

double-blind trial of maintenance treatment in patients with
schizophrenia. Am J Psychiatry 2010, 167:181-189.

3. Citrome L, Stauffer VL, Chen L, Kinon BJ, Kurtz DL, Jacobson JG,
Bergstrom RF: Olanzapine plasma concentrations after treatment with 10,
20, and 40 mg/d in patients with schizophrenia: an analysis of
correlations with efficacy, weight gain, and prolactin concentration. J
Clin Psychopharmacol 2009, 29:278-283.

4. Simon V, van Winkel R, De Hert M: Are weight gain and metabolic side
effects of atypical antipsychotics dose dependent? A literature review. J
Clin Psychiatry 2009, 70:1041-1050.

5. Kinon BJ, Volavka J, Stauffer V, Edwards SE, Liu-Seifert H, Chen L, Adams DH,
Lindenmayer JP, McEvoy JP, Buckley PF, et al: Standard and higher dose of
olanzapine in patients with schizophrenia or schizoaffective disorder: a
randomized, double-blind, fixed-dose study. J Clin Psychopharmacol 2008,
28:392-400.

6. Marder SR: Depot neuroleptics: side effects and safety. J Clin
Psychopharmacol 1986, 6:24S-29S.

7. Knox ED, Stimmel GL: Clinical review of a long-acting, injectable
formulation of risperidone. Clin Ther 2004, 26:1994-2002.

8. Citrome L: Paliperidone palmitate - review of the efficacy, safety and
cost of a new second-generation depot antipsychotic medication. Int J
Clin Pract 2010, 64:216-239.

9. Zyprexa Relprevv [package insert]. Indianapolis, IN, Eli Lilly and Company;
2010.

10. Expert Panel on Detection Evaluation and Treatment of High Blood
Cholesterol in Adults: Executive summary of the third report of the
National Cholesterol Education Program (NCEP) expert panel on
detection, evaluation, and treatment of high blood cholesterol in adults
(Adult Treatment Panel III). JAMA 2001, 285:2486-2497.

11. American Diabetes Association: Standards of medical care in diabetes-
2010. Diabetes Care 2010, 33(suppl 1):S11-S61.

12. Overall JE, Gorham DR: The Brief Psychiatric Rating Scale. Psychol Rep
1962, 10:799-812.

13. Kay SR, Opler LA, Fiszbein A: Positive and Negative Syndrome Scale (PANSS)
User’s Manual North Tonawanda, NY: Multi-Health Systems, Inc; 2000.

14. Jonckheere AR: A distribution-free k-sample test against ordered
alternatives. Biometrika 1954, 41:133-145.

15. Armitage P: Tests for linear trends in proportions and frequencies.
Biometrics 1955, 11:375-386.

16. Expert Panel on Detection Evaluation and Treatment of High Blood
Cholesterol in Adults: Executive summary of the third report of the
National Cholesterol Education Program (NCEP) expert panel on
detection, evaluation, and treatment of high blood cholesterol in adults
(Adult Treatment Panel III). JAMA 2001, 285:2486-2497.

17. Basson BR, Kinon BJ, Taylor CC, Szymanski KA, Gilmore JA, Tollefson GD:
Factors influencing acute weight change in patients with schizophrenia
treated with olanzapine, haloperidol, or risperidone. J Clin Psychiatry
2001, 62:231-238.

18. Kinon BJ, Ahl J, Stauffer VL, Hill AL, Buckley PF: Dose response and atypical
antipsychotics in schizophrenia. CNS Drugs 2004, 18:597-616.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-244X/11/28/prepub

doi:10.1186/1471-244X-11-28
Cite this article as: Hill et al.: Dose-associated changes in safety and
efficacy parameters observed in a 24-week maintenance trial of
olanzapine long-acting injection in patients with schizophrenia. BMC
Psychiatry 2011 11:28.

Hill et al. BMC Psychiatry 2011, 11:28
http://www.biomedcentral.com/1471-244X/11/28

Page 10 of 10

http://www.ncbi.nlm.nih.gov/pubmed/18452346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18452346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18452346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20008947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20008947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20008947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19440083?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19440083?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19440083?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19653979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19653979?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18626265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18626265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18626265?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2870089?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15823763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15823763?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19886879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19886879?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11368702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11368702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11368702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11368702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20042772?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20042772?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11368702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11368702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11368702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11368702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11379836?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11379836?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15222776?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15222776?dopt=Abstract
http://www.biomedcentral.com/1471-244X/11/28/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial Registration

	Background
	Method
	Patients
	Measures
	Procedures and Dosing
	Statistical Analyses

	Results
	Safety and Tolerability Analyses
	Efficacy and Effectiveness Analyses
	Number Needed to Treat (NNT)/Number Needed to Harm (NNH) Analyses

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


