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Abstract

Major depressive disorder (MDD) in young people is a common psychiatric disorder, but treatment options are limited.
Agomelatine has demonstrated short-term efficacy and safety in pediatric patients. We report here the results of a 92-week
open-label extension (OLE). The international, multicenter, double-blind, study randomized 400 patients (80 children, 320
adolescents) with moderate-to-severe MDD to one of four treatment groups: agomelatine 10 mg (n=102), agomelatine
25 mg (n=95), placebo (n=103), and fluoxetine 10-20 mg (n=100). After 12 weeks, patients who could benefit from
treatment continuation were offered entry into an optional OLE during which they received agomelatine 10 or 25 mg for
a further 92 weeks. A total of 339 patients (271 adolescents) entered the OLE. Treatment groups considered for the OLE
analysis reflected those received in the double-blind and OLE periods: agomelatine (10 or 25 mg) in both (ago/ago, n=170);
placebo then agomelatine 10-25 mg (pcb/ago, n=85); or fluoxetine then agomelatine 10-25 mg (fluox/ago, n=_84). Mean
age (£ SD) at entry into the double-blind phase (Week 0) was 13.6 +2.7 years and 61.9% were female. Mean changes in
Children’s Depression Rating Scale revised (CDRS-R) raw total score from Week 12 to last post-Week 12 value in the three
groups were — 16.3 +12.2 (ago/ago), — 18.9+16.1 (pcb/ago), and — 16.1 +15.5 (fluox/ago), reflecting the difference in effi-
cacy between treatments during the double-blind period, and heterogeneity at W12 between the treatment groups. Adverse
events considered related to treatment occurred in 14.5% of patients: 15.3% ago/ago, 16.5% pcb/ago, and 10.7% fluox/ago.
Three patients (all adolescents) experienced treatment-related severe adverse events: two treated with ago/ago and one treated
with pcb/ago. Among the adolescents, one treatment-related severe adverse event in a patient in the pcb/ago group led to
study withdrawal. Agomelatine was associated with continuous improvement in depressive symptoms without unexpected
safety signals. These findings support the safe use of agomelatine in a pediatric population with moderate-to-severe MDD
for up to 104 weeks.

Trial registration No: EUDRACT No. 2015-002181-23.
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Introduction

Major depressive disorder (MDD) is one of the most com-
mon psychiatric disorders in children and adolescents
[1, 2]. In the USA, data from national surveillance sys-
tems including the National Survey of Children’s Health
(2016-2019) and National Health and Nutrition Exami-
nation Survey (NHANES) (2013-2018) indicate that the
likelihood of ever having had a diagnosis of depression
increases with age, with a prevalence of 0.1% for children
aged 3-5 years, 2.3% in those aged 6-11 years, and 8.6%
for adolescents aged 12—-17 years [3]. Similar percentages
were reported in a 2017 UK National Health Service sur-
vey of the mental health of children and young people
[4]. Data from NHANES 2013-2018 indicate that 5.8%
of adolescents aged 12—17 years reported having major
depression during the past 2 weeks [3]. In the WHO
European Region, depression and anxiety disorders were
listed among the top five causes of overall disease bur-
den among children and adolescents in 2018 (as measured
by disability-adjusted life years) [5, 6]. Suicide was the
leading cause of death among European adolescents aged
10-19 years old in low- and middle-income countries,
and the second leading cause in high-income countries
[5, 6]. Levels of anxiety and depression in young people
have increased during the recent coronavirus disease 19
(COVID 19) pandemic, probably as a result of social isola-
tion due to school closures and physical distancing, disrup-
tions in daily routines, and/or concerns for the health of
family and friends [7, 8].

Early-onset depression often recurs and continues into
adulthood, particularly if untreated, and may also predict
more severe illness later in life [9]. Untreated depression in
children and adolescents may also increase the risk of sub-
stance abuse; poor work, academic, and social functioning;
and risk of suicidal behaviors [10—-12]. Early intervention
is important to prevent long-lasting and severe outcomes
[13], but few medications are licensed for use in pediatric
depression. Recommendations for antidepressant therapy
in pediatric populations are mostly based on data from
randomized clinical trials with three selective serotonin
reuptake inhibitors (SSRI): fluoxetine [14], sertraline [15,
16], and escitalopram [17]. Fluoxetine, has the largest evi-
dence base in this age group [14, 18] and is authorised for
children and adolescents aged 8 and above with moder-
ate to severe MDD unresponsive to psychological therapy
after 4-6 sessions by the European Medicines Agency
and US Food and Drug Administration; the latter has
also authorised escitalopram for use in adolescents [19].
Clinical guidelines for the treatment of moderate to severe
depression in children and young people recommend first-
line interpersonal psychotherapy or cognitive behavioral
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therapy (CBT), which may be combined with antidepres-
sant therapy, generally in the form of fluoxetine, depending
on symptom severity or persistence [20-22]. This is sup-
ported by a systematic review and network meta-analysis
of 71 trials of psychotherapy, pharmacotherapy, or psycho-
therapy plus pharmacotherapy in young people with MDD,
which found that only fluoxetine (alone or in combination
with CBT) was more efficacious than placebo, psychologi-
cal control and some active treatments [23].

Although there are a number of antidepressant alterna-
tives to SSRIs licenced for use in adult populations with
MDD, their benefits for the treatment of young people with
MDD are less clear cut [18, 23-25]. It has previously been
suggested that age differences may influence which anti-
depressants are effective for adolescents compared with
adults, possibly related to the effects of neuromaturation,
or sensitivity to medication increasing with each major
depressive episode (MDE) [26, 27]. Further research is
required, but until then it would seem judicious to use
agents for which efficacy has been demonstrated in a pedi-
atric population.

Agomelatine is a first-in-class antidepressant for major
depression, approved for use in adults, that acts as an
agonist to the melatonin receptors MT1 and MT2 and an
antagonist of the serotonin SHT2C receptors [28]. Ago-
melatine is as effective as other anti-depressants for the
treatment of MDD in adults and has one of the highest
acceptability rates [24, 29]. There is some evidence to
suggest that agomelatine may be particularly beneficial in
adolescents and young adults with MDD. Young people
with depression have been shown to have high rates of
delayed circadian rhythms [30, 31]. This led researchers
to initiate a proof-of-concept study in young adults (aged
17-28) with moderate depression, in which they combined
psychoeducation about sleep and circadian rhythms with
8 weeks of agomelatine 25 mg [32]. Depressive symp-
toms were significantly reduced, with earlier secretion of
higher levels of melatonin in the evening. Further benefits
included an advanced sleep onset time, and extended dura-
tion of sleep.

In children and adolescents with MDD, a large placebo-
controlled trial using fluoxetine as an active control con-
firmed the short-term antidepressant efficacy and safety of
agomelatine in this population [33]. In an optional open-
label extension of this trial, patients could be treated for an
additional 92 weeks. This allowed additional information
on the long-term tolerability, safety and effectiveness of
the drug to be collected. The effects of agomelatine 10 or
25 mg on tolerability and safety signals and in achieving
and maintaining clinical response and/or remission among
children and adolescents with MDD who completed the
double-blind period and entered the extension period are
reported herein.
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Methods

This study was an international, multicenter, randomized,
double-blind, placebo and active comparator-controlled
phase 3 trial, which investigated the efficacy and safety of
two agomelatine doses in children (7-11 years) and adoles-
cents (12—17 years) with MDD [33].

Details of the study design and the double-blind results
have been reported previously [33]. Briefly, eligible par-
ticipants were aged 7—17 years and unresponsive to psycho-
social therapy during a 3-week run-in period (Children’s
Depression Rating Scale revised [CDRS-R] score of >45).
Major exclusion criteria included: presence of treatment-
resistant depression, psychotic depression, current suicidal
risk, pregnant or not using effective contraception, major
comorbid psychiatric conditions, and severe hepatic or
renal impairment. Patients were randomized 1:1:1:1 to
agomelatine 10 mg, agomelatine 25 mg, placebo, or fluox-
etine for 12 weeks via an interactive response system. All
those involved in the conduct of the clinical trial and the
patients were masked to treatment allocation. Patients who
completed the 12-week double-blind study who could ben-
efit from treatment continuation were eligible to enrol in an
optional open-label extension during which they received
agomelatine 10 mg from Week 12-14 (W12-14) with dose
adjustment possible at each visit, either as an increase dose
to 25 mg or decrease back to 10 mg (Fig. 1). The double-
blind phase of the study was conducted over the period
February 2016-January 2020, and the open-label extension
period ended in October 2021 (last patient, last visit). All
tablets were taken once a day, orally, in the evening at bed-
time. Patients were followed for 5-7 days after their last
intake of study medication. Standardised manualised psy-
chosocial counselling, developed for this trial, was provided
to all patients, beginning at the selection visit and continuing

Run-in period Double-blind treatment period

throughout the study, including the open-label extension.
Further details are provided in the supplementary informa-
tion (Suppl 1).

This study was performed in strict accordance with Good
Clinical Practice. The patients (when intellectual maturity
and capacity were appropriate) and their parents or their
legally authorised representatives provided written informed
consent prior to participation, in line with local regulatory
requirements. The study was registered under EUDRACT
No. 2015-002181-23.

The primary efficacy endpoint was the CDRS-R raw total
score. CDRS-R is a 17-item scale, with items ranging from
1to5 or1to7 (possible total score from 17 to 113), rated
by a clinician via interviews with the child and parent [34].
Secondary efficacy endpoints assessed over the short and
long term, included Clinical Global Impression (CGI) scale
ratings for severity of illness (CGI-S) and global improve-
ment (CGI-I), and response to treatment. CGI was used to
rate the global improvement in comparison with the patient’s
condition at inclusion for any visit from WO001 to W104.
Response to treatment was defined as a CGI-I score equal
to 1 or 2 (much or very improved). Remission was defined
as a CDRS-R raw total score of <28. Relapse, which was
defined as a CDRS-R score > 40 or a withdrawal due to lack
of efficacy, was also assessed during the W12-W40 period
among responders in the double-blind period (based on CGI
and CDRS-R). During the extension period, the agomelatine
dose was 10 mg until W14, after which it could be adjusted
at each visit according to the investigator’s judgement. For
the purpose of the extension period analysis, results for the
two dose groups (10 mg and 25 mg) corresponding to the
agomelatine randomized groups at the beginning of the dou-
ble-blind period were combined. For each of the primary and
secondary endpoints, descriptive statistics at W12 (when
applicable), and at each post-W12 visit were described

Open-label safety extension period **Follow up

3 weeks 12 weeks 92 weeks 1 week
Agomelatine 25mg
Agomelatine 10mg
Placebo Agomelatine 10mg Agomelatine ***10mg or 25mg No IMP
No IMP *Fluoxetine 20mg
Fh}%‘;‘:’w Fluoxetine 10mg
ASSE W000 WO001 W002  WO004 W008 wo12 Wo14 W104 WEnd

Fig.1 Study plan. The following visits were performed between W12
and W104: W14, W18, W24, W32, W40, W48, W52, W60, W68,
W77, W86, W95. *If no improvement at W2, the fluoxetine dose
could be increased to 20 mg at the investigator’s judgment. **The
follow up period was dedicated to: all patients who withdrew prema-

turely from the study at any moment. All patients who did not con-
tinue into the extension period. All patients who completed the exten-
sion period. ***From W14, the agomelatine dose could be adjusted at
each visit (flexible dose, either to increase to 25 mg or decrease back
to 10 mg) by the investigator based on the clinical picture of patient
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according to the randomized treatment groups at baseline,
but pooling the two agomelatine arms, and overall.

Statistical analyses

Results are presented for the total population and the ado-
lescent subgroup, but not for the subgroup of children alone,
due to the small sample size. For qualitative data, number
of observed values, and number and percentage of patients
per class are presented. For quantitative data, number of
observed values, mean, standard deviation, median, first and
third quartiles, and minimum and maximum are presented.
Missing data were handled using a last observation carried
forward approach.

Safety was assessed in patients who received at least one
dose of study drug during the open-label phase. Additional
tools used to assess safety were the Pediatric Adverse Event
Rating Scale and the Columbia Suicide Severity Rating
Scale for Children (C-SSRS-C). Data regarding Tanner stage
and hormonal profile were also collected. Statistical analyses
were performed using SAS® Software version 9.4.

Results

Demographic and clinical characteristics at the start
of the extension period (Week 12)

A total of 466 patients were screened and 447 patients
were enrolled in the double-blind phase of the study. After
a 3-week run-in period, 400 patients (80 children and 320
adolescents) were included and randomly assigned to one of
the four treatments [33]. A total of 352 (88%) patients com-
pleted the 12-week double-blind phase of whom 339 (96%)
including 68 children and 271 adolescents, entered the open-
label extension. Patients in the open-label extension had pre-
viously received: agomelatine, either at 10 or 25 mg (ago/
ago, n=170), placebo then agomelatine 10-25 mg (pcb/ago,
n=_85), or fluoxetine then agomelatine 10-25 mg (fluox/
ago, n=_84). Among the ago/ago patients, 39% remained on
ago 10 mg during the extension phase, 45% started on ago
10 mg and increased to ago 25 mg, and 14.5% started on
ago 10 mg, increased to ago 25 mg, and then decreased once
more to ago 10 mg for the duration of the extension. Of the
339 patients included in the extension period, 187 (55.2%)
completed the open-label extension: 93 (54.7%, ago/ago); 48
(56.5%, pcb/ago); and 46 (54.8%, fluox/ago).

The most frequent reason for premature study withdrawal
during the extension period was recovery (20.4%), with a
numerically higher frequency in patients who received
agomelatine 10-25 mg in both the double-blind and exten-
sion periods (23.5%) than in the other two groups (16.5%
in the pcb/ago group and 17.9% in the fluo/ago group).
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Withdrawals for non-medical reasons were reported in
14.7% who received agomelatine in both periods, 14.1% of
pcb/ago patients, and 20.2% of fluo/ago patients. Other rea-
sons for withdrawal were: adverse events (14, 4.1% patients
overall), lack of efficacy (8, 2.4%), protocol violation (5,
1.5%), and loss to follow up (2, 0.6%). Of the 271 adoles-
cents, 145 (53.5%) completed the open-label extension. The
disposition of adolescents and their reasons for withdrawal
were similar to the overall population.

Patient demographics and characteristics at the start of
the extension period (W12) are shown in Table 1 for the
overall population. Mean age (+SD) was 13.6 +2.7 years
and 61.9% were female. BMI ranged from 13.5 to 35.2 kg/
m?; 11 patients (3.2%) were considered underweight, 18.3%
overweight and 6.2% obese. Current MDE was diagnosed
as moderate in 62.5%, and severe without psychotic features
in 37.5% of patients; MDE presented with melancholic fea-
tures in 19.2%. At inclusion (WO0), the mean duration of
the current MDE for patients entering the extension period
was 133.6+134.1 days with a median of 90.0 days (range
from 29 to 961 days). A total of 94 patients (27.7%) had a
history of previous MDE, and 57 patients (16.8%) had a fam-
ily history of mood disorders. Nearly two-thirds of patients
(59.9%) reported at least one medical history besides MDD.
At each visit during the extension period (except W14), most
patients (>94%) participated in the Manualized Psychoso-
cial Counselling session.

Mean treatment duration in the extension period was
15.5+7.5 months (median of 21.0 months) and mean tablet
adherence was 97.4+9.8%.

Primary efficacy endpoint: CDRS-R raw total score

In the children and adolescent population combined, the
mean CDRS-R raw total score gradually decreased over the
W12-W104 period in all groups, indicating a continuous
improvement of patients receiving agomelatine all along the
extension period, whatever the treatment previously received
during the double-blind period (Fig. 2). Mean W12 values
for the three groups and overall were 42.1 +12.4 (ago/
ago), 46.2+15.1 (pcb/ago), 42.7+11.7 (fluox/ago), and
43.3 +13.0 (overall), respectively, reflecting the difference
of efficacy between treatments during the double-blind
period. Mean changes from W12 to last post-W12 value
in the three groups were —16.3+12.2, —18.9+16.1, and
—16.1+15.5, respectively, leading to last post-W12 values
of 25.8 +10.5 (ago/ago), 27.3 +12.1(pcb/ago), 26.6 +12.2
(fluox/ago), and 26.4 + 11.3 overall. These differences were
due to the heterogeneity at W12 between treatment groups.
In all groups, agomelatine treatment was associated with a
continuous decrease in depressive symptoms, but the most
marked improvement in mean CDRS-R score was observed
during the first 24 weeks of open-label treatment (Fig. 3).
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Table 1 Main demographic and patient characteristics, according to the treatment received during the double-blind period, and overall

Characteristics Agomelatine 10 or Placebo/ago- Fluoxetine 10-20 mg / ALL (n=339)
25 mg/10-25 mg melatine 10-25 mg agomelatine 10-25 mg
(n=170) (n=85) (n=84)
Age, years (mean+ SD) 13.4+2.8 13.8+2.6 13.8+2.8 13.6+2.7
Children, n (%) 36 (21.2) 16 (18.8) 16 (19.0) 68 (20.1)
Adolescents, n (%) 134 (78.8) 69 (81.2) 68 (81.0) 271 (79.9)
Female, n (%) 111 (65.3) 54 (63.5) 45 (53.6) 210 (61.9)
BMI class?®, n (%)
Underweight 7 (4.1) 2(24) 2(24) 11 (3.2)
Normal weight 119 (70.0) 64 (75.3) 62 (73.8) 245 (72.3)
Overweight 30 (17.6) 16 (18.8) 16 (19.0) 62 (18.3)
Obese 14 (8.2) 3@3.5) 4(4.8) 21(6.2)
Years of school education (mean + SD) 7.0+£2.8 74+2.6 7.3+2.8 7.2+2.7
Current MDE duration, days (mean + SD) 146.3+151.8 127.3+123.6 114.4+100.7 133.6+134.1
Patients with history of previous MDE, n (%) 38 (22.4) 30 (35.3) 26 (31.0) 94 (27.7)
Number of previous MDE (mean + SD) 1.4+0.5 1.3+0.5 1.4+0.8 1.4+0.6
Patients with family history of mood disorders, n 30 (17.6) 15 (17.6) 12 (14.3) 57 (16.8)
(%)
Diagnosis according to DSM IV criteria, n (%)
Single episode 132 (77.6) 55 (64.7) 58 (69.0) 245 (72.3)
Recurrent episode 38 (22.4) 30 (35.3) 26 (31.0) 94 (27.7)
Moderate severity 115 (67.6) 46 (54.1) 51 (60.7) 212 (62.5)
Severe without psychotic features 55(32.4) 39 (45.9) 33 (39.3) 127 (37.5)
Treatment duration, months (mean + SD) 15.51+7.50 15.85+7.32 1521 +7.62 15.52+7.47

“BMI classes were defined according to WHO Growth Reference as follows: underweight is BMI-for-age of more than 2 standard deviations
(SD) from the WHO Growth Reference. Normal range is between 2 SD below and 1 SD above. Overweight is between 1 and 2 SD above. Obe-

sity is greater than 2 SD above

Similar results were observed in the adolescent popu-
lation with changes from W12 to last post-W12 value of
—15.2+12.1 (ago/ago, n=134), — 18.4 + 16.1 (pcb/ago,
n=69), and — 15.8 + 14.9 (fluo/ago, n = 68).

Among patients receiving agomelatine in both peri-
ods, mean decreases from W0 in CDRS-R raw total score
were: —29.5+14.0 at W24 (N=160), —41.6 +12.6 at
W104 (N=93), and —38.8 + 13.2 at last post-WO0 value
(N =170).

In the total population, the rate of patients considered
in remission gradually increased during the extension
period from 13.6% at W12 (N=339) to 83.5% at W104
(N =187), whatever the treatment previously received
during the double-blind period (Fig. 4). Values for adoles-
cents were 14.0% (N=271) and 80.1% (N = 146), respec-
tively. When considering the last post-W12 value, 74.6%
of patients in the total population (N=338) and 72.2%
of adolescents (N =270) were considered in remission.
For patients treated exclusively with agomelatine, 129
(75.9%) were in remission at last post-W12 visit, and 81
(87.1%) were in remission at W104.

Secondary efficacy endpoints
All treatment groups

In the overall population, there was a continuous decrease in
mean CGI-S and CGI-I scores during the extension period
indicating an improvement under agomelatine, whatever
the treatment previously received during the double-blind
period. Mean scores improved from 3.5+ 1.1 at W12 to
1.7+ 1.0 at W104 for the CGI-S score, and from 2.5+ 1.0 at
W12 to 1.5+0.8 at W104 for the CGI-I score. Mean scores
at the last post-baseline visit were 1.9 + 1.1 for the CGI-S
score and 1.6 +0.9 for the CGI-I score. The proportion of
responders (defined as CGI-I score <2) increased from
49.6% at W12 to 87.8% at W104. The rate of responders at
the last post-baseline visit was 84.9%.

Similar improvements in CGI scores during the exten-
sion period were observed in the adolescent population,
with mean CGI-S score decreasing from 3.5+ 1.1 at W12
to 1.7+ 1.0 at W104 and mean CGI-I score decreasing from
25+1.0 at W12 to 1.5+0.9 at W104. The proportion of
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Fig.2 CDRS-R raw total score: mean value (+SD) at each visit during the W12-W104 open-label extension period, according to the treatment

previously received during the double-blind period

adolescent responders increased from 51.7% at W12 to
85.6% at W104.

Relapse

Although this study was not designed as a relapse prevention
study, it was nevertheless of interest to measure occurring
relapses.

Among the 69 patients initially randomized to either
agomelatine 10 or 25 mg and presenting at least a signifi-
cant clinical response at W12 (defined as: either a CDRS-
R score <40 and a CGI-I score of 1 or 2 or a decrease of
50% or more on the CDRS-R score), eight patients (11.6%)
relapsed during the W12-W40 period: six during the first
6 weeks of treatment and two beyond 6 weeks.

Safety

A total of 212 patients (62.5%) presented 620 treatment-
emergent adverse events (TEAE) under agomelatine dur-
ing the W12-W104 period: 61.8% of patients in the ago-
melatine both periods group, 64.7% in the pcb/ago group,
and 61.9% in the fluox/ago group. Of these, 85 TEAE in 49
patients (14.5%) were considered related to treatment during
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the open-label extension: 15.3% agomelatine both periods,
16.5% pcb/ago, and 10.7% fluox/ago group. The most fre-
quent treatment-related TEAEs (in more than three patients
overall) were headache (2.4% of patients), dizziness (2.1%),
dry mouth and thirst (1.8% each), somnolence and increased
alanine aminotransferase (ALT) (1.2% each), and increased
aspartate aminotransferase (AST) and nausea (0.9% each)
(Table 2). The most frequent treatment-related TEAEs were
the same in adolescents as in the total population.

A total of 19 patients (5.6%) presented with 32 severe
TEAESs during the W12-W 104 period.

Only four severe TEAEsS in three adolescents (1.1%), two
treated with ago/ago and one treated with pcb/ago, were con-
sidered related to treatment: headache, thirst, and dry mouth
and increased appetite, which occurred in only one patient
each (0.4%).

Thirteen patients (3.8%) experienced 18 TEAESs leading
to agomelatine withdrawal during the extension period, of
whom 11 were adolescents who experienced 16 TEAE:.
Among the TEAEs leading to agomelatine withdrawal, 4
TEAE:s in three patients (0.9%) were considered related to
treatment: an increase of ALT and AST reported in the same
patient (ago/ago group), one case of headache (pcb/ago), and
one case of hypotension (pcb/ago group).
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Table 2 Treatment-emergent adverse events by system organ class and preferred term occurring in more than three patients in the safety popula-

tion during the Week 12 to Week 104 open-label extension

System organ class and preferred term Agomelatine 10 or Placebo/agomelatine Fluoxetine 10-20 mg/ ALL (n=339)
25 mg/10-25 mg 10-25 mg (n=85) agomelatine 10-25 mg
(n=170) (n=284)
NEAE n (%) NEAE n (%) NEAE n (%) NEAE n (%)
Nervous system disorders
Headache 4 4(24) 2(24) 2 2(24) 8 8(2.4)
Dizziness 4 3(1.8) 2(24) 2 2(24) 72.1)
Somnolence 2 2(1.2) 1(1.2) 1(1.2) 4 4(1.2)
Investigations
ALT increased 3(1.8) 1(1.2) - - 4(1.2)
AST increased 2(1.2) 1(1.2) - - 3 3(0.9)
Gastrointestinal disorders
Dry mouth 5 5(2.9) - 1 1(1.2) 6 (1.8)
Nausea 2(1.2) - 1 1(1.2) 3(0.9)
General disorders and administration site
conditions
Thirst 5 4(24) 1(1.2) 1 1(1.2) 7 6 (1.8)

NEAE number of emergent adverse events

n (%): number and % of patients with at least one event

During the extension period, 12 patients (11 adoles-
cents) presented emergent suicidal ideations on treatment
according to the C-SSRS-C: three patients in the ago/ago
group, four patients in the pcb/ago group and five patients
in the fluox/ago group. Emergent suicidal ideation was rated
as serious in one adolescent in the fluox/ago group. Two
patients (one in each of the pcb/ago and fluox/ago groups,
both adolescents) presented three emergent suicidal behav-
iors: both made emergent actual suicide attempt on treat-
ment; in addition, the patient in the pcb/ago group also
undertook emergent preparatory actions toward imminent
suicidal behavior.

In the total population, the most common emergent liver
potentially clinically significant abnormal (PCSA) values
on treatment were high direct bilirubin (11.2%, 19 patients
including 16 adolescents) and high indirect bilirubin (4.1%,
seven patients including six adolescents).

A total of three patients (two adolescents and one child)
had high emergent PCSA values (>3 ULN) of ALT or AST
on treatment. None of these events led to study withdrawal.

As expected in a pediatric population, patients gained an
average of 4.2 +5.3 kg between W12 and W104. Among the
adolescents there was a mean weight gain of 3.5+5.5 kg
between W12 and W104. Mean BMI slightly increased
from W12 up to last post-baseline value under treatment
by 0.48 + 1.46 kg/m>. Analysis by class showed that most
patients treated with agomelatine for both study periods
remained in the same BMI class. Fourteen patients moved
to a higher BMI class, including three patients moving from
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underweight to normal class. Eighteen patients moved to a
lower BMI class, including 13 patients moving from over-
weight to normal class and five from obese to overweight.
In this study, Tanner Staging was used to document the
development and sequence of secondary sex characteristics
during puberty. At enrollment and W12, W52 and W104,
Tanner stage of sexual development, based on pubic hair and
genitalia appearance, was evaluated by physical examination
conducted by a trained clinician. Among patients taking ago-
melatine for the duration of the study there was no evidence
of any alterations to normal puberty development. At each
visit, patient age and pubertal status were consistent with
normal development and stable for the duration of the study.

Discussion

In children and adolescents with MDD, up to 92 weeks of
open-label treatment with agomelatine (10-25 mg/day)
resulted in gradual improvement in depressive symptoms
in addition to those observed in the prior 12-week double-
blind, placebo-controlled trial [33]. Mean CDRS-R total
scores when entering the extension phase were greater than
40, a score suggestive of moderate symptoms of depres-
sion after 3 months of treatment. Open-label treatment with
agomelatine 10 or 25 mg resulted in a gradual decrease in
CDRS-R, whatever the treatment previously received dur-
ing the double-blind period, with a mean last post-W12
score of 26 (an individual score of <28 being indicative
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of remission). At the end of the study, the proportion of
patients in remission had increased from 13.6% at W12 to
83.5%, although as noted in the study limitations, a degree
of spontaneous improvement may have contributed to the
high rate of remission. Improvements were continuous from
W12 until the last visit, but most marked during the first
24 weeks of the extension phase. A particularly notewor-
thy observation was that a fifth (20.3%) of the open-label
extension population withdrew prematurely from the study
because of recovery, with a numerically higher frequency in
the ago/ago group (23.5% of patients) than in the other two
groups (16.5% pcb/ago and 17.9% fluo/ago).

Overall, clinical severity and impairment due to depres-
sion symptoms, and improvement in clinical severity were
measured by CGI-S and CGI-I scores, which have previously
been shown to correlate with a range of depression outcome
scales including the Hamilton Depression Rating Scale, on
which the CDRS-R was based [35]. Both scores improved
during the extension period, whichever treatment had been
received in the double-blind phase. Response to treatment
was prospectively defined as a CGI-I score of 1 or 2 (much
or very improved). By this definition, the responder rate at
the last post-W12 visit was 85% in the overall population
and 83% in adolescents. For both primary and secondary
endpoints, results for adolescents were very similar to those
observed for the total population. It should be noted here
that although this study was conducted in both children and
adolescents with MDD, the number of children was small
(n=2380). The improvements in the open-label extension were
greater than those observed with placebo in the short-term
double-blind phase of the trial [33], further supporting the
effectiveness of agomelatine.

Long-term data on the treatment of children and adoles-
cents with MDD are limited. A small, open-label, long-term
extension to a controlled trial suggested that fluoxetine was
clinically effective for the maintenance treatment of anxi-
ety disorders in children and adolescents compared with
no treatment [36]. A one-year naturalistic extension of the
Treatment for Adolescents with Depression Study (TADS)
also suggested long-term effectiveness of fluoxetine [37].
However, a 26-week open-label follow-up of vilazodone
in children and adolescents with MDD did not support the
effectiveness of this treatment for pediatric patients [38].

Evaluation of any drug for depression should also con-
sider the tolerability and acceptability of agents through
both the acute-phase and continuation/maintenance phase of
MDD treatment. Network meta-analyses indicate that ago-
melatine has the highest acceptability among treatments for
MDD [24] and anxiety disorders [39] in adults. In a recent
meta-analysis of 80 psychotropic drugs used in pediatric
populations, escitalopram and fluoxetine were found to have
the best safety profile [40]. However, agomelatine was not
included in the analysis, as it was published before results

in MDD became available. Agomelatine has been evaluated
in children and adolescents with attention-deficit/hyper-
activity disorder, in which a treatment course of 6 weeks
(15-25 mg/day) demonstrated a favorable safety and efficacy
profile [41].

Safety data from the 12-week double-blind period of
the current study showed that agomelatine was well toler-
ated in children and adolescents with MDD, with no differ-
ences in tolerability profile compared with fluoxetine in the
short term. In addition, no unexpected safety concerns were
identified.

The use of medications with the potential to affect growth
hormone signaling may influence pubertal development,
but the biological impact of antidepressant drugs on physi-
cal and hormonal measures of puberty have not been thor-
oughly explored. In this study, no abnormalities in Tanner
staging by age group were detected in either girls or boys.
The overall neutral effect of agomelatine on weight was also
confirmed.

No additional risk of hepatotoxicity was observed in this
population. The most frequent treatment-related adverse
events reflected those reported in adults, namely headache,
nausea, dizziness, dry mouth and thirst, which were also
reported frequently in the fluoxetine and placebo groups
[33]. The same safety pattern was observed during the exten-
sion period with no difference in frequency between the total
population and adolescents.

Study limitations

Findings from the open-label extension should be interpreted
with consideration of the study’s major limitation: there was
no control group. Ideally, the efficacy and safety of long-
term agomelatine treatment for pediatric MDD should be
evaluated in the context of a placebo control. This method-
ology was not chosen for this study, as it would have led to
a proportion of patients being maintained on placebo for a
long period (2 years), with important and unethical risk of
relapse and complications such as suicidal behavior. This
limits the conclusions that can be drawn from the study
results in terms of effectiveness and safety.

Patient characteristics were similar at W0 and W12, but
open-label extension studies can nevertheless be associ-
ated with patient selection biases as patients experiencing
adverse events are withdrawn before the follow-on period
of the study, and those experiencing milder side-effects
will be less likely to opt to continue. However, such stud-
ies are important to gather long-term data on patient-
years of exposure to agomelatine in a young population,
to provide increased understanding and confidence in
its safety profile. The results also compare well with an
open-label extension of the TADS study, in which patients
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aged 12—-17 years continued treatment with fluoxetine and
CBT for a further 24 weeks after the 12-week double-blind
phase [42].

Another important limitation is that after 3 months of
treatment, patients in the three groups (ago/ago, fluox/ago
and placebo/ago) presented important differences at W12
regarding efficacy criteria, especially the pcb/ago group,
reflecting the difference in efficacy of the treatments during
the double-blind part of the study (agomelatine and fluox-
etine being both clinically and statistically superior to pla-
cebo). As a result, direct between-group comparisons over
the W12-W 104 period cannot be made or can only be made
with extreme caution. Nevertheless, the final effectiveness
scores (mean CDRS-R, CGI and response rates) showed a
tendency to homogenize during the study. The most impor-
tant improvement in CDRS-R mean score over the first
12 weeks (up to W24) is suggestive of a pharmacological
effect of agomelatine, which was more important in patients
less improved during the double-blind treatment period.

Additional improvement beyond W12 is difficult to inter-
pret, as a certain degree of spontaneous improvement after
6 months is likely and, in the absence of a control group,
cannot be separated from agomelatine pharmacological
effects.

Nevertheless, the continuous improvement of the patients
under agomelatine treatment, especially marked during the
first 6 months after the acute phase (i.e. before spontaneous
improvement occurs), the progressively increasing number
of responders all along the study, and the very low number
of relapses or recurrences after 2 years of active treatment,
are strongly suggestive of a probable long-term protective
effect of agomelatine in pediatric population. Such an effect
has previously been demonstrated in adult populations for
both depressed and anxious patients [43, 44]. This led to
a recommendation in adults to continue agomelatine treat-
ment, when effective, for at least 6 months. This should also
be considered for depressed pediatric patients.

Conclusion

In children and adolescents with moderate to severe depres-
sion, 92 weeks of open-label treatment with agomelatine
in combination with psychosocial counselling resulted in
sustained and important improvements in depressive symp-
toms regardless of treatment received during the double-
blind phase. Treatment was well-tolerated and no unex-
pected safety signals were observed. Very few relapses were
observed.

These findings support the safe use of agomelatine in a
pediatric population with moderate-to-severe MDD for up
to 104 weeks.

@ Springer

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00787-024-02587-4.

Acknowledgements Dr Arango is supported by the Spanish Minis-
try of Science and Innovation, Instituto de Salud Carlos III (ISCIII),
co-financed by the European Union, ERDF Funds from the European
Commission, “A way of making Europe”, financed by the European
Union—NextGenerationEU (PMP21/00051), P119/01024. CIBER-
SAM, Madrid Regional Government (B2017/BMD-3740 AGES-
CM-2), European Union Structural Funds, European Union Seventh
Framework Program, European Union H2020 Program under the
Innovative Medicines Initiative 2 Joint Undertaking: Project PRISM-2
(Grant agreement No.101034377), Project AIMS-2-TRIALS (Grant
agreement No. 777394), Horizon Europe, the National Institute
of Mental Health of the National Institutes of Health under Award
Number 1U01MH124639-01 (Project ProNET) and Award Number
SP50MH115846-03 (project FEP-CAUSAL), Fundacién Familia
Alonso, and Fundacién Alicia Koplowitz. Dr Buitelaar has been sup-
ported by the EU-AIMS (European Autism Interventions) and AIMS-
2-TRIALS programmes which receive support from Innovative Medi-
cines Initiative Joint Undertaking Grant No. 115300 and 777394, the
resources of which are composed of financial contributions from the
European Union’s FP7 and Horizon2020 Programmes, and from the
European Federation of Pharmaceutical Industries and Associations
(EFPIA) companies’ in-kind contributions, and AUTISM SPEAKS,
Autistica and SFARI; and by the Horizon2020 supported programme
CANDY Grant No. 847818). The funders had no role in the design of
the study; in the collection, analyses, or interpretation of data; in the
writing of the manuscript, or in the decision to publish the results. Any
views expressed are those of the author(s) and not necessarily those
of the funders.

Author contributions CA and JB conceived and designed the study and
contributed to the drafts of the manuscript. All authors commented on
the manuscript and read and approved the final draft.

Funding Open access publishing was supported by Servier France.
Editorial assistance was provided by Jenny Grice, Le Prioldy, France
and funded by Servier.

Data availability The data presented in this study is available on
request from the corresponding author. The data is not publicly avail-
able due to privacy reasons.

Declarations

Conflict of interest Dr. Arango has been a consultant to or has received
honoraria or grants from Acadia, Angelini, Biogen, Boehringer, Gede-
on Richter, Janssen Cilag, Lundbeck, Medscape, Menarini, Minerva,
Otsuka, Pfizer, Roche, Sage, Servier, Shire, Schering Plough, Sumi-
tomo Dainippon Pharma, Sunovion and Takeda. Dr. Fegert has no po-
tential conflicts with pharmaceutical companies to report during the
past 3 years. Dr. Buitelaar has been in the past 3 years a consultant
to / member of advisory board of / and/or speaker for Takeda, Roche,
Medice, Angelini, Janssen, Boehringer-Ingelheim, and Servier. He is
not an employee of any of these companies, and not a stock share-
holder of any of these companies. He has no other financial or material
support, including expert testimony, patents, royalties. Frangoise Pic-
arel-Blanchot, Ute Marx, Lucie Truffaut-Chalet, and Pierre-Frangois
Penelaud are Servier employees.

Ethics approval This study was performed in strict accordance with
Good Clinical Practice. The patients (when intellectual maturity and
capacity were appropriate) and their parents or their legally authorised
representatives provided written informed consent prior to participa-


https://doi.org/10.1007/s00787-024-02587-4

European Child & Adolescent Psychiatry

tion, in line with local regulatory requirements. The study was regis-
tered under EUDRACT No. 2015-002181-23.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and repro-
duction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if you modified the licensed material.
You do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party
material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://crea-
tivecommons.org/licenses/by-nc-nd/4.0/.

References

1. Mokdad AH, Forouzanfar MH, Daoud F, Mokdad AA, El Bcher-
aoui C, Moradi-Lakeh M et al (2016) Global burden of diseases,
injuries, and risk factors for young people’s health during 1990—
2013: a systematic analysis for the Global Burden of Disease
Study 2013. Lancet 387:2383-2401. https://doi.org/10.1016/
S0140-6736(16)00648-6

2. Mojtabai R, Olfson M (2020) National trends in mental health
care for US adolescents. JAMA Psychiat 77(7):703-714. https://
doi.org/10.1001/jamapsychiatry.2020.0279

3. Bitsko RH, Claussen AH, Lichstein J, Black LI, Jones SE, Daniel-
son ML et al (2022) Mental health surveillance among children—
United States, 2013-2019. MMWR Suppl 71(Suppl 2):1-42.
https://doi.org/10.15585/mmwr.su7102al

4. Sadler K, Vizard T, Ford T (2018) NHS Digital; Mental health
of children and young people in England, 2017: summary of key
findings.https://digital.nhs.uk/data-and-information/publications/
statistical/mental-health-of-children-and-young-people-in-engla
nd/2017/2017

5. World Health Organization Regional Office for Europe (2018)
Adolescent mental health in the European Region, 2018. https://
www.euro.who.int/__data/assets/pdf_file/0005/383891/adole
scent-mh-fs-eng.pdf. Accessed 24 May 2022

6. COVID-19 Mental Disorders Collaborators (2021) Global prev-
alence and burden of depressive and anxiety disorders in 204
countries and territories in 2020 due to the COVID-19 pandemic.
Lancet 398:1700-1712. https://doi.org/10.1016/S0140-6736(21)
02143-7

7. Racine N, McArthur BA, Cooke JE, Eirich R, Zhu J, Madigan S
(2021) Global prevalence of depressive and anxiety symptoms
in children and adolescents during COVID-19: a meta-analysis.
JAMA Pediatr 175(11):1142-1150. https://doi.org/10.1001/jamap
ediatrics.2021.2482

8. Panchal U, Salazar de Pablo G, Franco M, Moreno C, Parellada
M, Arango C, Fusar-Poli P (2021) The impact of COVID-19 lock-
down on child and adolescent mental health: systematic review.
Eur Child Adolesc Psychiatry 18:1-27

9. Rohde P, Lewinsohn PM, Klein DN, Seeley JR, Gau JM (2013)
Key characteristics of major depressive disorder occurring in
childhood, adolescence, emerging adulthood, adulthood. Clin Psy-
chol Sci 1(1):41-53. https://doi.org/10.1177/2167702612457599

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Andersen SL, Teicher MH (2008) Stress, sensitive periods and
maturational events in adolescent depression. Trends Neurosci
31:183-191. https://doi.org/10.1016/].tins.2008.01.004
Fombonne E, Wostear G, Cooper V, Harrington R, Rutter M
(2001) The Maudsley long-term follow-up of child and adolescent
depression: 2. Suicidality, criminality and social dysfunction in
adulthood. Br J Psychiatry 179:218-223. https://doi.org/10.1192/
bjp.179.3.218

Zisook S, Lesser I, Steward JW, Wisniewski SR, Balasubramani
GK, Fava M et al (2007) Effect of age at onset on the course
of major depressive disorder. Am J Psychiatry 164:1539-1546.
https://doi.org/10.1176/appi.ajp.2007.06101757

de Girolamo G, Dagani J, Purcell R, Cocchi A, McGorry PD
(2012) Age of onset of mental disorders and use of mental health
services: needs, opportunities and obstacles. Epidemiol Psychiatr
Sci 21:47-57. https://doi.org/10.1017/s2045796011000746
March J, Silva S, Petrycki S, Curry J, Wells K, Fairbank J et al
(2004) Fluoxetine, cognitive-behavioral therapy, and their com-
bination for adolescents with depression: treatment for Adoles-
cents With Depression Study (TADS) randomized controlled trial.
JAMA 292(7):807-820. https://doi.org/10.1001/jama.292.7.807
Ambrosini PJ, Wagner KD, Biederman J, Glick I, Tan C, Elia J
et al (1999) Multicenter open-label sertraline study in adolescent
outpatients with major depression. J Am Acad Child Adolesc Psy-
chiatry 38(5):566-572. https://doi.org/10.1097/00004583-19990
5000-00018

Wagner KD, Ambrosini P, Rynn M, Wohlberg C, Yang R, Green-
baum MS, Sertraline Pediatric DepressionStudy Group et al
(2003) Efficacy of sertraline in the treatment of children and ado-
lescents with major depressive disorder: two randomized con-
trolled trials. JAMA 290(8):1033-1041. https://doi.org/10.1001/
jama.290.8.1033

Findling RL, Robb A, Bose A (2013) Escitalopram in the treat-
ment of adolescent depression: a randomized, double-blind, pla-
cebo-controlled extension trial. J Child Adolesc Psychopharmacol
23(7):468-480. https://doi.org/10.1089/cap.2012.0023

Cipriani A, Zhou X, Del Giovane C, Hetrick SE, Qin B, Whit-
tington C et al (2016) Comparative efficacy and tolerability of
antidepressants for major depressive disorder in children and ado-
lescents: a network meta-analysis. Lancet 388(10047):881-890.
https://doi.org/10.1016/S0140-6736(16)30385-3

Dwyer JB, Bloch MH (2019) Antidepressants for pediatric
patients. Curr Psychiatr 18:26-42F

National Institute for Health and Care Excellence (2019) Depres-
sion in children and young people: identification and manage-
ment. NICE guideline [NG134]. https://www.nice.org.uk/guida
nce/ngl134

Cheung AH, Zuckerbrot RA, Jensen PS, Laraque D, Stein REK,
GLAD-PC STEERING GROUP (2018) Guidelines for Adolescent
Depression in Primary Care (GLAD-PC): Part II. Treatment and
ongoing management. Pediatrics 141(3):¢20174082. https://doi.
org/10.1542/peds.2017-4082

Hetrick SE, McKenzie JE, Bailey AP, Sharma V, Moller CI,
Badcock PB et al (2021) New generation antidepressants for
depression in children and adolescents: a network meta-analysis.
Cochrane Database Syst Rev 5(5):CD013674. https://doi.org/10.
1002/14651858.CD013674.pub2

Zhou X, Teng T, Zhang Y, Del Giovane C, Furukawa TA, Weisz
JR et al (2020) Comparative efficacy and acceptability of anti-
depressants, psychotherapies, and their combination for acute
treatment of children and adolescents with depressive disorder: a
systematic review and network meta-analysis. Lancet Psychiatry
7(7):581-601. https://doi.org/10.1016/S2215-0366(20)30137-1
Cipriani A, Furukawa TA, Salanti G, Chaimani A, Atkinson LZ,
Ogawa Y et al (2018) Comparative efficacy and acceptability of
21 antidepressant drugs for the acute treatment of adults with

@ Springer


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/S0140-6736(16)00648-6
https://doi.org/10.1016/S0140-6736(16)00648-6
https://doi.org/10.1001/jamapsychiatry.2020.0279
https://doi.org/10.1001/jamapsychiatry.2020.0279
https://doi.org/10.15585/mmwr.su7102a1
https://digital.nhs.uk/data-and-information/publications/statistical/mental-health-of-children-and-young-people-in-england/2017/2017
https://digital.nhs.uk/data-and-information/publications/statistical/mental-health-of-children-and-young-people-in-england/2017/2017
https://digital.nhs.uk/data-and-information/publications/statistical/mental-health-of-children-and-young-people-in-england/2017/2017
https://www.euro.who.int/__data/assets/pdf_file/0005/383891/adolescent-mh-fs-eng.pdf
https://www.euro.who.int/__data/assets/pdf_file/0005/383891/adolescent-mh-fs-eng.pdf
https://www.euro.who.int/__data/assets/pdf_file/0005/383891/adolescent-mh-fs-eng.pdf
https://doi.org/10.1016/S0140-6736(21)02143-7
https://doi.org/10.1016/S0140-6736(21)02143-7
https://doi.org/10.1001/jamapediatrics.2021.2482
https://doi.org/10.1001/jamapediatrics.2021.2482
https://doi.org/10.1177/2167702612457599
https://doi.org/10.1016/j.tins.2008.01.004
https://doi.org/10.1192/bjp.179.3.218
https://doi.org/10.1192/bjp.179.3.218
https://doi.org/10.1176/appi.ajp.2007.06101757
https://doi.org/10.1017/s2045796011000746
https://doi.org/10.1001/jama.292.7.807
https://doi.org/10.1097/00004583-199905000-00018
https://doi.org/10.1097/00004583-199905000-00018
https://doi.org/10.1001/jama.290.8.1033
https://doi.org/10.1001/jama.290.8.1033
https://doi.org/10.1089/cap.2012.0023
https://doi.org/10.1016/S0140-6736(16)30385-3
https://www.nice.org.uk/guidance/ng134
https://www.nice.org.uk/guidance/ng134
https://doi.org/10.1542/peds.2017-4082
https://doi.org/10.1542/peds.2017-4082
https://doi.org/10.1002/14651858.CD013674.pub2
https://doi.org/10.1002/14651858.CD013674.pub2
https://doi.org/10.1016/S2215-0366(20)30137-1

European Child & Adolescent Psychiatry

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

major depressive disorder: a systematic review and network meta-
analysis. Lancet 391(10128):1357-1366. https://doi.org/10.1016/
S0140-6736(17)32802-7

Boaden K, Tomlinson A, Cortese S, Cipriani A (2020) Antide-
pressants in children and adolescents: meta-review of efficacy,
tolerability and suicidality in acute treatment. Front Psychiatry
11:717. https://doi.org/10.3389/fpsyt.2020.00717

Goodyer IM (2018) Editorial perspective: antidepressants and the
depressed adolescent. Child Adolesc Ment Health 23(3):137-140.
https://doi.org/10.1111/camh.12291

Moreno C, Arango C, Parellada M, Shaffer D, Bird H (2007)
Antidepressants in child and adolescent depression: where are the
bugs? Acta Psychiatr Scand 115(3):184—195. https://doi.org/10.
1111/j.1600-0447.2006.00951.x

Guardiola-Lemaitre B, De Bodinat C, Delagrange P, Millan MJ,
Munoz C, Mocaér E (2014) Agomelatine: mechanism of action
and pharmacological profile in relation to antidepressant proper-
ties. Br J Pharmacol 171(15):3604-3619. https://doi.org/10.1111/
bph.12720

Taylor D, Sparshatt A, Varma S, Olofinjana O (2014) Antide-
pressant efficacy of agomelatine: meta-analysis of published and
unpublished studies. BMJ 348:1-19. https://doi.org/10.1136/bmj.
21888

Robillard R, Naismith SL, Smith KL, Rogers NL, White D, Ter-
pening Z et al (2014) Sleep-wake cycle in young and older persons
with a lifetime history of mood disorders. PLoS ONE 9:e87763.
https://doi.org/10.1371/journal.pone.0087763

Robillard R, Hermens DF, Naismith SL, White D, Rogers NL, Ip
TK et al (2015) Ambulatory sleep-wake patterns and variability
in young people with emerging mental disorders. J Psychiatry
Neurosci 40:28-37. https://doi.org/10.1503/jpn.130247
Robillard R, Carpenter JS, Feilds KL, Hermens DF, White D,
Naismith SL et al (2018) Parallel changes in mood and melatonin
rhythm following an adjunctive multimodal chronobiological
intervention with agomelatine in people with depression: a proof
of concept open label study. Front Psychiatry 9:624. https://doi.
org/10.3389/fpsyt.2018.00624

Arango C, Buitelaar JK, Fegert JM, Olivier V, Pénélaud PF, Marx
U et al (2022) Safety and efficacy of agomelatine in children and
adolescents with major depressive disorder receiving psychosocial
counselling: a double-blind, randomised, controlled, phase 3 trial
in nine countries. Lancet Psychiatry 9(2):113-124. https://doi.org/
10.1016/S2215-0366(21)00390-4

Poznanski E, Mokros H (1996) Manual: children’s depression rat-
ing scale-revised. Western Psychological Services, Los Angeles
Jiang Q, Ahmed S (2009) An analysis of correlations among four
outcome scales employed in clinical trials of patients with major
depressive disorder. Ann Gen Psychiatry 8:4. https://doi.org/10.
1186/1744-859X-8-4

Clark DB, Birmaher B, Axelson D, Monk K, Kalas C, Ehmann
M et al (2005) Fluoxetine for the treatment of childhood anxiety

@ Springer

37.

38.

39.

40.

41.

42.

43.

44,

disorders: open-label, long-term extension to a controlled trial. J
Am Acad Child Adolesc Psychiatry 44(12):1263—-1270. https://
doi.org/10.1097/01.chi.0000183464.41777.c1

Treatment for Adolescents with Depression Study (TADS) Team,
March J, Silva S, Curry J, Wells K, Fairbank J, Burns B et al
(2009) The Treatment for Adolescents with Depression Study
(TADS): outcomes over 1 year of naturalistic follow-up. Am J
Psychiatry 166(10):1141-1149. https://doi.org/10.1176/appi.ajp.
2009.08111620

Findling RL, McCusker E, Strawn JR (2020) A randomized,
double-blind, placebo-controlled trial of vilazodone in children
and adolescents with major depressive disorder with twenty-six-
week open-label follow-up. J Child Adolesc Psychopharmacol
30(6):355-365. https://doi.org/10.1089/cap.2019.0176

Kong W, Deng H, Wan J, Zhou Y, Zhou Y, Song B et al (2020)
Comparative remission rates and tolerability of drugs for gener-
alised anxiety disorder: a systematic review and network meta-
analysis of double-blind randomized controlled trials. Front Phar-
macol 11:580858. https://doi.org/10.3389/fphar.2020.580858
Solmi M, Fornaro M, Ostinelli EG, Zangani C, Croatto G, Monaco
F et al (2020) Safety of 80 antidepressants, antipsychotics, anti-
attention-deficit/hyperactivity medications and mood stabilizers in
children and adolescents with psychiatric disorders: a large scale
systematic meta-review of 78 adverse effects. World Psychiatry
19(2):214-232. https://doi.org/10.1002/wps.20765

Salardini E, Zeinoddini A, Kohi A, Mohammadi MR, Moham-
madinejad P, Khiabany M et al (2016) Agomelatine as a treatment
for attention-deficit/hyperactivity disorder in children and adoles-
cents: a double-blind, randomized clinical trial. J Child Adolesc
Psychopharmacol 26(6):513-519. https://doi.org/10.1089/cap.
2016.0024

March JS, Silva S, Petrycki S, Curry J, Wells K, Fairbank J et al
(2007) The Treatment for Adolescents With Depression Study
(TADS): long-term effectiveness and safety outcomes. Arch Gen
Psychiatry 64:1132-1143. https://doi.org/10.1001/archpsyc.64.10.
1132

Goodwin GM, Emsley R, Rembry S, Rouillon F, Agomelatine
Study Group (2009) Agomelatine prevents relapse in patients
with major depressive disorder without evidence of a discontinu-
ation syndrome: a 24-week randomized, double-blind, placebo-
controlled trial. J Clin Psychiatry 70(8):1128-1137. https://doi.
org/10.4088/JCP.08m04548

Stein DJ, Ahokas A, Albarran C, Olivier V, Allgulander C (2012)
Agomelatine prevents relapse in generalized anxiety disorder: a
6-month randomized, double-blind, placebo-controlled discon-
tinuation study. J Clin Psychiatry 73(7):1002-1008. https://doi.
org/10.4088/JCP.11m07493


https://doi.org/10.1016/S0140-6736(17)32802-7
https://doi.org/10.1016/S0140-6736(17)32802-7
https://doi.org/10.3389/fpsyt.2020.00717
https://doi.org/10.1111/camh.12291
https://doi.org/10.1111/j.1600-0447.2006.00951.x
https://doi.org/10.1111/j.1600-0447.2006.00951.x
https://doi.org/10.1111/bph.12720
https://doi.org/10.1111/bph.12720
https://doi.org/10.1136/bmj.g1888
https://doi.org/10.1136/bmj.g1888
https://doi.org/10.1371/journal.pone.0087763
https://doi.org/10.1503/jpn.130247
https://doi.org/10.3389/fpsyt.2018.00624
https://doi.org/10.3389/fpsyt.2018.00624
https://doi.org/10.1016/S2215-0366(21)00390-4
https://doi.org/10.1016/S2215-0366(21)00390-4
https://doi.org/10.1186/1744-859X-8-4
https://doi.org/10.1186/1744-859X-8-4
https://doi.org/10.1097/01.chi.0000183464.41777.c1
https://doi.org/10.1097/01.chi.0000183464.41777.c1
https://doi.org/10.1176/appi.ajp.2009.08111620
https://doi.org/10.1176/appi.ajp.2009.08111620
https://doi.org/10.1089/cap.2019.0176
https://doi.org/10.3389/fphar.2020.580858
https://doi.org/10.1002/wps.20765
https://doi.org/10.1089/cap.2016.0024
https://doi.org/10.1089/cap.2016.0024
https://doi.org/10.1001/archpsyc.64.10.1132
https://doi.org/10.1001/archpsyc.64.10.1132
https://doi.org/10.4088/JCP.08m04548
https://doi.org/10.4088/JCP.08m04548
https://doi.org/10.4088/JCP.11m07493
https://doi.org/10.4088/JCP.11m07493

	Agomelatine in pediatric patients with moderate to severe major depressive disorder: an open-label extension study
	Abstract
	Introduction
	Methods
	Statistical analyses

	Results
	Demographic and clinical characteristics at the start of the extension period (Week 12)
	Primary efficacy endpoint: CDRS-R raw total score
	Secondary efficacy endpoints
	All treatment groups
	Relapse

	Safety

	Discussion
	Study limitations
	Conclusion
	Acknowledgements 
	References


