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The Safety of Olanzapine in Adolescents
With Schizophrenia or Bipolar I Disorder:
A Pooled Analysis of 4 Clinical Trials
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Wen Xu, Ph.D.; Janice L. Carlson, Ph.D.; Karen M. Merida, B.S.;
and Ralf W. Dittmann, M.D., Ph.D.

Objective: To describe the safety of olanza-
pine treatment in adolescents (aged 13-17 years)
with schizophrenia or bipolar | disorder, and to
compare these data with those of olanzapine-
treated adults.

Data Sources and Study Selection: Placebo-
controlled database, adolescents: acute phase of
2 double-blind, placebo-controlled trials (3-6
weeks; olanzapine, N = 179, mean age = 15.5
years; placebo, N = 89, mean age = 15.7 years);
overall adolescent olanzapine exposure database,
adolescents: 4 trials (e.g., the 2 aforementioned
studies, each with a 26-week open-label extension
phase, and 2 open-label, 4.5- and 24-week trials;
N = 454, mean age = 15.9 years); and adult data-
base: 84 clinical trials of up to 32 weeks.

Data Synthesis: The mean daily dosage of
olanzapine was 10.6 mg/day (exposure = 48,946
patient days). In the overall adolescent olanzapine
exposure database, the most common adverse
events included increased weight (31.7%), som-
nolence (19.8%), and increased appetite (17.4%).
In up to 32 weeks of treatment, when compared
with adults, adolescents from the overall adoles-
cent olanzapine exposure database gained sta-
tistically significantly more weight (7.4 kg vs.
3.2kg, p <.001); statistically significantly more
adolescents gained = 7% of their baseline weight
(65.1% vs. 35.6%, p < .001). Adolescents expe-
rienced statistically significant within-group
baseline-to-endpoint changes in fasting glucose
(p <.001), total cholesterol (p =.002), triglyc-
erides (p = .007), and alanine aminotransferase
(p <.001). Two patients from the overall adoles-
cent olanzapine exposure database (0.4%) at-
tempted suicide; 13 (2.9%) had suicidal ideation.
In the placebo-controlled database, adolescents
had statistically significant baseline-to-endpoint
increases in prolactin (11.4 pg/L, p < .001);
47.4% had high prolactin levels.

Conclusions: The types of adverse eventsin
olanzapine-treated adolescents appear to be simi-
lar to those of adults. The magnitude and inci-
dence of weight and prolactin changes were
greater in adolescents.
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Estimates of psychotic disorder prevalence in pa-
tients < 18 years of age range from 0.4% to 17.0%.*
Atypical antipsychotics, including olanzapine, are effi-
cacious at treating schizophrenia and bipolar | disorder in
adults,®® but few have been approved for the treatment of
schizophrenia in adolescents. Despite this fact, atypical
antipsychotics are often prescribed for adolescents. the
rate of prescriptions has increased in the United States by
approximately 140% from 1997 to 2000.* Studies in this
population are important, as there may be differences in
the tolerability of these agents between adolescents and
adults. For example, the weight gain that occurs in adults
during treatment with antipsychotics® may be more pro-
nounced in adolescents.®*° However, there is till a lack
of large, controlled trials in this population, which would
provide essential efficacy and safety data.

Recently, data from 2 double-blind, placebo-controlled
trials of olanzapine treatment in adolescents with
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Table 1. Summary of the 4 Eli Lilly Clinical Trials of Flexible Doses of Olanzapine Treatment® in Adolescents With Schizophrenia

or Bipolar I Disorder

Study 1D Patient Population® N  AgeRange y Country Phase Duration, wk
HGINSd Schizophrenia 107 13-17 United States, Russia Acute, open-label 6, 26
HGIU®%® Bipolar | disorder 161 13-17 United States, Puerto Rico Acute, open-label 3,26
HGMF Schizophrenia, bipolar | disorder 107 13-17 United States, Puerto Rico, Russia  Open-label 45
LOAY9"  Schizophrenia, 89 13-17 Germany Open-label 24

schizophreniform disorder,
schizoaffective disorder

82.5-20.0 mg/day in studies HGIN, HGIU, and HGMF; 5.0-20.0 mg/day in study L OAY.
bDiagnosed using the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision.
Studies HGIN and HGIU were combined to create the placebo-controlled database (olanzapine, N = 179; placebo, N = 89).

dData from Kryzhanovskaya et al.*?

Data from Tohen et al.1*

'Data from E. Lobo, Ph.D., written communication, Jan. 2007.
9Data from Dittmann et al.*®

NStudy LOAY enrolled patients from 12—21 years of age (total N = 96): only those patients aged 13 to 17 years were included in this analysis.

schizophrenia or bipolar | disorder suggested that a-
though the types of adverse events that occur in adoles-
cents treated with olanzapine are similar to those of
adults, the magnitude and incidence of weight gain and
hyperprolactinemia may be greater in adolescents.* 3
However, without direct comparisonswith adult data, itis
difficult to ascertain the extent of these differences. The
safety of olanzapine has been extensively studied in trials
in adults,® but very few systematic studiesin adolescents
have been conducted. Of those, the available data come
from studies of relatively small sample sizes'? or case
study reports.”*” While this information is helpful, data
from a larger sample might assist to identify and better
define tolerability issues of olanzapine treatment for
adolescents.

Inthisanalysis, we present data pooled from 4 clinical
trials of olanzapine in adolescents with schizophrenia or
bipolar | disorder treated for up to 32 weeks. The adoles-
cent data were compared with the data pooled from up to
84 clinical trials of adults with schizophrenia or bipolar |
disorder treated with olanzapine. To our knowledge, this
isthefirst pooled clinical trial data article on the safety of
olanzapine treatment in patients < 18 years.

METHOD

Overview of Studies

Data were pooled from 4 clinical trials of olanzapine
in adolescents (F1ID-MC-HGIN [HGIN],*? F1D-MC-
HGIU [HGIU],* FID-MC-HGMF [HGMF] [E. Lobo,
Ph.D., written communication, Jan. 2007], and F1D-SB-
LOAY, [LOAY]®) conducted by Eli Lilly and Company
in Germany, Puerto Rico, Russia, and the United States
(from March 1999 to March 2006; Table 1). Consent
forms were signed by the patients and/or guardians in
each study, and review board approva was granted for
each study.

Study HGIN was designed to examine the safety and
efficacy of olanzapine in adolescents (aged 13-17 years)
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with schizophrenia. It consisted of 3 periods: (1) a 2- to
14-day screening and washout period; (2) a 6-week,
double-blind, acute period of olanzapine or placebo treat-
ment; and (3) an optional 26-week, open-label period of
olanzapine treatment. For the placebo-controlled phase,
patients were randomly assigned in a 2:1 ratio to either
olanzapine (2.5-20.0 mg/day) or placebo.

Study HGIU was designed to examine the efficacy and
safety of olanzapine in adolescents (aged 13-17 years)
with bipolar | disorder. It consisted of 3 periods: (1) a 2-
to 14-day screening and washout period; (2) a 3-week,
double-blind, acute period of olanzapine or placebo treat-
ment; and (3) an optional 26-week, open-label period of
olanzapine treatment. For the placebo-controlled phase,
patients were randomly assigned in a 2:1 ratio to either
olanzapine (2.5-20.0 mg/day) or placebo.

Study HGMF was an open-label study designed to
examine the population pharmacokinetics of olanzapine
in adolescents (aged 13-17 years) with schizophrenia
or bipolar | disorder. It consisted of 2 periods: (1) a 2- to
14-day screening and washout period and (2) a 4.5-week,
open-label period of olanzapine treatment (2.5-20.0
mg/day).

Study LOAY was an open-label study to evaluate the
efficacy and tolerability of olanzapine (5.0-20.0 mg/day)
in adolescents and young adults (aged 12-21 years) with
schizophrenia, schizophreniform disorder, or schizoaffec-
tive disorder. It consisted of 3 periods: (1) a 2- to 14-day
screening and washout period; (2) a 6-week, open-label
period of olanzapine treatment; and (3) an 18-week,
open-label period of olanzapine treatment for responders
at the end of study period Il only (defined as a= 30% de-
crease from baseline on the Brief Psychiatric Rating
Scale-Anchored Version for Children'®). Only patients
aged 13to < 18 yearswereincluded in thisanalysis.

Inall 4 studies' washout periods, all previous antipsy-
chotic drugs were tapered so that patients were free of
psychotropic medications for at least 2 days before ran-
domization. Diagnoses were made using the Diagnostic
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and Satistical Manual of Mental Disorders, Fourth Edi-
tion, Text Revision. In studies HGIN, HGIU, and HGMF,
diagnoses were confirmed by the Kiddie Schedule for
Affective Disorders and Schizophrenia for School-Aged
Children—Present and Lifetime Version.™®

Databases

Two adolescent databases were created from the
pooled adolescent data. The placebo-controlled database
included data from olanzapine-treated and placebo-
treated adolescents from the double-blind placebo-
controlled phases of studiesHGIN and HGIU. The overall
adolescent olanzapine exposure database included data
from olanzapine-treated patientsfrom all 4 studies. Safety
data (weight, metabolic parameters, prolactin, etc.) from
the overall adolescent olanzapine exposure database were
compared with a third database of adult data, created
by pooling data from up to 84 olanzapine clinical trials
of adults with schizophrenia or bipolar | disorder (data
on file, Eli Lilly and Co., Indianapolis, Ind., 2007). The
maximum length of the adolescent trials was 32 weeks,
for the adult trials, the data cutoff was 32 weeks to alow
for comparison with the adolescent database. Four adult
studies collected fasting glucose and lipids and were
pooled for comparison with adolescents; 30 adult studies
collected prolactin and were pooled for the comparison.

Treatments

In studies HGIN, HGIU, and HGMF, the starting dos-
age of olanzapine was 2.5 or 5.0 mg/day and could bein-
creased (to amaximum dose of 20.0 mg/day) or decreased
by 2.5- or 5.0-mg/day increments at the investigator’s dis-
cretion. The dosage wastitrated to at least 10.0 mg/day by
the third week, provided there were no tolerability issues.
Doses would continue to be increased to the highest toler-
ated dose, if there were no tolerability concerns. Dose
adjustments were alowed at any time in any number of
increments/decrements. Patients unable to tolerate the
minimum dose (2.5 mg/day) were discontinued from the
study. The starting dose in study LOAY was 10.0 mg/day.
The mean daily dosage of olanzapine for all studies was
10.6 mg/day (exposure = 48,946 patient days).

Safety Measures in the 4 Adolescent Studies
Treatment-emergent adverse events, laboratory test re-
sults, vital signs, weight, electrocardiograms (from stud-
ies HGIN, HGIU, and HGMF only), and extrapyramidal
symptoms (EPS; from studies HGIN, HGIU, and HGMF
only) were monitored. Laboratory tests included clinical
chemistry, electrolyte levels, lipid levels, prolactin levels,
and hematology panels. These tests were performed at
protocol-specified time points, when clinically indicated,
and any time a patient completed the study period or dis-
continued from the study. Fasting (= 8 hours) glucose and
lipid data were collected at baseline, acute endpoint or

Reprinted with correction to page 255.
J Clin Psychiatry 70:2, February 2009

Focus oN CHILDHOOD AND ADOLESCENT MENTAL HEALTH

discontinuation, and open-label endpoint or discontinu-
ation in studies HGIN, HGIU, and HGMF. In study
LOAY, nonfasting sampleswere taken at baseline, week 8
of treatment, and study endpoint or discontinuation.

Treatment-emergent adverse events, including suicid-
ality and hostility-related events, were defined using the
Medical Dictionary for Regulatory Activities (MedDRA;
Northrop Grumman MedDRA, Chantilly, Virginia;
available at http://www.meddramsso.com/M SSOWeb/
index.htm) preferred terms. Treatment-emergent high and
low laboratory values were defined as a change from low
or normal at any time before olanzapine treatment to high
or low, respectively, at any time after baseline. Treatment-
emergent high prolactin levels were defined using the
following sex- and age-specific reference ranges: male
patients aged 12 to <14 years, =24 ug/L; mae pa
tients> 14 years, = 16.1 pg/L; female patients 12 to < 14
years, = 16.9 pg/L; and female patients = 14 years, = 39
Hg/L.% Lipid and glucose categories were defined using
National Cholesterol Education Program (NCEP)# and
American Diabetes Association® criteria, respectively.
Elevations in alanine aminotransferase (ALT) were ex-
amined in thefollowing ranges: lessthan 1, 3, and 5 times
the upper limit of the laboratory reference range at base-
lineto greater than 1, 3, and 5 times the upper limit of the
laboratory reference range, respectively. Potentially clini-
caly significant weight gain was defined as weight
gain = 7% of baseline weight.

Vital signs were monitored at each visit; height was
measured at baseline, at various visits throughout the
studies, and at the discontinuation visit. Weight was mea-
sured at each visit. An electrocardiogram was recorded at
enrollment and endpoint or study discontinuation visit.
QT intervals were corrected for heart rate using Bazett's
and Fridericia’s formulae. In studies HGIN, HGIU, and
HGMF, EPS were assessed by observation and admin-
istration of the Barnes Akathisia Scale (BAS),” the
Simpson-Angus Scale, and the Abnormal Involuntary
Movement Scale (AIMS)®; in study LOAY, EPS were
assessed using the Simpson-Angus Scale only. Baseline
was defined as the beginning of olanzapine treatment.

Statistical Analyses

Placebo-controlled database. All data were analyzed
on an intent-to-treat basis. Baseline characteristics and
mean changes in weight, lipids, prolactin, and EPS were
compared between the treatment groups using a type
11 sum of sguares analysis of variance, with country,
therapy, and protocol as independent factors. Frequencies
of baseline characteristics, discontinuation, serious ad-
verse events, and categories of abnormal lipids, hepatic
enzymes, and prolactin were analyzed using Fisher exact
test. Therelative risk of suicidal behaviors was compared
using Mantel-Haenszel risk difference stratified by
study.®
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Table 2. Baseline Characteristics of Adolescents With Schizophrenia or Bipolar I Disorder in the Placebo-Controlled and Overall

Adolescent Olanzapine Exposure Databases

Placebo-Controlled Database

Overall Adolescent Olanzapine

Characteristic Olanzapine (2.5-20.0 mg/d), N = 179 Placebo, N = 89 p Value? Exposure Database (2.5-20.0 mg/d), N = 454
Male, N (%) 112 (62.6) 48 (53.9) .188 286 (63.0)
Age, mean (SD), y° 15.5(1.4) 15.7 (1.4) .200 15.9 (1.4)
Schizophrenia, N (%) 119 (66.5) 35(39.3) 227 (50.0)
Ethnic origin, N (%)° .359
White 123 (68.7) 66 (74.2) 355(78.2)
African descent 30(16.8) 9(10.1) 50 (11.0)
Asiand 0(0.0) 1(1.1) 1(0.2)
Hispanic 20(11.2) 9(10.1) 37(8.2)
Other 6(3.4) 4(4.5) 11 (2.4)
Country, N (%)° 1.00
United States 133(74.3) 67 (75.3) 263 (57.9)
Germany 0(0.0) 0(0.0) 89 (19.6)
Russia 34(19.0) 16 (18.0) 80 (17.6)
Puerto Rico 12 (6.7) 6(6.7) 22(4.9)

#Frequencies analyzed using Fisher exact test.

M eans analyzed using atype |11 sum of squares analysis of variance, with country, therapy, and protocol as independent factors.

“Percentages may not equal 100, due to rounding.
9 ncludes East and Southeast Asian.
Symbol: ... = not applicable.

Overall adolescent olanzapine exposure database.
Mean changes in laboratory values, vital signs, and meta-
bolic parameters were analyzed using a 1-sample t test.
Mean changes in weight, metabolic parameters, and pro-
lactin in adolescents were compared with those in the
adult database with an analysis of covariance, with base-
line and population as independent factors. Incidence of
weight gain and abnormal levels of lipids, glucose, and
prolactin in adolescents were compared with those of
adults using Fisher exact test. Changes in weight, height,
and body massindex (BM1) in olanzapine-treated adoles-
cents were compared with standardized growth curves
from the United States”” using z scores.

All analyses were tested using a 2-sided o level of .05.
SAS software version 8.2 (SAS Ingtitute Inc., Cary, N.C.)
was used to perform al statistical analyses.

RESULTS

Patient Characteristics

The placebo-controlled database included 268 patients
(olanzapine, N = 179; placebo, N = 89), and the overall
adolescent olanzapine exposure database included 454
patients. The mean (SD) age of patients in the placebo-
controlled database was 15.5 (1.4) yearsin the olanzapine
and 15.7 (1.4) years in the placebo treatment groups;
mean (SD) age in the overall adolescent olanzapine expo-
sure database was 15.9 (1.4) years. The mgjority of the
adolescents in both databases were male, white, and from
the United States; most patients in the placebo-controlled
database had a diagnosis of bipolar | disorder (60.1%
[161/268]). Adolescents with schizophrenia or bipolar |
disorder were equally represented in the overall ado-
lescent olanzapine exposure database (50.0%; 227/454
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each). In the placebo-controlled database, there were no
significant differencesin baseline characteristics between
the 2 treatment groups (Table 2).

The mean modal dosage of olanzapine in the placebo-
controlled database was 11.5 mg/day (mean expo-
sure=26.7 days); in the overall adolescent olanzapine
exposure database, it was 11.4 mg/day (mean expo-
sure=108 days). In the placebo-controlled database,
4.5% (8/179) of olanzapine-treated and 1.1% (1/89,
p =.279) of placebo-treated patients discontinued treat-
ment due to an adverse event; in the overall adolescent
olanzapine exposure database, 11.2% (51/454) of olanza-
pine-treated patients discontinued due to an adverse
event, with the most common being weight increased
(4.0%) and pregnancy (1.2%).

Treatment-Emergent Adverse Events

In the placebo-controlled database, treatment-
emergent adverse events occurring significantly more
often in olanzapine-treated compared with placebo-
treated patients were weight increased (29.6% [53/179]
vs. 5.6% [5/89], p <.001), somnolence (24.6% [44/179]
vs. 3.4% [3/89], p < .001), increased appetite (24.0% [43/
179] vs. 5.6% [5/89], p < .001), and sedation (19.0% [34/
179] vs. 5.6% [5/89], p = .003) (Table 3). The most com-
mon adverse events occurring in olanzapine-treated pa-
tients in the overall adolescent olanzapine exposure
database included increased weight (31.7% [144/454]),
somnolence (19.8% [90/454]), increased appetite (17.4%
[79/454]), headache (16.7% [76/454]), and sedation
(14.1% [64/454]). In the placebo-controlled database,
3.4% (6/179) of olanzapine-treated versus 1.1% (1/89) of
placebo-treated patients experienced = 1 serious adverse
event (p=.431). The most common MedDRA serious
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Table 3. Treatment-Emergent Adverse Events Occurring Significantly More Often in Olanzapine-Treated Compared With
Placebo-Treated Adolescents With Schizophrenia or Bipolar I Disorder in the Placebo-Controlled Database and in = 5% of
Olanzapine-Treated Adolescents in the Overall Adolescent Olanzapine Exposure Database

Placebo-Controlled Database

Overall Adolescent Olanzapine

Treatment-Emergent Adverse Event  Olanzapine (N = 179), N (%)

Placebo (N = 89), N (%)

pVaue® Exposure Database (N = 454), N (%)

Weight increased
Somnolence
Increased appetite 43 (24.0)
Sedation 34 (19.0)
Dry mouth 11(6.1)
Headache
Fatigue

Dizziness

Nausea

Vomiting

Tremor

Upper abdominal pain

Nasopharyngitis

Upper respiratory tract infection

53 (29.6)
44 (24.6)

5(5.6) <.001 144 (31.7)
3(3.4) <.001 90 (19.8)
5(5.6) <.001 79 (17.4)
5 (5.6) .003 64 (14.1)
0(0.0) 018 .
76 (16.7)
43 (9.5)
29 (6.4)
29 (6.4)
27 (5.9)
26 (5.7)
23 (5.1)
23 (5.1)
23 (5.1)

@Analyzed using Fisher exact test.
Symbol: ... = not applicable.

adverse event terms reported in olanzapine-treated pa-
tients in this database included worsening of bipolar
disorder (0.6% [1/179]) and worsening of bipolar | disor-
der (0.6% [1/179]). In the overall adolescent olanzapine
exposure database, 7.7% (35/454) of olanzapine-treated
adolescents experienced = 1 serious adverse event, which
included worsening of bipolar | disorder (1.8% [8/454]),
worsening of schizophrenia (1.3% [6/454]), worsening
of bipolar disorder (0.9% [4/454]), and aggression (0.7%
[3/454]).

Weight Gain

Olanzapine-treated patients in the placebo-controlled
database gained statisticaly significantly more weight
from baseline to endpoint compared with those treated
with placebo (3.9 kg vs. 0.2 kg, p <.001). Mean weight
gain by week in patients in both the placebo-controlled
and overal adolescent olanzapine exposure databases
is shown in Figure 1. When compared with olanzapine-
treated patients from the adult database, olanzapine-
treated adolescents in the overall adolescent olanza-
pine exposure database (treated for up to 32 weeks)
gained statistically significantly more weight from base-
line to endpoint (7.4 kg [N = 450] vs. 3.2 kg [N = 7847],
p <.001). In addition, 4.0% of adolescents in the overall
adolescent olanzapine exposure database compared with
0.3% of adults in the adult database discontinued treat-
ment due to weight gain. When compared with U.S. stan-
dardized growth curves,?® olanzapine-treated adolescents
in the overall adolescent olanzapine exposure database
had statistically significantly greater baseline-to-endpoint
increases in mean weight, mean height, and mean BMI.
The mean changes in the standardized percentiles and z
scores were aso statistically significant. Olanzapine-
treated adolescents in the overall adolescent olanzapine
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Figure 1. Weight (by week) of Adolescent Patients With
Schizophrenia or Bipolar I Disorder Treated With Olanzapine
or Placebo™"*

827 m overall Olanzapine

© Olanzapine
80+ A Placebo

78+
76+
74+
72+
70+

Weight, Mean (SD), kg

68
66

64

T T T T
4 8 12 16 20 24 28
Week of Treatment

aThe placebo-controlled database: olanzapine, N = 179; placebo,
N = 89, LOCF; the overall adolescent olanzapine exposure database:
only those patients who remained in the study for > 24 weeks.

bThe error bars represent standard deviations.

For the overall olanzapine database, week 1, N = 448; week 2,
N = 440; week 3, N = 331; week 4, N = 400; week <5, N = 314;
weeks >5-<9, N =287; weeks >9—< 13, N = 238; weeks > 13—
<17, N =217; weeks > 17—< 21, N = 190; weeks > 21-< 25,
N =174; weeks > 25-<32, N = 131.

exposure database experienced an 11.8 percentile point
increase in weight (p <.001), a 1.5 percentile point in-
crease in height (p<.001), and a 13.3 percentile point
increase in BMI (p < .001).

Significantly more olanzapine-treated adolescents in
the overall adolescent olanzapine exposure database
gained = 7% of their baseline body weight at any time
during treatment compared with olanzapine-treated adults
(65.1% [293/450] vs. 35.6% [2794/7847], p < .001). One
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Table 4. Mean Changes From Baseline to Endpoint in Glucose, Lipid Parameters, Hepatic Parameters, and Prolactin at Any Time
During Olanzapine (2.5-20.0 mg/day) or Placebo Treatment in Adolescents With Schizophrenia or Bipolar I Disorder

Placebo-Controlled Database

Olanzapine Adolescents? vs Adults

Olanzapine, Placebo, Adolescents, Adults,
Parameter Mean Change (SD)  Mean Change (SD)  p Value® Mean Change (SD)  Mean Change (SD)  p Value®
Metabolic parameter, mmol/L
Glucose, fasting 0.2 (0.6) -0.2(0.6) <.001 0.1(0.7) 0.3(1.8) .002
Cholesteral, total 0.3(0.6) 0.0(0.7) .002 0.2 (0.7) 0.0(0.9) .305
LDL 0.2(0.5) 0.0(0.6) .109 0.2 (0.6) 0.0(0.8) 917
HDL 0.0(0.2) 0.0(0.3) 751 -0.1(0.2) -0.1(0.3) 519
Triglycerides 0.3(0.9) -0.1(0.6) .007 0.3(0.9) 0.2(1.9) .007
Hepatic parameters
ALT, U/L 20.0(54.8) -3.1(11.7) <.001 21.4(82.7) <.001¢
AST, U/L 6.4 (26.4) -2.5(7.5) .002 9.0 (54.6) <.001¢
GGT, U/L 7.5(20.0) -0.4(6.0) <.001 8.2(32.4) <.001¢
Bilirubin, total, umol/L -1.7(3.8) 0.8 (6.0) <.001 -1.1(4.6) <.001¢
Alkaline phosphatase, U/L 1.4 (25.6) —4.0 (16.6) .396 4.4(18.2) <.001¢
Prolactin, pg/L 11.4 (14.5) -0.2(10.7) <.001 23.0(83.7) —4.2 (125.6) .004

& rom the overall adolescent olanzapine exposure database.

bAnalyzed using atype |11 sum of squares analysis of variance (ANOVA); model = protocol x country x therapy.
‘Analyzed using atype |11 sum of squares ANOVA; model = population x baseline.

dAnalyzed using a 1-sample t test.

Abbreviations: ALT = alanine aminotransferase, AST = aspartate aminotransferase, GGT = y-glutamyltransferase, HDL = high-density lipoproteins,

LDL = low-density lipoproteins.
Symbol: ... = not applicable.

olanzapine-treated adolescent in the placebo-controlled
database discontinued treatment due to increased weight,
whereas none of the placebo-treated adolescents did
(0.6% vs. 0.0%, p=1.00); in the overall adolescent
olanzapine exposure database, 18 (4.0%) of the 454
olanzapine-treated patients discontinued treatment due
to increased weight.

Glucose and Lipids

In the placebo-controlled database, olanzapine-treated
adolescents experienced statistically significantly greater
baseline-to-endpoint mean increases in fasting glucose
(p<.001), total cholesterol (p=.002), and fasting tri-
glycerides (p = .007) compared with placebo-treated ado-
lescents. No significant differences between the treat-
ment groups were observed in baseline-to-endpoint mean
changes in levels of low-density lipoproteins (LDL;
p =.109) or high-density lipoproteins (p = .751; Table 4).

In the overal adolescent olanzapine exposure data-
base, olanzapine-treated adolescents experienced statisti-
cally significant baseline-to-endpoint mean changesin all
metabolic parameters (Table 4). When compared with
olanzapine-treated adolescents in the overall adolescent
olanzapine exposure database, olanzapine-treated adults
had statistically significantly greater baseline-to-endpoint
mean changes in fasting glucose (p = .002); mean chang-
es from baseline to endpoint in fasting triglycerides
were also statistically significantly different between
olanzapine-treated adol escents and adults (p = .007), with
the latter experiencing smaller increases. No other statis-
tically significant differences were observed between

In the placebo-controlled database, statistically signif-
icantly more olanzapine-treated compared with placebo-
treated adolescents developed treatment-emergent chang-
es from normal to borderline total cholesterol at any time
during treatment (p =.039; Table 5). Significantly more
olanzapine-treated adults compared with olanzapine-
treated adol escents from the overall adolescent olanzapine
exposure database had treatment-emergent changes from
normal to high (p=.033) and normal/impaired to high
(p<.001) glucose, normal to borderline (p<.001) and
normal to high (p = .001) total cholesterol, normal to bor-
derline (p < .001) and normal to high (p = .014) LDL cho-
lesterol, and normal to borderline (p < .001) and normal to
high (p = .030) triglycerides at any time during treatment
(Table 5). The percentages of adolescents in the overall
adolescent olanzapine exposure database (N = 454) who
experienced lipid-related adverse events were as follows:
blood cholesterol increased, 0.4%; blood triglycerides in-
creased, 2.4%; hypercholesterolemia, 0.4%; and hypertri-
glyceridemia, 0.4%.

Hepatic Parameters

In the placebo-controlled database, olanzapine-treated
adolescents, compared with adolescents in the placebo
group, had statistically significantly greater baseline-to-
endpoint changes in ALT (p<.001), aspartate amino-
transferase (AST; p =.002), y-glutamyltransferase (GGT;
p < .001), and total bilirubin (p <.001) levels. No signifi-
cant difference between the groups was observed in base-
line-to-endpoint mean changes in the alkaline phosphatase
levels (p = .396; Table 4). Mean changesin ALT, AST, and

adolescents and adults (Table 4). GGT are presented in Figure 2.
Reprinted with correction to page 255.
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Table 5. Incidence of Categorical Changes in Glucose, Lipid Parameters, Hepatic Parameters, and Prolactin at Any Time During
Olanzapine (2.5-20.0 mg/day) or Placebo Treatment in Adolescents With Schizophrenia or Bipolar I Disorder

Placebo-Controlled Database Olanzapine Adolescents® vs Adults
Olanzapine, Placebo, Adolescents, Adults,
Parameter N/N (%) N/N (%) p Value® N/N (%) N/N (%) p Value®
Metabolic parameter®
Glucose
Normal to high (< 100 to = 126 mg/dL) 0/122 (0.0) 1/51(2.0) .295 3/251(1.2) 12/251 (4.8) .033
Impaired to high (= 100 and < 126 to = 126 mg/dL) 2/13(15.4) 0/13(0.0) 480 6/47 (12.8) 32/121 (26.4) .066

Normal/impaired to high (< 126 mg/dL to > 126 mg/dL)  2/135 (1.5)
Total cholesterol

Normal to borderline (< 200 to = 200 and < 240 mg/dL) 19/121 (15.7)

Normal to high (< 200 to = 240 mg/dL) 2/121 (1.7)
Low-density lipoproteins

Normal to borderline (< 130 to =2 130 and < 160 mg/dL)  17/124 (13.7)

Normal to high (< 130 to = 160 mg/dL) 2/124 (1.6)
High-density lipoproteins, normal to low 2/45 (4.4)
(=50 to <40 mg/dL)
Triglycerides
Normal to borderline (< 150 to = 150 and < 200 mg/dL) 21/113 (18.6)
Normal to high (< 150 to = 200 mg/dL) 14/113 (12.4)
Normal to extremely high (< 150 to = 500 mg/dL) 0/113 (0.0)
Hepatic parameter (= 1 times the upper limit of normal)
ALT 59/153 (38.6)
AST 45/163 (27.6)
GGT 17/169 (10.1)
Bilirubin, total 0/170 (0.0)
Alkaline phosphatase 11/159 (6.9)
Prolactin 55/116 (47.4)

1/64(1.6)  1.00 9/298 (3.0) 44/372 (11.8) < .001

2/55(36)  .023  54/262(20.6)  82/216(38.0) <.001
0/55(0.0)  1.00 3/262 (1.1) 15/216 (6.9) 001

2/52(38) 064 48/270 (17.8)  75/241(311) <.001
0/52(0.0)  1.00 4/270 (1.5) 14/241 (5.8) 014
2/21(95) 587  10/107 (9.3) 28/155(18.1) 052

4/53(75) 101  51/247(20.6)  91/253(36.0) <.001
1/53(1.9)  .039  43/247(17.4)  65/253(25.7)  .030
0/53(0.0) ... 1/247 (0.4) 1/253(0.4)  1.00

2/79(25) <.001  169/396 (42.7)

3/79(38) <.001 127/418(30.4)

1/83(1.2)  .008  34/432(7.9)

6/45(13.3)  .001 9/423 (2.1)

2077(26) 231  51/387(13.2) . .
4/59(6.8) <.001 172/310(55.5) 889/3062(29.0) <.001

8 rom the overall adolescent olanzapine exposure database.
PAnalyzed using Fisher exact test.

‘Categories defined by National Cholesterol Education Program?* and American Diabetes Association?? criteria.
Abbreviations: ALT = alanine aminotransferase, AST = aspartate aminotransferase, GGT = y-glutamyltransferase.

Symbol: ... = not applicable.

In the placebo-controlled database, the incidence of
parameter elevation greater than 1 times the upper limit
of normal for each parameter was statistically signif-
icantly greater in olanzapine-treated compared with
placebo-treated adolescents for ALT (p <.001), AST (p <
.001), and GGT (p =.008). Significantly fewer olanza-
pine-treated compared with placebo-treated adolescents
had high bilirubin (p =.001); the incidence of high al-
kaline phosphatase did not differ between the treatment
groups (p=.231; Table 5). Statistically significantly
more olanzapine-treated compared with placebo-treated
adolescents experienced ALT levels greater than 3 times
the upper limit of norma (12.1% [21/174] vs. 2.3%
[2/87], p=.009). In the overall adolescent olanzapine
exposure database, the incidence of hepatic parameter
elevation greater than 1 times the upper limit of normal
for each parameter was 42.7% for ALT, 30.4% for AST,
7.9% for GGT, 2.1% for total bilirubin, and 13.2% for al-
kaline phosphatase. A total of 8 patients discontinued
olanzapine treatment in the overall adolescent olanzapine
exposure database due to the following hepatic-related
adverse events: ALT increased (N =2), AST increased
(N =1), hepatic enzymes increased (N = 2), abnormal
liver function test (N =2), and transaminase increased
(N=1).

Reprinted with correction to page 255.

Suicidality

In the placebo-controlled database, 1 olanzapine-
treated adolescent had suicidal ideation or behaviors
(Mantel-Haenszel risk difference = 0.56, 95% confidence
interval [Cl] =-0.531t0 1.66, p = .314), and 2 olanzapine-
treated adolescents and 1 placebo-treated adolescent had
possible suicidal behavior or ideation (Mantel-Haenszel
risk difference = 0.01, 95% Cl =—2.66 to 2.68, p = .994).
All suicidality-related events in the placebo-controlled
database were reported in adolescents with bipolar | disor-
der. In the overall adolescent olanzapine exposure data-
base, 0.4% (2/454) of the patients attempted suicide, 0.4%
(2/454) made preparatory acts toward committing suicide,
2.9% (13/454) experienced suicidal ideation, and 1.3%
(6/454) committed self-injurious behavior. Most of the
suicidality-related adverse events (13/24) were reported
in patients with bipolar | disorder.

Prolactin

In the placebo-controlled database, statistically signifi-
cantly greater baseline-to-endpoint mean changes in pro-
lactin were reported in olanzapine-treated compared with
placebo-treated adolescents (p < .001). Adolescentsin the
overall exposure database had statistically significant
baseline-to-endpoint increases in prolactin (23.0 pg/L),
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Figure 2. Mean Changes (by week) in Hepatic Enzymes During Olanzapine
Treatment (2.5-20.0 mg/day) in Adolescents With Schizophrenia or

Bipolar I Disorder*
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aThe overall adolescent olanzapine exposure database, N = 454.
Abbreviations: ALT = alanine aminotransferase, AST = aspartate aminotransferase,

GGT = y-glutamyltransferase.

and 55.5% had high prolactin levels. Such changes in
olanzapine-treated adolescents were statisticaly signif-
icantly greater compared with olanzapine-treated adults
(4.2 pg/L; p=.004). In adolescents from the overall
adolescent olanzapine exposure database, prolactin levels
peaked around week 6 of treatment, then continued to
decrease for the remainder of treatment; however, prolac-
tin levels at endpoint remained higher than at baseline
(Figure 3).

In the placebo-controlled database, statistically
significantly more olanzapine-treated compared with
placebo-treated adolescents had high prolactin levels at
anytime during treatment (p <.001). When analyzed by
sex, statistically significantly more olanzapine-treated fe-
male (p=.006) and mae (p<.001) patients had high
prolactin levels at any time during treatment compared
with those treated with placebo. In the olanzapine-treated
adolescents in the placebo-controlled database, signifi-
cantly fewer antipsychotic-naive patients compared with
those previously treated with an antipsychotic medication
had high prolactin levels (12.8% [21/164] vs. 52.9% [55/
104], p < .001). When compared with adults, significant-
ly more olanzapine-treated adolescents in the overall
adolescent olanzapine exposure database had high pro-
lactin levels at anytime during treatment (p < .001). Inthe
overall adolescent olanzapine exposure database, signifi-
cantly fewer olanzapine-treated female patients had high
prolactin levels at any time during treatment compared
with male patients (p < .001). Severa prolactin-related
adverse events were reported, including amenorrhea
(1.2% [2/168]), dysmenorrhea (4.2% [7/168]), galactor-
rhea (0.7% [3/454]), gynecomastia (2.4% [7/286]), men-
orrhagia (0.6% [1/168]), metrorrhagia (0.6% [1/168]),
and polycystic ovaries (0.6% [1/168]). One patient
(0.6%; 1/168) in the overall adolescent olanzapine expo-
sure database discontinued treatment due to galactorrhea.
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Figure 3. Mean Changes (by week) in Prolactin Levels
During Olanzapine Treatment (2.5-20.0 mg/day) in
Adolescents With Schizophrenia or Bipolar I Disorder*
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aThe overall adolescent olanzapine exposure database, N = 454.

Sedation and Somnolence

In the placebo-controlled database, significantly more
olanzapine-treated compared with placebo-treated ado-
lescents experienced somnolence (24.6% vs. 3.4%, re-
spectively, p<.001) and sedation (19.0% vs. 5.6%, re-
spectively, p = .003). In the overall adolescent olanzapine
exposure database, 19.8% and 14.1% of olanzapine-
treated adol escents experienced somnolence and sedation,
respectively. Three adolescents (0.7%) in the overall ado-
lescent olanzapine exposure database discontinued treat-
ment due to somnolence.

Extrapyramidal Symptoms

In the placebo-controlled database, no statistically sig-
nificant differences were reported in the mean baseline-
to-endpoint improvement in the AIMS total score
(p=.540), BAS globa clinical assessment of akathisia
score (item 4; p=.628), or Simpson-Angus Scale total

Reprinted with correction to page 255.
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Table 6. Mean Change From Baseline to Endpoint in Extrapyramidal Scales, and Incidence of Treatment-Emergent
Extrapyramidal Symptoms at Any Time During Olanzapine Treatment (2.5-20.0 mg/day) in Adolescents With Schizophrenia or
Bipolar I Disorder From the Overall Adolescent Olanzapine Exposure Database

Scale Baseline Score, Mean (SD) Endpoint Score, Mean (SD) p Value? Incidence, N/N (%)
AIMS, items 1-7 (dyskinesia)
Bipolar | disorder (N = 219) 0.1(0.7) -0.1(0.7) .043 1/217 (0.5)
Schizophrenia (N = 137) 0.3(0.8) -0.1(0.8) .016 4/134 (3.0)
Overall (N = 356) 0.2 (0.7) -0.1(0.7) .002 5/351 (1.4)
BAS, item 4 (akathisia)
Bipolar | disorder (N = 219) 0.2 (0.5) -0.1(0.5) .011 10/213 (4.7)
Schizophrenia (N = 137) 0.2(0.5) -0.1(0.6) .005 9/132 (6.8)
Overall (N = 356) 0.2 (0.5) -0.1(0.5) <.001 19/345 (5.5)
SAS, items 1-10 (parkinsonism)
Bipolar | disorder (N = 219) 0.2 (0.8) 0.0(0.7) .928 4/216 (1.9)
Schizophrenia (N = 136) 0.6 (1.7) -0.3(1.4) .016 4/126 (3.2)
Overall (N = 355) 0.4 (1.3 -0.1(1.0) .054 8/342 (2.3)

#Analyzed using a Type Il sum of squares analysis of variance; Model = Country Therapy Protocol.
Abbreviations: AIMS = Abnormal Involuntary Movement Scale, BAS = Barnes Akathisia Scale, SAS = Simpson-Angus Scale.

score (p=.271). In the overal adolescent olanzapine
exposure database, olanzapine-treated adolescents con-
tinued to show significant improvement from baseline to
endpoint in AIMS total score (p =.002) and BAS global
clinical assessment of akathisia score (p < .001); the im-
provement in the Simpson-Angus Scale total score did
not reach statistical significance (p = .054; Table 6). In
the placebo-controlled database, no significant differ-
ences were observed between olanzapine-treated and
placebo-treated adol escents in the incidence of treatment-
emergent dyskinesia (p = 1.00), akathisia (p =.548), or
parkinsonism (p = .304). In the overall olanzapine data-
base, 1.4% of olanzapine-treated patients experienced
treatment-emergent dyskinesia; 5.5%, akathisia; and
2.3%, parkinsonian symptoms. In the placebo-controlled
database, no significant differences were observed be-
tween olanzapine-treated and placebo-treated adol escents
in the incidence of anticholinergic medication use (4.5%
VS, 2.2%, p = .504). In the overall adolescent olanzapine
exposure database, 5.9% of olanzapine-treated adoles-
cents were treated with anticholinergic medications. A
breakdown of extrapyramidal symptoms and treatment-
emergent incidence in the overall adolescent olanzapine
exposure database is presented in Table 6.

DISCUSSION

Overall, thetypes of adverse events that were observed
during olanzapine treatment in adolescents with schizo-
phrenia and bipolar | disorder in our analyses are con-
sistent with the data from other studies of olanzapine in
children and adolescents,”***® as well as clinical trials
in adults.®® Treatment-emergent adverse events—such
as somnolence,>*%% increased appetite,® weight in-
crease,>”# dry mouth,*® and headache**®*—have been
reported in adults in both acute and long-term studies.

However, the magnitude and incidence of changes
in weight were significantly greater in adolescents com-

Reprinted with correction to page 255.
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pared to adults. Olanzapine-treated adolescents gained a
mean of approximately 4 kg over a 3- to 6-week period
during the double-blind, placebo-controlled period of
the trials and gained approximately 7 kg over up to
32 weeks of treatment, the latter being statistically sig-
nificantly greater compared with the U.S. standardized
growth curves®” This rate of weight gain is similar to
those found in other studies of olanzapine treatment in
adolescents’**¢ but is greater than those found in studies
of adults.® Weight change in these patients over the
course of treatment continued to increase for up to 32
weeks. Given that adolescents are growing, BMI may be
a better index of abnormal weight gain.

The percentage of adolescents who had potentially
clinically significant weight gain was greater than that of
adults (65.1% vs. 35.6%), suggesting that adolescents
may be more susceptibleto weight gain during olanzapine
treatment. Previous research with other antipsychotics in
children and adolescents al so suggests that this age group
may be particularly vulnerable to weight gain during
treatment.®®*° Weight gain in this population may lead
to difficulties with treatment compliance™ in patients who
are aready at risk for nonadherence; in a 1-year open-
label study of olanzapine in adolescents with schizophre-
nia, over 25% of patients discontinued olanzapine treat-
ment because of weight gain.*®

Adolescents treated with olanzapine experienced sta-
tistically significant mean baseline-to-endpoint increases
in total cholesterol, as well as fasting glucose and triglyc-
erides, when compared with adolescents treated with pla-
cebo. Unlike with weight gain, however, adolescents had
significantly smaller mean changesin fasting glucose dur-
ing olanzapine treatment compared with those of adults;
adults had smaller mean changes in fasting triglycerides
and a greater incidence of abnormal changes from normal
to high glucose, total cholesterol, LDL cholesterol, and
triglycerides at any time during treatment. This varies
from a recently completed analysis that showed that the
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mean changes in fasting glucose and lipid parameters
were comparable between adolescents and adults, and
more adolescents shifted to an abnormal glucose or lipid
category at any time during treatment (data on file, Eli
Lilly and Co., Indianapolis, Ind., 2007). However, even
though the new analysis contained most of the same pa-
tients as in this presented analysis, the new analysis in-
cluded patients aged 18 years who were pooled from
other studies and had data from patients with borderline
personality disorder, and the analysis was performed with
adolescent-specific lipid criteria, instead of using NCEP
criteriafor adults. Significant changesin weight and met-
abolic parameters have been commonly reported in
adults.®2*® These parameters have not been extensively
studied in adolescents. A double-blind study of olanza-
pine, risperidone, and haloperidol in adolescents with
psychosis™ suggested that the changes in nonfasting glu-
cose seen in the olanzapine treatment group might be
larger than in the other 2 treatment groups.

Concerning the data on hepatic parameters, olanza-
pine-treated adolescents had significant increases in the
levelsof ALT, AST, and GGT and significant decreasesin
total bilirubin compared with placebo-treated patients,
and significantly more olanzapine-treated adolescents
had high levels of these parameters, with the exception of
bilirubin. Theincreasesin ALT, AST, and GGT peaked by
week 6 of treatment, then the levels proceeded to de-
crease; the levels of these parameters remained above
baseline through up to 32 weeks of treatment. Approxi-
mately 40% of adolescents had ALT levels greater than
the upper normal limit at any time during olanzapine
treatment. There are few published studies of hepatic
functioning during antipsychotic treatment in adoles-
cents* or adults.®

No completed suicides occurred during these trials.
Most adolescents who reported other suicidality-related
events had bipolar | disorder. Both adolescents and adults
with bipolar disorder are at agreater risk for suicidal ide-
ation and attempts compared with persons with other psy-
chiatric illnesses.®** Suicidal behavior is of particular
concern for this population, asfirst-episode patients are at
agreater risk for suicide than those patients with multiple
episodes.*” Moreover, in the general population, adoles-
cents have a greater risk for these behaviors compared
with adults. Although it is difficult to assess the potential
risk of suicidality in adolescents without the benefit of
long-term placebo-controlled studies, the elevated risk
for adolescents with schizophrenia and bipolar | disorder
emphasizes the need for treatments that could minimize
the risk of suicidality.*

Both male and femal e adolescents treated with olanza-
pine in these studies had significant elevations in prolac-
tin concentrations, and a substantial number experienced
high prolactin levels. Prolactin concentrations initialy
peaked at around 6 weeks of treatment, then decreased
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while remaining above baseline levels. Increases in pro-
lactin have been reported during treatment with numer-
ous other antipsychotics.®** An open-label study
switching adult patients previously treated with conven-
tional antipsychotics or risperidone found that compared
with patients who remained on their prestudy therapy,
olanzapine-treated patients experienced improvement in
hyperprolactinemia and the potential symptoms of
hyperprolactinemia.®® The rates of hyperprolactinemia
seen in this analysis of olanzapine-treated adolescents
(~56%) are lower than those previously reported in
an open-label study in adolescents with psychoses
(~70%).** However, the reference ranges used in this
analysis were based on age and sex,® whereas the ranges
used in the previous study* were not adjusted for age
(1.6-18.8 ng/L for male adolescents, 1.4-24.2 ng/L for
female adolescents). Modest elevation of prolactin levels
can persist during chronic olanzapine administration in
adults.®** Adolescents in this analysis had greater mean
increases in and greater occurrence of high prolactin lev-
els when compared with adults. This suggests that ado-
lescents may be more susceptible than adults to changes
in prolactin during treatment with olanzapine. A potential
issue may be that of timing; prolactin samples are most
accurate in the 6 hours following dosing,*® and the pro-
tocol for these studies suggested olanzapine be taken
at night. The interval between treatment and sample
collection would most likely be greater than 6 hours,
which may have affected the results.”® Prolactin-related
adverse events are commonly the cause of treatment
discontinuation in pediatric populations.* Long-term in-
creasesin prolactin may be related to breast enlargement,
galactorrhea,* dysmenorrhea, and sexual dysfunction.?®
While in adults olanzapine may alleviate these symp-
toms,* patients < 18 years may have a greater risk of
hyperprolactinemia.*

Clinicians should be alert for any signs of hyperpro-
lactinemia, including amenorrhea and galactorrhea, in
their adolescent patients, as sustained elevated levels of
prolactin may lead to difficultieswith puberty and benign
pituitary tumors.*® However, these symptoms may not be
the best signs of hyperprolactinemia; Fideleff and col-
leagues™ reported that tumors can be seen in adolescent
patients with prolactin levels below 100 ng/mL. The po-
tential risks of sustained prolactin elevations in adoles-
cents need to be examined further, as the effects of sus-
tained, mildly elevated prolactin levels over an extended
period of time in developing children are unclear.”

Both sedation and somnolence are commonly re-
ported during olanzapine treatment in adults with schizo-
phrenia’ or bipolar | disorder.® These adverse events have
also been reported in other studies of olanzapine treat-
ment in adolescents.”® Regarding EPS, olanzapine-
treated adolescents experienced improvements similar to
those of placebo-treated patients, and olanzapine-treated

Reprinted with correction to page 255.
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adolescentsin the overall adolescent olanzapine exposure
database continued to show improvement. Thisis consis-
tent with previous research in children, adolescents,™ and
adults® treated with olanzapine. Olanzapine is thought to
have a good safety profile concerning EPS, although a
few cases have been reported in olanzapine-treated
youths.” Adolescents might be particularly vulnerable to
developing EPS during antipsychotic treatment, as stria-
tal D, concentrations are highest at this stage of develop-
ment.® From this analysis, EPS occur rarely during olan-
zapine treatment, as evidenced by the EPS measures and
low concomitant anticholinergic medications use.

The tolerability of antipsychoticsin children isimpor-
tant; 1 study of adolescents with bipolar | disorder re-
ported nonadherence rates as high as 65%.% In adults
with schizophrenia, adverse events consistently lead to
medication noncompliance, which can worsen the pro-
gression of the disease.*® Adverse event tolerability is
also a leading cause of discontinuation of treatment. In
the Clinical Antipsychotic Trials of Intervention Effec-
tiveness (CATIE), approximately 15% of patients with
schizophrenia discontinued treatment due to adverse

Focus oN CHILDHOOD AND ADOLESCENT MENTAL HEALTH
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