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Therapeutic Drug Monitoring to Optimize Risperidone
Treatment in Children with Autism Spectrum Disorder

Rebecca A. Hermans, MD,*†‡ Alaya E. M. Storm, BSc,† Sanne M. Kloosterboer, PhD,*†
Manon H. J. Hillegers, PhD,* Birgit C. P. Koch, PhD,†‡ Bram Dierckx, PhD,* and

Brenda C. M. de Winter, PhD†‡

Background: Risperidone is an atypical antipsychotic drug used to
treat irritability and aggression in children and adolescents with
autism spectrum disorder. In an earlier study, the sum trough
concentration of risperidone and its metabolite (9-hydroxyrisperi-
done) was positively correlated with weight gain and effectiveness.
The aim of this study was to determine the therapeutic window for
risperidone sum trough concentrations that balances weight gain
with treatment effectiveness in this population. In addition, the effect
of therapeutic drug monitoring (TDM) on treatment optimization
was simulated.

Methods: In a retrospective cohort (n = 24 children), the target
window for risperidone leading to the least increase in body mass
index z-scores while retaining effectiveness as measured by the irri-
tability subscale of the Aberrant Behavior Checklist was determined
using receiver operating curve analysis. This target range was used to
simulate the effect of TDM using a population PK model imple-
mented in the software platform InsightRX. Dosing advice was
based on plasma trough concentrations and the dose administered

at 12 weeks to simulate whether more children would be on target at
24 weeks after the start of treatment.

Results: A risperidone sum trough target range of 3.5–7.0 mcg/L
would minimize increase in body mass index z-score and optimize
effectiveness. Dosing advice using TDM and a population PK model
would lead to a larger proportion of children achieving the target
concentration range (62.5% versus 16.7%).

Conclusions: TDM may be a useful tool for optimizing risperidone
treatment in children and adolescents with autism spectrum disorder.

Key Words: antipsychotic, risperidone, therapeutic drug monitor-
ing, pharmacometrics, pediatric population

(Ther Drug Monit 2024;46:259–264)

INTRODUCTION
Autism spectrum disorder (ASD) is a developmental

disorder affecting just below 1% of the world’s population.1

ASD is characterized by problems in social communication
and social interaction and restricted, repetitive sensory-motor
behavior.2 Around 20% of people with ASD also experience
irritability and aggression, which seriously affect their inter-
actions with family and others, the implementation of thera-
pies, and long-term outcomes.3,4 Irritability and aggressive
behavior can be treated with medication, although options
are limited, because only risperidone and aripiprazole are
approved by the Food and Drug Administration.
Risperidone and aripiprazole can be prescribed to children
with ASD from the age of 5. Park et al5 found that 1 in 9
children and adolescents with ASD were treated with risper-
idone and multiple studies have proven its effectiveness in
adults and children with ASD.6–8

The trade-off for risperidone use in children and ado-
lescents includes adverse effects that can seriously affect
physical health. The side effects include weight gain and
metabolic abnormalities such as hypertension and dyslipide-
mia, a higher chance of developing diabetes mellitus type 2,
and prolactin elevation.9–11 Several studies have found that
the risk of these side effects increases with a higher dose of
risperidone.12,13

Kloosterboer et al14 were the first to investigate the
relationship between the concentrations of risperidone and
its metabolite 9-hydroxyrisperidone and weight gain and
effectiveness in children and adolescents with ASD. They
found a positive relationship between the sum (risperidone
+ 9-hydroxyrisperidone) trough concentrations and increasing
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body mass index (BMI) z-score and more effectiveness mea-
sured using the Aberrant Behavior Checklist irritability
(ABC-I) score. It may therefore be possible to use therapeutic
drug monitoring (TDM) to optimize treatment in this
population.15

In this study, as a precursor to a large randomized trial,
we first determined the therapeutic reference range for the
sum trough concentration of risperidone in this population.
Second, using a population PK model, we simulated whether
changes in the risperidone dose based on TDM would lead to
more children reaching this target concentration.

MATERIALS AND METHODS

Participants
This study used subject data from Kloosterboer et al,14

which consisted of 42 children and adolescents aged 5–
17 years who were diagnosed with ASD. For the analysis
of the therapeutic range, participants were excluded if they
had started using risperidone before the beginning of the
study or if the necessary outcome measurements were miss-
ing. For the simulations, participants were excluded if they
had started using risperidone before the beginning of the
study, did not complete 24 weeks of risperidone use, or were
taking more than 2 risperidone doses per day. Furthermore,
plasma concentration measurements were excluded if the
dose or time of medication intake was unclear. Finally, par-
ticipants were excluded if they did not have (remaining)
plasma concentration measurements at weeks 12 or 24.

Materials

Risperidone Concentrations
Blood samples were collected 12 and 24 weeks after the

start of risperidone treatment using venipuncture or the dried
blood spot (DBS) method. Samples were collected at random
time points after dose administration. DBS is a less invasive
and more child friendly way to quantify drug concentrations
for pharmacokinetic studies (Patel et al, 2010).16,17 DBS con-
centrations were converted using formulas with correction for
hematocrit (ht) into estimated plasma concentrations:
EPCrisperidone = (DBSconc/(12ht))/1.120, and
EPC92hydroxyrisperidone = (DBSconc/(12ht))/0.996.18 The lower
limit of quantification was 1 mcg/L for risperidone and
0.7 mcg/L for 9-hydroxyrisperidone, both for DBS and veni-
puncture. The lower limit of detection (LOD) for risperidone
was 0.02 mcg/L in plasma and 0.9 mcg/L in DBS. The LOD
for 9-hydroxyrisperidone was 0.22 mcg/L in plasma and
0.5 mcg/L in DBS.

Therapeutic Range
The target range was determined using data from

Kloosterboer et al14 and based on the sum trough concentra-
tions at 12 weeks after the start of therapy as predicted by the
developed PK model, change in BMI between baseline and
24 weeks after start of treatment, and change in symptom
severity between baseline and 12–24 weeks after start of
treatment. BMI values were adjusted for age and weight
and transformed into BMI z-scores based on the reference

values (5–19 years) of the World Health Organization.19

The ABC-I score, which is accepted to be the gold standard
for measuring these symptoms in ASD medication trials, was
used to measure symptom severity.20,21

Receiver operating curve (ROC) analyses were per-
formed to determine the cutoff values. For BMI z-score, an
increase of 0.5 or higher was considered as significant weight
gain. Treatment was considered effective if the ABC-I score
decreased by 25% or more. If the BMI z-score was missing at
24 weeks but known at 12 weeks, the last observation carried
forward principle was applied.

Pharmacokinetic Analyses
In this study, the PK model for risperidone and 9-

hydroxyrisperidone by Kloosterboer et al was implemented
in InsightRX (version 1.39.7, San Francisio, CA) as the user
interface.14,22 An important difference between the model
published by Kloosterboer et al and the model in InsightRX
is the absence of additional and proportional errors for the
lower limit of quantification and LOD in the InsightRX
model. Because of this difference, we decided to exclude
plasma concentration measurements below the LOD when
the concentration predicted by InsightRX at the time of sam-
pling was also lower than the LOD. When the estimation was
higher than the LOD, a concentration value half the LOD was
used. Furthermore, the data from InsightRX cannot be auto-
matically extracted. Instead, the data were extracted manu-
ally, and data implementation and extraction were evaluated
by a second person.

Participant data (date of birth, data concerning risperidone
concentration measurements, prescribed doses, and weight at 12
and 24 weeks after the start) were entered into InsightRX. First,
only the data at 12 weeks were fed into Insight RX. The middle
of the target concentration range was used as the target value.
The dose suggested by InsightRX (dosesim), for which the pre-
dicted target sum trough concentration (Ctarget) was closest to the
target value, was chosen and rounded to 0.05 mg. The dosing
interval did not change during TDM dosing.

Second, data from 24 weeks were entered, and the
prescribed dose that the children received per day at 24 weeks
(doseobs) and the accompanying sum trough concentration at
24 weeks (Cobs) were extracted. Because blood samples were
collected using random sampling, the sum of the trough con-
centrations had to be simulated using InsightRX. The sum
trough concentrations were extracted when steady-state was
reached before the first dose of the day at 24 weeks. The
simulated sum trough concentration (Csim) at 24 weeks, when
the child would have taken the dosesim, was calculated using
the following formula:

Csim ¼ ðdosesim*CobsÞ=doseobs:
Csim was then compared with Ctarget and the number of chil-
dren who ended up in the target range after dosesim (simu-
lated) was compared with that after doseobs (observed).

Statistical Analyses
ROC analysis was performed using SPSS software

(version 28; IBM, Armonk, NY). All other statistical analyses
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were performed using the R Studio software (version 3.4.1, R
Foundation for Statistical Computing, Vienna, Austria).
Figures were created using SPSS software. A paired t test
was used to compare Ctarget and Csim at 24 weeks to determine
whether the dosing advice would lead to the target concen-
tration at 24 weeks. To test the differences in the proportion
of children within, below, and above the target range after
dosesim and doseobs, a two-sample test for equality of propor-
tions with continuity correction was performed. Continuous
variables are described as median [interquartile range (IQR)]
and proportions as percentages (95% CI). Nonparametric al-
ternatives were used when the assumptions were not met.

RESULTS

Therapeutic Range

Participants
Eleven children were excluded because they had started

using risperidone before the beginning of the study, and 1
child was excluded because there was no known sum trough
concentration at 12 weeks. The remaining 30 children were
included in the analysis of the upper cutoff value. Owing to
missing ABC-I scores, only 26 children were included in the
analysis of the lower cutoff value. Table 1 shows the baseline
characteristics of the children included in the analysis.

ROC Analysis
The area under the curve of the ROC analysis for the

BMI z-score was 0.801. Using the Youden index, the optimal
upper cutoff value was a risperidone sum trough concentra-
tion of 8.46 mcg/L. Figure 1A shows the sum trough concen-
trations in participants with and without significant weight
gain. The area under the curve of the ROC analysis for the
ABC-I score was 0.427. This means that this method cannot
be used to determine the lower cutoff value. Instead, we
diverted to the method to come to a preliminary therapeutic
reference range described in the Consensus guidelines for
TDM in neuropsychopharmacology, which is to calculate
the arithmetic mean 6 SD of drug concentrations of respond-
ers.23 A Q–Q plot and Shapiro-Wilk test (W(18) = 0.913, P =
0.098) showed that the trough concentrations of responders
were normally distributed, and this method could thus be

followed. The mean (SD) risperidone sum trough concentra-
tion of all responders was 7.77 (64.98) mcg/L, meaning the
preliminary lower cutoff value would be 2.79 mcg/L. Figure
1B shows the sum trough concentrations of participants with
and without treatment response. As both cutoff values should
be interpreted with caution, we decided to narrow our thera-
peutic range to risperidone sum trough concentrations
between 3.5 and 7.0 mcg/L. As the target value for the PK
analysis, the middle of this range (5.25 mcg/L) was used.

Simulation Study

Participants
For the simulations, 6 more children were excluded: 2

children because of insufficient treatment time with risperi-
done, 3 children because they did not have (remaining) plasma
concentration measurements at weeks 12 or 24, and 1 child
because of a regimen of more than 2 risperidone doses per day.
Of the 24 children included in the final analyses, 19 were male.
The median age was 10.7 years (IQR 8.5–13.8; Table 1).

Pharmacokinetic Analysis
There was no significant difference between Ctarget,

which had a median value of 5.25 mcg/L (IQR 5.10–5.40)
and Csim, with a median value of 5.39 mcg/L (IQR 4.56–7.02)
at 24 weeks (P = 0.147), showing that the model accurately
predicted the target concentration at 24 weeks based on the
dosing advice at 12 weeks.

The simulated and observed dose and concentration
data for 24 weeks are presented in Table 2. The difference in
the sum trough concentration between the observed and sim-
ulated values at 24 weeks is schematically shown in Figure 2.
Median dosesim was 0.43 mg (IQR 0.20–0.60) a day. The
intervention resulted in a significant decrease in dose (P =
0.014) and sum trough concentration (P = 0.023) compared
with doseobs (0.65 mg, IQR 0.50–1.00) with a median sum
trough concentration of 7.55 mcg/L (IQR 4.80–11.60).

Results showed that more children reached the target
range (3.5–7.0 mcg/L) after dosesim (62.5%, 95% CI, 40.6–
81.2) compared with doseobs (16.7%, 95% CI, 4.7–37.4),
x2(1) = 8.71, P = 0.003 (95% CI, 0.17–0.74). Dosesim also
led to fewer children reaching a sum trough concentration
above the target concentration range (29.2%, 95% CI, 12.6–

TABLE 1. Relevant Baseline Characteristics Per Analysis

Characteristic Analysis of Upper Cut-Off (n = 30) Analysis of Lower Cut-Off (n = 26) Simulation Study (n = 24)

Male (%)* 23 (76.7) 20 (76.9) 19 (79.2)

Age† (yr) 10.4 (8.5–13.8) 10.4 (8.6–13.4) 10.7 (8.5–13.8)

Height† (cm) 143 (131–166) 143 (132–156) 146 (132–166)

Weight† (kg) 33.7 (26.2–46.7) 33.7 (26.5–44.1) 38.1 (26.5–46.7)

BMI z-score† 20.26 (20.90 to 0.65) — —

ABC-I score† — 12 (4–25) —

Dose week 12† (mg) 0.50 (0.50–1.00) 0.50 (0.50–1.00) 0.50 (0.50–1.00)

Sum Ctrough week 12† (mg/L) 7.87 (3.28–10.07) 7.87 (3.28–10.83) 6.77 (3.28–10.83)

ABC-I, irritability subscale of the Aberrant Behavior Checklist.
*Presented as number of cases (%) for categorical variables.
†Presented as median (IQR) for continuous variables.
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51.1) compared with doseobs (62.5%, 95% CI, 40.6–81.2),
x2(1) = 4.11, P = 0.043 (95% CI, 20.64 to 20.03). There
was no difference in proportions of children with a sum trough
concentration below the target range between the simulated
data (8.3%, 95% CI, 10.3–27.0) and the observed data
(20.8%, 95% CI, 7.1–42.2), x2(1) = 0.67, P = 0.413 (95%
CI, 20.36 to 0.11).

DISCUSSION
In this study, we determined a target range for

risperidone plasma trough concentrations in children and
adolescents with ASD and examined the extent to which
TDM could lead to children reaching concentrations within
this target range.

We propose a target sum trough range of 3.5–7.0 mcg/L
for optimal effectiveness with the least amount of side effects.
Children with ASD with risperidone sum trough concentrations
within this range are likely to achieve a reduction of 25% or
more on the ABC-I score, without gaining more weight than
would lead to an increase of 0.5 or more in BMI z-score.

To the best of our knowledge, 2 other preliminary
therapeutic reference ranges for risperidone in children and
adolescents have been calculated. Klampfl et al24 suggested
a range of 8–26 mcg/L for impulsive-aggressive symptoms in
a sample with 74% disruptive behavior disorders. Their lower
cutoff was based on the mean serum concentration of children
treated within the recommended dose range, whereas their
upper cutoff was the highest concentration in the group of
children without “severely impairing” side effects as rated on

the UKU side effect rating scale, on which weight gain is an
item. Using the arithmetic mean 6 SD method with their
sample would lead to a reference range that is closer to ours.
Furthermore, they also reported a tendency of worse out-
comes with higher concentrations (mean 6 SD: 19.0 6
20.5 mcg/L), likely reflecting the tendency to increase dosage
in nonresponders, to no avail. Taurines et al25 suggested a ref-
erence range of 9–33 mcg/L for children and adolescents with
psychotic disorders, based on treatment effectiveness and
extrapyramidal side effects. It is very well possible that dif-
ferent cutoffs exist for different treatment indications and for
different side effects. Although weight gain was included in
the study by Klampfl et al, the treatment duration varied
greatly within the sample, causing weight gain to be more
difficult to quantify. In the original article on our data by
Kloosterboer et al,14 a theoretical therapeutic window (15–
25 mcg/L) was also given, but this was for a child with
specific characteristics and based on absolute values of BMI
z-score and ABC-I rather than changes in these parameters.

Our results suggest that the dose recommended by
InsightRX based on plasma concentrations at 12 weeks
accurately led to the target concentration at 24 weeks. This
validates the InsightRX model as a useful tool for accurate
dosing advice, leading to a predetermined target concentra-
tion. Furthermore, this dosing advice led to a larger pro-
portion of children reaching the target range compared with
when the dose was determined by a physician. After the
implementation of TDM, the dose and sum trough concen-
trations at 24 weeks were significantly lower than those after
the prescribed dose.

TABLE 2. Observed Versus Simulated Dose and Concentration at 24 weeks

Outcome Variable Observed Simulated P

Dose* (mg) 0.65 (0.50–1.00) 0.43 (0.20–0.60) 0.014†

Concentration* (mg/L) 7.55 (4.50–11.60) 5.39 (4.56–7.02) 0.023†

N in therapeutic range (3.5–7 mg/L)‡ 4 (16.7%) 15 (62.5%) 0.003§

N below therapeutic range (,3.5 mg/L)‡ 5 (20.8%) 2 (8.3%) 0.413

N above therapeutic range (.7 mg/L)‡ 15 (62.5%) 7 (29.2%) 0.043†

*Presented as median (IQR) for continuous variables.
†P , .05.
‡Presented as number of cases (%) for categorical variables.
§P , .01.

FIGURE 1. Boxplots of risperidone sum trough concentrations after 12 weeks of treatment in (A) patients with and without significant
weight gain after 24 weeks of treatment and (B) patients with and without significant treatment effect after 24 weeks of treatment.
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Because the risperidone dose and the sum trough
concentration were lower in the simulated data, TDM would
not only lead to weight loss, but also decreased effectiveness
because of the positive relationship between dose and sum
trough concentration and weight gain and effectiveness.12–14

However, concentrations within the target range should lead
to an equilibrium between the least amount of weight gain
and continued effectiveness.14

This study has some limitations. First, the therapeutic
window is based on a small dataset. To account for this, we
decided to narrow the window slightly to lower the chances of
dosing too low or too high. Second, the simulation study only
simulated the implementation of TDM at 12 weeks after start
because of the data available from Kloosterboer et al.14

Because risperidone-induced weight gain occurs mostly dur-
ing the first 15 weeks of risperidone use,26 it would be pref-
erable to give dosing advice as early as possible to optimize
treatment outcome. Third, the observed sum trough concen-
trations at 24 weeks were extracted from InsightRX based on
individualized concentration curves. This method was chosen
because plasma concentrations were almost never measured
immediately before the next dose was administered; therefore,
the actual sum trough concentrations were missing. This was
deemed sufficient because the PK model was constructed
using data from the same participants; thus, the model accu-
rately described the PK of these children.

Finally, this study only used participant data from
Kloosterboer et al,14 and the model was based on the same

participants. This means that generalization to other popula-
tions and applications should be performed with caution. To
improve this simulation study, data from participants in dif-
ferent studies should be included to make the study more
generalizable and increase the sample size. Furthermore,
including more time points at which plasma concentrations
are measured would provide further insight into the optimal
time to implement TDM.

The next step after this study is to use TDM in
a prospective randomized controlled trial (RCT) to determine
how our results translate into clinical practice. To this end, we
have set up the SPACe 2: STAR trial.27 This RCT will serve
as external validation of our therapeutic window, and if re-
sults from this simulation study are reproduced during the
RCT, it would endorse the value of simulation studies such
as this one.

CONCLUSIONS
This study showed promising results for the implemen-

tation of TDM in children and adolescents with ASD to
achieve a target concentration that would lower risperidone-
induced weight gain.
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FIGURE 2. Spaghetti plot of sum trough concentrations (mcg/L) at 24 weeks after the start of the study, comparing observed and
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