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ABSTRACT

Objective: To compare the efficacy and safety of divalproex extended-release (ER) to placebo in a 28-day double-blind
study of bipolar disorder in children and adolescents and evaluate the safety of divalproex ER in a 6-month open-label
extension study. Method: In the double-blind study, 150 patients (manic or mixed episode, aged 10Y17 years) with
baseline Young Mania Rating Scale (YMRS) score of 20 or higher were randomized to once-daily placebo or divalproex
ER, which was titrated to clinical response or serum valproate concentration of 80 to 125 2g/mL. Sixty-six patients enrolled
in the extension study. Results: In the double-blind study, a treatment effect was not observed with divalproex ER based
on change in mean YMRS score (divalproex ERj 8.8 [n=74]; placeboj 7.9 [n=70]) or secondary measures. Divalproex
was similar to placebo based on incidence of adverse events. Four subjects treated with divalproex ER and three treated
with placebo discontinued because of adverse events. Mean ammonia levels increased in the divalproex ER group, but
only one patient was symptomatic. In the long-term study, YMRS scores decreased modestly (2.2 points from baseline).
The most common adverse events were headache and vomiting. Conclusions: The results of the study do not provide
support for the use of divalproex ER in the treatment of youths with bipolar | disorder, mixed or manic state. Further
controlled trials are required to confirm or refute the findings from this study. J. Am. Acad. Child Adolesc. Psychiatry,
2009;48(5):519Y532. Key Words: bipolar disorder, divalproex ER, treatment. Clinical trial registration informationV An
Outpatient Study of the Effectiveness and Safety of Depakote ER in the Treatment of Mania/Bipolar Disorder in Children
and Adolescents. URL: http:/clinicaltrials.gov. Unique identifier: NCT00067262. Evaluate the Safety of Depakote
Extended Release Tablets in the Treatment of Mania Associate With Disorder in Children and Adolescents. URL: http:/
clinicaltrials.gov. Unique identifier: NCT00195767.
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Bipolar disorder in children and adolescents is a seriaiisorder in children and adolescents. The 4-week study
disorder that has a significant adverse impact on a child&sgn was consistent with the written request from the
overall functioning. Youths with bipolar disorder hav&DA, which recommended a randomized, double-
episodes of long duration, high relapse rates, and a higind, parallel group, placebo-controlled acute bipolar
risk for suicidality™ An early age of onset of this illnessdisorder trial, with a recommended duration of at
is associated with more severe mania and depressionlaadt 3 weeks. We also include results from an optional
less euthymic periotiFhere is a compelling need to 6-month open-label study of divalproex ER that fol-
identify effective treatments for children and adolescemtsved the acute placebo-controlled trial.

with bipolar disorder. To date, lithium, risperidone, and

aripiprazole are the only agents that have Food and DrHI%THOD

Administration (FDA) approval for the treatment of

bipolar disorder in adolescents. Study Population

In clinical practlce., dlvalprc_)ex IS Co.mmor_]ly used for The studies were conducted in accordance with ethical principles
the treatment of bipolar disorder in children andas described in the Declaration of Helsinki and all applicable local

adolescents, as supported by extensive data from op=yolations. The protocols were approved by the institutional review
studies of divalproex in this age group Kowatch et apoard of each participating study site. Written informed assent was

d f 53% d f . ob&ained from the patient, and written informed consent was ob-
reported a response rate of 53% and an effect sizeifed from the patientOs legally authorized representative before

1.63 for divalproex in a 6-week open-label treatmendnroliment into each study. During the course of the double-blind
study comparing lithium, divalproex, and carbamazétudy, an independent Data Monitoring Committee reviewed and

. . . . interpreted safety data on a regular basis.
pine for yOUthS with b|polar disorder. In a 2- to 8-week Participants in the double-blind study were outpatients aged 10 to

open-label study of divalproex, 22 youths (61%) showed years who weighed at least 27 kg (60 Ib) and had aD@ent
a 50% or greater improvement in the mania rating scalé-TR diagnosis of bipolar | disorder, manic or mixed epfsode.

; ; ; ; ; : All diagnostic and rating evaluations were based on information
in this penOds' A chart review of 15 children with obtained from the subject and other pertinent sources (e.g., parent,

bipolar disorder found that divalproex treatmentaregiver). The Washington University at St. Louis Schedule for
improved long-term outcorhé 73.5% response rate Affective Disorders and Schizophrenia intéfvigwas adminis-

and a 52.9% remissiorate were observed in a tered by a qualified mental health professional, and the diagnosis was
' . confirmed by a board eligible or board certified child and adolescent

prosp_ective 6-month open-l_abel tr_ial andUCted Mysychiatrist. Patients were required to have a Young Mania Rating
36 child and adolescent patients with mixed rflaniaScale (YMRE)*total score of 20 or greater at the time of screen-

Divalproex was compared with quetiapine in a doubld2g and at randomization. At an investigators meeting before the

. . . . . tart of the study, training was conducted in administration of the
blind randomized pilot study of adolescent inpatient ashington University at St. Louis Schedule for Affective Disorders

with mani@ There was no statistically significantand Schizophrenia by the author of the instrument (B.G.). Raters for
difference between divalproex and quetiapine in chan$je YMRS received training before the start of the study to establish

; ; ; iformity across sites in the use and interpretation of the YMRS,
in Young Mania Rating Scores (YMRS) across tHgld all raters were reassessed periodically throughout the study.

28 days of the study, although a quicker reduction (gf]forts were made to assure that the same rater performed ratings
manic symptoms occurred with quetiapine as comparéul each subject throughout the study. Clinical monitors examined

with divalproex. The Clinical Global Impressions-BipoIa?ource documents at the study sites to assess protocol adherence,
) and all data collected at the study sites were reviewed for protocol

Version-Improvement (CGI-BP-I) overall response raigiations.
(CGI-BP-I overall scoi@?2 at endpoint) was signifi- Exclusion criteria included a current manic episode that was drug
cantly greatep(= .02) in the quetiapine group (18/25 induced or secondary to a medical disorder; a current diagnosis of a
. : DSM-IV-TRAXis | disorder other than attention-deficit/hyperactivity
0 0

[72%]) than in the d|v§1Iproex group (10/25 [40 %0]). disorder (ADHD), obsessive-compulsive disorder, oppositional defi-

Although chart reviews, open-label studies, and aat disorder, conduct disorder, panic disorder, enuresis, encopresis,
small comparator study provide an evidence base for tlasomnias, agoraphobia, specific phobia, social phobia or separa-

- . . . ti anxiety disorder; or a current Axis Il disorder that would
use of divalproex in treating children and adOIescentslnagrfere with compliance or confound study results interpretation.

is important to examine the efficacy of divalproex in Ratients with a history of substance abuse within the month before
large controlled trial. screening, substance dependence within 3 months before screening,
In this article, we report the first multicenter double-°" evidence of drug or alcohol withdrawal/intoxication at the time
. . . .. of randomization were excluded. Mental retardation or cognitive
blind, randomized, placebo-controlled trial of dlVal'deficits severe enough to confound study interpretation or interfere

proex extended-release (ER) for the treatment of bipoléith compliance were exclusion criteria. Patients who had current
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serious violent, homicidal, or suicidal ideation were excluded. Fesrresponding sham call was also made. Each time that the central
male patients who were pregnant or lactating were excluded. OtHaboratory person reported a level as high or low for a subject who
exclusion criteria included patients expected to require hospitalizaceived active medication, he or she made a telephone call at an
tion for their manic or mixed episode and patients with clinicallyappropriate time during the study to a different investigator about a
significant abnormal laboratory data, unstable medical conditions, glacebo subject at the same point (day 7 or 14) in the study and
an underlying condition that would confound the interpretation ofreported that the level was high or low. Every investigator that re-
the study results. ceived a call from the central laboratory regarding valproate levels
The concurrent use of antipsychotic, antidepressant, and moaed clinical judgment to determine if an increase or decrease in dose
stabilizer/anticonvulsant medication other than the study drug wagas clinically warranted.
not allowed during the study participation. Patients who were taking Long-Term Studyhe long-term study was a 6-month extension
a protocol-prohibited psychotropic medication within five elimina-of the double-blind study in which patients were treated with open-
tion half-lives before randomization were excluded. The adjunctiV@bel divalproex ER. For patients who entered the long-term study
use of zolpidem tartrate (up to 10 mg per day for insomnia) andirectly from the double-blind study, with no interruption in study
lorazepam (up to 4 mg for severe agitation) was permitted, up tbrug dosing, the dose of blinded study drug was reduced on the first
3 times per week during the washout period and the first 14 days day (by approximately 50%), again on day 3 or 4 of the long-term
double-blind period, except during the 8 hours before efficacgtudy, at the investigatorOs discretion, and discontinued altogether
ratings. There were no restrictions on zolpidem tartrate or lorazeithin 7 days. These patients, as well as those patients who had
pam during the long-term study. Treatment of ADHD with stimu- interrupted study drug and were not taking commercially available
lant medications (with the exception of pemoline) was also allowedlproate at the time of enrollment in the long-term study, had open-
during both the double-blind and long-term studies for patientdabel divalproex ER initiated at a target dosage of 15 mg/kg per day
whose dosage had been stable for 3 months before day 1, and dinee daily, not to exceed 750 mg/day on day 1. For those patients
investigator planned to maintain this stable dose throughout theho had interrupted study drug during the double-blind study and
study, and this medication was not exacerbating mood symptonvgere taking commercially available valproate at enrollment in the
Use of atomoxetine was not allowed. long-term study, divalproex ER was continued at the same dose (as
Patients who either completed the double-blind study or prewas taken just before enrollment) to maintain a satisfactory response.
maturely discontinued because of ineffectiveness were eligible for thEhe dosage of divalproex ER was adjusted, as needed, at the
long-term study, unless they had experienced a serious adverse edatretion of the investigator to achieve maximal clinical effect and/
which was considered possibly or probably related to study drugor a serum valproate concentration within the target range of 80 to
125 2g/mL to a maximum allowable dosage of 35 mg/kg per day.
Blood samples for the measurement of trough valproate concentra-
Study Design tion were collected at months 1 and 6 as well as at premature dis-

Double-Blind StudyThis was a double-blind, randomized, continuation, if applicable.

placebo-controlled trial of divalproex ER as monotherapy in the

outpatient treatment of children and adolescents with a diagnosisyatasures

bipolar | disorder, mixed or manic episode. The study consisted of a ) o ]

3- to 14-day screening period, a 4-week double-blind treatment Double-Blind Studfarticipants were assessed with the YMRS
period, and an optional 1-week taper period during which the stuc§nd the CGI-Severity (CGI-S) and Improvement (CGI-I) States
blind was maintained. Once written informed assent/consent w&&y 1 (baseline) and at weekly visits during the 4-week double-blind
obtained, each patient who met inclusion criteria entered the scredfgatment period. The ChildrenOs Depression Rating Scale-Revised
ing period of the double-blind study. During the screening period(CDRS-R}**’was used on days 1, 14, and 28. The Caregiver Strain
any protocol-prohibited psychotropic medications were washed of@uestionnaire (CGSQj,the ChildrenOs Global Assessment Scale
Patients were randomized in a 1:1 ratio to receive divalproex ER&GAS),° and the ADHD Rating Scale-1V: Home Ver$iavere
matching placebo tablets. Study drug was initiated at 15 mg/kg pagiministered on days 1 and 28.

day (not to exceed 750 mg) and titrated in 250-mg increments everyLong-Term Studfhe YMRS, CGI-S, CDRS-R, and C-GAS

1 to 3 days to clinical response and/or a serum valproate conc&gre administered at months 1, 2, 3, and 6. The CGSQ was assessed
tration within the target range of 80 to 12HmL, as deemed at month 6. These evaluations were also conducted on day 1 of the

appropriate by the investigator, to a maximum dosage of 35 mg/l?"g'ter_m study if they had not been performed in the previous
per day. days in the double-blind study.

Blood samples for measurement of blinded serum valproate con-
centration were collected approximatelyf 24 hours after the
previous dose of study drug on days 7, 14, and 28. Trough seru
total valproate concentrations were reviewed by an unblinded Study drug safety was assessed by monitoring of adverse events
qualified person at the central laboratory who was uninvolved wigmd changes in vital signs, body weight, height, body mass index
any study procedures other than blinded blood level reporting. I(BMI), and laboratory tests. Adverse events were obtained by spon-
the event that a subject had a trough serum valproate concentratiameous report in response to open-ended questions.. Patients were
greater than 12Zg/mL on study day 7 or 14, the unblinded central monitored for adverse events from the time study drug was initiated
laboratory person telephoned the appropriate investigator and testil 30 days after its discontinuation in both the double-blind and
ported that the level was high. In the event that a subject who hddng-term studies. Blood samples were collected for assessment of
received active study medication had a trough serum valproate chematology and clinical chemistry indices at screening and on days
centration less than 2@/mL on study day 7 or 14, the unblinded 14 and 28 of the double-blind study (with the exception of am-
central laboratory person telephoned the investigator and reportewnia, which was not measured on day 14) and at the months 1, 2,
that the level was low. In either event, to preserve the study blind3aand 6 visits during the long-term study. All laboratory tests were

ﬁ}afety Assessments
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performed using validated procedures by a central laborataye CGAS, CGI-I, CGI-S, CDRS-R, ADHD Rating Scale 1V,
certified by the College of American Pathologists and Clinicalnd CGSQ.
Laboratory Improvement Amendments. Vital signs were measuredA target sample size of 75 patients per treatment group was
at all study visits in the double-blind and long-term studies. Physicsglected to provide 80% power for an effect size of 0.46, treatment
examination and electrocardiograms were performed at the screemiiffgrence of 5.3, pooled SD of 11.6, assuming a 2-tailed type | error
and day 28 visits in the double-blind study and at the month 6 visitate of 0.05. All statistical tests were two taileq) waides of .05
in the long-term study. were considered statistically significant. All analyses were performed
using the SAS system (Version 8.2; SAS Institute, Cary, NC).
Efficacy analyses were performed on the intent-to-treat data set,
which included all patients who received at least one dose of ran-
Double-Blind Studyhe primary efficacy endpoint was change domized study medication and had a YMRS total score recorded at
from baseline to final evaluation on the YMRS total score. Theaseline and at least once during treatment. Baseline comparability
definition of response was 50% or greater improvement on thgetween the placebo and divalproex ER groups for demographic and
YMRS total score from baseline. Remission was defined as a YMR§chiatric history variables was assessed by a one-way analysis of
score of less than 12 at final evaluation. Secondary measures warance (ANOVA) with treatment group as the main effect or a

Statistical Analyses

Double-Blind Study

[ Assessed for Eligibility (N=229) ]
[ Randomized (N=151) ]
I
[ P 1
Assigned to Divalproex ER (N=77) Assigned to placebo (N=74)
Received Divalproex ER  (N=76) L Received Placebo  (N=74)
) I
|
4 Discontinued Divalproex ER (N=20) f Discontinued Placebo (N=13) I
Ineffectiveness (N=8) Ineffectiveness (N=5)
Adverse event (N=4) Adverse event (N=3)
Withdrew consent (N=3) Lost to Follow-up (N=3)
Noncompliance (N=2) Withdrew consent (N=2)
Lost to Follow-up (N=2) Noncompliance (N=1)
\____ Other(N=1) \_
| 1
Analyzed for Efficacy  (N=74) Analyzed for Efficacy (N=70) )
Excluded from Efficacy Analyses: Excluded from Efficacy Analyses:
No On-treatment YMRS (N=2) No On-treatment YMRS (N=4)
Analyzed for Safety (N=76) Analyzed for Safety  (N=74)
1 1
’ Completed Study (N=56) ] [ Completed Study (N=61) ]

Long-Term Study

( Enrolled and Treated (N=31) > ‘ Enrolled and Treated (N=35) ]

Discontinued Divalproex ER (N=4®
Lost to Follow-up (N=13)
Withdrew consent (N=10)
Ineffectiveness (N=8) -
Adverse event (N=5)
Noncompliance (N=3)
Other (N=5)

/

|
[ Assessed for Safety (N=66) ]

Fig. 1 Patient disposition. Patients may have reported more than one reason for premature discontinuation but are counted only once in the total.
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Wilcoxon rank-sum test for quantitative variables, by the Cochran- Long-Term Studyhe efficacy data set for the long-term study
Mantel-Haenszel test for ordered categorical variables, and by theluded all patients who received at least one dose of divalproex
Fisher exact test for qualitative variables. ER in the long-term study and for whom efficacy assessments
The difference between treatment groups for change from baselimere available at baseline and at least one on-treatment visit. Baseline
to each evaluation (with last observation carried forward) for allas the last efficacy assessment before initiation of treatment in the
rating scale scores except the CGI-I was evaluated using a two-leag-term study. Efficacy data were summarized using descriptive
ANOVA with factors for treatment and site. Treatment-group dif-statistics.
ferences for the YMRS response rate, YMRS remission rate, and CGI-The safety data set for the long-term study consisted of all patients
score at each evaluation were evaluated using the Cochran-Mantdle received at least one dose of divalproex ER in the long-term
Haenszel test with sites as strata. study. For patients who received divalproex ER in the double-blind
Safety analyses were performed on the safety data set, whichsimdy and entered directly into the long-term study, the safety data
cluded all patients who received at least one dose of randomizsd contained all safety data collected during divalproex ER treatment
study medication. Adverse events were coded with the Medidalboth studies. Baseline was the last efficacy assessment before the
Dictionary for Regulatory Authoritfésisher exact test was used to first dose of divalproex ER in the double-blind study. For patients
assess treatment-group differences in treatment-emergent advensdomized to placebo in the double-blind study and for patients
event incidence rates. Treatment group differences in laboratompo were randomized to divalproex ER in the double-blind study
data and growth parameters (i.e., height, weight, BMI) for meahut had a gap of at least 7 days before start of the long-term study,
change from baseline to the final evaluation were assessed by tiiesafety data set contained safety data from only the long-term
way ANOVA. study. Baseline was the last assessment before the first dose of

TABLE 1
Demographic and Clinical Characteristics at Baseline

Double-Blind, 28-Day Study

Placebo Divalproex ER 6-Month Long-Term Study

Characteristic (n=70) (n=74) Divalproex ERn(= 66)
Sexn (%)

Female 27 (39) 30 (41) 25 (38)

Male 43 (61) 44 (59) 41 (62)
Age, yn (%)

Mean (SD) 12.8 (2.20) 12.9 (2.28) 12.9 (2.25)

By age group

10Y13y 47 (87) 47 (64) 43 (65)
14Y17 y 23 (33) 27 (36) 23 (35)

Racen (%)

White 52 (74) 55 (74) 49 (74)

Black 14 (20) 15 (20) 13 (20)

Other 4 (6) 4 (5) 4 (6)
Weight, kg

Mean (SD) 54.6 (19.36) 55.3 (19.52) 55.7 (20.36)

Range 2Y99 30v105 297106
Height, cm

Mean (SD) 154.2 (12.9) 156.0 (13.23) 156.2 (13.00)

Range 130188 127188 135r188
BMI, kg/m?

Mean (SD) 22.4 (5.65) 22.2 (5.43) 22.3 (6.09)

Range 1487.0 14.839.6 14.340.5
DSM-IV-TRbipolar | diagnosis, (%)

Manic episode 40 (57) 36 (49) 39 (59)

Mixed episode 30 (43) 38 (51) 27 (41)

Rapid cycling 27 (39) 25 (34) 16 (24)

Psychotic features 8 (11) 8 (11) 6 (9)
Mean (SD) YMRS total score 31.3 (5.44) 31.0 (0.5.42) 2 Am3als)

Note: p9 .05 for all comparisons in the double-blind study. BMI = body mass index; ER = extended release; YMRS = Young Mani

Rating Scale.
%n = 54.
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divalproex ER in the long-term study. Safety data were summariz§the double-blind randomized treatment groups were
using descriptive statistics. not significantly different at baseline based on demo-
graphics (Table 1), psychiatric history (Table 2), and
RESULTS mean YMRS score (Table 1).
A total of 33 patients (22%) prematurely discon-
Double-Blind Study tinued their participation in the double-blind study;
Two hundred twenty-nine patients were screenedhe most common reasons were ineffectiveness (8 [11%]
151 were randomized, and 150 received study drutjvalproex ER patients and 5 [7%] placebo patients)
(76 divalproex ER and 74 placebo) at 24 U.S. investigand adverse events (4 [5%] divalproex ER patients
tive sites in the double-blind 28-day study (Fig. 1). Ninend 3 [4%] placebo patients). No statistically signifi-
patients who were screened were not randomizednt between-group differences were noted for overall
because they did not meet all of the inclusion criteripremature discontinuation rate or rate of premature dis-
(one subject) or they met at least one of the exclusi@montinuation from the study for any specific reason.
criteria (four of eight had a disallowed Axis | disorder). Study Drug Dosing and Valproate Concentiidt®ns
Of the 150 treated patients, 144 were included in thenean modal daily dose of divalproex ER was 24.3 mg/kg
intent-to-treat analyses of efficacy, with 6 excluded bgt,286 mg) with mean doses of 11.4 mg/kg on day 1;
cause they did not have an on-treatment YMRS scork7Z.1 mg/kg on day 7; 23.4 mg/kg on day 14; 26.2 mg/kg

TABLE 2
Psychiatric History

Double-Blind, 28-Day Study

6-Month Long-Term

Psychiatric History Variable Placebo Divalproex ER Study Divalproex ER
Manic episodes, (%) n=69 n=73 n =66
37 (54) 45 (62) 38 (58)

1Y5 20 (29) 19 (26) 18 (27)

95 12 (17) 9 (12) 10 (15)
Age (y) at first manic episbde n=32 n=28 n=28

Mean (SD) 10.3 (3.5) 10.4 (3.8) 10.0 (3.9)
Mixed episodes, (%) n=67 n=74 n==65

0 44 (66) 44 (59) 43 (66)

1Y5 10 (15) 13 (18) 11 (17)

95 13 (19) 17 (23) 11 (17)
Age (y) at first mixed episdde n=23 n=30 n=22

Mean (SD) 9.0 (3.6) 9.6 (3.6) 9.7 (3.4)
Depressive episode$%o) n=69 n=74 n=65

0 51 (74) 60 (81) 60 (92)

1Y5 12 (17) 13 (18) 3(5)

95 6 (9) 1(1) 2(3)
Age (y) at first depressive epfsode n=17 n=14 n=5

Mean (SD) 9.9 (2.8) 9.5(3.1) 9.6 (3.7)
QL bipolar hospitalizations n=69 n=74 n=65

n (%) 15 (22) 9 (12) 12 (18)
Age (y) at first bipolar hospitalization n=15 n=9 n=12

Mean (SD), y 12.8 (3.0) 12.0 (2.4) 11.5 (3.0)
QL suicide attempt, n=68 n=74 n=64

n (%) 9 (13) 6 (8) 6 (9)
Age (y) at first suicide attefhpt n=9 n==6 n==6

Mean (SD) 12.7 (4.3) 10.6 (4.2) 11.8 (3.7)
Psychiatric history of ADHD, n=70 n=74 n=66

n (%) 49 (70) 48 (65) 41 (62)

Note: ® .05 for all comparisons, in the double-blind 28-day study. ADHD = attention-deficit/hyperactivity disorder; ER = extended release.

qIncludes patients with one or more previous episodes.
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Double-Blind Study Long-Term Study

—e -Placebo

—s—Divalproex ER

—-a-Divalproex ER

A T O
© o N o o A~ W N = O
R T T
© O N O o A~ W N =2 O

Mean Change from Baseline

N
o
]
L
o

-
-y
'
-
—_

-

7 ' 14 ' 21 , 28 2 3 6
Treatment Day Treatment Month

Fig. 2 Mean change in Young Mania Rating Scale total scores during double-blind {LT0Cplacebar = 74, divalproex ER) and long-term studies (LOCF:
n = 54, divalproex ER). LOCF = last observation carried forward.

onday 21; and 27.1 mg/kg on day 28 of the study. Meaevents or in the incidence of any individual adverse
(SD) serum valproate concentrations (micrograms pevents (Table 4).
milliliter) were 77.3 (33.6) on day 7; 90.6 (40.8) on day Four patients treated with divalproex ER and three
14; 82.2 (44.0) on day 28; and 79.9 (43.7) at final evalpatients treated with placebo prematurely discontinued
uation (endpoint). due to adverse events. These adverse events in the dival-
Efficacy Resultfiere was no statistically significantproex ER group included one case of migraine; one case
difference between divalproex ER and placebo in tloeé depression; one case of increased ammonia level
YMRS total score mean change from baseline to finasulting in disorientation and hospitalization; and one
evaluationj(8.8 versu$ 7.9, respectivelp, = .604; case of intentional overdose of a combination of pre-
Fig. 2 and Table 3). Likewise, a treatment-group difscription and over the counter analgesics, which resulted
ference was not observed with respect to the proportiom hospitalization. These adverse events in the placebo
of responders (24% of divalproex ER patients and 23%roup included one case of pharyngolaryngeal pain, one
of placebo patients) or proportion of patients whacase of swollen face and maculopapular rash, and one
achieved remission (16% and 19% of patients in thease of generalized rash. In addition, one patient on
divalproex ER and placebo groups, respectivelyjlacebo had suicidal ideation that required hospitaliza-
Treatment effect was not a function of age groupion. The three adverse events that resulted in hospital-
(10Y13 years versusYI¥ years) or use of stimulant ization met the regulatory definition of a serious adverse
medication during the study. When divalproex-treatedvent. There were no suicides in the divalproex ER or
patients were grouped according to valproate concentpdacebo group.
tions at endpoint based on quartiles, neither responseWeight gain was significantly greater in the
rate nor mean change from baseline in YMRS scoréwalproex ER group (1.0 kg) than in the placebo
increased systematically as a function of valproagup (0.3 kgp< .01), as was the BMI (0.5 kd/for
concentration. Furthermore, a treatment effect wadivalproex ER and 0.1 kginfior placebo). There
not observed for any of the other secondary efficasyas no significant difference in change in height
measures, including C-GAS, CGI-S, CGI-lI, CDRS-Rpetween treatment groups. There were no signifi-
CGSQ, and ADHD Rating Scale-IV (Table 3). cant treatment differences for vital signs (blood pres-
Safety Resul®&he overall incidence of treatment- sure, heart rate, temperature). Results for changes in
emergent adverse events was 67% with divalproex ERoratory parameters with statistically significant
and 59% with placebo. There were no statisticalljreatment differences are shown in Table 5. In general,
significant differences in the overall incidence of advetbe mean changes from baseline to endpoint for
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TABLE 3
Primary Efficacy and Secondary Measures of Response (Change From Baseline to Final Evaluation With LOCF) in the Double-Blind
and Long-Term Studies

Double-Blind Study

Long-Term Study

Mearf (T SE) Mean SD)

Response Measure Placebo Divalproex ER p° Divalproex ER
YMRS

n 70 74 54

Baseline 31.3 (0.65) 31.0 (0.63) 716 20.3 (10.15)

Change from baseline at endpoint j 7.9 (1.23) j 8.8(1.19) .604 j 2.2(11.48)
CGAS

n 65 61 53

Baseline 49.9 (0.95) 49.7 (0.99) .891 61.8 (11.39)

Change from baseline at endpoint 6.6 (1.42) 7.3 (1.49) .679 0.2 (11.49)
CGI-S

n 70 74 53

Baseline 4.6 (0.08) 4.7 (0.07) .529 3.5(1.28)

Change from baseline at endpoint j 0.7 (0.14) j 0.8(0.13) .756 j 0.1(1.44)
CGI-I°

n 70 74

Score at endpoint 3.3 (0.17) 3.1 (0.13) .385

Respondetsn (%) 25 (36) 23 (31) .782
CDRS-R

n 69 68 52

Baseline 37.6 (1.34) 38.5 (1.34) .598 28.4 (10.04)

Change from baseline at endpoint j 2.8 (1.43) j 4.9 (1.43) .269 j 0.6 (10.00)
CGSQ

n 61 61 34

Baseline 67.3 (2.38) 68.5 (2.39) .678 56.4 (16.47)

Change from baseline at endpoint j 3.4(1.69) j 5.4 (1.70) 351 j 1.4 (16.04)
ADHD Rating Scale-1V

n 65 60

Baseline 37.8 (1.76) 34.6 (1.87) 157

Change from baseline at endpoint j 3.7 (1.49) j 5.1(1.59) 478

Note:Baseline was the last observation on or before the first dose of divalproex ER treatment in the long-term study; if no baseline was
recorded, the last value in the double-blind study was used as the baseline if it was collected within 7 days before the first dose of study drug in the
long-term study. Final evaluation was day 28 in the double-blind study and month 6 in the long-term study. CGAS = ChildrenOs Global
Assessment Scale; CGI-I = Clinical Global Imprésgicovement; CDRS-R = ChildrenOs Depression Ratifigesisge; CGI-S = Clinical
Global Impressié8everity; CGSQ = Caregiver Strain Questionnaire; ER = extended release; LOCF = last observation carried forward;
YMRS = Young Mania Rating Scale.

#Mean = least squares mean from analysis of variance.

PBased on two-way analysis of variance that included factors for treatment and investigator for all measures except CGI-I for which the
Cochran-Mantel-Haenszel test was used.

“Improvement Scale: 1 = very much improved; 2 = much improved; 3 = minimally improved; 4 = no change; 5 = minimally worse; 6 = much
worse; 7 = very much worse.

dSubjects who were much or very much improved on CGI scaleg®)Gl-I

each laboratory parameter were small, with theelow the lower limit of normal, defined as below
exception of the larger decrease in mean platete30,0002L (one was 118,000, and one was
count and larger increase in mean serum ammoni®5,0002L).

level for the divalproex ER group compared with the The normal range for ammonia provided by the
placebo group. Two subjects had final platelet coungalytical laboratory was less tham2@®l/L; the
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TABLE 4 Long-Term Study
Most Frequently Reporfetreatment-Emergent Adverse Events Sixty-six patients (from 17 sites) treated in the
Dougteu':'i?]‘i;yz)s")ay 6-Month double-blind study were subsequently enrolled in the
y’_ - Long-Term Study,  |ong-term study, 31 and 35 patients from the ran-
Placebo Divalproex ER n (%) Divalproex  domized divalproex ER and placebo groups, respec-

Event =74 ©O=76 ER0=66) tively. Because of the interval of time that elapsed
Any adverse event 44 (59) 51 (67) 44 (67) between the completion of the double-blind portion
Cg%‘:ﬁr‘:ge él(g()w) 132(1(;)6) 61%9()17) and the initiation (approval and activation of sites) of
Nausea 1(1) 7.9) 4 (6) the open-label extension study, a large number of the
Upper abdominal 1 (1) 6 (8) 4 (6) subjects were lost to follow-up and could not be re-

pain cruited into the open-label extension. Of the patients
Somnolence 1(1) 5(7) 12 enrolled in the open study, 61% (40/66) prematurely
Rash 1) 45) 1@ discontinued study drug, with 75% (30/40) of those
Sedation 9 (12) 4 (5) 1(2) . . LT - .
Ammonia 0(0) 45 2 (3) patients discontinuing in the first 3 moAntAhs of the

increased study. The most common reasons were OOlost to follow-
Gastritis 0 (0) 4 (5) 1(2) upOO (13 [20%]) and OOwithdrew consentOO (10 [15%]).
Nasal congestion 4 (5) 1(1) 1(2) Mean retention time in the study was 117 days. For
Dyspepsia 0(0) 2(3) 4 (6) the double-blind and long-term studies combined,
Ph;gnngc"aryngea' 2G 1@ 4 20 patients were continuously treated with divalproex
Pharyngitis 0 (0) 3 (4) 3 (5) ER for 6 months or more. The mean modal daily dose

streptococcal of divalproex ER during the study was 25.7 mg/kg
Upper respiratory 1 (1) 1(2) 3(5)

tract infection
Weight increased 1 (1) 2(3) 3(5) TABLE 5

- - ~Mean Change From Baseline in Laboratory Parameters With a

Note: ® .05 for all adverse event comparisons in the double-blind Statistically Significant Treatment Difference in the
St‘idy- _ Double-Blind Study

5% or greater of patients. Baseline Endpoint

Divalproex Divalproex
Placebo ER Placebo ER p

mean ammonia level at baseline was 2mal/L. A Slatelet count 2819 2772 144 504 <00l
. . . . u . 2 44 | . .
mean increase .from ba;ellne in serum ammonia IeVﬁiite blood cells 624 612 0.6 ] 011 .024
was observed in the divalproex ER group (IB.63 (1 10?1
25.72 2mol/L) compared with the placebo group monocytes, % 6.00 539 j 017 212 <.001
(2.12T 22.212mol/L). An empirically predefined am- BUN, mmol/L 388 423 014 079 .003
monia level of 9@mol/L was used to monitor poten- Total protein, g/L 7357 7312 j 1.59 j 3.96 .003
tial clinically significant changes in ammonia Ievel$'b“m'”' oL 4540 4572 ] 0.6 j 3.09 <001
. . otal 759 919 j 0.05 j 2.88 <.001
Ammonia levels equal to or higher than2@l/L bilirubin. 2mol/L
were observed in four divalproex ER patients an€coT/asT, Uil 22.07 22.81 j 0.76 j 2.27 .035
two placebo patients. One patient on divalproex ERGPT/ALT, U/L 1557  16.27 0.06/ 4.24 <.001
was hospitalized for adverse events of increased &siassium, mmollL 439  4.36j 0.12 005 .028
monia and disorientation. This patientOs screeniﬁﬁ'c'“m’ mmolL 243 244 j 001 j 0.08 .001
ammonia level was Zmol/L: in the emergenc Cholesterol, mmol/L  4.34 447 j 0.12 j 0.35 .013
’ 9eNCY  Ammoniazmolll® 39.05 34.37 212 18.63 <001
department (study day 8), the level wa2mal/L. :
The next day, the level was D9fol/L; after lactu- Note:Sample sizes range from_67 to 68 for p_Iacebo. and from
lose treatment on the same evening, the level W%%to_% for divalproex ER. BUN = blood urea nitrogen; SGOT/
80 2mol/L and 192mol/L he followi . T = serum glutamic-oxaloacetic transaminase/aspartate amino-
mo an_ m_o on the fo owmg_ MOMING.  yransferase; SGPT/ALT = serum glutamic pyruvic transaminase/
No other patients with elevated ammonia levels wWegginine aminotransferase.
symptomatic. n = 57 for placebay = 54 for divalproex.
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(1,383 mg). Mean (SD) serum valproate concentrazount and increased ammonia (Table 6). Seven sub-
tions were 77.2g/mL (40.92g/mL) at 1 month; jects had platelet counts below the lower limit of nor-
83.02g/mL (50.42g/mL) at month 6; and 802g/mL mal defined as below 130,00/ two of these were
(44.62g/mL) at endpoint. Mean YMRS score decreaselbelow 100,00@L (one was 81,00BL, and one was
by 2.2 points from a baseline of 20.3 (Fig. 2; Table 3)92,0002L).

The two most commonly reported adverse events
were headache (17% [11/66]) and vomiting (9% [6/66])DISCUSSION
(Table 4). One patient reported hallucinations 9 days after
the last dose of study drug that resulted in hospitali- Divalproex ER was not significantly superior to
zation. There was no information available as to whethglacebo on the primary efficacy measure, which was
divalproex was abruptly discontinued in this patient. Ashange in the mean YMRS total score from baseline to
per hospital discharge summary, this patient was recawndpoint. The YMRS scores decreased for both the
ing risperidone, aripiprazole, and oxcarbazepine. Fdiwalproex ER and placebo groups but not of a mag-
patients discontinued prematurely because of an advergede that would be considered clinically significant.
event: two for alopecia, one for obesity, one for decreaddtere were no significant differences between the treat-
platelet count, and one for increased ammonia. ment groups on any of the secondary efficacy mea-

From baseline to the end of the study, patients hadsures of change from baseline to final evaluation in the
mean weight gain of 3.1 kg, mean increase in height @RS-R, CGI-I, CGI-S, CSQ, CGAS, and ADHD
2.4 cm, and mean increase in BMI of 0.6 Kgifhe Rating ScaléVv.
mean ammonia level at baseline was 423r@/L. The response rate (defined as a reductiQb08b
Ammonia levels equal to or higher than28®l/L in YMRS scores from baseline to final evaluation) in the
(empirically predefine potential clinically significantlouble-blind trial of 24% in the divalproex ER patients
value) were observed in 11 divalproex ER patientwas lower than the response rates found in previous
two of these elevations were reported by the investigatiivalproex open-label trials that ranged in duration
as adverse events. In general, the mean changes ffimm 2 to 8 week3® The design of this double-blind
baseline to final value for each laboratory parameteial was 4 weeks in duration, the same duration as the
were small, with the exceptions of decreased plateteimparator study of divalproex and quetiapine, which

showed a divalproex overall response rate of 40%.

TABLE 6 However, the comparator study did not include a
Mean Change From Baseline in Laboratory Parameters in the placebo arm and was inpatient based, which may have
Long-Term Study accounted for the higher divalproex response rate com-

Change to Final  pared with the current double-blind study.

Baseline Evaluation In the double-blind study, there was no statistically

Platelet count 286.0 j 449 significant difference between the divalproex ER

White blood cells (10°7L) 6.80 j 116 and placebo groups in the overall incidence of ad-

Monocytes, % 5.29 1.91

verse events or in the incidence of any individual adverse

?;Z‘l’ ::g:gilr/:" gl ?é(.)go j 29'1737 event. The ratg of discont?nuation because qf adverse

Albumin, g/L 45.00 j 1.05 events was similar for the divalproetreéRted patients

Total bilirubin,2mol/L 8.35 j 0.29 and the placebo-treated patients (5% versus 4%, respec-

SGOT/AST, U/L 21.22 1.7 tively). In the long-term study, the most commonly

SGPTIALT, UL 14.80 0.63 reported adverse events were headache (17%) and vom-

EOta.SS'”m’ mmol/L 4.34 009 iting (9%). Adverse events reported in these studies are
alcium, mmol/L 2.44 j 0.07 ) ) ) .

Cholesterol, mmol/L 4.16 i 0.1 consistent with those reported in short-term divalproex

Ammonia2mol/L 43.05 18.63 ER studies in aduft§.

Note:Sample sizes range from 57 to 60. BUN = blood urea -kl)-wot Sl_,lbj;cts n tflleb dIOUthe_bI.md SrEUdy r?néj fIIV? let
nitrogen; SGOT/AST = serum glutamic-oxaloacetic transaminasgH PJECLS IN The open-label exiension phase a, pla e,e
aspartate aminotransferase; SGPT/ALT = serum glutamic pyru@®Unts below normal. Valproate has been associated with

transaminase/alanine aminotransferase. decreased platelet count and thrombocytopenia in
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childrer?®?® Thrombocytopenia is described under theand issues related to polycystic ovaries were examined in
warnings and precautions in the Depakote ERfabel. a longer-duration (12 week) study of divalproex ER in
Mean weight gain during the course of the 4-weekdolescents with migraines that was designed around
trial was 1.0 kg in the divalproex ER group comparethe same period as the present study and was recently
with 0.3 kg for the placebo group. Mean weight gairmreported? Elevated testosterone and decreased levels
during the course of the long-term open-label triabf testosterone-binding protein (sex horivimneing
was 3.1 kg. Weight gain has been associated with tgbulin) is associatedthw polycystic ovary syn-
use of mood stabilizers and antipsychotics in chiirome®® In the migraine study, it was found that for
dren and adolesceffishus making it important to  postmenarchal female subjects, who were not taking
monitor weight during the course of treatment withhormonal contraceptives or other steroids, there was not
these agents. a statistically significant change in testosterone levels.
Hyperammonemia has been reported in associatidinere was a divalproex ER dose-dependent increase in
with valproate therapy and is described under warninggvels of sex hormafinding globulin, which is in the
and precautions in the Depakote ER fdiebwever,  opposite direction of what would be found for polycystic
asymptomatic elevations of ammonia are more commowmary syndrome.
than hyperammonenfiaThe clinical significance of  One patient in the double-blind portion of the
asymptomatic elevations in ammonia concentrationsstudy was hospitalized for suicidal ideation. A potential
unclear. Ammonia levels are not routinely measuradlation between the use of antiepileptic drugs and sui-
during valproate therapy, and up to 48% of elevatedidality has engendered concern regarding the use of
ammonia false positives have been reported in pedititese medicatiofisln a recent meta-analysis conducted
ric patient$? Reasons for false positives include timéy the FDA on 11 different antiepileptic drugs used in
elapsed after collection, venipuncture technique aruthildren and adults for a variety of indications (epilepsy,
temperature of the sample. To minimize the likelibipolar disorder, migraine, etc.), the estimated overall
hood of false positives, blood should be collected in aalds ratio for suicidal behavior or ideation among drug-
ammonia-free prechilled tube and transported on idecated versus placebo-treated patients was 1.80 (95%
quickly to the laboratory for analySis/enous am-  confidence interval 1¥266). However, compared
monia levels have greater variability than arterial samith placebo-treated patients, the odds ratio for dival-
ples?® In a group of 56 children treated with valproateproex-treated patients was 0.72 (95% confidence
for epilepsy, 73% of the patients had elevated venoimerval 0.291.84)3° Although the divalproex data
ammonia levels and were asymptoftaiicthe cur- analyzed by the FDA included primarily studies in
rent studies, an increase in mean serum venous aatlults, no pattern in drug effect with respect to age
monia levels was observed in divalprogkrdaied  subgroups was observed in the overall analysis for all
patients. Only one patient was symptomatic for hypemntiepileptics.
ammonemia (i.e., disoriented and required hospitaliza-In addition to the current study, recent double-blind
tion). Based on these results, systematic ammorpicebo-controlled trials of anticonvulsants for pedi-
level monitoring does not seem warranted in all pediaatric bipolar disorder have failed to show statistical-
ric patients treated with divalproex ER. However, iy significant superiority to placéBd’ A number of
patients who develop unexplained lethargy and vomitethodological issues may have contributed, in part,
ing or changes in mental status, hyperammonemic eto these outcomes, including a large number of study
cephalopathy should be considered, and an ammorsides, small number of patients per site, trial length, and
level should be measured. If ammonia is increasagse of the YMRS as an outcome measure, which is an
divalproex ER should be discontinued. adult-derived instrument. However, recent multicenter
Menstrual irregularities and polycystic ovaries adouble-blind placebo-controlled 3-week trials of atypical
important issues with divalproex. Because the doubleatipsychotics in children and adolescents with bipolar
blind portion of this study was only 4 weeks, theséisorder using similar methodology have demonstrated
events could not be adequately addressed in the tirmeperiority of medication to placébd!
frame of this study. These events were not assessed ifhe characteristics of this study sample were similar
the open-label extension study. Menstrual irregularitiés other studies of youths with bipolar disorder. Mixed
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episodes were common, and comorbidity with ADHDlescents with marfla.A remission rate of 47% was
was high. found with the combination of divalproex and lithium

It is interesting to speculate whether the dose dbr youths with bipolar disorder treated for up to 20
divalproex affected the outcome of the double-blindieeks in an open-label tfialn a 6-month open-label
study. The mean serum valproate concentration #tial, response rates for divalproex plus risperidone were
endpoint was 8®g/mL. However, this level was 80% for youths with bipolar disorddn a 6-month
comparable to other open-label stidiesth response  extension of an acute 6- to 8-week study of mono-
rates of 53% and 61% (mean divalproex serum levelstbkerapy treatment with mood stabilizers, it was found
83 and 82g/mL, respectively). Importantly, the designthat 20 (58%) of 35 subjects required combination
of double-blind study allowed for the investigator tanedication treatmertHowever, large controlled trials
increase medications on days 7 and 14 (if the troughf combination medication compared with monother-
serum valproate level was less thag/&L) based on apy are necessary before any definitive conclusions can
the investigatorOs clinical judgment. Neither resporise drawn about recommending initial treatment with
rate nor mean change from baseline in YMRS scoreg agents for pediatric bipolar disorder. In adults,
increased systematically as a function of valproatembined pharmacotherapy is often needed to stabilize
concentration. bipolar disordet">3

Previous studies conducted in children and adolescent&imitations of the current study include limited
used the delayed-release form of divalproex. Althoughetbinic diversity, exclusion of concomitant psychotropic
head-to-head comparisons of the ER and delayed-relegasédication with the exception of stimulants, restriction
forms of divalproex have been conducted, efficacy of bath comorbid diagnoses, and exclusion of inpatients and
forms for bipolar disorder in adults was established Ipatients at high risk for suicidality.
randomized, double-blind, placebo-controlled'trifs.
Also, the pharmacokinetic profile of divalproex ER was
shown to be similar among children and adolescents a@ehclusions
did not differ significantly from the profile observed in an This is the first report of a multicenter double-blind,
adult historical control grofipTherefore, it is unlikely randomized, placebo-controlled trial of divalproex ER
that a formulation difference accounts for the results sei@rthe treatment of bipolar | disorder, mixed or manic,
in this trial. in children and adolescents (aged1§ears). There

Although the course of bipolar disorder in youthsvas no statistically significant difference between the
tends to be chronfctreatment adherence tends to bedivalproex ERreated patients and the placebo-treated
low. In the current long-term study in which patientspatients on the primary efficacy measure or secondary
received open-label treatment with divalproex ER, 61%1easures. At the present time, based on the results of
of the patients prematurely discontinued study medic#ais study, there is not evidence to support the use of
tion, with the majority discontinuing in the first 3 divalproex ER in the treatment of youths with bipolar
months. DelBello et &f. found that only 35% of | disorder, manic or mixed state. Because this is the
adolescents who had been hospitalized for mania futiply reported double-blind placebo-controlled trial of
adhered to medication during the 12 months aftedivalproex ER in youths with bipolar disorder, it
hospitalization. Similarly, only 34% of the adolescentsould be reasonable to conduct another controlled
with bipolar disorder interviewed in an outpatient clindrial to confirm or refute the findings from this study.
ic reported full adherence to a medication redimen. The incidence of adverse events was similar between the
Thus, our discontinuation rates were typical for thelivalproex ERand placebo-treated patients. Decreased
population studied. platelet count was more frequent in the divalproex

Another consideration is whether treatment respon&R group than in the placebo group. An increase in
may be optimized by the use of two pharmacologicahean ammonia level occurred more frequently in the
agents in youths with bipolar disorder. Response ratdisalproex ER group, although only one patient was
to divalproex plus quetiapine were reported to be 87%ymptomatic. Clinicians should be alert to the possibi-
compared with divalproex plus placebo (53%) in &ty of hyperammonemia, which may manifest as dis-
6-week double-blind placebo-controlled trial for adoerientation and lethargy in a child.
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