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Background: This analysis-was designed to
investigate prolactin levels in children and ado-

" lescents on long-term risperidone treatrnent and
explore any relationship with side effects hypo-
thetically attributable to prolactin (SHAP).

Method: Data from 5 clinical irials (total
N = 700) were pooled for this post hoe analysis.
Children end adolescents aged 5 to 15 years with
subaverage intellipence quotients and conduet

ar other disruptive behavior disorders received

risperidene (reatment {0.02-0.06 mgfkg/day)
for up to 55 weeks. Ouicome measures analyzed
included serum prolactin levels, reported adverse
events, and the conduct problem subscore of the
Nisoneer Child Behavinr Ratine Foarm.

" Results: Mean prolactn levels rose from
7.8 ng/mL &t baseline to & peak of 29.4 ng/ml.
8l weeks 4 to 7 of active treatment, then progres-
sively decreased to [6.1 np/mL at weeks 40 to
48 (N =358) and 13.0 ng/mU at wecks 52 to 55
(N = 42), There wes no relationship between pro-
lzctin levels and age. Females retarned to 3 mean
value within the normal range (s 30 ng/mL) by
weeks 8 to 12, and males were close to normal
values (s |8 ng/mL) hy weeks 15 to0 24. At least 1
SHAP waes reported by 13 (2.2%) of 552 children.
There was no direct correlation between prolactin
elevation and SHAP.

Conclusion: With long-term risperidone treat-
ment in children and adolescents, serumn profactin
levels tendzad to rise and peak within the first 1
te 2 months and then steadily decline to values
within or very close to the normal renge by
3 to 5 months,
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A ntipsychotic dmgs are thought 10 exert their thers-

peutic effect through antidopaminergic action in-

the mesclimbic system.' Blocking dopamine D, receptors
can dlse canse side effects commonly séen with typical
antipsychotics, inclading exirapyramidal symptoms (EPS)
and elevated serum prolactin levels, The mtroduction of
atypical antipsychotics has provided therzpeutic benefit
with a reduction in these side effects, ‘

While EPS have long been recognized as an antipsy-
chotic-related side effect, there is ncreasing clinical and
scientific interest in the effects-of elevated prolactin lev-
els. Prolactin is & hormone synthesized by lactotrophs of

the anterior pitnitary gland, anid its primary biclogicalrele ~
inclndes breast tissue development and stimulation of lac- ~

tation.? Prolactin is under inhibitory dopaminergic con-
trol, -and the elevation of prolactin associated with anti-
psychotic drogs is thought to be mediated by blockade of
dopamine D; receptors on pituitary lactotrophs.?
Persistent and severe hyperprolectinemia is associated
with hypogonadism in both genders, mainly by inhibiting
hypothalamic gorddotrophin-releasing hormene secre-
tion.* This hyperprolactinemia can lead to 2 decrease in
bone mirerel density and increased risk for osteoporosis,’
Elevated prolactirrhas also been associated with gyneco-
mastiz, galactorrhea, and menstrual disturbances.'” The
long-term consequences of chronic hyperprolactinemia
in children with prolactinomas can include menstrual
frregularities, infertility, short stature, and osteopenia
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and/or osteoporosis.® The importance of studying the
longitudinal and long-term trends in serum prolactin in

patients treated with antipsychotics is mandated by these -

observations.

Based on higher than expected rates of EPS in
children and adclescents treated with antipsychotics,
Wudarsky and colleagues® hypothesized the possibility
of a more robust dreg-related prolactin elevation in this
age group, possibly reflscting a greater sensitivity of the
dopamins systems in young patients. They conducted a 6~
week trial in 35 children and adolescents with early-onset
psychosis who wera treated with 1 of 3 different antipsy-

chotics (haloperidol, clozapine, or olanzapine) and found -

greater prolactin slevation in these pediatric patiemts than
observed in 2dults, for both the typical antipsychotic
haloperidol and the atypical antipsychotic olanzapine.?
They noted that these results justifisd longer observation
intervals witl: bigger samples to estgblish treatment
safety of antipsychaties in fhis age group. There has also
been a report of prolactin slevation in children with an-
" tism after 10 weeks of treatment with risperidone.” None
of the children showed clinical signs of hyperprolactine-
mia, but the authors noted the paucity of availzble data on
potential effects of long-ternm hyperprolactinemia in chil-
dren during treatment with antipsychotics.  ~
Risperidore is a novel atypical antipsychotic that
binds with a high 2ffinity to serotonin 5-HT, receptors,
dopamine D, receptors, and o -adrerergic receptors.
Double-blind (DB), placebo-controlled trials with risperi-
done have demonstrated efficacy in several disorders, in-
cluding the manageément of syinptoms associated with
conduct and other disruptive behavior disorders in chil-
dren, adolescents, and adulfs with subaverage intellectual
functioning or mental retardation in whom destructive
behaviors {e.g., eggression, impnlsivity) are prominent.
To obtain 2 substantial amount of data, we decided to
‘pool several studies in children and adolescents 3 t0 15
years of age. Two 6-wecek DB placebo-controtled trials®®

with 48-week open-label (OL) extensions,'™ " plos 1 ad- .

ditional OL 48-week trial,”? included measurements of
serum prolactin at several time perlods and provided us
with the opportunity to evaluate prolactin levels in chil-
dren and adolescents who received 1ﬂn<r—term risperidone
treatment (op to 55 weeks),

There are no data in children as to the degree of pro-
lactin elevation that warranis concern in relationship to
potential inhibition of growth or sexual development or
potentizl side effects, such as gynecomastia or galactor-
rhea. It is the experience of the authors (pediatric endocri-
nologists TM. and D.D.) that prolactin levels above 18
ng/ml but below 30 ng/mL are rarcly, if ever, associated
with clinical manifestations or alterations of the hypo-
thalamic-pituttary-gonadal axis. Prolonged elevations
of prolactin approathing serum concentrations of 100
ng/mL warrant carefhl clinical investigation.
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The objective of this post hoc analysis was to investi-
gate ssrum prolaciin levels in children and adolescents
who received long-term risperidene treatment and to ex-
plore any passible correlation with side effscts bypotheti-.
cally atfributabls to elevated prolactin [evels (SHAP). Be-
cause many of these children and adolescents wonld have

‘been going through puberty, and symptoms associated

with hyperprolactinemia, such as gynecomastia and men-
strual disturbances, can also be seen with puberty, pos-
sible associations with age and gender were &lso explored.

METHOD

Pooled Study Databases .

Five study databases of tisperidome-treated children
and adolescents were merged. Thers were two 6-week,
DB placebo-controlled trials®® with two 48-week OL ex-
tensions of tbose trials,'™" plus a stand-alone 1-year OL
trial 1o collect safety data.? One DB trial and OL exten-

" sion was condueted in the United States (USA), and the

other was conducted in Canada, South Africa, and the
Urited States (CAN); the 48-week OL study was interma-
tional (trials are summarized below).

» USA DB {up to 6 weeks) followed by USA OL

- extension (up to 48 weeks)

+ CAN DB (up to 6 weeks) followed by CAN OL
extension (up to 48 weeks)

+ CAN DB (up to 6 weeks) followed by interna-
tional OL extension (up to 48 weeks)

» Intemational OL study (up to 48 weeks)

The protocol specified a 6-week freatment period; how-
ever, sufficient blinded medication was provided for extra
days beyond the &-week trial window to eccommodate
variability in children’s/caregivers’ schedules.

Patients were permitted to eriter the OL extension pro-
vided they had at least 2 weeks of treatment during the DB
trial. The same sponsor designed the studies to be consis-
tent with each other including site training, patient selec-
tion criteria, medication dosing, and outcome measurss.
All studies were conducted in accordance with the Decla-
ration of Helsinki as revised in 1983 and approved by the
institutional review boards at each participating treatment
center and by the appropriets regulatory bodies in the re-
spective countries.

 Patients

The stdies enrolled children and adolescents (out-
patients), aged 5 to 14 years inclusive, who had (1) 2
DSM-IV Axis I diagnosis of conduet disorder (CD),

"oppositional defiant disorder, or disruptive behavior dis-.

order not otherwise specified (DBD-NOS); (2) 2 parent-
assessed rating of > 24 in the conduct problem subscale of
the Nisonger Child Behavior Rating Form (N-CERF)™;
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(3) a DSM-IV Axis 11 diagnosis of mild or moderate men-
tal retardation or borderline intellectnal functicming with
an intelligence quoticnt (IQ) =36 and =84; and (4) 2
score of = 84 on the Vineland Adeptive Behavior Scale.™*
In addition, subjects had to be physically healthy and had
to have a behavioral problem sufficiently severe that the
investigator felt antipsychotic treatment was warranted at
entry to the DB trial and the OL trials. Individnals with
attention-deficithyperactivity disorder (ADHD) were gli-
gible provided they met all other selection criteria. A re-
-sponsible person was required to accompany the subject
at clinic visits, provide reliable assessments, and dispense
medications.

Subjects were excluded if they had a diagnosis of
pervasive development disorder, schizophrenia, other
psychatie disorder, head injury, or seizure discrder or a
history of tardive dyskinesia, neuroleptic neuropathy, or
known hypersensitivity to meurcleptics or risperidone;
tested positive for human immunodeficiency virns; had
abnormal laboratory values; or were using a prohibited
medication, Subjects were excluded from the OL follow-
up studies if more than 3 weeks had elapsed since their
participation in the previous DB trial or, if during that
trial, they expcrienced a hypersensitivity reaction to trial
medicaticn, EPS not controlled by medication, or an ad-
verse event possibly related to risperidone for which they
were withdrawm. Subjects provided verbal and, if capable,
. written informed consent; signed consemt was also ob-
. tained from the subject’s legal representative,

Study and Other Medications

Participants who were randomly assigned to risperi-
done treziment during the DB study could receive a maxi-
mum of 55 weeks of risperidone therapy.

Risperidone was provided by Janssen Research Foun-
dation as an oral solution of 1.0 mg/mL to be administered
onee dzily in the moming at an initial dose of 0.01 megkg
on days I and 2 and increased io (.02 mgkg on day
3. Thereafter, the dose could be zdjusted by the investiga-
tor at weekly intervals to & maximal allowable dose of
0.06 mg/kg/day; increments were not to exceed 0.02
mg/kg/day. For those with breakthrough symptoms, the
dosing schedule could be changed to 2 b.i.d. regimen,

Medications used to treat EPS were to be discontinned
at DB trial eutry. For those with emergent EPS during the
triels, the dose of risperidone could be reduced; the rate of
dose reduction was not limited. Anticholinergic agents
were permitted only in cases where dose reduction re-
sulted in detecioration of hehavioral symptoms or failed to
1mprovc EPS and the Extrapyramidal Symptom Ratmg
Scale' had been completed.

Prohibited medications included any antipsychotics
other than the study medication, anticonvulsants, antide-
pressants, lithium, clonidine, guanfacine, carbamazepine,
valproic acid, or cholinesterase inhibitors. Psychostim-
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ulants, incloding methylphenidate, pemoline, and dexe-
drine, were allowed for the treatment of ADHD if the sub-
ject was already taking them ata stable dosage for at least
30 days prior to trial entry and every attempt was made to
keep the dose constant throughout the DB and OL exten-

sion trials. Sedative/hypuotic medications wers allowed-

provided that the dose and frequency of use were kept to a
minimum. Behavior intervention therapiss were sllowed
provided they had been started at least 30 days prior to
trial entry, and every attempt was made to keep the
therapy constant throughout the #rials.

Outcome Measures :

The outcome measurss relevant to this analysis in-
cluded serum prolactin levels, adverse events spontune-
ously reported by patients/caregivers, and scores on the
conduct problem subscale of the N-CERF.

Prolactin levels were measured at baseline to DB entry
and at week 6 or early discontinuation, end then at OL

‘ entry, week 4, and at months 3, 6, 9, and 12, Serum pro-

lactin levels were measured by Quest Diagnosties Clinical
Trials (Teterboro, N.I) using an ACS:180 Automated
Chemiluminescence System, manufactured by Ciba
Cormning (East Walpole, Mass.) at the time of the studies,
Ciba Corning followed National Committee for Clinical

Laboratory Standardization—recomnmended protocols fo

determing referemce runges, with caleulations based on
95% confidence intervals. The normal ranges ussd
by Quest Diagnestics were used to define the upper limit
of nonmal (ULN) for male and female patients in this
analysis. For males, the ULN for serum prolactin was 18
ng/mL, and for females, it was 30 ng/mL.

Adverse events were assessed at each'study visit, with
study visits scheduled at entry and weekly during the DB
studies; for OL extension and stand-alone, study visits
were weekly for the first month, then at months 3, 6,znd 9
and the end of month 11. SHAP were captured from the
adverse event database using the broad criteria of those
events classified under World Health Organization Sys-
tem Organ Class as *endocrine disorders” or “reproduc-
tive disorders.” Patients with SHAP were classified ac-
cording to 2 sets of criteria, SHAP(A) and SHAP(B). The
criteria used to define the' SHAP(A) population were

breast enlargement (gymecomastia), amenorrhea, menor- |

rhagia, lactation nonpuerperzl, menstrual disorder, and
vaginal hemorrhage. An altemate definition of SHAP was
used for the SHAP(B) population. SHAP(B) excluded
males 10 years or older with gynecomasta, females with
less than 31 days of breast enlargement (gynecomastia),
and females with amenorrhea < 1 week. Tt is considered
normal for males to have gynecomsstia at some point in
the evolntion of puberty, with the fiequency estitnated as
high as 50%,. Adolescent gynecomastia may be unilateral
or bilateral, occurs most frequently during stages 3
and 4 of puberty, and lasts a few months to 2 years (in
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one series, 27% of cases lasted 1 year and 7% lasted 2
years). ' Tema]cs during puberty tend to experience breast
.enlargement and irregular menstroal cycles, and therefore
these symptoms were not classified as SHAP.

Similarly, EPS were captured as those events classified
under System Organ Class as “central and peripheral ner-
vous system disorders” with the following preferred
terms: agitation, akathisia, bradykinesia, tardive dyskine-
sia, dyslonia, extrapyramidal disorder, hyperkinesia, -
perreflexin, hypertonia, hypokinesia, hypotonia, muscle
contractions involuntary, oenlogyric crisis, pariinsonism,
rigidity, shuffling gail, siiffress, tics, and tremor.

The conduct problem subscale of the parent/caregiver-

rated N-CBRT was completed at baseline and then weekly

during the DB frial, &t Ol baseline, at weeks 1 and 4, and
at months 3, 6, 5, and 12. The N-CBRF was developed for
children with developmental disabilities, and its subscales
were derived by factor analysis." It has been studied inde-
pendently and has stable factor shmeture and good interra-
ter and test-test reliability.™'7 The 16-itern conduet prob-
lem subscale is one of 6 problem behavior subscales, Each
problem behavior is rated on a 4-point Likert scale from 0

(behavior did not oceur or was not 2 problem) to 3 (behav-

ior oceurred  lot or was a severe problem). A reduction in
score therefore represents improvernent. The relationship
between 3 sets of responder criteria and prolactin level
was assessed: improvement = 25% versus < 25%, = 35%
versus < 335%, and = 50% versus < 50%, versus whether a
patient had prolactin levels above or befow the upper Himit
of normal.

Statistical Analysis

All subjects who took at least 1 dose of study medica-
tion were included in this analysis as part of the intent-to-
treat (ITT) population (N = 700). Within the ITT popula-
tion, those subjects with predose and at least 1 postdose
prolactin observation zt ar after 4 weeks of risperidone
exposure were classified as the primary analysis (PA)
population (M = 592). All results are presented for the PA
population only unless stated otherwise.

Analysis time periods were defined as predose, weeks
4 to 7, weeks 8 to 12, weeks 16 to 24, weeks 28 to 36,
weeks 40 to 48, und weeks 52 to 55. The analyses per-
formed for weeks 52 to 55 will not be presented due to the
small sample size (N = 42), which makes it difficolt to
compare groups. For the analysis of prolactin levels by
-age, age groups were defined es 510 7, Bto 9, 10 to 11,
and {2 to 15 yeers. For the analysis of prolactin by age
and gender, the children and adolescents were divided to
represent prepubertal and pubertal ages: for females, < 9
. Years and = O years, and for males, < 10 years and 2 10
years, respectively. The studies enrolled children. and ado-
lescents up to 14 years of age, but some participants
turned 15 during the long-term tnal, hence the 12 tp 15

years caiegory.

1365 = #.47

Descriptive statistics were caleulated for demographic
and predose patient characteristics, study drug dosing in-.
formation, and serum prolactin Jevels in each analysis
tme period (prolactin levels for zll patients, by age, and
by gender). Descriptive statistics were also calculated for
prolactin levels (by time period) in patients with versus -
those without SHAP, for patients with versus those with-
out EPS at any time, and for responders versus nonre-
sponders on the conduct problem subscale of the N-CBRF.

Patient demographics and predose characteristics were
compared between the PA and non-PA populaticns using
the chi-square test (for categorical data) or t test (for con-
tinvions data). As prolactin and EP3 are putatively medi-
ated by D, blockade, and salutary effects might also be
moderated by D, blockade, the chi-square test was also
used to compare the percentage of patients who experi-
enced SHAP or EPS or were Tesponders on the conduct
problem subseale of the N-CBRF among patients with a
prolactin level above the ULN versus patients with a pro-
lactin level within the normal range at cach study period,
Correlation coefficients were calculated to assess the cor- -
relation between prolactin levels and age and seore on the
conduct problem subscale of the N-CBRT. SAS Release
8.00 (SAS Imstitwte Inc., Cary, N.C)) was used for all
analyses.

RESULTS

Results are presented for the PA population, who had 2t

- least 1 predose and 1 postdose prolactin level observation,

urtless noted otherwise.

Patient and Treatment Information

When data from all 5 clinical trials were pooled, 700
patients had received at least 1 dose of risperidone and
were therefore included in the ITT populatior. A total of
592 patients who had 2 predese and at least | postdose
prolzotin observation at or after 4 weeks of risparidone ex-
posure were incluoded m the PA population, Patient ac-
cownting is detailed for the ITT and PA populations by
treatment arm for each trial in Table 1.

- Itwas confirmed that the 108 petients who wers not in-
cluded in the PA population (non-PA population) had com-
parzble predose patient and discase characteristics with
the PA population, There was no statistical difference
in gender, age, height, weight, body mass index (BMI),
Tanner stage,'*"” 1Q rating, or DSM-IV Axis I diagnosis
of intetlectual functioning, The only difference was in eth-
nicity, with fewer white and more biack patients in the
non-PA population {p =.03), The mean daily dose of ris-
peridone in the ITT, PA, and non-PA populations was
similar (1.23 mg, 1.26 mg, znd 1.05 mg, respectively),
The mean duration of freatment with risperidone for ITT,
PA, and non-PA populatton.s was 308 days, 319 days, and
2435 duys, respectively.
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The PA population included 489 males (82.6%) and
103 females (17.4%) with CD, oppositional defiant disor-
der, or DBD-NCS, with or without ADHD, The mean IQ
of the patients wag 65.1, and mental retardation was con-
siderad borderline in 40%, mild in 42%, and moderate in
18%. Patients had a mean age of 9.9 years, and the major-
ity (73%) were in Tarmer stage 1 of puberty when they
began the study. Mean height was 137.8 om, mean weight
was 35.4 kg (78.7 Ib), mean BMI was 18.0, and 80% of
the patients were white.

Prolactin Levels

The mean (3D) predose prolactin level in the PA popu-
letion was 7.8 (7.2) ng/mL (Figure 1). Prolactin levels
tended to rise in the first 4 to 7 weeks of risperidone in-
talce; mezn prolactin level was 20.4 (16.5) ng/mL. Mean
valugs then steadily decreased to 23.4 (17.0) ng/mL at
weeks B 10 12, then 19.6 (14.5) ng/mL at weeks 16 to 24,
18,5 (13.5) ng/mL at weeks 28 1o 36, and 16.1 (13.2)

ng/mL at weeks 40 to 48 (Figure 1). The small group of

42 children and adolescents with prolactin datz at weeks
52 to 55 showed a continued decrease 1o a mean of 13.0
ng/mL. However, given the small numbers at weeks 52 to
535, no further analyses will be presented in this article.

The incidence of prolactin levels 2t or zbove the ULN
followed a sirnilar pattern. At baseline, 4.9% of patients
had prolactin ievels at or above the ULN, This rose to
70.5% at weeks 4 to 7 aud then steadily declined to 30.7%
at weeks 40 to 48,

The comparability of prolactin levels was assessed at,
each time period in patients who discontinued the trial
versus those who continued to the next time period. This
analysis of fixed subsets did not reveal any notable differ-
ences in the pattern of mean prolactin levels over time in
these 2 groups. The highest mean value occurred during
weeks 4 to 7: 29.5 ng/mL in the contimuing patient group
versus 29.4 ng/mL in the discontinuing patient group.

By gender. The mean predose prolactin level in the
males was 7.3 ng/mL, and in the females, it was 10.0
ng/mL. Both genders had peak mean prolactin levels in
weeks 4 to 7; for males, the mean (SD) was 28.8 (16.0)
ng/mL, and for ferales, the meanr was 32.7 (18.3) ng/mL.
Prolactin levels steadily decreased to o mesn of 15.1
(10.4) ng/mL for males and 21.4 (22.7) ng/mL for females
at weeks 40 to 48. The mean vzlue for the females had re-
turned to the normal range (ULN = 30 ng/mL) by weeks 8
to 12, and the mean for the males was close to normal by
weeks 16 t0 24 (mean = 18,9 ng/mL, ULN = 18 ng/mL).

By age. When prolactin levels were asséssed by age
group, there was a simitar rise and fall in levels over time
for each group. There wis no correlation between prolac-
tin levels and age at any time period {correlation coeffi-
cient values ranged from 0.01 to 0.13).

By gender and age. Females = 9 years of age had mean
prolactin levels higher than the ULN at weeks 4 to 7 (34.6

UL Y

Prolactin Levels With Risperidone Treatment in ('.il':.ildren -

Table 1. Patient Accounting From 5 Clinical Trials: ITT and
Primary Analysis Populations®

T RevermBerotpdra e Paviy bt £ Dopumiu

Primary
Double-Blind Open-Label ITT Analysis
Protocol {lrearment)  Proloco! flreatmenl) (N =700} (N =3592)
CAN (risperidone) 507 1(0.2)
CAN (risperidone) CAN (risperidone) 38 (5.4) 24 (4.1)
CAN  (placebo) CAN (rispecidene) 39 {(5.6) 2B (47)
CAN (risperidone) TNT (risperidons) 10 (1.4) 10 (1.7)
CAN (placebo) INT (visperidene) 13 (1.5) 12 (2.0)
USA  (risperidane) T(1.0) 4 {0.0)
" USA (dsperidone) USA (risperidenc) 48 (4.9) 45 (7.6)
USA (placebo) USA (risperidone} 59 (B8.4) 55 {9.3)
. INT (dsperidanc) 481 (68.7) 417 {70.4)

*Values are shown as N (%).

Ahbreviations: CAN = protocs) conducted in Caneds, South Africs,
and the United States; INT = internationa] protocol;
[TT = intent-To-treat; Usa= = protocol conduered in the United States.

Figure 1. Prolactin Levels in Children Receiving Long-Term
Risperidone Treatment®

55
50+
45
404
35
30+
25-
20+
15+
i |

54

Prolactin Level (ng/mL)

0 ¥ T T T T
Pre-dose \iesks Weeks Wesks  Wecks Vieeks

(N=592) 4=7 812 16-24 28-38 4048

(N=550) (N=498) (N=441) (N=294) (N=358)

Study Pariod

*The boxes represent the distribution of prnl.mL:n levels; the upper
cdge of the box shows the 75th percentile, the Iine across the middls
of the box. shows the 50th percentile (median), and the lower edge of
The box shows the 25th percentile, The vertical lines sbove and
below the boxes indicare fhe 90th and L0th percentiles, respectively.
The line connecting all of the boxes connects the mean prolactin
levels at each timepoint.

'ng/mL), but bad retumed to within normal limits by -

weelks 16 to 24, Prepubertal females (<9 years of age)
hed mean prolactin levels within normal limits throughout
the study. Mean prolactin levels were very similar for pre-
pubertal and pubertal males throughout the trial and were
close to normal values at weeks 16 to 24 (inean = 19.3
ng/mL for males = 10 years of age and mean = 18.2
ng/mL for males < 10 years of age).

Side Effects Hypothetically Attributahle to Prolactin
Many of the side effects hypothetically. attributable fo
clevation in prolactin levels are also commonly seen dur-
ing puberty. Many of the children and adolescents n this
analysis were at the age of puberty, so the cause of SHAP
could be uncertain. As such, 2 analyses were performed.
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Table 2. SHAP({A)® Patients in the ITT, Primary Analyss
{PA), and Non PA Populatmm.

Table 4. Compatison of SHAP Populahons (primary a.nalysm
populatigns)

T PA Mon-Pa SHAF[A) SHAP(B)
Variable (N=7000 (N=3592) (N=108) Parameter {N=30) MmN=13)
No. of putients with at 3449y 30 (51 4.7 Age of bays, mean, ¥y - . 114 . .18
least [ SHAP Ape of girls, mean, y 128 12.8
Reports of SHAP Time to onser of first SHAP, 115.4 (1-260} 98.8 (1-254)

(by preferred lerm)
Gynecomastia (males) 25 (3.6)
Reproductive disorders, female - 9 ({.3) © 8 ({t.4) 1{0.9)

Amenorrhen 4 {0.8) 3(0.5) 1(0.9)
Meaarrhagiu 3{0.4) 3(0.5)  6(0.0)
Breast enlargement : £{0.0) 1(6.2) 000
Luctation nonpirerparal T (0.1} 1(0.2)y 0(0.0)
Menstrual disaeder l 0.0 1(0.2y o0
Vaginal hemarrhage 1¢0.1) 1¢0.2)  0(0.0)

“Patients in the SHAPEA) population had experienced at least 1 of the
events listed in the table while on rsperidone treatment,
Pyalues are shown as N [ N
Abbreviations: TTT = intent-Le-treat papulation, SHAT = side effect
hypothetically attributable to prolacun.

22{.7)  3{28) -

eean (range), d

Risperidone dose with SHAP/ 1.27/1.26 1.29/1.26
without SHAF, mean, mg/d

Patients with SHAP resolved 17 g
at study end, N

Patients with SHAP and 4,7-7.8 1.8-3.5

prolactin Ievels above ULN
during any time
peviod, range, %% -

Fatients with SHAP and normal 2945 -1.2-3.0
prolactin levels during any
time period, tunge, %

Abbreviations; SHAP = side sffect hypathetically attributabls to
prnlar:hu, ULN = upper limit of normal.

Table 3, SHAP{B)" Patients in the ITT, Primary Analysis
(PA}), and Non-PA Poputations®

ITT BA Non-PA
Variable L (N=700) (N=3562) (N=108)
No. ol parients with at 4320 13222 1(0.5)
least | SHAP
Reports of SHAY
(by preferred lerm} .
Gynecowastiz (roales) 5(0.7) 0.8y 000
Reproductive disarders, female 9 (1.3} B (L4} 1(09)
Amenerrhea 4 (0.86) 30 109
Menorrhagia 304y 3(0.5y  0{0.0)
Breast ¢nlargement 1(0.1) 1 0.2y 0{0.0}
Lactation aonpuerpersl i (0.1) 1(0.2) 0(D.0)
Menstrual disorder IR0 1.2 004
Vuginal hemorrhage 1(0.1) 1(03) D(0.DY

"The SHAP(B) populaticn was defined as patiems who experienced at
Tenst 1 of the events Tisted in the table while oy risperidone
treatment, excluding males 10 ysars or older with gynecomastia,
females with less then 3| da y4 of breast enlargement, and fernales
with amenarrhea < 1 week,

"Walues are shawn as N {% )

Ablbreviatious: ITT = intent-lo-treat pepulation, SHAP = side effect
hypathetically attributable to prolactin. - .

The first analysis, SHAP(A), used a more inclusive defi-
nition of SHAP, and the second analysis, SHAP(B), ex-
clyded additional symptoms that the pediatric endued-
tologist authors (T.M. and D.D.) atributed to puberty.
SHAP(A) included gynecomastia imespective of age,
amenorthea, menorthagia, breast enlargement, lactation
nonpuerperel, menstrual diserder, and vaginal hemor-
thage. Dysmenorrhea during puberty was excinded.

The SHAP(A} analysis found 34/700 patients (4.9%)
in the ITT population with at least | SHAP and 30/592 pa-
tients (5.1%) in the PA population with SHAP (Tablc 2).
The most common SHAP was gyneaomasna in. males:
3.7% of the PA population,

- Adverse events corresponding to the analysis defini-
tion of SHAP(B) are listed in Table 3. Overall, 14 patients

1367

in the ITT population (2.0%) and 13 patients in the PA
population (2.2%) had at least 1 SHAP, and all events

“were considered mild or moderate in severity. The per-

centage of patients with SHAP was assessed for SHAP(R)
patients with prolactin [evels above the ULN versus pa-
tients with prolactin levels within the normal range at the
various analysis time periods. There was no statistical dif-
ference n the percentage of patients who reported SHAP
for any snalysis ,time period, whether or not prolactin
levels were nommal or above the ULN (range, 1.8%-3.5%
with SHAP). o

The SHAP(A) and SHAP(B) PA populations were
comparable except for a lower mezn age of males in
the SHAP(B) analysis beczuse gynecomastiz in prbertal
males was excluded in this sample (Table 4). Further
SHAP results refer to the SHAP(B) apalysis,

The mean (SD) daily doss of risperidone was compa-
rable in petients who experienced SHAP (1.29 [0.6] mg;
range, 0.12-2.3 mg) and in those who did not (1.26 [0.71]
mg; range, 0.001-4.2 mg).

A total of 15 SHAP were reported.in 13 children and
adolescents in the PA population, with 2 paticnis experi-
encing the same event twice. Clinicians rated 10 of the
SHAP as mild and § as moderate, All SHAP had resolved
in 9 of 13 patients by study end: 9 events resolved with
ne intervention, [ resolved with dosage adjostmeant, 1 re-
solved with & temporary stop of medicatior, and 4 events
had not resolved at study end (3 gynecomastia and 1 men-

“strual disorder [irregularity]).

Prolactin levels exceeded 100 ng/ml at only | mea-
swement during the study in 6/700 patients (values
of 101.8, 102.0, 103.0, 150.0, 153.0, and 160.9 ng/mL}.
Only 1 of the patients with these prolactin levels, 2
12.5-year-old female, had SHAP. She had menomhagia
that the investigator rated mild in severity and for which
the investigater indicated a *doubtful” relationship to
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study medication. The prolactin level of 160.9 ng/mL
occurred at least 10 menths after the patient’s reporied
“excessive menstrual bleed.” No action was taken, and
the event resolved in 13 days.

- Prolactin Levels and Extrapyramidal Symptoms
. Altogether, 129/592 patients in the PA population
(21.8%) reported at least | EPS versus 18/108 (16.7%) in
the non-PA population. The mean (SD) onset of the first
EPS was 64.3 (99.3) days in the PA population and 40.6
© (689.6) days in the non-PA population, There was no sig-
nificant difference in the perceniage of patisnts wlho expe-
rienced EPS with mean prolactin levels in the normal
range (21.0%—24.5%) versus those at or zbove the ULN
(20.9%-24.3%),

Prolactin Levels and Score on
the Conduct Problem Subscale of the N-CBRT

There was no significant corrclation between prolactin

levels 2nd improvement on the conduct problem subscale
of the N-CBRFT (correlation coefficients ranged from 0.10
to 0.02), although behavioral symptoin responders tended
to have marginally higher mesn prolactin levels {maxi-
mum 4.1 ng/ml difference) than nopresponders. The lack
of significant correlation was consistent whether respond-
ers were defined as having improvement of at least 25%,

35%, or 50% on the conduct problem subscale of the

N-CBRF.

Prolactin Levels and Risperidone Dose

Correlations between prolactin leyels and risperidone
dose 2t each time period were dssessed for observed cases
on 2 log base 10 scale to adjust for skewness. At every
time period except weeks 40 to 48, only 0.6% of the varia-
tion in prolactin levels was due to risperidone dose. At
weeks 40 to 48, only 1.4% of the variation in prolactin
levels could be atiributed to risperidone dose.

DISCUSSION

This is the first dataset of children and adolescents .

treated with an atypical antipsychotic for up to 1 yesr to
clearly demonstrate that although risperidone induced

transicnt elevation in serum prolactin, thesc levels began -

to drop after weeks 4 to 7 and returned to within normal
limits by weeks 40 to 48 in a majority of patients. It is
interesting to note that patients with prolactin levels at
or shove the ULN did not have a propensity for greater
efficacy response on the conduct problem subscale
of the N-CBRF, nor did they have more EPS or more
SHAP then children with normal prolactin levels. The
mechanisms underlying this are unclear. It is possible that
risperidons’s effects on peripheral tuberoinfundibutar re-
ceptors, although apparently sustained in the first few
weeks of exposure, abate due to late dissociation of the

ol SE i Nedenrersarinarnrs Pruss |

Prolactin Levels With Risperidone Treatment in Children

compound from there ceptors, the receptors’ development
of tolerance to risperidoiie, or some other newrobiological
accommodation promoting homeostasis, Furthermore, the
data showed that 98.9% of patients liad prolactin [evels
belew 50 ng/mlL, 0.8% had levels of 50 to 99 ng/mL, and
only | patient (0.3%) had prolactin levels greater than 100

Only 13/592 (2.2%) of children and adolescents devel-
oped symptoms hypothetically attributable to prolactin
(SHAP), with 9 of the 13 showing resolution of these
symptoms at stody end. No comelation was found be-
tween SHAP and prolactin levels, even when male
gynecomastiz during puberty was included. This finding
is in keeping with other studies, in adults, that also
showed no correlation between prolactin levels and
SHAPX2! Tt can thus be hypothesized that an isolated el-
evation in prolactin level is not sufficiert to induce side
effects; that receptor sensitivity, modulated by & subtype

. of prolactin, puberty, or other neurobiological processes,

may play a critical role in detemmining whe does and does
not develop SHAP,

forms. The meleculs is subject to dimerization, polymer-
ization, glycosylation, phosphorylation, and diamina-
tion ¥ Due 1o size differences, these prolactin variants
have been classified as “little,” *big,” and “big, big” pro-
lactin, Big and big, big prolactin have been reported to
have little, if any, biological activity becanse of decreased

‘binding to prolactin receptors.*® *® It has been suggested

that lack of hyperprolactinemia-associated symptoms in
patients with hyperprolactinemia may be explained by the
predominance of the big, big variant?® Unfortunately, at
the time these trials were conducted, the ceniral Iabora-
tory was not asked to specifically assay for the different
variants, However, one might speculste that the lack of
comrelation between SHAP and prolactin may be due in
part to a preponderance of the inactive variants of prolac-
tin, as well as the difficulty mherent in defining SHAP
within a population in which many of these events may
ovecur 4s a part of the normal progression through puberty,

The clinical implications of the novel findings of this
study are many. First, clinicians can expect that in the vast
majority of children and adolescents exposed to Tong-term
therapy with risperidone at these doses, prolactin levels

will be raised early in the treatment course, but will revert:

to levels within normal limits (but in some cases ahove
the baseline prolactin level) without change of dose. Fur-
thermore, only a very smnall percentage of children and
adolescents treated with risperidone in this fashion will
develop SHAP that require intervention.

One of the deficiencies of this analysis is that there was
no long-term control group to show the incidences of
gynecomastia, galactorthes, or menstrual imegularitiss
that may occur normally tn such a population, Nonethe-
less, the dats provided show a very low frequency of these
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occumences in the study cohort, suggesting that it is na-
likely that side effects attributable to risperidone at these
doses are either commen or Dersistent.

There is little justification for the discontinuation or re-
duction in dose of fisperidone or the use of dopamine ago-
mist treatment, since the dose of risperidone did not corre-
late to prolactin levels. If a highly distressing symptom
hypothetically attributable to prolactin (e.g., galactorhea,
substzntial breast enlargement, especially in males) de-
velops, clinicians must balance the risk-benefit rafio of
prescribing dsperidone, especially in the face of the ef-
fects and outcome of untreated disruptive behavior disor-
der. Although in some cases prolactin levels did remain
above those seen prior to the initiation of risperidone
therapy, there is no evidence that ontoward effects related
to profactin are likely to be seen at these dosing tevels.
The low frequency of these side effects in the study popu-
lations supports this conclusion.

. Drug nomes: carbamazepine (Carbatrol, Tagrato[, and others),
clonidine (lopiding, Clorpres, and others), clozaping {Clozerl and
others), snanfacine (Tenex and others). haleperidol {Haldo} and
others), methylphenidate (Ritalin, Concarte, and others), oanzapine
(Zyprexal, pemoline (Cylert and others}, risperidone (Rupcrda.l)
valproie acid (Depakene and others). ;
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