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Abstract

Objective: To evaluate the short-term efficacy and safety of desvenlafaxine versus placebo in the treatment of children and
adolescents with major depressive disorder (MDD).

Methods: Outpatient children (7-11 years) and adolescents (12—17 years) who met DSM-IV-TR criteria for MDD and had
screening and baseline Children’s Depression Rating Scale-Revised (CDRS-R) total scores >40 were randomly assigned to 8
weeks of treatment with placebo, low exposure desvenlafaxine (20, 30, or 35 mg/day based on baseline weight), or higher
exposure desvenlafaxine (25, 35, or 50 mg/day based on baseline weight). The primary efficacy endpoint was change from
baseline in CDRS-R total score at week 8, analyzed using a mixed-effects model for repeated measures. Secondary efficacy
assessments included Clinical Global Impressions-Severity and Clinical Global Impressions-Improvement scales. Safety
assessments included adverse events and the Columbia-Suicide Severity Rating Scale.

Results: The safety population included 363 patients (children, n = 109; adolescents, n =254). No statistical separation from
placebo was observed for either desvenlafaxine group for CDRS-R total score or for any secondary efficacy endpoint. At week
8, adjusted mean (standard error) changes from baseline in CDRS-R total score for the desvenlafaxine low exposure,
desvenlafaxine high exposure, and placebo groups were —23.7 (1.1), —24.4 (1.1), and —22.9 (1.1), respectively. The incidence
of adverse events was similar among groups.

Conclusion: Low and high exposure desvenlafaxine groups did not demonstrate efficacy for the treatment of MDD in children
and adolescents in this double-blind, placebo-controlled trial. Desvenlafaxine (20-50 mg/day) was generally safe and well
tolerated with no new safety signals identified in pediatric patients with MDD in this study.
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Introduction

AJOR DEPRESSIVE DISORDER (MDD) is a primary cause of

disability in the United States, with prevalence rates of up to
~8% in adolescents and 2.5% in children (Birmaher et al. 1996).
Depression in youth can substantially impair trajectories of de-
velopment and overall quality of life (Siu 2016). Pediatric de-
pression can negatively impact social and family relationships, and
frequently disrupts academic performance and activities (Puig-
Antich et al. 1993; Birmaher et al. 1996, 2007; Fergusson and
Woodward 2002). Furthermore, pediatric patients with depres-
sion are at risk for substance abuse, suicidal behavior, medical
and psychiatric hospitalization, and recurrence of depression (Weiss-

man et al. 1999; Fergusson and Woodward 2002; Marmorstein 2009;
Edwards et al. 2014). To address the significant morbidity and mor-
tality associated with depression, the US Preventive Services Task
Force recommends screening for MDD in all pediatric patients 12—18
years of age (Siu 2016).

Practice guidelines recommend antidepressant therapy, psycho-
logical intervention, or both, for the treatment of children and ad-
olescents with moderate to severe depression (Birmaher et al. 2007;
Cheung et al. 2007). The efficacy and safety of various selective
serotonin reuptake inhibitors (SSRIs) and serotonin—norepinephrine
reuptake inhibitors (SNRIs) have been studied in pediatric patients
with MDD (Emslie et al. 1997, 2007, 2009, 2014; Wagner et al. 2003,
2004; Atkinson et al. 2014); however, only the SSRIs fluoxetine

]Finger Lakes Clinical Research, Rochester, New York.
Pfizer Inc, Collegeville, Pennsylvania.

3Pfizer Inc, Groton, Connecticut.

“Pfizer Inc, New York, New York.

Department of Psychiatry and Behavioral Sciences, Johns Hopkins University and Kennedy Krieger Institute, Baltimore, Maryland.

© Sarah Atkinson et al. 2017; Published by Mary Ann Liebert, Inc. This article is available under the Creative Commons License CC-BY-NC (http:/
creativecommons.org/licenses/by-nc/4.0). This license permits non-commercial use, distribution and reproduction in any medium, provided the original
work is properly cited. Permission only needs to be obtained for commercial use and can be done via RightsLink.



56

and escitalopram are approved in the United States for the treatment
of MDD in children =8 years of age (fluoxetine) and adolescents
12-17 years of age (escitalopram) (Prozac Package Insert, 2014;
Lexapro Package Insert, 2014). Currently available antidepressants
may not be safe and effective for all children and adolescents with
MDD; thus, there is an unmet need for additional treatment options.

Desvenlafaxine (administered as desvenlafaxine succinate) is an
SNRI approved for the treatment of adults with MDD at the re-
commended therapeutic dose of 50 mg/day (Pristiq Package Insert,
2016). Treatment with desvenlafaxine doses lower than 50 mg has
not demonstrated significant clinical benefit versus placebo in adults
(Iwata et al. 2013; Liebowitz et al. 2013). The safety and tolerability
of desvenlafaxine in children and adolescents with MDD were as-
sessed in a small, 8-week, open-label, fixed-dose phase 2 study
(Findling et al. 2014). Desvenlafaxine doses ranging from 10 to
200 mg/day were generally safe and well tolerated in that study.
Although efficacy endpoints were exploratory, children and ado-
lescents treated with desvenlafaxine demonstrated improvements
from baseline in depressive symptoms assessed using the Children’s
Depression Rating Scale-Revised (CDRS-R) (Poznanski et al. 1985)
total score (Findling et al. 2014). However, the study did not include
a placebo control group for comparison. Improvements observed at
the end of the 8-week open-label study appeared to be maintained
among children and adolescents who participated in the 6-month,
flexible-dose extension study (Findling et al. 2014). To further as-
sess the efficacy and safety of desvenlafaxine in pediatric patients
with MDD, the sponsor (Pfizer, Inc.) planned a total of four phase 3
studies, including two short-term and two corresponding 6-month
extension studies. Pharmacokinetic data obtained using desvenla-
faxine doses ranging from 10 to 200mg in the phase 2 study
(Findling et al. 2016) served as the basis for informing the des-
venlafaxine exposure levels studied in the phase 3 studies.

This study (NCT01371734) is the second of two similar short-term,
double-blind, placebo-controlled studies of desvenlafaxine for the
treatment of pediatric patients with MDD. Findings from the first of
these short-term studies (NCT01372150) have been published (Weihs
et al. 2017), and results of the extension studies will be reported sep-
arately. The objectives of this study were to evaluate the efficacy,
safety, and tolerability of desvenlafaxine in the treatment of children
and adolescents with MDD. An additional objective was to evaluate the
population pharmacokinetics of desvenlafaxine in children and ado-
lescents with MDD; results of that analysis will be reported separately.

Methods

Patients were randomized at 33 sites in the United States and
Chile. Principal investigators were child and adolescent, or general
psychiatrists with experience in the diagnosis and treatment of pe-
diatric depression and in conducting industry-sponsored studies. The
study was conducted from August 2011 to September 2015 in ac-
cordance with the International Council for Harmonisation Guideline
for Good Clinical Practice (International Council for Harmonisation
1998) and the ethical principles that have their origin in the De-
claration of Helsinki. The study protocol and any amendments re-
ceived institutional review board or independent ethics committee
approval. Written informed consent and assent were obtained
from legal guardians and study participants, respectively, before
any protocol-required procedures were performed.

Study design

This was a phase 3, multicenter, randomized, double-blind,
placebo-controlled, parallel-group study of desvenlafaxine in the
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treatment of children and adolescents with MDD. Patients who
completed this acute-phase study were eligible to participate in a
6-month, open-label extension study of desvenlafaxine. Eligible
patients were randomly assigned (1:1:1) to placebo, desvenlafaxine
low exposure (based on body weight at baseline), or desvenlafaxine
higher exposure (based on body weight at baseline) arms, and
stratified by age group (child [7-11 years] or adolescent [12—17
years]) and country. (Country was not included as a factor in sta-
tistical analyses because only one subject was enrolled in Chile.)
Eligible patients received 8 weeks of double-blind treatment. Pa-
tients not continuing into the extension study completed a 1-week
blinded treatment taper.

Study treatment

The selection of doses was based on two factors: first, the highest
dose used in the study was 50 mg/day because no efficacy benefit
has been demonstrated at doses higher than 50 mg/day in adults and
tolerability decreases at doses higher than 50 mg/day (Thase et al.
2009). Second, pharmacokinetic data from a phase 2a study in
pediatric patients with MDD have shown that desvenlafaxine ex-
posure may be predicted by body weight in this population (Find-
ling et al. 2016). Therefore, dosing for low and high desvenlafaxine
exposure groups in this study was based on each patient’s body
weight at baseline, starting at 50 mg/day for the highest body
weight group in the “high exposure” desvenlafaxine arm. For the
“high exposure’ desvenlafaxine group, patients weighing 20 to
<35kg, 35 to <70kg, and >70kg at baseline received desvenla-
faxine doses of 25, 35, and 50 mg, respectively. Patients in the ““‘low
exposure’’ desvenlafaxine group received desvenlafaxine doses of
20, 25, and 35 mg, respectively. Patients received a titration dose
during the first week on-therapy. Desvenlafaxine dosing during
titration, treatment, and taper (when applicable) are provided in
Supplementary Table S1 (Supplementary Data are available online
at www.liebertpub.com/cap).

Study patients

Eligible study participants were male and female outpatients =7 to
<18 years of age who weighed >20kg at the screening and baseline
visits. All enrolled patients met Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (Text Revision) criteria for MDD
as the primary diagnosis, as assessed by the Schedule for Affective
Disorders and Schizophrenia for School-Age Children—Present and
Lifetime Version (Kaufman et al. 1997) [K-SADS-PL] and clinical
interview. A comprehensive diagnostic psychiatric evaluation, in-
cluding collection of psychiatric history and treatments and confir-
mation of the MDD diagnosis, was performed by a psychiatrist at
screening. Enrolled patients were required to have at least moder-
ately severe depressive symptoms for 230 days before screening, and
a CDRS-R score >40 and Clinical Global Impressions-Severity scale
(CGI-S) (Guy 1976) score =4 at screening and baseline. Eligible
patients were judged, in the investigator’s opinion, to be likely to
respond to antidepressant therapy without the need for concomitant
psychotherapy.

Key exclusion criteria included history or presence of MDD with
psychotic features or any psychotic disorder, bipolar disorder (or
first-degree relative with bipolar disorder), manic episodes or other
comorbid primary psychiatric conditions, or high risk of suicide
(including first-degree relative who committed suicide). Detailed
exclusion criteria and prohibited treatments are listed in Supple-
mentary Data S1. Nonpsychopharmacologic drugs with psycho-
tropic effects were permitted if the patient had been taking a stable
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dose for at least 90 days before study baseline. Previous formal
psychotherapy for MDD was allowed only if it occurred more than
30 days before screening. Supportive nonbehavioral psychother-
apy, family therapy, counseling, or play therapy with a focus other
than on depressive symptoms were also permitted, provided that no
changes in intensity or frequency were made within 90 days before
study baseline and no change was anticipated for the duration of the
study.

Study assessments

Efficacy. The primary efficacy outcome was change from
baseline in CDRS-R total score at week 8. Total scores on the 17-
item CDRS-R scale range from 17 to 113, with lower scores indi-
cating lower symptom intensity. Other efficacy outcomes included
change from baseline in CGI-S (key secondary efficacy outcome),
distribution of Clinical Global Impressions-Improvement (CGI-I)
scores, and CGI-I response (defined as a CGI-I score of 1 or 2). All
efficacy assessments were administered at weeks 1, 2, 3,4, 6, and 8,
and/or at early termination in the double-blind phase. Individuals
completing the CDRS-R, CGI-S, and CGI-I were qualified, trained
by the sponsor, and approved as evaluators before conducting the
assessments. Individuals completing the K-SADS-PL, CDRS-R,
CGI-S, and CGI-I were qualified (with a minimum of 2 years of
clinical experience with pediatric MDD), trained by the study
sponsor, and approved as evaluators before conducting the assess-
ments. Individuals completing the CDRS-R had at least 2 years’
experience using the scale and were certified by the sponsor by a two-
step process: raters had to (1) meet predefined inter-rater reliability
criteria against the gold standard scores using video-taped assess-
ments and (2) complete a one-on-one training on CDRS-R interview
technique (applied training) by the rater training vendor, achieving
acceptable technique and reliability in accordance with prespecified
criteria using the Rater Applied Performance Scale (Kobak et al.
2005). The protocol recommended that, whenever possible, the same
rater performed a given scale for a patient at each assessment.

Safety. Adverse events’ (AEs, MedDRA v13), vital sign as-
sessments’, and Columbia-Suicide Severity Rating Scale (C-SSRS)
(Posner et al. 2011) evaluations were performed at each study visit.
A physical examination with Tanner assessment and laboratory
evaluations were conducted at screening and week 8, with serum
lipids and liver function tests also assessed at week 4. Electro-
cardiogram (ECG) was performed at screening, baseline, and week
8. Potential clinically important (PCI) findings were identified
based on categorical changes in vital signs, ECG results, and lab-
oratory findings defined according to criteria prespecified by the
sponsor (Supplementary Table S2).

Individuals completing the C-SSRS and Tanner assessments
were qualified, trained by the study sponsor, and approved as
evaluators before conducting those assessments. The protocol re-
commended that, whenever possible, the same rater administer the
Tanner assessment for the patient at each study visit.

Statistical analysis

Sample size determination. The sample size estimate was
conducted for the change from baseline in CDRS-R total score at
week 8. It was estimated that 111 participants per treatment arm
(N=333) was sufficient to demonstrate a 5-point difference in the
primary endpoint between the desvenlafaxine and placebo groups
at a significance level of 5% and a power of 85%, assuming a
pooled standard deviation (SD) of 12, and that no more than 5% of
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randomized subjects would fail to qualify for the primary analysis.
Based on findings from a planned interim analysis (Supplementary
Data S2), the sample size was increased from N=333 to N=360
(i.e., nine participants added to each treatment group).

Efficacy. Efficacy evaluations were conducted in the intent-
to-treat (ITT) population, defined as all patients who were ran-
domly assigned to treatment, received at least one dose of study
drug, and had a baseline and at least one postbaseline primary
efficacy assessment. Change from baseline in CDRS-R (primary
analysis) was assessed using a mixed-effects model for repeated
measures (MMRM) with terms for treatment, week, interaction of
treatment and week, age group, gender, and baseline CDRS-R
score. Change from baseline in CGI-S score was assessed using the
same approach as used with the CDRS-R total score. A Hochberg
step-up procedure was used to control for multiplicity associated
with study-wise type I error across comparisons between each
desvenlafaxine treatment group and placebo. If both desvenlafax-
ine treatment groups had p-values <0.05, both were considered
statistically significant; if one had a p-value >0.05 and the other had
a p-value <0.025, the latter desvenlafaxine treatment group alone
was considered statistically significant. At each visit, the CGI-I was
analyzed as a categorical variable using the Cochran-Mantel-
Haenszel row-mean-score-difference test using ridit scores, con-
trolling for age groups. Response rates at each visit, based on a
CGI-I score of 1 or 2, were analyzed using a logistic regression
model with treatment and age group as factors. Sensitivity analyses
were conducted and are described in Supplementary Data S2.

Safety. The safety population included all patients who were
randomly assigned to treatment and received at least one dose of
study drug. The incidence of treatment-emergent adverse event
(TEAE), discontinuations due to AEs, and serious AEs were sum-
marized by treatment group. Vital signs, laboratory evaluations,
ECG parameters, C-SSRS data, and Tanner assessments were
summarized descriptively. The incidence rates of prespecified AEs
of clinical interest for desvenlafaxine (tier-1 AEs) were compared
between treatment groups using risk difference and exact 95%
confidence intervals.

Results
Study patients

Of 573 individuals screened, 363 were randomly assigned to
treatment, took at least one dose of study drug, and were included in
the safety population (desvenlafaxine low exposure, n=122; des-
venlafaxine high exposure, n=121; and placebo, n=120) (Fig. 1).
The safety population comprised 109 children and 254 adolescents;
the ITT population included 109 children and 251 adolescents (total,
360 patients). A total of 59 patients discontinued treatment early
(desvenlafaxine low exposure, 19 [16%]; desvenlafaxine high ex-
posure, 17 [14.0%]; and placebo, 23 [19%]). Overall, the most
common reasons for discontinuation were AEs (19 [5.2%]) and no
longer willing to participate in the study (16 [4.4%]).

The safety population was 56.5% female and median age was 14
years. Mean (SD) CDRS-R total score at baseline was 58.09 (9.19),
reflecting moderately severe depression; baseline CDRS-R total
scores ranged from 40 to 87 (one child with a baseline CDRS-R
total score equal to 40 was enrolled; the child was excluded from
the per-protocol population analysis due to the violation). Patient
demographics and baseline clinical characteristics were similar
among treatment groups (Table 1). Overall, 24.8% (90) of patients
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TABLE 1. DEMOGRAPHIC AND BASELINE CHARACTERISTICS BY TREATMENT AND AGE GROUP, SAFETY POPULATION

Treatment Age group
Desvenlafaxine Desvenlafaxine
Placebo low exposure high exposure Children Adolescents
(n=120) (n=122) (m=121) (n=109) (n=254)
Age, mean (SD), years 13.15 (2.68) 13.07 (2.80) 12.87 (3.01) 9.36 (1.32) 14.61 (1.55)
Sex, n (%)
Female 60 (50.0) 69 (56.56) 76 (62.81) 46 (42.20) 159 (62.60)
Male 60 (50.0) 53 (43.44) 45 (37.19) 63 (57.80) 95 (37.40)
Race, n (%)
Asian 1 (0.83) 1 (0.82) 0 0 2 (0.79)
Black 25 (20.83) 31 (25.41) 33 (27.27) 40 (36.70) 49 (19.29)
White 85 (70.83) 86 (70.49) 78 (64.46) 59 (54.13) 190 (74.80)
Other 9 (7.50) 4 (3.28) 10 (8.26) 10 (9.17) 13 (5.12)
Ethnic origin, n (%)
Hispanic/Latino 18 (15.0) 23 (18.85) 18 (14.88) 18 (16.51) 41 (16.14)
Not Hispanic/Latino 102 (85.0) 99 (81.15) 103 (85.12) 91 (83.49) 213 (83.86)
Height, mean (SD), cm 159.43 (12.68) 158.26 (13.18) 155.80 (14.60) 141.92 (9.61) 164.65 (8.24)
Weight, mean (SD), kg 61.39 (22.18) 58.04 (19.96) 59.82 (24.12) 41.94 (14.18) 67.38 (20.48)
BMI, mean (SD), kg/m> 23.64 (6.38) 22.64 (5.45) 23.96 (7.29) 20.46 (5.38) 24.68 (6.43)

Duration of current episode,
mean (SD), months

Baseline CDRS-R total score,
mean (SD)

Baseline CGI-S score, mean (SD)

12.85 (12.10)
57.28 (8.94)

4.55 (0.58)

11.23 (11.21)
58.52 (9.18)

4.61 (0.61)

12.42 (13.24)
58.45 (9.45)

4.61 (0.58)

11.39 (11.01)
56.43 (8.73)

4.59 (0.58)

BMI, body mass index; CDRS-R, Children’s Depression Rating Scale-Revised; CGI-S, Clinical Global Impressions-Severity; SD, standard deviation.
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12.50 (12.68)
58.80 (9.30)

4.59 (0.59)
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in the safety population had a psychiatric condition other than
MDD in their medical history, and the percentages of patients
across treatment groups were 27.3%, 23.0%, and 24.2% in the
desvenlafaxine high exposure, desvenlafaxine low exposure, and
placebo groups, respectively. The most common psychiatric con-
ditions (reported in >5% of patients) included ADHD (high expo-
sure, 9.9%; low exposure, 9.8%; and placebo, 7.5%), self-injurious
behavior (high exposure, 9.1%; low exposure, 4.9%; and placebo,
6.7%), and insomnia (high exposure, 5.8%; low exposure, 7.4%;
and placebo, 4.2%). A total of 13 (3.6%) patients in the safety
population received some type of supportive therapy (e.g., psy-
chotherapy, behavioral therapy, family therapy, or counseling)
during study participation (desvenlafaxine high exposure, 5.0%;
desvenlafaxine low exposure, 1.6%; and placebo, 4.2%). In 3 of
these 13 subjects, the supportive therapy was prohibited per pro-
tocol, as the therapy was focused on the patient’s depressive
symptoms. Those patients were noted as having protocol deviation
in the study report.

Efficacy

Children’s Depression Rating Scale-Revised. At week 8,
the adjusted mean (standard error) changes from baseline in CDRS-
R score were —23.7 (1.1), —24.4 (1.1), and —22.9 (1.1) for the
desvenlafaxine low exposure, desvenlafaxine high exposure, and
placebo groups, respectively. The adjusted mean difference versus
placebo (95% CI) in change from baseline in CDRS-R score at
week 8 did not differ statistically from placebo for either the des-
venlafaxine low exposure (0.85 [-2.23, 3.94]) or desvenlafaxine
high exposure (1.52 [-1.56, 4.61]) groups (Fig. 2). Overall, the
profile of change from baseline in CDRS-R score during the course
of the 8-week treatment phase was similar for the three treatment
groups. Point differences were statistically significant between the
desvenlafaxine low exposure group and placebo group at week 3
(p=0.013), and between the desvenlafaxine high exposure group
and placebo group at week 3 (p=0.034). For all other time points
(weeks 1, 2,4, 6, and 8), no statistically significant differences were
found between the active groups and placebo. Results were similar
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for children (7-11 years) and adolescents (12—17 years) across
treatment groups (Supplementary Fig S1).

Secondary efficacy endpoints.  The results based on CGI-S
and CGI-I scores for the desvenlafaxine groups versus placebo
were generally consistent with those for the CDRS-R total score,
with no statistically significant differences observed (Table 2).

Although the proportion of responders were numerically higher
in the desvenlafaxine groups (desvenlafaxine low exposure, 56.2%,
and desvenlafaxine high exposure, 62.3%) compared with placebo
(placebo, 55.9%), there were no statistically significant differences
between groups in the proportion of patients who were much im-
proved or very much improved at week 8 LOCF.

Safety and tolerability

Adverse events. A total of 235/363 (64.7%) patients expe-
rienced 1 or more AE during the on-therapy period (desvenlafaxine
low exposure, 81 [66.4%]; desvenlafaxine high exposure, 81
[66.9%]; and placebo, 73 [60.8%]). Most AEs were mild or mod-
erate in severity. Moderate AEs considered by the investigator to be
related to study medication were reported by 43 patients (desven-
lafaxine low exposure, 17 [13.9%]; desvenlafaxine high exposure,
14 [11.6%]; and placebo, 12 [10.0%]). A total of two patients, both
in the desvenlafaxine low exposure group, reported severe AEs that
were considered by the investigator to be related to study treatment
(tension headache and initial insomnia [adolescent]; and suicide
attempt [adolescent]). The patient who made the suicide attempt
(involving overdose of amitriptyline prescribed to a relative) was
treated in the emergency department, admitted to the intensive care
unit for observation, and then transferred to an in-patient psychi-
atric facility. Study drug was stopped after the event, and the patient
was stabilized on treatment with sertraline.

Overall, 17 patients (4.7%) experienced AEs resulting in dis-
continuation (6 children and 11 adolescents), including 7 patients
(5.7%) in the desvenlafaxine low exposure group (palpitations, liver
function test abnormal, sedation, aggression, hypomania, irritabil-
ity, and suicide attempt); 3 patients (2.5%) in the desvenlafaxine
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4.61). CDRS-R, Children’s Depression Rating Scale-Revised; MMRM, mixed-effects model for repeated measures; SE, standard error.
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TABLE 2. SUMMARY OF SECONDARY EFFICACY OUTCOMES AT WEEK 8, INTENT-TO-TREAT POPULATION
Adjusted mean Difference in adjusted

CGI-S N change (SE) means (placebo active) 95% CI p
Placebo 102 —1.49 (0.11)
Desvenlafaxine low exposure 105 -1.51 (0.11) 0.015 -0.29, 0.32 0.923
Desvenlafaxine high exposure 106 —-1.65 (0.11) 0.161 —-0.14, 0.47 0.302

Very much Much Minimally No change CMH test
CGI-I N improved (%) improved (%) improved (%) (%) p-value
Placebo 102 22 (21.6) 35 (34.3) 29 (28.4) 16 (15.7)
Desvenlafaxine low exposure 105 20 (19.0) 39 (37.1) 26 (24.8) 19 (18.1) 0.696
Desvenlafaxine high exposure 106 27 (25.5) 39 (36.8) 23 (21.7) 16 (15.1) 0.462
CGI-I response® Proportion responders % Adjusted odds ratio Wald 95% CI p
Placebo 57/102 55.9
Desvenlafaxine low exposure 59/105 56.2 0.97 0.56, 1.69 0.925
Desvenlafaxine high exposure 66/106 62.3 0.76 0.44, 1.33 0.342

ACGI-I scored as 1, very much improved; 2, much improved; 3, minimally improved; 4, no change; 5, minimally worse; 6, much worse; 7, very much
worse; | patient in each desvenlafaxine group scored 5 at week 8 and no patient scored 6 or 7 at week 8.

°CGI-I response was defined as CGI-I score of 1 (very much improved) or 2 (much improved).

CGI-I, Clinical Global Impressions-Improvement; CGI-S, Clinical Global Impressions-Severity; CI, confidence interval; CMH, Cochran-Mantel-

Haenszel; SE, standard error.

high exposure group (mydriasis, suicidal ideation, and dermatitis
allergic); and 7 patients (5.8%) in the placebo group (anxiety, de-
pression, oppositional defiant disorder, screaming, and dermato-
myositis).

Treatment-emergent adverse events. TEAEs were re-
ported by 81 patients (66.4%) in the desvenlafaxine low exposure
group, 81 patients (66.9%) in the desvenlafaxine high exposure
group, and 73 patients (60.8%) in the placebo group. The most
common TEAESs reported by at least 5% in any treatment group are
summarized by age group in Table 3. No statistically significant
differences were observed between desvenlafaxine low exposure,
desvenlafaxine high exposure, and placebo in the incidence of any
tier-1 TEAE (Supplementary Table S3).

Deaths and SAEs. No deaths occurred during the study.
Seven randomized patients (1.9%) experienced SAEs: three assigned
to the desvenlafaxine low exposure group (aggression [child; dis-
continued]; homicidal ideation and suicidal ideation [adolescent;
events occurred after last on-therapy dose, discontinued]; and suicide
attempt [adolescent; discontinued, as described above]), one as-
signed to the desvenlafaxine high exposure group (appendicitis and
abscess [adolescent; temporarily discontinued for treatment]), and
three assigned to placebo (suicidal ideation [adolescent; event oc-
curred after last on-therapy dose, discontinued], dermatomyositis
[adolescent; discontinued], and suicide attempt and suicidal ideation
[adolescent]; suicide attempt involving ibuprofen overdose with
vomiting, no change to study drug during the event, recovered from
suicide attempt, and study drug stopped ~1 week later due to in-
sufficient response; suicidal ideation occurred after the patient
stopped taking study drug, hospitalized]).

Suicidality. Treatment-emergent suicidal ideation or suicidal
behavior, which included both new onset and worsening suicidal
ideation or behavior, was reported for 39 (10.8%) of 360 patients who
had a C-SSRS assessment at baseline and at 1 or more postbaseline
time points (Table 4 [treatment-emergent events; full data presented

in Supplementary Table S4]). A total of 39/360 (10.8%) patients had
treatment-emergent suicidal ideation, and two patients (0.6%) also
had treatment-emergent suicidal behavior. Both suicidal behavior
events were categorized as actual attempt, one reported in a placebo-
treated adolescent and the other in an adolescent treated with low
exposure desvenlafaxine (Supplementary Table S4). The desvenla-
faxine low exposure-treated patient was discontinued due to a serious
AE of suicide attempt, and the placebo-treated patient remained in
the study as described above (“‘Deaths and SAEs” section).

New-onset self-injurious behavior without suicidal intent was
reported for one patient (0.8%) in the desvenlafaxine low exposure
group, one patient (0.8%) in the desvenlafaxine high exposure
group, and three patients (2.5%) in the placebo group.

Other safety measures. A total of 202 patients had on-
therapy PCI vital sign values (low exposure desvenlafaxine, 76/120
[63.3%]; high exposure desvenlafaxine, 66/121 [54.5%]; and pla-
cebo, 60/119 [50.4%]). Upon data review by the medical monitor,
PCI vital sign findings in 43 patients were considered to be clini-
cally important. The most common clinically important findings
were postural hypotension (desvenlafaxine low and high exposure,
n=14 each; and placebo, n=9), weight gain (desvenlafaxine low
exposure, n=1; desvenlafaxine high exposure, n=3; and placebo,
n=1), weight loss (desvenlafaxine low exposure, n=2; desvenla-
faxine high exposure, n=1; and placebo, n=1), and abnormal
blood pressure (desvenlafaxine low and high exposure, n=1 each).
Mean changes from baseline in vital signs and weight are reported
by age group in Table 5.

Expected shifts associated with development assessed by Tanner
staging were observed during the study. No clinically important
ECG findings were reported, and no clinically meaningful differ-
ences between treatment groups were observed.

A total of 253 patients had at least 1 on-therapy PCI laboratory
test result (low exposure desvenlafaxine, 86/117 [73.5%]; high
exposure desvenlafaxine, 87/116 [75.0%]; and placebo, 80/115
[69.6%]). Of these, clinically important changes in laboratory
findings were observed in 18 patients, including 11 patients in the



"JUQAQ ISIOAPE JUSSIoWR-JUdUNEal) ‘GVHL
*JOJEUTIIOUQD SB SO[BW) JO Joquinu Suisn paje[nofed a5ejuasiod,

L6 801 (€9 ¥ TLo9 Tn1 Q%+ (€8) € 0 0 SuprwoA
099 (€9 ¥ (o ¢ TDo9 Ly v o 0 0 Q81 uonodjur e} Kroyeridsar roddn
wne 0 0 0 0 0 99 c 0 0 uolseIqe unys
Lz (S ¢ 0 T 1 0 0 801 (I8 ¢ 0 BIXAIK]
€O+ Q01 0 @1 0 0 (€8) ¢ woa 0 AyanoeradAy tojowoydLsd
(89 L 99 8 Lne Too9 69 ¢ TD1 81 (18 ¢ Q1 sniSudreydoseN
O1D t1 (8°6) T1 (89 L (811D 01 (81D 01 09 ¢S Ty (AN 99C BIsNEN
€9 v oL (80 1 T 1 wy) v TD1 (€8 ¢ (18 ¢ o BIuwiosuy
(L'0D) ST (0'81) 7T (szn st ($'€D) 0T (S91) ¥1 ($s1) €1 (X3S 910 8 99T ayoepesyq
(s ¢ Onz e (G4 (G4 0 801 0 9z STILISUS0ISES [BIIA
€O+ Q01 0 (k4 @Tn1 0 (CE94 0 0 Kronil Surpeog
L6 €9 Ltz (T8 L (G4 TD1 9z CA9N4 81 angneq
€9+ FDI1 w1 ((WARY ®DI1 aTo1 0 0 0 LeayrouswsA(
099 I s (€2 ¢ (oo wy) v 9¢) ¢ 0 Lo1 0 ssouIzzI(q
(s ¢ (€0 ¢ rne @1 @1 o 99 C (AN 0 BayLIRI(
099 6t) 9 099 (s¢ ¢ (ryo 09 s (€8¢ 0 81 amadde pasearddq
S0 ¢ (RN Ty ¢ (AN @1 99 ¢ 801 Lol 99T ysno)
0 Onz 0 0 0 0 0 (CA9N4 0 PpaseaIour SOpLIIA[SLI) poo[g
0 (CRIN4 0 0 0 0 0 (29K 0 UoISsAIZY
S0 ¢ 0 (80 1 @Tn1 0 0 9t 0 81 9SOPIAAO [BJUIPIODY
(e 11 Lo L (SLe6 a9 Ly v 09 ¢ (GX39XS (1 ¢ i v Jaddn ‘ured eurwopqy
(6'99) 18 (+'99) 18 (8°09) €L (1°L9) LS (I'L9) LS (6'19) TS (L'99) t¢T (6'19) t¢C (€89 1¢ AVHL Auy
(1zr=u) (zzi=u) (0zr=u) (¢g=u) (¢e=u) (¢ =u) (9c=u) (Le=1) (9c=u)
aansodxa y31y a4nsodxa moj 0qaov)d aansodxa y3y a24nsodxa moj 0qaov]d a4nsodxa y3y 24nsodxa moj 0qaIv]d
UIXDDJUIASI(  UIXD[DJUIASI(] AUIXDDIUIASI(J  FUIXDIDJUIASI(] AUIXDDIUIASI(J  UIXDDJUIASI(]
NNG‘S\ﬁQ ,E:muthQ%«\ :mxwd.:\\b

NOILVTNdOd ALHAVS ‘dONAJ AdVIAH]I-NQ ‘dN0¥D) INTFWLVIAY], ANY NI
9562 AONHIAION] HLIM SINTAT FSYIAQY LNIDYINH-INTIWLVII], ONLLYIOdTY SINAILVJ A0 (%) YaaNAN ‘¢ 914V],

61



62

ATKINSON ET AL.

TABLE 4. SUMMARY OF TREATMENT-EMERGENT SUICIDAL IDEATION AND BEHAVIOR REPORTED ON THE COLUMBIA-SUICIDE
SEVERITY RATING SCALE AT ANY POSTBASELINE ASSESSMENT, SAFETY POPULATION

Desvenlafaxine Desvenlafaxine
Placebo low exposure high exposure Total
(n=119) (n=120) (n=121) (N=360)
Treatment-emergent SIB®, n/N (%) 16/119 (13.4) 9/120 (7.5) 14/121 (11.6) 39/360 (10.8)
New-onset SIB” 14/107 (13.1) 9/113 (8.0) 13/108 (12.0) 36/328 (11.0)
Worsening SIB® 2/12 (16.7) 0/113 (0) 1/13 (7.7) 3/32 (9.4)
Treatment-emergent SI¢, n/N (%) 16/119 (13.4) 9/120 (7.5) 14/121 (11.6) 39/360 (10.8)
New-onset SI° 14/107 (13.1) 9/113 (8.0) 13/108 (12.0) 36/328 (11.0)
Wish to be dead 5 5 5 15
Nonspecific active suicidal thoughts 4 3 4 11
Active suicidal ideation with any methods 4 0 4 8
(no plan) without intent to act
Active suicidal ideation with specific plan 1 1 0 2
and intent
Worsening SI' 2/12 (16.7) 0 1/13 (7.7) 3/32 (9.4)
Shift to nonspecific active suicidal thoughts 1 0 0 1
Shift to active suicidal ideation with any methods 0 1 1
(no plan) without intent to act
Shift to active suicidal ideation with specific 0 0 1
plan and intent
Treatment-emergent SBE, n/N (%) 1/119 (0.8) 1/120 (0.8) 0/121 (0) 2/360 (0.6)
New-onset suicidal behavior” 1/119 (0.8) 1/120 (0.8) 0/121 (0) 2/360 (0.6)
Suicide attempt 1 0 2
Worsening SB* 0 0 0

There was one poststudy suicide attempt reported as a serious adverse event that was not captured on the C-SSRS; C-SSRS was not performed
following that event. N represents the number of subjects in this analysis, that is, subjects who had a baseline and a postbaseline C-SSRS assessment.

*Treatment-emergent SIB is defined as (1) new-onset SI or SB, (2) worsening SI or SB, or (3) postbaseline SB on subjects reporting SI at baseline.

"New-onset SIB is defined as any SI or SB reported postbaseline on subjects who reported no SI and no SB at baseline.

“Worsening SIB is defined as (1) shift from SI at baseline to a more severe SI postbaseline, (2) shift from SI at baseline (and no SB at baseline) to any
SB postbaseline, or (3) shift from SB at baseline to a more severe SB postbaseline

9Treatment-emergent SI is defined as new-onset SI or worsening SI.

“New-onset SI is defined as any SI reported postbaseline on subjects who reported no SI at baseline.
"Worsening SI is defined as shift to a more severe SI postbaseline on subjects reporting SI at baseline.

#Treatment-emergent SB is defined as new-onset SB or worsening SB.

T‘New—onset SB is defined as any SB reported postbaseline on subjects who reported no SB at baseline.
'Worsening SB is defined as shift to a more severe SB postbaseline on subjects reporting SB at baseline.
C-SSRS, Columbia-Suicide Severity Rating Scale; SI, suicidal ideation; SB, suicidal behavior; SIB, suicidal ideation or behavior.

desvenlafaxine low exposure group (urine protein [n=4], triglyc-
erides [n=4], prolactin [n=2], abnormal liver function tests [n=1],
and fasting glucose [n=1]), 5 patients in the desvenlafaxine high
exposure group (urine protein [n=4] and triglycerides [n=1], and
2 patients in the placebo group (prolactin [n=1] and triglycerides
[n=1]). Mean changes from baseline for selected laboratory values
are reported by age group Supplementary Table SS5.

Discussion

In this phase 3 multicenter, randomized, double-blind, placebo-
controlled, 8-week, parallel-group study of children and adoles-
cents with MDD, there was no statistically significant difference for
either desvenlafaxine exposure group compared with placebo on
the primary efficacy measure, or other efficacy measures, at week 8.
Efficacy of desvenlafaxine for treating MDD in pediatric patients
therefore was not demonstrated in this study. A large placebo re-
sponse was observed across all measures of efficacy; this likely
reduced the ability to detect a statistically significant difference
between the desvenlafaxine low exposure, desvenlafaxine high
exposure, and placebo groups on the primary or secondary efficacy
endpoints. Patients in all treatment groups demonstrated substantial
improvement from baseline in depressive symptoms based on the

CDRS-R total score at week 8. Findings for the secondary efficacy
endpoints (CGI-S; CGI-I) were similar to and consistent with the
primary (CDRS-R total score) findings. Desvenlafaxine was gen-
erally well tolerated in children and adolescents, with no new safety
signals identified. Safety results were consistent with previous adult
and pediatric desvenlafaxine MDD trials.

The findings in this study are consistent with the previously
published small, open-label study in pediatric patients in which
desvenlafaxine doses of 10-100 mg/day in children (n=27) and
25-200 mg/day in adolescents (n=24) were shown to be generally
safe and well tolerated (Findling et al. 2014). Exploratory efficacy
findings from that study demonstrated that improvements from
baseline in CDRS-R at the end of the fixed-dose study were
maintained during a 6-month flexible dosing extension (Findling
et al. 2014). Results of this study are also comparable with those of
a companion study (NCT01372150) that assessed the efficacy and
tolerability of desvenlafaxine (n=115), fluoxetine (n=112), and
placebo (n=112) in pediatric patients with MDD (Weihs et al. 2017).
In that study, all treatment groups (including placebo) showed im-
proved CDRS-R total scores from baseline (primary endpoint), with
no differences observed between groups for any of the primary or
secondary efficacy endpoints due to the large placebo effect. The study
was deemed inconclusive with regard to desvenlafaxine efficacy,
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TABLE 5. PHYSICAL AND VITAL SIGN RESULTS, MEAN CHANGE FROM BASELINE
AT FINAL ON-THERAPY EVALUATION, SAFETY POPULATION
Children Adolescents
Desvenlafaxine  Desvenlafaxine Desvenlafaxine  Desvenlafaxine

Placebo low exposure high exposure Placebo low exposure high exposure

(n=36) (n=37) (n=36) (n=84) (n=385) (n=385)
Systolic BP, supine (mm Hg) 0.6 0.1 0.5 0.3 -0.1 -0.4
Diastolic BP, supine (mm Hg) -0.6 -0.4 1.9 0.2 0.9 0.1
Pulse, supine (beats/min) 1.5 3.7 -14 2.1 1.7 1.4
Systolic BP, orthostatic (mm Hg) 0.9 0.4 -0.3 -1.3 —0.6 -0.2
Diastolic BP, orthostatic (mm Hg) —-0.1 2.3 -0.3 —0.1 0 0
Pulse, orthostatic (beats/min) 1.4 1.1 4.3 -2.0 1.1 2.5
Weight (kg) 1.0 0.1 0.5 0.4 -0.2 0.2
BMI (kg/m?) 0.3 -0.1 0.1 0 -0.2 —-0.1
Height (cm) 0.6 0.5 0.5 0.4 1.7 0.5

BMI, body mass index; BP, blood pressure.

given that even the active comparator, fluoxetine, which has well-
established efficacy in the pediatric MDD population, also did not
separate from placebo.

The mean changes in CDRS-R scores observed with desvenla-
faxine in this study (-23.7 and-24.4 for the low and high exposure
groups, respectively) are comparable with antidepressant drug re-
sponse observed in positive clinical trials of pediatric patients with
MDD (Emslie et al. 1997, 2002, 2009; Wagner et al. 2003, 2004).
However, the large placebo response observed in this study (—22.9)
was similar to that reported in negative or inconclusive trials of
paroxetine (Emslie et al. 2006), duloxetine (Atkinson et al. 2014;
Emslie et al. 2014), and venlafaxine (Emslie et al. 2007) for pediatric
MDD, and may have influenced study outcomes. Factors associated
with placebo response and potential strategies for reducing placebo
response have been identified and discussed in the published litera-
ture (Bridge et al. 2009; Enck et al. 2013; Rief et al. 2016). Several of
those strategies, including limiting number of treatment arms, re-
quiring rater certification for the CDRS-R, and using the same rater
for a given patient whenever possible, were used in this trial, but it is
not clear that any of these was effective. The placebo response rate
for CGI-I in this trial (55.9%) fell in the range of placebo response
rates reported in a review of other industry-sponsored trials for pe-
diatric depression (50%—60%) (Walkup 2017).

In this study, a possible contributor to the large placebo effect
was the actual process of clinician-administration of the CDRS-R.
This process alone may have provided a therapeutic impact for
patients comparable with a cognitive behavior therapy session. The
potential for psychological assessment procedures to emerge as a
therapeutic tool was described in a recent evaluation of children
with mood disorders (including MDD), who were participating in
clinical trials (Young et al. 2016). The authors reported significant,
clinically meaningful improvements in mood severity following
psychodiagnostic screening assessments (such as CDRS-R), but
before randomization or administration of study treatment (Young
et al. 2016). However, while a potential psychotherapeutic effect of
the CDRS-R assessments may have contributed to the placebo re-
sponse in this study, it cannot fully explain the failure of desven-
lafaxine to separate from placebo. Several positive pediatric studies
with lower placebo response rates have also used the CDRS-R as-
sessment (Emslie et al. 1997, 2002, 2009; Wagner et al. 2003, 2004).

Nonpharmacological interventions (i.e., psychotherapy) are
recognized as an effective treatment option for pediatric patients

with MDD (Clark et al. 2012). Thus, for pediatric patients, the
potential therapeutic effect of simply participating in a clinical trial
may partly explain why no separation was observed for active
treatment (desvenlafaxine) from placebo. In addition, the study
protocol allowed randomization of patients who participated in
previous psychotherapy sessions (greater than 30 days before
screening), and also allowed other types of therapy in which the
focus was not on depressive symptoms (e.g., supportive nonbe-
havioral psychotherapy, family therapy, counseling, or play ther-
apy) as long as the intensity and frequency of sessions were stable
for 90 days before treatment with no anticipated change throughout
the duration of the study. However, only 13 patients (3.6%) re-
ceived such supportive therapy.

This study had several limitations. The use of inclusion and ex-
clusion criteria to enroll individuals without comorbid psychiatric
conditions, other unstable medical illnesses, or a risk for suicide
limited the study population to one that did not reflect the larger
pediatric MDD population. In addition, the inclusion of two des-
venlafaxine arms in the study design may have increased expectation
of treatment success, enhancing the placebo response (Rutherford
and Roose 2013). This study did not include an active control to
provide assay sensitivity, which may have increased understanding
of factors contributing to the efficacy outcome (Temple and Ellen-
berg 2000). Finally, this study did not use independent raters for
efficacy evaluations. It may be that the use of centralized raters could
reduce placebo response (Kobak et al. 2010), but data suggest that
rater competence and reliability may be more critical than whether
raters are site based or centralized (Targum et al. 2013).

Conclusions

In this phase 3, double-blind, placebo-controlled study, low
doses (20-35 mg/day based on baseline weight) and higher doses
(25-50 mg/day based on baseline weight) of desvenlafaxine did not
demonstrate efficacy for the treatment of MDD in children and
adolescents. Statistically significant differences between desven-
lafaxine and placebo were not observed for any efficacy measure
assessed. Throughout the study, similar improvements in depres-
sive symptoms were observed in all three treatment groups, with no
meaningful differences observed between patients who received
desvenlafaxine versus placebo. These results, and those from a
similarly designed sister study (Weihs et al. 2017), provide no
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evidence for the use of desvenlafaxine as a first-line treatment for
MDD in pediatric patients. Treatment with desvenlafaxine 20—
50 mg/day was generally safe and well tolerated in this study with
no new safety signals observed. The safety and tolerability profile
of desvenlafaxine was consistent with that observed in previ-
ous clinical trials of children, adolescents, and adults with MDD
(Findling et al. 2014; Carrasco et al. 2016).

Clinical Significance

Efficacy of desvenlafaxine at two weight-based dosing levels
was not demonstrated in this 8-week, double-blind, placebo-
controlled study. No statistically significant difference from pla-
cebo on the primary efficacy endpoint (CDRS-R) or any secondary
efficacy endpoint was observed for either of the two desvenlafaxine
treatment arms. Treatment with desvenlafaxine 20-50 mg/day was
generally safe and well tolerated in this study with no new safety
signals observed.
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